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Chapter 1

Introduction

This thesis covers competition among heterogenous firms. The majority of papers in industrial
organization build on models characterized by homogenous firms. The main reason is twofold.
Firstly, specific effects can easier be isolated in a simplified model like one with homogenous
firms. Secondly, the computational complexity significantly increases when introducing het-
erogenous firms and therefore tackling specific problems gets more difficult. However, firms are
different, i.e. heterogenous, in real world markets. A model with homogenous firms builds on
the unrealistic assumption that firms are duplications of each other. For that reason, this thesis
accounts for heterogeneity of firms and therefore allows to present models that can much better
derive statements regarding real world behavior and its implications.

This thesis has three main chapters that each considers different questions in industrial
organization regarding competition among heterogenous firms.

Chapter 2 entitled Competition between Pay-TV and Public Service Broadcasting:
A Two-Sided Market Analysis investigates the behavior of two competing TV channels -
Pay-TV and public service broadcasting (PSB) that coexist in most EU countries. While Pay-
TV channels have to finance themselves by advertising and subscription revenue generated
from viewers, public service broadcasters are financed by advertising income and public funds.
TV channels both bring together advertisers and viewers in a situation in which advertisers are
interested in many viewers watching their adverts but viewers dislike advertising and may switch
to the competing channel. The economic literature has not explored the consequences caused by

the coexistence of a Pay-TV channel and a public service broadcaster (PSB) in a setting where



both channels receive payments from viewers directly so far. Additionally, we assume that
consumers engage in mental accounting and propose a model applying a portfolio approach,
which, until now has not yet been used for modeling television markets. The model analyzes
how the level of the broadcasting fee and the ‘nuisance factor’ associated with advertising from
the viewer’s point of view affect the behavior of the channels and market outcomes. It turns
out that the Pay-TV channel decides to show no adverts altogether if viewers display a strong
aversion to advertising. If the broadcasting fee is sufficiently high, the Pay-TV channel switches
to a free-to-air channel and the PSB does not show any adverts at all.

Chapter 3 entitled Endogenous Merger Formation and Incentives to Invest in Cost
Reducing Innovations analyzes how process innovations affect merger incentives, using an
endogenous horizontal merger model of three firms. Firms are heterogenous in their process
innovation technologies, i.e. they differ in the cost of conducting R&D that leads to a reduction
in production cost. The theoretical literature does not analyze the relationship between mergers
and innovation where the merger decision is endogenized. We apply a cooperative bargaining
approach to analyze the merger pattern. We find that the two most efficient firms merge if
innovation is not too expensive, while the least efficient firm remains independent. For high
innovation cost levels no merger will take place. Accounting for endogenous merger formation
R&D subsidies are not necessarily positive depending on the R&D efficiency in the industry.

Chapter 4 entitled Horizontal Divestitures and R&D Incentives in Asymmetric
Duopoly analyzes how a threat of horizontal divestiture affects R&D incentives and welfare in
an asymmetric Cournot duopoly where an efficient low-cost firm competes against a less efficient
high-cost firm. Firms account for a possible divestiture of the low-cost firm. In our 2-stage
model, both firms can not only choose output, but also decrease their marginal cost via process
innovations (stage 1). Without innovation, firms face different (constant) marginal cost of
production. Between stages 1 and 2, there might be a divestiture of the low-cost firm. In case of
divestiture firms face a third low-cost competitor and again compete in Cournot fashion. While
there is a broad literature on the relationship between market structure and R&D incentives,
there is no literature that endogenizes R&D investments and potential divestitures. We find
that an actual divestiture measure harms both the high- and low-cost firm and it only improves

welfare if the low-cost firm sufficiently dominates the high-cost firm. The industry-wide rate of



innovation is lowered if a divestiture becomes more likely.



Chapter 2

Competition between Pay-TV and
Public Service Broadcasting: A

Two-Sided Market Analysis

2.1 Introduction

In most EU countries commercial TV channels and public service broadcasters coexist. Pay-
TV channels have two sources of revenue, advertising and subscription revenue. Public service
broadcasters are financed by advertising income and public funds. However, Pay-TV channels
and public service broadcasters compete in the same market. Over the last few years, there
has been an intense discussion as to whether public funding of broadcasting in Europe harms
commercial rivals and should therefore be limited.

Today, television markets are analyzed within the theory of two-sided markets and inter-
market network effects. Advertisers and viewers are brought together in a situation in which
advertisers are interested in many viewers watching their adverts but viewers dislike advertising.
Most of the literature on TV broadcasting markets, within the framework of two-sided mar-
kets, only focuses on competition between two commercial stations financed by advertising and
the rare articles incorporating public service broadcasting (PSB) do not account for Pay-TV.
Stithmeier and Wenzel (2010) analyze a setting in which a commercial channel competes with a

public service broadcaster (PSB) but do not allow for any direct payments from viewers while



Kohlschein (2005) accounts for broadcasting fees but the commercial channel also cannot charge
viewers directly. Accordingly, the economic literature has not explored the consequences caused
by the coexistence of a Pay-TV channel and a PSB in a setting where both channels receive
payments from viewers directly so far. Additionally, a standard approach applying a Hotelling
model has emerged as a canonical setup in the literature. As a contrast, we assume that con-
sumers engage in mental accounting and propose a model applying a portfolio approach, which,
until now has not yet been used for modeling television markets. Mental accounting (see Thaler,
1980, 1985) follows the following logic: Prior to developing a demand for a particular good or
service, consumers decide on a certain amount of money to be spent on a certain activity like
watching TV. In our model we present the behavior of two competing channels - Pay-TV and
PSB - applying a portfolio approach in order to model viewing demand. The model analyzes
how the level of the broadcasting fee and the ‘nuisance factor’ associated with advertising from
the viewer’s point of view affect the behavior of the channels and market outcomes. The issue
of whether a PSB favors a high public broadcasting fee to squeeze the Pay-TV channel out of
the market is also analyzed.

This paper adds to recent literature on TV broadcasting concerning the theory of two-sided
markets. Within the wider literature on two-sided markets different settings have recently been
synthesized by Rochet and Tirole (2006) and Armstrong (2006). Television broadcasting within
the framework of two-sided markets has been modeled in several papers in which broadcasters
compete in program content and advertising levels. Gal-Or and Dukes (2003), Gabszewicz et
al. (2004), Anderson and Coate (2005) and Peitz and Valletti (2008) offer similar theoretical
settings. Viewers dislike advertising; viewer demand is modeled by applying the canonical
Hotelling setup; broadcasters compete for viewers in a symmetric duopoly setting; platforms
sell advertising quantities in their channels as monopolists; and variable costs are zero per
assumption.

Gal-Or and Dukes (2003) analyze the incentives of two commercial media stations to reduce
the extent of programming differentiation. As media stations lower differentiation between their
programs, firms decrease their advertising expenses. Less product information is provided to
viewers then. They are less informed about the options in the market. Hence, competition in

the product market is reduced and producers gain higher profit margins. Accordingly, media



stations can ask for higher payments from advertising.

Gabszewicz et al. (2004) offer a model with homogenous advertisers where two TV channels
maximally differentiate in programming and viewers can watch a combination of two programs.
However, as the disutility from advertising exceeds some critical value, TV channels no longer
maximally differentiate. Programming of the two channels should be differentiated totally
from a social point of view in order to give viewers the chance to select their ideal program
combination.

Anderson and Coate (2005) develop a model with two commercial stations with exogenous
content. Advertising is undersupplied from a social point if the nuisance caused by advertising
is relatively low and advertising is oversupplied if the nuisance caused by advertising is relatively
high.

Peitz and Valletti (2008) build on the model of Anderson and Coate (2005). In contrast, they
allow for endogenous content choice. They compare the market outcomes of a duopoly setting
with two commercial free-to-air channels financed by advertising only, and a duopoly setting
with two competing Pay-TV channels financed by advertising and viewer subscription fees.
If viewers dislike advertising, the advertising intensity is reduced with Pay-TV. The content
is always maximally differentiated with Pay-TV while it is less differentiated with free-to-air.
Equilibria in both markets do not maximize welfare. We have based our own model on their
approach to modeling advertising.

Reisinger et al. (2009) use a model with differentiated free-to-air channels financed by
revenues from advertising only. In contrast to the papers discussed so far, they account for
both participation externalities, i.e. more advertising on one channel decreases (increases) its
own (the other channels’) viewer size, and pecuniary externalities, i.e. increased advertising
level on one channel changes the advertisers’ willingness to pay on all channels. They show
that advertising can constitute a strategic substitute or complement and they present cases in
which market entry increases the advertising level.

With respect to our model setup, Kohlschein (2005) and Rasch (2007) are the only papers
using a formal two-sided market approach analyzing a setting with a PSB that receives public
funds.

Kohlschein (2005) compares a symmetric duopoly setting for two competing commercial
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channels financed by advertising only with an asymmetric duopoly setting for a commercial
channel and a PSB. Content is given exogenously. Kohlschein shows that the introduction of
public funding has two effects on viewers: on the negative side, they have to pay a broadcasting
fee. On the positive side, they face decreasing advertising levels. Advertisers suffer as decreas-
ing advertising levels increase ad prices. Their rent is reduced. The commercial station also
suffers due to less viewers and advertising revenues. In contrast, the PSB benefits from viewers
attracted away from the rival’s station and a new source of income — the broadcasting fee. The
overall welfare effect is ambiguous.

Rasch (2007) also compares a symmetric duopoly setting with two competing commercial
channels with an asymmetric duopoly setting for a commercial channel and a PSB. In his
work, Rasch is mainly interested in how the type of a commercial program selected from a
socially preferable and a socially less preferable type of program changes when public funding
is introduced. As one public broadcaster is introduced, which receives part of a broadcasting
fee and has an obligation to show the socially preferable type of program, the commercial
broadcaster may have incentives to opt for this type of program as well.

This work proceeds as follows: Section 2.2 presents the model in a simple version and
equilibrium is derived. In section 2.3 the simple model is extended to a two-sided market
model. Market exit of Pay-TV and consequences are the focus of section 2.4. In section 2.5,

possible extensions are discussed before concluding with section 2.6.

2.2 The Simple Model

In this section a simple model is introduced. Our presentation of the setup is built on an
asymmetric duopoly model of a Pay-TV channel and a PSB. Channels compete for viewers.
They are financed by two sources; advertising and direct payments from viewers. However, in
contrast to the Pay-TV channel, the PSB cannot set the fee, i.e. the broadcasting fee, for its
programming. Consumers engage in mental accounting and develop a portfolio demand.! The
simple model assumes viewers do not experience dissatisfaction when programs are interrupted
in order to air commercials, and therefore cannot be considered a part of the two-sided market

theory. Based on this simple model, an extended model, accounting for viewers who dislike

'See section 2.1 and Thaler (1980, 1985).
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advertising, is developed in section 2.3, so that markets are interrelated and two-sided.
2.2.1 Viewers

The standard approach for analyzing the behavior of consumers is based on the assumption
that they maximize utility, i.e. perfect rationality of consumers is assumed. The canonical
setup applied in the literature on TV broadcasting presented in section 2.1, is based on this
assumption as well. In contrast, we account for mental accounting assuming that a potential
viewer sets a maximum individual monthly budget allocated to watching TV. Applying this
portfolio approach, there may be cases where a viewer’s decision does not maximize his util-
ity, i.e. limited rationality. This approach has been described in the ‘behavioral economics’
literature by Ellison (2006) as rule-of-thumb approach.? According to Ellison, this approach is
characterized by the assumption that consumer behavior is not motivated by finding a solution
to a maximization problem but rather based on more straight forward decisions.

In our model, each viewer has an individual budget to spend on TV which is defined by his
gross utility from watching TV. Let p be a viewer’s budget to spend on TV which is distributed
on the interval [0, 1] according to a cumulative distribution function F' which is uniformly
distributed and continuously differentiable. The TV budget of a viewer is normalized to the
interval [0, 1] for computational simplicity without loss of generality. Thus, a viewer with a
budget 1 = 0 cannot be considered as someone unwilling to pay anything for watching TV.
Rather, his individual budget in monetary terms could be obtained using a specific formula, for
example: (u+ ¢) - I, where ¢ is a constant and [ a constant factor. The variables denoting the
fees for PSB, Pay-TV and advertising quantities are defined on the interval [0, 1], as well. Thus,
with Pay-TV, we do not allow for viewer subsidies, i.e. the subscription fee for Pay-TV cannot
take negative values. This differs from the model by Peitz and Valletti (2008), who allow for
viewer subsidies when analyzing competition between two Pay-TV channels.

In contrast to most papers, viewer demand is not set according to a Hotelling-style model
as viewers do not decide between two channels. They face, instead, three options:

1. No subscription.

2. Subscription to PSB (mandatory broadcasting fee).

2See Schmalensee (1978) and Smallwood and Conlisk (1979) for good examples of models applying the rule-
of-thumb approach in industrial organization.
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3. Subscription to PSB and Pay-TV.

In line with a Hotelling-style model, viewers single-home, i.e. viewers who only subscribe to
PSB only watch PSB and viewers who subscribe to both, PSB and Pay-TV, only watch Pay-
TV. In contrast to a Hotelling-style model, viewers have to pay the broadcasting fee regardless
of whether they subscribe to PSB only or to both PSB and Pay-TV. Pay-TV subscribers
only watch Pay-TV in this model, although they are required to pay the broadcasting fee.
Additionally viewers face a third option - subscribing to neither PSB nor Pay-TV.

One group of viewers with a low budget p, i.e. low gross utility from watching TV, only
watches PSB, and one group of viewers with a high p watches Pay-TV. Additionally, there is a
third group that does not subscribe to anything and therefore do not watch at all. The potential
viewer side consists of mass N. Note that we disregard the influence of advertising levels on
viewer utility in this simple model leaving this for a model extension to be discussed later.
We also do not take differentiated contents into account. However, as viewers are assumed
only to watch Pay-TV if they have subscribed to both, an implicit preference for the Pay-TV
program schedule is assumed. It could be argued that a Pay-TV channel has to provide better
programming in order to attract viewers to watch its programs. Let f be the broadcasting fee
(e.g., “GEZ-Gebiihr” in Germany) and s be the subscription fee for the Pay-TV channel. f and
s can be set between 0 and 1, i.e. f and s € [0,1]. An individual consumer makes his viewing

decision according to the following allocation rule:

0 if p>f+svpu<f
p _ (2.1)
rss () L0 f<p<fts

0 if u<f+s
dpayrv() = 4 (2:2)
1 if u>f+s

Hence, for the marginal subscriber to Pay-TV fip,,_py we offer fip,,_py = f + s and for
the marginal subscriber to PSB we offer jipgp = f where fip,, 7y and fipgp € [0,1].

Let ¢ denote the proportion of potential viewers that subscribe to both, PSB and Pay-TV,
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thus 0 < § < 1. As p is uniformly distributed on [0, 1], we offer:

O0=1—fipgyrv=1-f—s (2.3)

Let ¢ denote the proportion of potential viewers that only subscribe to PSB. We get:

¢p=1-0—jipsgp=1-0—f=s (2.4)

The proportion of potential viewers that do not subscribe to anything is 1 — 0 — ¢ = f.
Hence, the mandatory broadcasting fee determines the proportion of potential viewers that exit
the market. As every TV owner has to pay a broadcasting fee f, the number of subscribers to
PSB is independent from f, as long as s + f < 1.

Accordingly, the viewing demand functions for the channels are

VPayfTV =NJ (2.5)

and

Vpsp = N¢ (2.6)

where Vp,,—71 and Vpgp denote the number of viewers for Pay-TV and PSB respectively.
2.2.2 Advertisers

The demand for advertising is based on Peitz and Valletti (2008). Advertisers sell products
to viewers, who consume their products. All products are produced at constant marginal cost
which is set equal to zero for simplicity. Consumer willingness to pay is equal to the quality
a of a product. Each advertiser is assumed to be a monopolist within his product market,
and can, thus, extract full consumer surplus. In contrast to a simple monopoly model with
decreasing demand, which calls for first order price differentiation to extract full consumer
surplus, they assume homogenous viewers with respect to the willingness to pay for a specific
product, a. Producers differ with respect to the quality a. Quality is distributed on an interval

[0, 1] according to a cumulative distribution function F' with F'(0) = 0 and F(1) = 1 which is
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uniform on [0, 1], and characterized by a continuously differentiable density.> Only consumers
who have seen an advert buy a product. Advertisers multi-home, i.e. they can place adverts
on none, one or both channels. Channel ¢ provides advertising quantity a; at a price r; which
is set by the model endogenously.

In contrast to Peitz and Valletti (2008), viewer demand is not set according to a Hotelling-
style model. § € [0,1] is the proportion of viewers that watch Pay-TV and ¢ € [0,1] the
proportion of viewers that watch PSB (see section 2.2.1). Thus, the profit for an advertiser of

type a from advertising on the Pay-TV channel is:

Nad —ry. (2.7)

The profit for an advertiser « from advertising on the PSB channel is:

NO&¢ —T9. (28)

As N6 and N¢ are defined as the number of viewers that watch Pay-TV and PSB re-
spectively, a viewer buys one product as a direct consequence of viewing the advert on TV.
Advertising is profitable as long as a company gains additional profits due to the placement
of an advert on a channel. For additional profits, Nad > r; and Na¢ > ry must be true for
Pay-TV and PSB respectively. For the marginal advertiser oy = 71/(INJ) and ao = r2/(N¢),
we get Nad = r; for Pay-TV and Na¢ = ry for PSB. An advertiser of type o < «; will not
place an advert on channel i as it is not profitable. The advertising quantity on the Pay-TV

channel a; and PSB channel as are:

ag=1—F(ay)=1-1r1/(N9) (2.9)

and

ag =1—F(ay) =1—1r3/(N¢) (2.10)

having assumed the special case of an uniform distribution on the interval [0,1]. The amount

of advertising a; and ay determine the advertising charge per viewer 1 /(N¢) and r/(N¢) for

3Peitz and Valletti (2008) also consider the general case of a being distributed on an interval [0, a™].
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Pay-TV and PSB respectively. The decision regarding advertising quantity on one channel is

not affected by the other channel’s decisions.

2.2.3 TV Channels
PSB

The profit function of the PSB in our model is closely related to Kohlschein (2005), who analyzed
competition between a PSB and Free-TV channel in an asymmetric duopoly setting. The PSB
is financed by two sources in Kohlschein’s model: public funds and advertising income. The
broadcasting fee, f, which is levied on all viewers regardless of whether they actually watch PSB,
is collected by an independent institution, e.g., the “Gebiihrenzentrale (GEZ)” in Germany. In
line with Kohlschein, the PSB is not able to influence the level of the broadcasting fee f in this
simple model. This restriction will be relaxed in a model extension. In Kohlschein’s model the
broadcasting fee, f, is partially forwarded to the PSB depending on its success in attracting
a large number of viewers. He argues that public service broadcasters with a small number
of viewers are likely to be closed while those with a large number of viewers generate political
goodwill and therefore get a larger proportion of the revenues from total broadcasting fees
(Veay—1v + Vpsg) - f = N(1 — f) - f. Hence, the amount of public funds received by the
PSB depends on two factors, the size of the broadcasting fee, f, and the number of viewers
watching PSB Vpgp. For the amount of public transfers, we have Vpgp - f. Whilst similar
to Kohlschein (2005), we provide a more sophisticated model of advertising demand based on
Peitz and Valletti (2008) (see section 2.2.2). Thus, the second part of the PSB profit function
is based on Peitz and Valletti (2008). The way in which the PSB sets the advertising quantity
as and the advertising charge ro is endogenously determined by the model. The cost of both

channels is not part of this analysis and is set to zero for simplicity. The profit function is:

wpsplaz) = az -2+ Vpsp - f (2.11)

The PSB only has the advertising quantity as as strategic variable and is not able to influence
the number of viewers Vpgp in this setting which disregards the influence of advertising levels

on the viewer utility.
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Pay-TV

The Pay-TV channel sets an advertising quantity a;, and the advertising charge 1 is endoge-
nously determined by the model. In contrast to the PSB, the Pay-TV channel also sets the
subscription fee, s, for its programs. Unlike Peitz and Valletti (2008), where viewers are charged
on a per-transaction basis, i.e. pay-per-view payments, the viewers in our model are charged
on a lump-sum basis. Similarly to PSB, viewers have to pay a subscription fee, s, once they
have decided to subscribe to both, PSB and Pay-TV. As viewers are assumed only to watch
Pay-TV once they have subscribed to it in this model, viewers are, here, equal to subscribers.*
0 is defined as the proportion of viewers that subscribe to both, PSB and Pay-TV, and N is

defined as the mass of viewers we get for the profit function

Tpay—1v(01,8) = a1 -1+ Vpay—1v - 5 (2.12)

As the marginal subscribers for Pay-TV [ip,, 1y and for PSB [ipgp are both determined by
the level of s, the Pay-TV channel can influence the number of viewers for the PSB as well as

its own channel.
2.2.4 Equilibrium

Equilibrium is the solution of a two-stage game. In stage 1, both channels choose an advertising
quantity, a;, simultaneously and the Pay-TV channel sets the subscription fee, s. In this simple
setting, which excludes the influence of advertising levels on viewer utility, the advertising
quantity of one channel does not affect the profit of the other channel. Only the Pay-TV
channel’s decision regarding s influences the profit of the PSB by affecting the number of
viewers. In stage 2, advertisers decide to place adverts on none, one or both channels. Viewers
can subscribe to PSB, both PSB and Pay-TV, or to nothing at all. Unlike viewers, however,
advertisers are extremely interested in how many viewers are watching their adverts. Hence,
markets are related, but not interrelated.

For given advertising levels, a;, and given subscription fees, s and f, advertisers and viewers

*If the number of viewers were not equal to the number of subscribers for Pay-TV, the number of viewers
would be relevant for advertising revenues, and the number of subscribers would be relevant for the revenues
generated by the subscription fee.
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take their decisions in stage 2. Knowing the marginal subscriber fip,,_py = f+sand jipgp = f

in stage 2, the viewer demand is:

Vpay_v = N(1— f —5) (2.13)

and

VPSB =N-s (2.14)

Solving (2.9) and (2.10) to the advertising charges, r; and r9, we get:

r=N6(1—a))=N(1—f—s)(1—ar) (2.15)

and

ro = No(1 — as) = Ns(1 — as) (2.16)

for Pay-TV and PSB respectively.

dry

da; <0 and g% < 0 are true as long as someone subscribes to Pay-TV and PSB respectively.

Thus, increasing advertising quantity, a;, lowers the advertising charge r;.

In stage 1, the PSB only sets an advertising quantity, as. As the PSB cannot influence
the volume of viewers in this simple setting, it does not have to take any decisions in stage 2
into account. It simply maximizes its profit function, mpgp(ag), with respect to as. The profit
maximizing advertising quantity ao is:

ag = (2.17)

1
5"

In contrast to the PSB, the Pay-TV channel has two strategic variables, the advertising
quantity, a1 and the subscription fee, s. Thus it also takes viewer decisions on stage 2 into
account. p(ai) = a1(1 — aq1) is the advertising revenue per viewer. The profit function (2.12)

can be written as:

Tpay—1v (a1, 8) = Vpay—1v (plar) + s) (2.18)

18



The equilibrium is characterized by the solution of the two partial derivatives

87TP(JLyfTV _ ap(al )
8@1 80,1

=0 (2.19)

Ompay-1v _ OVpay-1V
0s Js

(p(a1) + 8) + Vpay—rv =0 (2.20)

As viewer decisions are independent from advertising quantity, the Pay-TV channel and the

PSB set the same advertising quantity, a;, in equilibrium.

1
a; = ag = 5 (2.21)

OVpay— . . . C . . .
% is negative as a higher subscription fee, s, reduces the number of viewers subscrib-

ing Pay-TV. The solution to (2.20) is:

(1—f —plar)) (2.22)

S =

NN

Hence, the equilibrium subscription fee for Pay-TV, s, is linear in the advertising revenue per
viewer, p(a1), and the mandatory broadcasting fee, f. The higher the equilibrium advertising
revenue per viewer, p(aj), and the higher f, the lower s. If f or p(a;) were to be increased, the
Pay-TV channel would decrease its subscription fee, s, by half of the amount that f or p(a;)
were increased.

Increasing the advertising revenue per viewer has two effects on the Pay-TV channel’s profit.
Higher advertising revenues per viewer directly increase profits as the Pay-TV channel gets
more money from advertisers for every single viewer watching its programs. Hence, it is more
important to attract many viewers to watch the programs. Taking this into account, the Pay-
TV channel will decrease its subscription fee, s, in order to attract more viewers. The higher
number of viewers does not outweigh the lower subscription fee. Thus, the revenues generated
by the subscription fee decrease. But lowering the subscription fee, s, is still profitable as long
as the positive effect on advertising revenues due to the higher number of viewers remains higher
than the negative effect on revenues from lower subscription fees. The total effect on profits is
1

maximized if s is lowered by half of the amount that p(a1) is increased. Substituting a1 = 3
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for the equilibrium advertising quantity in (2.22) the equilibrium subscription fee s is

s—af if f<
0o if f>

(2.23)

N [SCRNII)

A change in the broadcasting fee influences the profits of the Pay-TV channel as it determines
its number of viewers. The proportion of viewers watching Pay-TV is decreased by the increase
of f. A lower number of viewers influences both sources of revenues, advertising revenues and
revenues generated by subscription fees. This fact can be shown by the first order condition of

the profit function with respect to f:

d(ﬂ_Pay—TV)

df

Similar to the change in advertising revenues per viewer, the Pay-TV channel’s best response to

= —N (p(a1) + s) (2.24)

an increase in f is to decrease its subscription fee, s. This has a positive effect on the number
of viewers as long as there is enough room for lowering the subscription fee, s. The profit is
maximized if s is decreased by half of the amount that f was increased. For f > %, the Pay-TV
channel cannot absorb the negative effect on the number of viewers by decreasing s, as it is
already set its subscription fee to zero.

Figure 1 plots the profit of the Pay-TV channel, 7py,_1v, against f in equilibrium.®

The profit of the Pay-TV channel rapidly decreases as f is increased affecting its number
of viewers. For f > %, the profit function has a constant slope as the Pay-TV channel cannot
reduce s if f is increased.

Figure 2 plots the profit of the PSB, mpgp, against f in equilibrium.

Figure 2 shows that the profit of the PSB increases with the subscription fee for PSB,
f, for small values of f only. In contrast, for higher values of f profits are decreasing in f.
There is no money to make for the PSB for f > % as there is no single potential viewer who
watches its programs. As f is increased, the PSB faces two effects. Firstly, it receives a higher
subscription fee per viewer, that is, an increase in profits. Secondly, its number of viewers

decreases determined by the subscription fee, s, for Pay-TV. As previously discussed, the Pay-

®The number of potential viewers N is set to one in this and all following figures.
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Figure 2-1: Pay-TV channel profit - simple model

TV channel decreases its subscription fee, s, by half the amount that f is increased. The
total effect on revenues from subscription fees is positive but the effect on advertising revenues
is always negative. For small values of f the positive effect on revenues from subscription
fees more than compensates the negative effect on advertising revenues as f is increased. For
higher values of f the negative effect more than compensates the positive one. If f > %, the
subscription fee for Pay-TV s is set to zero (see above), thus no one watches PSB. The Pay-TV
switched to a Free-TV channel and viewers are assumed to watch the Pay-TV channel once

they have subscribed for both.

2.3 The two-sided market model

In this section an extended model is presented. Based on the simple model, an extended
setup is developed in which viewers dislike advertising.5 A disutility parameter for advertising
is introduced in viewing demand. The simple model is, in fact, just a special case of this

extended model in which the disutility parameter from advertising is set to zero. The modeling

SKohlschein (2005) refers to a survey (see: TV-Spots nerven am meisten. In: Horizont 27, 2001) that asked
viewers to assess the level of advertising slots in television. 83.1% of the respondants said that the level of
advertising spaces is too high in television.
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Figure 2-2: Public service broadcaster profit- simple model

of advertisers and TV channels is still valid. Only viewing demand is adjusted. Markets are not
only related but interrelated and two-sided. As viewers dislike advertising they are interested
in as little advertising as possible when watching TV. Therefore, the amount of advertising is
passed on as an indirect charge to consumers. Advertisers exert a negative externality on the
programs viewers. Contrastingly, advertisers want to see as many viewers as possible watching
their adverts. Thus viewers exert a positive externality on the companies that place adverts
within a program. The platforms - i.e. the TV channels - compete for both, viewers and
advertisers, and set the subscription fee and advertising quantity in the case of Pay-TV and

the advertising quantity in the case of PSB in order to maximize their profits.

2.3.1 Viewers

As presented in the simple model, a viewer has an individual budget, p € [0, 1], for watching
TV, the broadcasting fee and the subscription fee for Pay-TV are f and s € [0, 1] respectively.
Viewers decide between subscribing to nothing, subscribing to PSB and subscribing to both,
PSB and Pay-TV. Again, they watch only Pay-TV if they have subscribed to both. Now,
however, viewers dislike advertising. v € [0, 1] denotes the disutility parameter from advertising.

~ is assumed to be identical across all viewers. From a viewer’s point of view, ~, as with f and
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s, is an indirect charge that burdens their individual budget, p. Advertising on Pay-TV and
PSB burdens a viewer’s budget by va; and ~ao respectively. Hence, an individual consumer

makes his viewing decision according to the following allocation rule:

0 if > f4+s+vyarVu<f+ya
dpss() — p=>f ya1 Vo < f+yag (2.25)
1 if pu<f+s+yar

0 if w< f + s+ vyap
dPay—TV(/‘) = . (226)
L if > f+s+yam

Therefore, the marginal subscriber to Pay-TV is jip,, 7y = f + s+ ya1 and the marginal
subscriber for PSB is fipgg = f + a2 where fip,, 7y and fipgp € [0,1]. s+ ~ya; > yaz is
assumed to be true.

For the proportion of potential viewers that subscribe to both § we get

6:1_ﬂPay—TV:1_f_s_7a1 (227)

and for the proportion of viewers for PSB ¢ we get

¢ = fipay-1v — ipsp = s + (a1 — az) (2.28)

Condition s + ya; > vag is the same as ¢ > 0. Hence, the condition is always fulfilled as long
as we do not allow for a negative market share for PSB.

The proportion of potential viewers who subscribe to nothing is fipgg = f + ya2. Hence,
the advertising quantity set by the PSB determines the proportion of viewers for PSB ¢, and
the proportion of viewers who exit the market. ¢ positively depends on the advertising quantity
on Pay-TV aj. In contrast, the proportion of viewers for Pay-TV § is independent from the
advertising quantity of the other channel as.

Accordingly the viewing demand functions for the channels are equal to that of the simple

model:

VPay—1v = NO (2.29)

23



and

Vesg = No (2.30)

where Vpq,—7v and Vpgp denote the number of Pay-TV and PSB viewers respectively.
2.3.2 Equilibrium

Advertisers and viewers make their decisions in stage 2 for given subscription fees s and f.
Knowing the marginal subscribers, fip,,_pry = f+ s+ va1 and fipgp = f + vaz in stage 2,

viewer demand is adjusted:

VPay—TV = N(l — f — S — 7a1) (2.31)

and

Vpsp = N(s+ (a1 — a2)) (2.32)

Solving (2.9) and (2.10) to the advertising charges 1 and ry we get

r=Ni(1—-a1)=N(1—f—s—va)(l—a) (2:33)

and

ro = No(l —ag) = N(s+v(a1 — a2))(1 — asz) (2.34)

for Pay-TV and PSB respectively.

fi% < 0 and % < 0 and % > 0 are true as long as someone subscribes to Pay-TV and
PSB respectively. Thus, increasing advertising quantity, a;, lowers the advertising charge, r;,
and increasing advertising quantity on Pay-TV, a1, lowers the advertising charge on PSB.

In stage 1, the Pay-TV channel sets advertising quantity, a;, and subscription fee, s. Now,
viewer decisions are taken into account in stage 2 for setting s as well as a;. The advertising
revenue per viewer is defined as p(a1) = a1(1—a1). The profit function introduced in the simple

model is still valid. Only the number of viewers Vp,,_7v is adjusted.
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T pay—1v (a1, 8) = Vpay—1v(p(a1) + s) (2.35)

As in the simple model, equilibrium is characterized by the solution of two partial derivatives.

O pay-1v _ OVpPay-—1V dp(az)
= ay— = 2
o e (p(ar) + s) + a0 Vpay—1v =0 (2.36)
O pay— OVpay—

0s 0s

The Pay-TV channel faces two direct effects when setting a;. Firstly, the number of viewers
decreases as aj is increased. The effect is stronger the more potential viewers are bothered

W’i;%” = —v < 0. In the simple model this effect is not relevant as ~ is set
1

by adverts:
to zero. Secondly, the advertising revenues per viewer, p(ai), changes as a; is increased. For
ar < %, there is an increase in p(aq) if a1 is increased, and for a; > % the advertising revenues
per viewer, p(ay), decreases as aj is increased. Therefore, a; = % in equilibrium in the simple
model.

We get only one solution for f € [0, 1] and v € [0, 1] in equilibrium.

m=5(1-7) (2.38)

a1 is linear in the nuisance parameter, v, and depends on v negatively as it is expected

intuitively. For the subscription fee, s, we get in equilibrium:

1(3y2 =2y —4f+3) if f<3+342-1y

1
2
s:
0 if f>24342- 1y

(2.39)

Proposition 1 The equilibrium values derived for a1 and s constitute a mazimum.

In stage 1, the PSB sets the advertising quantity, as. In contrast to the simple model, the
PSB can now influence its volume of viewers as the nuisance factor caused by advertising is

introduced. The higher its advertising quantity, ao, the less viewers will be attracted to its
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programming schedule. Hence, viewers’ decisions in stage 2 will be taken into account. As with
Pay-TV, the profit function introduced in the simple model is still valid. Only the number of

viewers, Vpgp, is adjusted.

mpsp(az) = Vpsp(az(l —a2) + f) (2.40)

It maximizes its profit function, mpgp(ag), with respect to as. The profit maximizing ad-
vertising quantity depends on s and aj, which are set by the Pay-TV channel. In equilibrium

we get after substituting for s and a; for the maximum:

if v=0

N[ =

1,5 1 1.2 1
(37—~ t s

v>0

le 3.3 1r2, 232 if
4f’Y 16/ sf+4f + 337 ! 1 2
Nf< 5D (2y—1%+3) (241)

+157 +at B

Wl

v >0

Proposition 2 There is only one solution for as that constitutes a mazimum.

The interpretations presented in the simple model are still valid in general. However, intro-
ducing the nuisance parameter, 7, changes critical values as T'V-channels have to take viewers’
decisions into account when setting a;. In the general model, the PSB also takes the decision
of the Pay-TV-channel on a; into account when setting its own advertising quantity, as. The
effect of an increase in a; on the profit of the PSB can be illustrated by analyzing its profit

function.

mpsp = Vpsp(az(l —az) + f) = N(s +v(a1 — a2))(az(1 — az) + f) (2.42)

There are two effects on mpgp as ap is increased. The spread between the advertising
quantities, a; and ag, directly influences the number of viewers, Vpgp. The higher the spread

between a; and ag, the more people are likely to watch PSB as it is expected intuitively. The
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effect is stronger if viewers have a strong aversion to advertising. There is also an indirect effect
caused by a change in the subscription fee for Pay-TV, s. Depending on the level of advertising
quantity, a;, and the nuisance parameter, v, s is either increased or decreased as a; is increased.

To analyze the effect of the nuisance level caused by advertising on the decision making of
the TV-channels, market outcomes are compared for different values of v. In addition to v = 0,
i.e. no irritation caused by advertising as presented in the simple model, we consider the case
of v =1, i.e. maximum irritation caused by advertising and the case of v = % in the following.
Figure 3 plots the profit of the Pay-TV channel 7p,,_71 against f in equilibrium for v = 0,

’yz%andﬂyzl.

profit 047

Figure 2-3: Pay-TV channel profit - different values for ~

Profits decrease in the nuisance parameter ~ as it is expected intuitively. The higher ~, the
lower the equilibrium advertising quantity of the Pay-TV channel, a;. If v is relatively high the
Pay-TV channel reduces its advertising quantity when compared to a setting with viewers that
are not bothered by advertising. If not it would loose viewers, thus decreasing both sources of
revenues, advertising revenue and revenues generated by subscription fees. Advertisers would
pay less as less viewers watched their adverts. For maximum amount of nuisance caused by

advertising, i.e. v = 1, the Pay-TV channel does not show any adverts, (a; = 0), and is financed
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by the subscription fee, s, only. For a given nuisance parameter, «, the advertising quantity
is a constant as it is described by (2.38). As f is increased, the Pay-TV channel reduces its
subscription fee, s, to compensate the increased charge on viewers’ budget, thus decreasing the
number of viewers to the Pay-TV channel. For v = %, the Pay-TV channel does not make any
profits for f > %.

Figure 4 plots the profit of the PSB, wpgp, against f in equilibrium for v =0, v = % and

v=1.
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Figure 2-4: Public service broadcaster profit - different values for

Depending on the nuisance parameter, v, the PSB prefers a high or low subscription fee,
f, given exogenously. If viewers are not bothered by adverts, the PSB prefers a relatively low
subscription fee, f. It maximizes profits with f = i. For v = 1 it maximizes profits with f = %
and for v = % it maximizes profits with f = 1.
If viewers have a strong aversion to adverts, i.e. v = 1, the PSB does not show any adverts
for f > % Hence, it cannot decrease advertising quantity, as, if f is increased to compensate
1

viewers. Interestingly, profits increase for Af > 0 and % < f < 3 even though advertising

quantity, ao, is already set to zero. For f > % and v = 1 there are no adverts on either channel,
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i.e. a; = ag = 0. The profit of the PSB can be described as
1
WPSB:NSf:N§(1—f)f (2.43)

Thus, profits only depend on fees, s and f. The PSB faces two effects as f is increased. A
negative effect in which fewer viewers watch its program as the subscription fee for Pay-TV,
s, is decreased, which determines the number of viewers watching PSB and a positive effect
in which the PSB gets more money per viewer from subscription fees as f is increased. For
% <f< %, the net of both effects is positive. For f > %, the net of both effects is negative and

profits decrease.

If the nuisance parameter, =, is %, the PSB does not show any adverts for f > %, ie.
az = 0. For f > % the Pay-TV channel sets its subscription fee, s = 0, and switches to a Free-
TV channel. As the advertising quantity of the Pay-TV channel, a;, is a constant, (a; = %),

the profit function of the PSB is reduced to mpsp = N % f. Thus it is linear in f.

2.4 The Game with Possible Market Exit

In the preceding analysis fixed cost are not taken into account. In this chapter we want to
introduce fixed cost to the profit function of the Pay-TV channel and find critical values for f
where it is not profitable for the Pay-TV channel to remain in the market or enter the market.
We then develop equilibrium values for a setting with no competitor for the public broadcaster,
i.e. no Pay-TV channel in the market. Next we analyze which setting a PSB would prefer, a
scenario with a Pay-TV channel as competitor and a relatively low broadcasting fee, f, or a
scenario in which it exists as a monopolist with a relatively high broadcasting fee, f. After
that a third stage is introduced in the model where the government maximizing the number of

viewers for PSB sets the broadcasting fee, f.
2.4.1 The Adjusted Model

In the profit function of the Pay-TV channel, fixed cost, I, are introduced.

TPay—1V = VPay—1v(p(ar) +s) — 1 (2.44)

To make interpretations possible, an example with I = 0.05/N is considered. As defined in
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the simple model, N is the number of potential viewers, thus constituting the viewer market.

Revenues have to exceed fixed cost in order to make it profitable to either remain in or enter

the market:
profit 047,
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Figure 2-5: Pay-TV channel profit - fix cost introduced

Figure 5 shows that the Pay-TV channel runs a profitable business as long as f < 0.553 for
v=1, f <0.615 for v = 5 and f < 0.8 for v = 0.

The PSB is already in the market. It maximizes profits to generate political goodwill.
However, fixed cost are assumed not to be relevant as political authorities are supportive of a
PSB and therefore unlikely to shut it down. The PSB faces different viewing demands if it does
not compete with a Pay-TV channel for viewers. If there is no Pay-TV channel, an individual

consumer makes his viewing decision according to the following allocation rule:

0 if pu<f+~yas
dpsp(p) = (2.45)
L if p>f+ya

The proportion of potential viewers who subscribe to PSB ¢ is:

6=1-f - (2.46)
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The other proportion of potential viewers do not subscribe to PSB. The profit function of the
PSB is

mpsp(az) = Vpsp(az(l —az) + ) = N(1 — f — vaz)(az(1l — az) + f) (2.47)

The profit maximizing advertising quantity is

%(y—f—\/fy—fy—2f+f2+72+3f72+1+1) i 4 >0
: if v=0

ag = (248)
For v = 0, viewing demand is independent from advertising quantity. Hence, the advertising
quantity, ag = %, is equal to the simple model. However, profits change as viewer demand
changes.
Figure 6 shows the adjusted profit of the PSB for v = 0, v = % and v = 1 taking critical

values for the market exit of Pay-TV into account.

profit 047
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Figure 2-6: Public service broadcaster profit - possible market exit

The PSB is always better off if it can act as a monopolist but faces a higher broadcasting
fee, f, for v = % and v = 1. In the case in which no nuisance is caused by advertising, it

only makes less profits for very high values of f compared to the profit maximizing value for f
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(f = i) in the case of competition against Pay-TV.
2.4.2 Maximizing Viewing Demand for PSB

To answer the question of which setting is more likely in this model, a PSB as a monopolist
or competition between Pay-TV and PSB, a third stage is introduced to the adjusted model.
Prior to the game analyzed so far, the government sets broadcasting fee, f. It is assumed that
the government maximizes the number of viewers for PSB. The government has all available
information, i.e. it takes decisions in stage 2 and 3 into account. For v = % and v = 1, the
number of viewers watching PSB Vpgp is maximized if the broadcasting fee, f, has the value
where the Pay-TV channel exits the market. A further increase in f reduces Vpgp. This result
can be expected intuitively as a high number of viewers change from Pay-TV to PSB if the
Pay-TV channel exits the market. Hence, the government maximizing the number of viewers
watching PSB selects the value for f where the profit of the PSB is maximized, too. For v = 0,
in which no nuisance is caused by advertising, the government sets f = 0. As the number of
viewers for PSB Vpgp only depends on the subscription fee, s, which decreases in f, this result
could be expected, too. Thus, there are more viewers watching PSB with f = 0 and a Pay-TV

channel in the market than with a high broadcasting fee, f, and no competing Pay-TV channel.

2.5 Discussion and Extensions

In this section we discuss some of our modeling assumptions and possible extensions and mod-

ifications.

Viewer behavior. We assumed that viewers watch only Pay-TV once they have decided
to subscribe to it. A different allocation of viewing time would be more realistic. As the
subscription fee for Pay-TV is charged on a lump-sum basis, viewer decision making could be
modeled in two stages. In stage 1, viewers decide on the subscription to Pay-TV and in stage
2 viewers allocate their viewing time.

The portfolio approach incorporates crucial assumptions about the behavior of viewers. An
empirical analysis asking viewers what determines their decision making would be interest-
ing. Maybe, the portfolio approach and the standard approach of maximizing utility could be
synthesized in an integrated approach.

Although the broadcasting fee is mandatory for every TV owner, there are viewers who
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watch TV and illegally do not pay the broadcasting fee. It is interesting how the size of this

group depends on the level of the broadcasting fee.

Program content. In contrast to most papers analyzing competition in television markets,
we do not model different program contents explicitly. Different contents could be taken into
account when modeling viewer demand. Additionally, broadcasters could invest in a higher
quality of programming. Incentives are probably higher for Pay-TV as the cost can be shifted

on to viewers.

Advertisers. Following a large part of the literature, advertisers can only reach a particular
viewer via a particular TV channel. In practice, advertisers face different advertising channels to
reach viewers. Thus, TV channels compete with other advertising channels such as newspapers
for advertisers. Taking this into account there is competition for advertisers and therefore

advertising prices decrease.

Dynamic approach. The comparative-static analysis on market exit of the Pay-TV channel
could be extended to a dynamic setting. A PSB would possibly change its behavior in period
one to squeeze the Pay-TV channel out of the market. Accordingly, it would accept lower profits

in period one in order to hold a monopoly in the following periods.

Regulator. The objectives of the government setting the broadcasting fee are ambiguous. In
our model it is assumed that it maximizes the number of viewers watching PSB. It is interesting

how this setting compares to a setting with a regulator maximizing welfare.

Input markets. The analysis of effects related to market exit of the Pay-TV channel could
be extended to input markets. If there is only one TV channel it could exploit its market power

and enforce lower prices for input factors.

Oligopoly setting. A model with one Pay-TV channel and one PSB does not reflect the
current FEuropean TV broadcasting market. Introducing a free-to-air channel as a third player
would be very interesting as there would be three players with different strategic variables.
Commercial broadcasters could also decide in the first stage between running a Pay-TV channel
or a free-to-air channel and could then compete with one PSB and a second channel, either a

Pay-TV channel or a free-to-air channel.
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Welfare. A welfare analysis is missing in this work. It would be especially interesting to see if
the market exit of a Pay-TV channel would really reduce welfare as competition was decreased.
In terms of viewers it seems ambiguous as to whether the standard calculation of consumer
surplus is in line with a portfolio approach not based on the maximization of utility.

As a two-sided market approach is, in general, associated with strong computational prob-
lems due to inter-market network effects a model could only be extended with caution. Addi-

tionally, it becomes difficult to identify effects when taking many different aspects into account.

2.6 Summary and Conclusion

This work has analyzed the behavior of two competing TV channels - Pay-TV and PSB assuming
that consumers engage in mental accounting and develop a portfolio demand. A crucial role
in our analysis has been played by the ‘nuisance factor’ associated with advertising and the
broadcasting fee that has to be paid by both viewers of Pay-TV and PSB.

The greater the nuisance associated with advertising, the less adverts are shown on Pay-
TV, which results in decreasing profits. If viewers display a strong aversion to advertising, the
Pay-TV channel decides not to show any adverts at all. A high broadcasting fee considerably
decreases the Pay-TV channel’s profit. The Pay-TV channel tries to compensate viewers facing
a high broadcasting fee by reducing its own subscription fee. If the broadcasting fee is sufficiently
high the Pay-TV channel does not charge viewers and therefore switches to a free-to-air channel.
However, the broadcasting fee does not affect the level of advertising on Pay-TV.

The PSB can only decide on its level of advertising. If viewers have to pay an increased
charge for PSB they are compensated with fewer commercials on this channel. If that charge
is sufficiently enough the PSB does not show any adverts at all. The greater the nuisance
associated with adverts, the higher the broadcasting fee the PSB prefers for its own program.

Taking fixed cost for Pay-TV into account, the Pay-TV channel exits the market if the
broadcasting fee is too high. Aslong as viewers object to advertising the PSB prefers a monopoly
setting. If the government maximizes the number of PSB viewers the broadcasting fee is set so
that the Pay-TV channel leaves the market and profits of the PSB are maximized.

From the point of view of competition policy the last result is concerning. The government

sets the broadcasting fee that the PSB would set for itself. The PSB would set this broadcasting
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fee to squeeze the Pay-TV channel out of the market, thus facing no competition. Negative
effects on viewers are likely in this scenario. Additionally, there could be negative effects on

input markets due to the high market power of the PSB.
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2.A Appendix

Proof of Proposition 1. The critical values of the Pay-TV channel profit function 7 pey—7v

are
1
and
1(3y2—2y—4f+3) if f<34342 1y
0 it f>5+97"—37

The sufficient condition for a maximum is fulfilled if the eigenvalues of the Hessian matrix

are all positive at the stationary point, i.e. the Hessian is negative definite. For the Hessian

matrix of 7pey_1v we get

P pay-Tv  OPTpay-TV
_ 68y2 - 6a1yasT o —2 2@1 -7 — 1
H= T pay—1v  O*TpPay—TV - (2.51)
Dsdar Dad 20y —v—1 2(f+s5—7+3ya; — 1)

Substituting for a; and s the Hessian is for f < % + % 2 %’y

-2 -2
H-— 7 (2.52)
—2v —% (992 — 2y —4f +5)
The eigenvalues are
1 1 9 13
\ - = 2222 2.
1,2 2f+47 37 T3 (2.53)

1
ig\/24f T 127 + 16f7 + 162 + 20672 — 3673 + 81y4 — 72f72 + 9

A1 and Ag are always negative for v € [0,1], f € [0,1] and f < 2 + 242 — 14, i.e. the Hessian is

negative definite.
Substituting for a; and s the Hessian is for f > % + %72 — %7
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-2 —2

H=— (2.54)
-2y —(3v¥*—y-2f+2)
The eigenvalues are
1 3
A2 = [+ 27~ 572 -2 (2.55)

1
i§¢4f7+4f2 + 1772 — 693 + 974 — 12f~2

A1 and \g are always negative for v € [0,1], f € [0,1] and f > % —i—% 2 — 1, i.e. the Hessian is
negative definite. For v =1 and f = 1, \; =0, i.e. the Hessian is negative semidefinite. Thus,

the sufficient condition for a maximum is fulfilled for v € [0, 1], f € [0, 1].

Proof of Proposition 2. The critical values of the PSB profit function mpgp are

% if v=0

15, _ 1p¢ 1.2 ,1
7(127 6 247”3

v>0

Lo B 3p 1g2, 282  jf

w={ +1 |7 8f+4f+327) Y P (2y—~2+3)  (2.56)
3 1.3, 1.4, 25¢.2 9 =2 YT

ti67 te TR

The sufficient condition for a maximum is fulfilled if the second derivate of the profit function
Tpsp is negative at the stationary point . For the second derivate we get after substituting for

equilibrium values for a; and s

d*rpsp IN (4f =10y +24yas +4% = 3) if f< Ly 34243
22 =
das AN (v + 6ag — 3) if _%’7+%’72+%<f

(2.57)

Foryanndagzéweget
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d2 —IN @B -4 if <
TPSB 1 ( f) i: (2.58)
4

da 0 if

A\
~ AW

Thus, d%;% < 0 for f < 3 and the sufficient condition for a maximum is fulfilled. For f > 3
2
the second derivative test says nothing about the critical point.
For v >0, f <4 2“r+1) (2y —~*+3) and a = %(%7—% — 5+ 3
VI - By - AP B 0 i+ B ) e get

2
d“Tpsp
2
das

_2N\/—f— v+ f + f2 —7 I - s/t (259

Hence, CIZZ# > 0 is always true and the critical point substituted for as is a minimum.
For v >0, f < g7y (27 —7° +3) and a2 = 2(357 — 6f — 97° + 5
- 5\/1f7— Ey =3+ 12+ B+ EVP+ gt + B2+ &) we get

d*Tpsp 3 23 1 1 9
= 2Ny /-Sf— = 2 4 = (2
da2 f v+ f7+ f 27 +167 +64’y —l— f7 t 5 (2.60)

Thus, ‘12:;%53 < 0 is always true and the critical point substituted for as is a maximum.
2
For v > 0, f > m (2’y —y2 + 3) and as = 0 the second derivative test says nothing

about the critical point.
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Chapter 3

Endogenous Merger Formation and
Incentives to Invest in Cost

Reducing Innovations

3.1 Introduction

In principle, firms can grow in two different ways. They can either grow internally (i.e., through
successful innovations and consequent product market success) or externally (i.e., through merg-
ers and acquisitions). While almost always since Schumpeter (1934) there have been policy
debates and academic research on the relationship between market structure and innovation,
the relationship between innovation and merger activity has only really grabbed the attention
of policy makers, antitrust agencies and academic researchers over the last two decades.! While
over the last twenty years a rather broad empirical literature has grown on the relationship
between mergers and innovation the theoretical literature is still relatively thin. As Schulz
(2008) notes in a review of the literature on the impact of mergers on innovations there is still
a lack of theoretical papers on this issue: "At the beginning of 2006 an extensive search of the
existing literature has not revealed a single theoretical contribution that deals directly with the

subject..." (Schulz, 2008, p. 2). This may be somewhat surprising since external and internal

'For a review of the literature on mergers and innovations and its implications for antitrust policy see Katz
and Shelanski (2007).
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firm growth strategies are not independent from another, but clearly interrelated, as mergers
certainly affect the innovation incentives and activities of both the merged entity and its rivals,
while innovation activities can also affect merger formation. In fact, almost all of the papers
that analyze the relationship between mergers and innovation focus almost exclusively on the
impact that mergers have on innovations, taking mergers as exogenous (see Kleer, 2006; Jost
and van der Velden, 2006). And while some of the empirical literature notes that an endogeneity
problem may exist, the theoretical literature is largely silent on the question how innovations
affect merger incentives. This paper jumps into this gap and aims at shedding some light on
the question how mergers are endogenously affected by innovations.

For this purpose, this paper analyzes an endogenous merger model that incorporates in-
novation incentives. We assume that firms are heterogenous in their innovation capability, as
differences in innovation capability have been named an important reason for mergers in the
literature. The idea is that the transfer of knowledge within the merged firm can improve the
innovation capability of the entire entity. Hence, our paper differs from existing theoretical
papers in two key aspects: Firstly, we do not only analyze how mergers affect innovation, but
also how innovation capabilities affect mergers, using an endogenous merger model. Secondly,
we assume that firms are not homogenous, but that they differ in their innovation capability.
For this paper, we confine the analysis to process innovation, i.e., we focus on investments in
marginal cost reductions.

Our paper is related to two other papers that focus on the relationship between mergers
and innovations: Kleer (2006) analyzes the impact that horizontal mergers have on process
innovation incentives in a Cournot market with three firms. In contrast to our paper Kleer
(2006) does not endogenize merger decisions, but rather compares exogenously given market
structures. Furthermore, firms are symmetric in their ability to conduct process innovations in
his paper. The main result is that - in contrast to the well-known merger paradox of Salant et
al. (1983)% - most mergers are profitable, as mergers reduce the R&D intensity in the market.

A similar result is obtained by Jost and van der Velden (2006) who model mergers in the

?Salant et al. (1983) show that in a homogenous product Cournot oligopoly with linear demand and cost
mergers between an exogenously given number of firms are only profitable if at least 80% of the firms are involved.
The robustness of this result was challenged in the supervening literature (e.g., Deneckere and Davidson, 1985;
Perry and Porter, 1985; Farrel and Shapiro, 1990).
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context of a patent contest model focusing on synergies. Their exogenous merger model focuses
on the innovation market, as the winner of the patent race obtains a monopoly position, i.e.,
the focus is on drastic innovations. In contrast, we focus on gradual productivity improvements
in an endogenous merger setting.

The literature on endogenous mergers offers at least three different approaches to analyze
merger patterns (see Horn and Persson, 2001a). In Kamien and Zang (1990, 1991) and Gaudet
and Salant (1992) firms simultaneously bid for other firms and ask prices for the own firm.
As moves are simultaneous, the approach does not allow for any negotiations between firms or
counter-offers which may be more appropriate to assume for merger situations with a limited
number of firms involved.

Consequently, the other two approaches have been developed to reflect some kind of bar-
gaining process to form mergers. The second approach also treats merger formation as a
non-cooperative game, but with sequential offers. For examples Chatterjee et al. (1993) or Ray
and Vohra (1999) model merger processes through a kind of sequential game. However, this
approach suffers from one major drawback: The formation of mergers and the distribution of
profit typically depend on the order of offers and counter-offers.

The third approach, which we also adopt in our paper, applies a cooperative bargaining
game. We analyze a rather general asymmetric oligopoly model developed by Horn and Persson
(2001a) who describe possible coalition outcomes by a partition function proposed by Thrall and
Lucas (1963). A binary dominance relation ranks coalition outcomes, which reflect ownership
structures in our case. Thereby, we can predict equilibrium ownership structures, using the
solution concept of the core.

Horn and Persson (2001b) use this approach to analyze a symmetric international oligopoly.
The approach has also been applied by Huck and Konrad (2004) and Lommerud et al. (2006)
to analyze international mergers between initially symmetric firms. As in our paper, Stadler
and Neubecker (2009) apply the cooperative bargaining approach to analyze horizontal merger
formation in oligopolies where firms are heterogenous in production technologies. In their
model, firms differ in production cost, but, in contrast to our paper, Stadler and Neubecker
do not allow for firms to innovate. They show that more heterogenous firms (with large cost

asymmetries) merge if cost differences across the industry are substantial, while rather similar
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firms (with small cost asymmetries) merge if cost differences across the industry are negligible.

Finally, in order to model process innovation we use the quadratic R&D expenditure func-
tion proposed by D’Aspremont and Jacquemin (1988), assuming that R&D investment has
diminishing returns.

The remainder of the paper is organized as follows. Section 3.2 describes our model that
we use to analyze horizontal merger bargaining between three firms that are heterogenous in
innovation technologies. Firms account for the impact on innovation and product market com-
petition when they reach merger decisions. Section 3.3 derives equilibrium market structures
and presents results. In section 3.4, a welfare analysis is conducted and policy conclusions and

model limitations are discussed. Finally, section 3.5 concludes.

3.2 The Model

Let us consider a market with three firms that supply homogenous products, facing a standard
linear demand function. Firms choose output and R&D expenditures which decrease their
marginal cost through process innovations. The cost for these innovations differ for the three
firms, i.e., firms are heterogenous in their R&D efficiency. Absent any innovation, firms face
constant, identical marginal cost. Furthermore, firms are free to negotiate about mergers. In
case of a merger, the merged entity uses the most efficient R&D technology available to the
previously independent competitors. Not surprisingly, a merger to a monopoly is the preferred
option for all firms. As antitrust authorities usually not approve mergers to monopoly, we
exclude this option from our set of potential outcomes. Additionally, we do not allow any
market structure that squeezes one or more firms out of the market.

The merger game consists of three stages (Figure 1). In stage 1, owners of the three firms
negotiate to form coalitions. While the owners of a merged entity are free to negotiate any
division of profit between them, payments to third parties are not allowed. The firms that are
formed in the first stage invest in innovation in stage 2, i.e., firms invest in reduction of marginal

cost. In stage 3, they compete non-cooperatively in Cournot fashion in an oligopolistic market.
3.2.1 The Pre-Merger Market

To keep the model simple, we confine the analysis to the case of n = 3 independent firms in the

pre-merger market. Firms are assumed to face a linear demand function:
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Figure 3-1: 3-stage game

Stage 1 Stage 2 Stage 3
| | | > | p
| I | > ayoffs
Merger Innovation Cournot
p=max{A—Q,0} (3.1)

where @ is the market output. Without innovation, all firms have constant, identical marginal

cost (MC):

MC=c <A (3.2)

For simplicity, we assume that there are no fixed cost.
3.2.2 The Merger Stage

Let us consider a merger as the formation of a coalition between various firms’ owners. We
express the coalition formation as a partition function form game which can be characterized
by a set of outcomes and a binary dominance relation dom defined on the outcomes. The set
of outcomes consists of market structures, more precisely, of ownership structures. The binary
dominance relation determines the equilibrium post-merger ownership structures. Following
Horn and Persson (2001a), let M* be a partition of the set of n = 3 owners into coalitions.
Define M as the set of all possible ownership structures and K’ the set of all coalitions in
M?. An ownership structure M7 dominates M* if the owners who are able to impose either
M7 or M?, prefer M7 over M. The owners are considered to bargain over the two structures.
These owners are ’decisive’ with regard to M7 and M' as they determine the ranking of the
two ownership structures. This decision group of owners is defined as follows. Define R as

the subset of firms (coalitions) in M* with R’ C K’ and define O(R?) as the set of owners
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participating in the firms in R?. Let D% denote the decision group of owners with regard to
M? and M7 and the corresponding sets of firms R/ and R/ possessed by these owners in the
respective ownership structure. Then D% is obtained by:

(a) DV = OR) = ORI) # 0

(D) RINRT =0

(c) 3D c D¥ | D fulfills (a) and (b)
Thus, firms in M? and M7 with the same set of owners are combined (condition a), but there
is no firm that is part of both combinations (condition b), and there is no subset of the formed
set that can be formed following the same approach (condition ¢). For illustration, consider the
following example: let M9 = {1,2,3} and M4 = {12,3} be two ownership structures with no
coalition whatsoever in M° and a coalition between owner 1 and 2 in M4, Owner 3 belongs
to the same firm in both structures (violation of condition b). Hence, he cannot influence the
ranking of M? and M4, i.e., owner 3 is not ’decisive’ with regard to M° and M4. However,
owners 1 and 2 have the possibility as well as the incentive to influence the ranking of M and
MA. Thus, the decision group with respect to M° and M#4 is D% = {1,2}. As we confine
ourselves to three firms in this paper there is only one decision group with respect to two
ownership structures in general.

Following this concept, the binary dominance relation dom can be defined. A market struc-
ture M7 dominates M* via D% only if the combined profit of the group of owners which is able

to enforce these structures is larger in M7 than in M

Z Wi > Z T (3.3)

keRi keRi
Thus, the merging owners are assumed to agree on a profit division making every member
of the decision group favor the structure with larger combined profit. Accordingly, there is no
payoff division rule for equilibrium mergers defined. Only in the case of no merger the payoff
vector is defined as payments between firms are not allowed.
Having defined how to rank any pair of market structure by specifying decision groups and
the dom relation the solution concept of the core is applied to predict equilibrium ownership

structures.
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The set of equilibrium ownership structures consists of those structures that are in the core:

M\ {M’ € M | 3M € M such that M dom MZ} (3.4)

Thus, there are only those structures in the core that are not dominated by any market
structure. Note that the solution concept of the core does not allow for any structures to be in
the core that are only dominated by structures outside the core, i.e., structures that are itself
dominated. This seems plausible for a merger as otherwise decision owners could make higher
profit by turning to ownership structures that are not in the set of equilibria. Other approaches
like the von Neumann-Morgenstern stable set® would include these ownership structures in
the set of equilibria considering this domination as not credible as it comes through an itself

dominated structure.
3.2.3 The Innovation Stage

The firms that are formed in the first stage - including the case of no merger - invest in
reduction of marginal cost in the second stage. Using a standard R&D expenditure function by

D’Aspremont and Jacquemin (1988) the cost for these process innovations are

1
K(e) = ikk(ck —c")? with 0 < ¢ < & (3.5)

Firms lower their initial marginal cost ¢ to marginal cost c; by investing K (cj) in process

innovation.

Conjecture 3 Firms are different in the efficiency or productivity of their R€D technology,
defined by parameter ky. The difference in innovation cost between the three firms is fix denoted

by A > 0. A =1 in this model without loss of generality’.

Following conjecture 1 the innovation cost kj are for the three firms:

ki+2=ko+1=k;s (3.6)

#See von Neumann, J. and O. Morgenstern (1947)
Y The size of asymmetry, i.e., different values for A, does not change the general results, but only the specific
intervals for k1 to a small extend that we will present later. There is only one exception for a very small interval

0fk1.
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Conjecture 4 Innovation cost ki exceed a certain value, ki > %

Conjecture 2 guarantees interior solutions. If innovation cost are too low, the most efficient
firm can reduce its marginal cost that much that less efficient firms are forced to leave the
market. ki > % ensures no market exit of firm 2 and 3 (in the case of no merger), other market
structures and the SOC for a maximum are less restrictive. We derive this barrier in the
appendix. The R&D expenditure function is quadratic and R&D investments have diminishing

returns. Without innovation firms have constant marginal cost c°.

Conjecture 5 Initial marginal cost ® exceed a certain value®,

3 (2k1+1)(2k1—1)A . .

4 (3k1+2)A )
3(%5721)% if k1> 1.876

Co

Conjecture 3 guarantees positive, post-innovation cost ¢°. The lower bound for ¢y depends
on the level of innovation cost in the market determined by the innovation cost for firm 1,
denoted by k1, and the strength of demand, denoted by A. If the pre-innovation cost ¥ relative
to the demand A is not too high, then (3.7) implies that the R&D technology, i.e., the innovation
cost k1, should not be too efficient. If not, the most efficient firm will make very large R&D
investments, resulting in zero or even negative post-innovation cost and a squeeze out of other
firm(s).

Firms are assumed to maximize profit facing the following profit function:
* 1 02
Tk = (P — ck)qy — 51%(% —c) (3.8)

Conjecture 6 Firms are assumed to have no fixed cost for simplicity.

Not surprisingly, a R&D investment, accounted in as fixed cost ¢;, —c” in the profit function,

is the more profitable the more units a firm produces.

® This barrier is most restrictive in the case of no merger (k1 € ]1.5;1.876]) or in the case of a merger between
the two most efficient firms (k1 > 1.876) and derived in the appendiz.
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3.2.4 The Production Stage

In the production stage, m < 3 firms compete in Cournot fashion producing at different unit
cost ¢k, depending on the merger decisions in stage 1 and R&D investment decisions in stage

2. The Cournot-Nash equilibrium is given by

m+1 (3:9)

2
. . A—mep + 3y oy
T = (%)2 = < z

for any firm k£ = 1,...,m in the post-merger market structure.

3.3 Equilibrium Market Structure

In stage 1, n = 3 firms bargain about mergers. There are four possible market structures

including the pre-merger market structure:

M°® ={1,2,3}; M4 ={12,3}; MP ={13,2}; MY ={23,1} (3.10)

To derive equilibrium market structures resulting from endogenous merger decisions, the dom-
inance criterion (3.3) has to be applied to all market structures and decision groups. Thus, the
profit of all firms have to be derived to calculate profit of the decision groups for the respective
market structures then.® Table 1 summarizes the results of the comparisons of profit of the

decision groups.”

Table 1: Equilibrium ownership structures

Level of innovation cost k1 | Ownership structures | Innovation cost
k1 €]1.5;1.506] MY ={1,2,3} ki, ki+ 1,k +2
k1 € ]1.506; 4.649] MA ={12,3} ki,k1+2

k1 € ]4.649; 00| M%={1,2,3} ki, ki + 1,k +2

Hence, merger formation significantly depends on the innovation cost of the most efficient

8See appendix for results.
TAs mentioned in section 3.2, the size of asymmetry between firms, i.e., different values for A, change the
specific intervals for k1 to a small extend only.
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firm, which determines the R&D efficiency, i.e., the level of innovation cost, in the industry.
The findings are:

(a) There is no merger involving the least efficient firm 3 for any k

(b) For a very small interval of low k; (k1 €]1.5;1.506]) there is no merger.

The market structure M? = {1,2, 3} remains unchanged.®

(c) For moderate innovation cost the least efficient firm 3 stays alone and the

other two firms merge. M4 = {12, 3} is the corresponding ownership structure.

(d) For high innovation cost (k1 > 4.649) there is no merger whatsoever.

Although it might be expected intuitively that the most and the least efficient firm merge
to reach the largest efficiency effect there is no merger involving the least efficient firm. We
also want to answer why firms do not merge. Thus, an analysis of the influence of the model’s

parameters is indicated.

Comparative statics within a market structure. To analyze how model parameters
affect equilibrium outcomes, the merger literature usually simply distinguishes between insiders
and outsiders. However, as our model is characterized by firm heterogeneity with respect to
investment efficiency we consider it more useful to differentiate between the most efficient firm,
i.e., the firm with the lowest investment cost, and the other firm (M4, MZ, M%) or firms (M?).
The most efficient firm invests more than the other two firms (M°) or firm (M4, MZ, M%)
and, therefore, produces a higher quantity, resulting in higher profit. The change in profit for

increasing innovation cost is different for the most efficient firm and the other firm(s):

dmy
— A1
ae < 0, (3.11)
dmy
— 12
a0 (3.12)

where 7; denotes the profit of the most efficient firm while 7 denotes the profit of the other
firm(s). While the most efficient firm suffers from an increasing innovation cost kp, profit

of the less efficient firm(s) increase with innovation cost. This is due to the effect of k1 on

STf the asymmetry in R&D efficiency is sufficiently high, (i.c., if A > 1,235), this small interval without merger
is replaced by a merger between the two most efficient firms, i.e., M4 = {12, 3}.
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innovation activity in the market. The more expensive it is to reduce marginal cost (i.e., the
higher k1), the less the most efficient firm invests into cost reductions. The relative advantage
of the most efficient firm decreases with an increase in k;, and the asymmetry between the firms
decreases. In contrast, firm 1 becomes less competitive and produces less, leading (according
to the Cournot logic) to an output expansion of firm 2 and 3, which makes cost reductions
more profitable for the latter (as they apply to larger quantities). If, however, the innovation
cost exceeds a certain threshold of k] the positive effect of increasing innovation cost k; on
quantities is outweighed by the negative effect on total innovation cost.? Thus, the less efficient
firm(s) reduce investments into cost reductions for k; > kj. However, the less efficient firm(s)
generally increase the quantity supplied with an increasing innovation cost parameter k; due to
the reduced quantity supplied by the most efficient firm. Still, total industry output decreases
with an increasing innovation cost.

In summary, the behavior of the most efficient firm influences investments into cost reduc-
tions and quantities supplied of all firms. Less efficient firms prefer a high level of innovation
cost in the industry, as it increases their competitiveness in the innovation market resulting in
higher output and higher profit.

It may also be noted that - as expected - firms’ profit decrease with an increasing initial

marginal cost level ¢

dﬂ'i
dcP

<0 (3.13)

Endogenous merger pattern. Let us now determine how mergers are formed endogenously.
Two effects are decisive to determine which mergers are most profitable: The market-power ef-
fect and the investment efficiency effect. Firstly, different mergers have different implications for
the merging firms’ competitiveness vis-a-vis the outsider (market power effect). The difference
in firms’ productivity levels (after the investment stage) determines output and profit levels.
The other important effect to consider are the investment cost savings, as the less efficient firm
obtains access to a superior technology through the merger.

Generally, we say that market structure M* dominates market structure M/ if the combined

YK(ci) = $(k1 + A)(e; — ¢)® with A =1V A = 2 depending on market structure and firm.
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profit of the decision group is higher in market structure M* than in market structure M7.

Domination of MP={13,2} and M®={1,23}. MP? = {13,2} and M¢ = {1,23} are
dominated by market structure M4 = {12,3} for all k; and not in the set of equilibrium
structures, applying the concept of the core. Defining the binary dominance relation between
these three structures, all three players are part of the decision group: DAB = DAC = DBC —
{1,2,3}. Thus, industry profit is compared to obtain equilibrium market structures. Industry
profit is highest in the market structure in which the least efficient firm is not part of any
merger (M4 = {12,3}), i.e., the industry innovation cost level is the highest. The efficiency
difference between the merging firms is lower in market structure M4 than in M? and M,
but competition in the innovation market is also softer under M4. In market structure M4 the
merged firm prefers a competitor with low innovation efficiency resulting in lower investment
levels and lower quantity supplied by that competitor. Hence, in market structure M4 a higher
proportion of overall quantity is supplied by the more efficient firm than in market structure
MPB and MC. The decision group DAB = DAY = DBC = {1 2 3} consists of the owners of all
three firms; hence, the group maximizes industry profit. A high proportion of overall quantity
supplied by the more efficient firm (as in M A compared to ME and M C) has a positive impact
on industry profit. Additionally, the overall quantity supplied in the industry is slightly lower

in M# than in M? and MY, also resulting in higher industry profit.

Domination of M°={1,2,3} and M4={12,3}. Although not being dominated by M?
and M for any ki, M* = {12,3} is dominated by M® = {1,2,3}. For some k; the set of
equilibrium market structures consists of M4 and for some k; it consists of MP.

For a very small interval of (low) innovation cost parameter ky, i.e., k1 €]1.5;1.5063], there
is no merger. The two less efficient firms hardly produce anything due to their very limited
competitiveness.!” The efficiency leader almost holds a monopoly. Thus, the most efficient firm
does not face strong incentives to merge with any firm, as the market-power effect is very small.
For a range of small to moderate innovation cost levels (k1 € ]1.5063;4.6488]), the two most
efficient firms merge (M4 = {12,3}). Starting from the pre-merger scenario M?, the two less

efficient firms significantly increase output with increasing k; forcing the most efficient firm to

10Gee appendix for details on individual output.
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decrease investment into cost reducing innovations and, therefore, the quantity produced. On
the revenue side, the market-power effect is the main driving force for a merger between the two
most efficient firms (M4 = {12,3}), as they significantly contract output, resulting in higher
prices and, accordingly, profit. The investment efficiency effect renders the merger profitable.
The less efficient firm obtains access to the superior technology of the merging partner. Even
more important is the low competitiveness of the least efficient firm in the innovation market,
resulting in low investment and low output in the pre-merger market.!’ The least efficient
firm, which is not involved in the merger, benefits from the output contraction and increases its
output, resulting in higher profit. However, the firm is still a relatively "weak" competitor. The
newly formed entity only invests more into cost reducing innovations under market structure
M4 than the efficiency leader in the no-merger scenario MY if the innovation cost level exceeds
a certain threshold.!? For a high level of investment efficiency in the industry, i.e., a low
innovation cost parameter ki, the merged firm 12 under scenario M4 = {12,3} invests less
than the efficiency leader firm 1 in M, and it produces even less after merging with firm 2 in
MA# than as a separate firm in M.

The last result may be somewhat surprising. While it is well known that a merged entity
produces less than the two formerly independent firms together, it may be surprising that a
merged entity produces less than only one of the firms in the pre-merger market. The reason is
the low competitiveness of the outsider firm 3 in M*, as low innovation cost k; result in a high
market-power effect of the merger. Firm 1 faces two inefficient firms characterized by limited
competitiveness in the pre-merger market for a low innovation cost level. After merging with
firm 2 it faces only one competitor, which is even the least efficient firm in the market. Thus,
the merged entity almost holds a monopoly in the case of a low innovation cost level, resulting
in a lower incentive to innovate. Due to this market position firm 1 produces even less after
merging with firm 2 in M4 than as a separate firm in M°. Thus, the innovation cost is spread
over a lower quantity, making investments less profitable. In contrast, if the innovation cost
level kq exceeds a certain threshold the merged firm 12 produces more than firm 1 as a separate

firm in M°, making increased investments profitable.

"'For this reason the most efficient firm does not merge with the least efficient firm.
12G8ee appendix for details on investment comparison.
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For high innovation cost levels (k1 € ]4.6488; 0o[) there is no merger. The two most efficient
firms would still significantly reduce output following the merger, but the effect on profit would
be negative when compared to the no-merger scenario. The standard merger paradox results.
As investment into cost reducing innovations is rather costly now, the equilibrium investment
level is low for all firms. Thus, the least efficient firm is relatively competitive in the product
market. The least efficient firm would benefit from merger between the two most efficient firms,
as in the classical case analyzed by Salant et al. (1983).

In summary, the two most efficient firms merge for a low to moderate innovation cost level,
while the least efficient firm remains independent. Although the efficiency gains would be higher
if the most efficient and least efficient firms were to merge, the efficiency leader does not merge
with the least efficient firm, as the least efficient firm is also a weak competitor. For a high
innovation cost level there is no merger whatsoever. Efficiency gains are relatively unimportant

in this case, as investment levels are rather low anyhow.

Comparing the results to the literature. Our results demonstrate that the merger para-
dox of Salant et al. (1983) can be overcome once we introduce heterogeneity in the firms’
R&D efficiency. While we do not explicitly account for any merger specific synergies, resulting
from a merger, closing down the less efficient R&D department of the two merging firms may
be interpreted as a merger-related synergy. For high levels of R&D efficiency our model also
yields different results than Kleer (2006) and Vives (2008) who show that, in symmetric market
situations, a reduction in the number of firms tends to increase R&D effort. In contrast, we
show that R&D levels may actually decrease following a merger, due to the asymmetry in our
model.

There are a few theoretical papers that endogenize the merger decision and account for
asymmetries between firms in some way, but there is no paper that also allows firms to innovate.
Stadler and Neubecker (2009) use the same approach applied in our model to endogenize merger
formation and assume firms to be asymmetric in production cost. In their model, merger
formation depends on the degree of asymmetry between firms in their production cost levels.
In our model, where firms are able to innovate with differences in their R&D efficiency, the

merger decisions are not affected by the size of asymmetry between firms'?, but the overall

13 As already mentioned, the size of the asymmetry only affects the specific threshold values for the innovation
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level of R&D efficiency in the industry. Kamien and Zang (1990, 1991) analyze a one shot game
where homogenous firms simultaneously bid for other firms and ask prices for the own firm.
They find that in a market with three firms facing linear demand there is no merger whatsoever
as firms expect to make larger profit by becoming a duopolist competing with the other two
firms. Replacing our cooperative bargaining game by the simultaneous game applied by Kamien
and Zang (1990, 1991) without changing the innovation stage and still accounting for asymmetry
in innovative ability we obtain the following results. The simultaneous game predicts the same
market structure as our cooperative bargaining game for levels of R&D efficiency that result
in no change in market structure (M°). A merger between the two most efficient firms (M%)
is a subgame perfect Nash equilibrium (SPNE) in the simultaneous game for the same level of
R&D efficiency, too. In contrast to our cooperative bargaining game, the simultaneous game
provides a second SPNE for this efficiency level, a merger between the most efficient firm and

the least efficient firm (MPB).

3.4 Welfare and policy conclusions

Total welfare W' is defined by the sum of consumer surplus (C'S?) and firms’ profit:

Wi=CS'+ ) 7 (3.14)
k

Consumer surplus is given as:

CS — (Am — >, CQk)2 (3.15)
2(m+1)
The welfare effects of mergers can be assessed by comparing welfare for all equilibrium ownership
structures predicted in section 3.3.'* Table 2 summarizes the results of the comparisons of
welfare levels for the respective equilibrium market structures. It also compares the welfare

maximizing ownership structure with the equilibrium ownership structure predicted by the

model:

cost parameter ki but not the general results.
14 Qee appendix for details.
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Table 2: Welfare maximizing ownership structures

Level of innovation | Equilibrium ownership | Welfare maximum

cost kq structures

k1 €]1.5;1.506] M = {1,2,3} MO

k1 €]1.506;4.649] | M4 = {12,3} MO(k; € ]1.506;1.612])
MA(ky €11.612;1.926])
MBVE(ky €]1.926;3.170])
MO(ky €]3.170; 4.649])

ky € ]4.649; 00| M ={1,2,3} MO

In line with equilibrium ownership structures, welfare maximizing ownership structures signif-
icantly depend on the R&D efficiency in the industry. Market outcomes without a merger are
socially desirable. In cases of a merger (M*) welfare is increased for a wide range of differences
in innovation efficiency ki but also decreased for a significant range of ki. For a range of k;
mergers involving the least efficient firm (M or M) would be even superior to the predicted
market outcome - a merger between the most efficient firms (M4) - from a social point of
view. Consumers generally are harmed by merger as output is reduced. In cases of a positive
impact of a merger on welfare the negative effect on consumers is dominated by the positive
effect on industry profit that results from market power and investment efficiency effects of a
merger. In summary, the predicted equilibrium ownership structures are socially desirable for
a wide range of R&D efficiency levels in the industry. Only for small range of R&D efficiency
levels a no-merger scenario would be preferred from a social point of view although a merger is
predicted.

Regarding state aid granted to support innovation, our model suggests that R&D subsidies
are not necessarily welfare enhancing once we account for endogenous merger formation. If we
assume an innovation cost level of k1 = 5 and a 10% subsidy on innovation cost so that kp is
reduced to k1 = 4.5 from the firms’ perspective a merger between firms 1 and 2 will be triggered
even though the initial equilibrium market structure is welfare maximizing. However, due to
the subsidy, M4 = {12,3} is predicted, i.e., the two most efficient firms merge. A welfare

maximizing regulator would still prefer a no-merger scenario. In contrast, if the innovation
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subsidy does not influence the endogenous merger formation, the welfare impact of innovation
subsidies is generally positive (neglecting the shadow cost of taxation), as an increase in R&D
efficiency, i.e., an decrease in k1, has a positive impact on social surplus as long as the market

structure is not affected.

3.5 Conclusion

This paper has analyzed endogenous horizontal merger formation in a market with three players
where firms engage in process innovations. Firms differ in their investment efficiency for cost
reducing innovations. In our 3-firm model we allow owners of the three firms to bargain over
mergers in the first stage. The merger formation is the outcome of cooperative decisions, and
the solution concept allows for any division of profit between merger partners. The asymmetry
in R&D efficiency significantly influences the merger decisions. In stage 2 the firms that have
been formed in the first stage invest into innovation, i.e., the remaining entities invest into a
reduction of their marginal cost level, before they compete in quantities in stage 3. The key
results obtained are the following:

Merger formation depends on the R&D efficiency in an industry, i.e., the level of innovation
cost. There is no merger outcome involving the least efficient firm. For a low to moderate
level of innovation cost the two most efficient firms merge, while the least efficient firm remains
independent. For a high level of innovation cost there is no merger whatsoever. Market out-
comes without a merger are socially desirable. Welfare is either increased or decreased in the
predicted merger case. Accounting for endogenous merger formation R&D subsidies are not
necessarily positive depending on the R&D efficiency in the industry, but R&D subsidies are
positive if they do not influence merger decisions.

Admittedly, our model is not without limitations. Firstly, we only allow for three firms
in order to limit the computational complexity of our model. An increase in the number of
firms would diminish the market-power effect of a merger, thereby decreasing the incentives to
merge. Applying the solution concept of the core in the context of our cooperative bargaining
approach, more than two firms could merge or more than one merger could be predicted in
the post-merger ownership structure. Secondly, our approach does not give information about

the division of profit within the merged entities. This could be addressed by adding a payoff
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division rule that is applied to equilibrium mergers. Profit could be divided equally or according
to Shapley values. However, as Horn and Persson (2001a) note there is no core payoff vector as
there are incentives to deviate from a proposed payoff vector. Finally, we do not allow for the
entry of new competitors. Focusing on product innovation instead of process innovation may

be another field of interest but would change the focus of our model to the demand side.

56



3.A Appendix

3.A.1 Lower bound for k;

Market exit. If innovation cost are too low, the most efficient firm can reduce its marginal
cost that much that less efficient firms are forced to leave the market. We derive the value
of innovation cost k; for the less efficient firm(s) where the optimal marginal cost ¢}, equals
the initial marginal cost ¢, i.e., the cost where a firm does not innovate whatsoever. After
calculating this lower bound for the less efficient firm(s) for all market structures the most
restrictive value, i.e., the highest ky, determines the lower bound for k£ assuring no market exit

of any firm in any possible market structure.

M°={1,2,3}:
18co — 9A + 24 Ak — 68coky — 12Ak? + 32¢ok3
o = ST IAT 2L Docoh L+ 920N _ o0 (3.16)
32k3 — 12k — 44k + 9
33
ki=<{=,=—-A 1
eh={33-a} (3.17)
A+ 124k — k1 — 12Ak? + 32cok$
C; _ 9A + 13 566021 1+ 32coky _ 0 (3.18)
32k3 — 12k — 44k + 9
33
ky=1<=,2—2A 1
ah={3.3 -2} (3.19)
If k1 > %, firm 2 and 3 cannot be pushed out of the market.
MA ={12,3} :
. 164 —48cy — 124k + 18coky + 27cok?
“ 6k + 27k7 — 32 ‘ (3.20)
4
Sk == (3.21)
3
If k1 > %, firm 3 cannot be pushed out of the market.
MB = {1323 A M© = {1,23} :
. . 16A — 24co — 12Ak1 — 9coky + 27cok?
3 (MP) = c53(M€) = L=¢" (3.22)

27k — 21k — 8
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If ky > 3, firm 2 (MP) or firm 23 (MY) cannot be pushed out of the market.
Market structure M° determines the lower bound for ky with k; > % assuring no market exit

of firm 2 and 3.

Second order condition. The second order condition (SOC) assures concavity of the profit

function. Thus, ki must satisfy the following conditions.

M ={1,2,3}:
Prp 9
—5 =-—kx <0 3.24
< k> g (3.25)

MA ={12,3} A MP = {13,2} A M© = {1,23} :

r 8
—=—-—kp <0 3.26
dci 9 k ( )
8
& kg > 3 (3.27)

SOC is satisfied in all cases as k1 > % is assumed.
3.A.2 Lower bound for ¢,

To guarantee positive, post-innovation cost, c¢” has to be higher than a certain bound. The
bound for the most efficient firm is critical in each market structure as the most efficient firm

can innovate at the lowest cost resulting in the highest investments.

M ={1,2,3}:
. 3A+6cy — ddcoky — 12AK2 + 32c0k3
— >0 3.28
“ 32K3 — 127 — 44k, + 9 = (3.28)
3(2k1+1)(2k1 —1) A
S > = 3.29
=27 16k7 — 22k + 3 (3.29)
MA = {12,3} :
18coky — 24co — 12Aky — 8A + 27cok?
¢y = Dok = 2200 = SATRTON (3.30)
6k1 + 27k? — 32
4 (Bk1+2)A
s> = 3.31
= 3Bk — 2) 3k1 + 4) (3:31)
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MB = {132} A M¢ = {1,23} :

4A —12¢cy — 12Aky — 9coky + 2Tcok?

cIs( ) = (M) 9Tk? — 21k; — 8 ( )
4 (3k1—1)A

> 3.33

= 39k2 — 3k — 4 (3:33)

The critical bounds are in M° and M# depending on k; resulting in the following condition for

COZ

3 (2ki+1)(2ki—DA . )
o | AR I k€ L5187 @30

o 3k11+2)A )
SR s i k> 1.876

3.A.3 Binary dominance relations

To derive the binary dominance relations between all market structures we have to calculate the
profit of the decision groups for the respective market structures. Thus, we need to calculate

profit of all firms in each market structure first.

Profit of firms.

MY ={1,2,3}
q0 — L(8k1—9) (21 + 1)? (2k1 — 1)* (A — c0)* ki (3.35)
2 (32k3 — 12k2 — 44k, +9)°
pg = LBk —1) (21 - 3) (2k1 + 1)* (A — co)® (ks + 1) (3:36)
2 (32k3 — 12k2 — 44k, +9)°
a0 1(8k1 +7) (2k1 — 3)* (2k1 — 1)* (A — cp)® (k1 + 2) (3.37)
2 (32k3 — 12k2 — 44k; +9)°
MA ={12,3}

(9% — 8) (k1 4+ 2)* (A — o)’ Ky
iy = ; 5 (3.38)
(6ky + 27kF — 32)

9%y + 10) (3ky — 4)% (A — o) (k1 + 2
W?:( 1+ 10) (3ky —4)7 ( 002)(1+) (3.39)
(6k1 + 27k3 — 32)
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MB ={13,2} A MY = {1,23}

5 o (91 —8)(3ki — 1) (A —co)’ ks
T3 =T = 5 2
(27k3 — 21k; — 8)

(3.40)

o8 g Okt 1) Bk = 4)* (A —co)® (k1 + 1) (3.41)
(27k2 — 21k; — 8)°

Profit of decision groups and dominance relations. We then get the profit of the decision

groups to apply the dominance criterion to the comparison of two market structures.

MO vs. MA -

(A —co)? (2k1 + 1)* (66k1 + 28K% — 136k + 64k{ — 9)

M° . DY = E 5 (3.42)
2 (32k3 — 12k% — 44k1 + 9)
- 2)2 (A — ¢g)?
M4 . DY = (k1 —8) (31 +2)" ( 200) k1 (3.43)
(6ky + 27k3 — 32)
For the dominance relation we get:
M dom M4 for ky € ]1.5;1.506] A ]4.632; ool
MAdom MP° for k; € ]1.506;4.632] .
MO vs. MB:
2 2
MO . DB (A—co)” (2k1 — 1)% (15ky — 88k} — 4k3 + 32k{ + 63) (3.44)
(32k3 — 12k2 — 44k; +9)°
ME . DO — (91 — 8) (Bk1 — 1)* (A — 0)* ky (3.45)

(27k% — 21Ky — 8)°

For the dominance relation we get:
MOom MP for ky € ]1.5;1.540] A ]4.649; oo,
MBdom MP° for k; € ]1.540;4.649) .

MO vs. MC©

1 (A — o) (2k1 — 3)* (4kF — 30k1 + 120k + 64k + 13
MO :D8§=2( ol 2 )3( o e ) (s
(32k3 — 12k7 — 44k1 + 9)
12 - 2
e Dgg:(9k1+1)(3k1 4)% (A cog (k14 1) (3.47)
(27k% — 21k; — 8)
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For the dominance relation we get:

M%om M€ for k;y € ]1.5;00].

Thus, M? is not dominated, i.e., M? is in the core, for k; € ]1.5;1.506] A ]4.649; cof .
M4 vs. MP A MA vs. MC

2 (A — cp)? (36k3 — 204k} — 32k;1 + 81k} + 160)

MA . DAB = pAC — (3.48)
1 (6k1 + 27k2 — 32)°
2 (A — c)? (64ky — 15k% — 126k3 + 81k% + 8
MPAMY : D =Di = (A=) (64 L - i+8) (3.49)

(27k2 — 21k, — 8)°

For the dominance relation we get:

MAdom MP A MAdom MC for ky € ]1.5;00].

Thus, we get for the equilibrium market structures the following: M° is not dominated for
ky € ]1.5;1.506] A]4.649; 0o[, M4 is not dominated for k1 € ]1.506;4.649]. MZ and M¢ are not

in the core for any k;.
3.A.4 Investment comparison and individual output

The optimal marginal cost for equilibrium market structures M° and M# are:

MO .
. B3A+6co — 4dcoky — 12AK3 + 32¢ok?

3.50
“ 32k3 — 12k7 — 44k1 + 9 (8:50)
o 9A+ 124k — 56coky — 124K + 32cok] (3.51)
2 32k% — 12k7 — 44k; + 9 ‘
o _ 18co — 9A+ 24Ak; — 68coky — 124K} + 32cok} (3.52)
3 32k3 — 12k2 — 44k +9 '
MA
. 18coky — 24co — 12Aky — 8A + 2Tcok?
- 3.53
‘12 6k1 + 27K7 — 32 (3:53)
16A — 48¢co — 12Ak; + 18coky + 27cok?
C;) _ 6 8co 1+ 18cok1 + 27cokT (3.54>

6k1 + 27k% — 32
The next figure plots the optimal marginal cost in market structure M° (black lines) and

MA (green lines) against innovation cost k; for A = 10 and ¢® = 9 :
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Optimal marginal cost in M° and M4

Firm 3 slightly decreases marginal cost, i.e., increases innovation investments, in case of a
merger of the other two firms (M A). Firm 1 increases innovation investments after merging
with firm 2 only if innovation cost exceed a specific value.

Lower marginal cost result in higher optimal output. The optimal individual output for

equilibrium market structures M9 and M4 are:

MO
= 2 (2k; ; 25—;}2%(2_1@11 2+/<; %1)_(,;1%? ékzl +1) (3.56)
o 2 (2k; —3 23]2?(21@11 2—k %)1)_(114;;?2 ékl +2) (3.57)
G+ ¢ = _2?,(212%_—6?)21?{:_1 ;4?:%:93) (3.58)

MA

_ 3k1 (3k1 + 2) (A — Co)

_ 3.5
N2 = 6 27k — 32 (3:59)

. 3(3ky—4) (A —co) (k1 +2)
_ 3.60
B Ghy + 27h2 — 32 (3.60)
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The next figure plots the individual output in market structure M° (black lines and purple line

for ¢ + ¢2) and M4 (green lines) against innovation cost k; for A = 10 and ® =9 :

0.0 + f + f + f + f + f ' f ' f

Individual output in M° and M4

The merged entity contracts output in comparison to their combined output in M? for any ;.
For low k;, firm 1 produces even less after merging with firm 2 in M4 than as a separate firm
in MO,

3.A.5 Welfare

Welfare W' is defined by the sum of consumer surplus (C'S?) and firms’ profit (PS?):

; ;  (Am =Y )’ ;
W'=CS"+ PS* = + 5 3.61
2 (m+1)° ; k (3:61)
o _ 3 (A — co)? (740k3 — 313k1 + 424k} — 976k} — 144K7 + 320k$ + 51) (3:62)
2 (32k3 — 12k2 — 44k; +9)° '
4(A = cp)? (T2k3 — 192k2 — 88Ky + 81k+ + 152
(6ky + 27k% — 32)
4(A —co)? (50ky — 5Tk2 — 90k3 + 81k4 + 22

we = e = A4 = o) (50k = 57k 1+ 81k o+ 22) (3.64)

(27k% — 21k, — 8)°
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Comparing welfare levels of all market structures to derive welfare maximizing market structures
we get:

WO > WA for ky €]1.5;1.612] A ky > 2.775

WO > WBAWC for ky €]1.5;1.644] A ky > 3.170

WA > WB AW for ky < 1.926.
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Chapter 4

Horizontal Divestitures and R&D

Incentives in Asymmetric Duopoly

4.1 Introduction

One of the most controversial reform proposals of Germany’s competition law has been the
suggestion by the Minister of Economics to introduce divestiture powers for the Federal Cartel
Office into the Law against Restraints of Competition. While divestiture powers are, by and
large, uncontroversial in cases where a dominant firm has (repeatedly) abused its position, the
current proposal suggests to include more general divestiture powers even in cases where no
abuse has been proven. Proponents of the reform proposal argue that divestiture measures can
pro-actively facilitate more intense competition, especially in cases where an abuse is notoriously
difficult to prove (see, e.g., Monopolkommission, 2010). In contrast, opponents argue that a
divestiture threat is likely to stifle investment and, therefore, to reduce welfare (see, e.g., Satzky,
2010). In fact, there are only a limited number of countries where divestiture is feasible without
a proven abuse of dominance, the United Kingdom being the most prominent exception. This
paper aims at shedding some light on the question how a threat of (horizontal) divestiture can
affect competition and investment. In order to capture the idea of market dominance we will
consider an asymmetric duopoly. We also provide for the possibility to invest into marginal
cost reducing R&D in order to capture the idea that a divestiture threat affects investment

incentives.
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While there is a broad industrial economics and management literature on mergers and
merger policy, there are hardly any papers on divestiture measures - possibly because divestiture
measures have been rather exceptional outside network industries such as electricity, gas, or
telecommunications. And even in the latter industries divestiture measures have usually (even
though not exclusively) concerned vertically related parts of a value chain.

However, there is a broad literature on the relationship between market structure and R&D
incentives. While there is no literature that endogenizes R&D investments and potential di-
vestitures, the relationship between market structure and R&D incentives has been debated
since the pioneering works of Schumpeter (1943) and Arrow (1962). Broadly speaking, while
Schumpeter (1943) has emphasized how the prospect of (temporary) monopoly profits drives in-
novation, Arrow (1962) has shown that competitive markets usually provide higher investment
incentives than monopolistic market structures. Recently, Yi (1999) and Boone (2001) have
contributed to this strand of literature and explored how the intensity of competition affects
firms’ innovation incentives. While Yi (1999) analyzes how the number of firms affects innova-
tion incentives if firms are homogeneous, Boone (2001) develops a framework with asymmetric
firms. None of these papers accounts for the fact though that firms may account for possible
changes in market structure when deciding about their R&D investment.

More related to our paper is the literature on the impact of mergers on innovation, as
mergers can be seen as the opposite to a divestiture measure. The decisive difference, however,
is that mergers are endogenous, while the divestiture measures under consideration here are
exogenous. Furthermore, the literature about the effects of mergers on innovations is almost
exclusively empirical in nature (see Schulz, 2008). As Cassiman et al. (2005) and Schulz (2008)
have recently noted in two surveys of this literature, there is a lack of theoretical research that
analyzes how mergers affect innovation. Clearly, there is even less literature on the relationship
between divestiture and innovation incentives - to the best of our knowledge there is none at
all.

Although there is no research that endogenizes R&D investments and potential divestitures,
our work can probably be best compared with the recent paper by Ishida et al. (2010) who
also consider an asymmetric Cournot model with strategic R&D investment. In contrast to our

model, there is only one low-cost firm, but n — 1 high-cost firms. Their paper considers a one
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period game and investigates the impact of competition on R&D, i.e. a variation in the number
of high-cost firms. They find that an increase in the number of high-cost firms may stimulate
the low-cost firm’s R&D effort and increase its profit. In contrast, the threat of divestiture
generally reduces the low-cost firm’s R&D incentives in our model.

The rest of the paper now proceeds as follows: Section 4.2 presents our model and de-
rives main results. In section 4.3, we analyze impact on welfare and discuss implications for
competition policy. Finally, section 4.4 concludes and points out topics of interest for further

research.

4.2 The Model

4.2.1 Setup

Let us consider the 2-stage game illustrated in Figure 1:

Figure 4-1: 2-stage game

Potential
divestiture

Stage 1 Stage 2

; : I » | Payoffs

Innovation Cournot

The game starts with two heterogeneous firms, a low-cost firm L and high-cost firm H,
who face a different (constant) marginal cost of production with ¢ < cy. In stage 1, the two
firms commit to invest into marginal cost reductions, i.e. the two firms are assumed to commit
to an irreversible R&D investment. The R&D investment can be described by a function as
introduced by D’Aspremont and Jacquemin (1988) with decreasing returns to R&D. Following
stage 1, there is an exogenous horizontal divestiture of the low-cost firm with some exogenous
probability a which is known to both firms. Without divestiture the two firms compete in

Cournot fashion in the product market. In case of divestiture, the low-cost firm L is split into
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two equally efficient, but independent divisions, i.e. an identical sibling of firm L is created,
called firm E. Hence, the two former incumbents now compete with a third low-cost entrant

(again in Cournot fashion) in stage 2 in case of divestiture.

The innovation stage. The high- and the low-cost firm simultaneously commit to invest
into the reduction of their marginal cost in stage 1. Using an R&D function as introduced by

D’Aspremont and Jacquemin (1988), the cost functions for the two firms are given by

C; = (ci — x)qi + 22 (4.1)

where z; denotes the R&D investment chosen by firm i (with ¢ = L, H) in stage 1 and (¢; —x;)q;
is the total cost of production of firm ¢ with ¢; being firm 4’s output level. The initial marginal
cost level is denoted by ¢;, while ¢; — x; is the marginal cost level after investment. The R&D

expenditure function is quadratic (z?) to ensure diminishing returns of R&D.

The production stage. In stage 2 of the game, firms compete in Cournot fashion in the

product market, facing a linear inverse demand function

p=max{l—@Q,0} (4.2)

where @ is the total quantity supplied by all firms. Without divestiture, high-cost firm H and
low-cost firm L compete, while with divestiture another low-cost firm FE is created following
stage 1 in order to compete with the two incumbent firms in stage 2. Total output after

divestiture is specified as

QP =qf +ap +ap (4.3)

where qr denotes the output of the entrant firm E.
In order to concentrate the analysis on interior solutions we assume that the initial marginal

cost level of the low-cost firm L exceeds a certain threshold ¢y, (assumption 1) with

1 (256 + 142a)cy — Ta(1 — cg) — 10a — 64
12 16 + 11l '

cL (4.4)

Assumption 1 guarantees interior solutions, i.e. ¢z > cr, is a necessary and sufficient con-

dition for xz7 > 0. If the low-cost firm’s initial marginal cost of production is lower than cy,
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the firm would reduce its marginal cost level to such an extent that the high-cost firm would
cease production and leave the market. Hence, we focus on non-drastic innovations that allow
the inefficient firm to remain in the market. Note that we also abstract from any fixed cost of

production other than R&D expenses.
4.2.2 Equilibrium results

Let us now solve the game by backward induction. In stage 2, without divestiture, the Cournot-

Nash equilibrium is simply given by

. . 1=2(c; —x;) + (¢ — x5
gt = gVPr = L2 ’3) (& — ;) (4.5)

for ¢ # j and ¢, = L, H. With horizontal divestiture, the firm’s profit maximizing output is

given as
* * 3 *
ar" =ap" = 4L (4.6)
and
Dx 3 *
qg = ZQH - (4-7)

where n = ((cg —x ) — (e, —x1))/4 > 0. The entrant obviously produces the same output
as the low-cost incumbent because of it being an identical sibling. Optimal output depends on
investment levels and ex ante marginal cost of production.

In stage 1, firm L and H simultaneously decide on their R&D investments that reduce
marginal cost. When deciding how much to invest, each firm accounts for optimal quantities
in stage 2 and the probability of divestiture. The firms choose x; so as to maximize their total

profit, taking the other firm’s choices as given:
- * 2 Dx* 2 2
max  mi(z, 25) = (1 = @) (g (i, 25))" + g, (i, 7)) — (4.8)

The equilibrium investment levels of firm L and H are

192¢ — 256¢;, — Tacr, — 44a
224 + 26 — T2

Xy =T
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and
N 192¢;, — 256¢y + dacy, — Taey — 58acy + 10«
=7+
H 224 + 260 — 7a2

(4.10)

where 7 = (64 + 128acy, — 84acy + 7a?) /(224 + 26a — Ta?) > 0.1
Optimal outputs and the resulting profits depend on the firms’ investment levels. Thus, we

obtain the following equilibrium quantities and profits for firm L:

q;, = qr "t = Oz}, (4.11)
qP* = Z@xz (4.12)
and
np =m0t = (0% —1)(a})? (4.13)
P = (%92 —1)(z3)2 (4.14)

where © = 24/(16 — 7Ta) > 3/2.

For firm H’s equilibrium quantities and profits we obtain:

g = qu* = Azyy (4.15)
D _ S 4.16
and
=P = (A% — 1)(z%)? (4.17)
* 3 * *
Wg = (ZAxH - 77)2 - (JJH)2 (4.18)
_ 16+48¢;, —64cy +9acy —ldacy +5
where A = 664+192CL725601§L+1323§Lf?ZLCZLach;gQCHO;lOa#»?aQ > 3/2.

Proposition 7 For any « € ]0;1], individual quantities (qP*, qB*) and firms’ profits (wP*

7TH after divestment are lower than those in the no divestment scenario.

As can be easily seen, each firm’s individual output and profit is lower in stage 2 following

'Note that the second order conditions are always satisfied: d?mp/dex3 = —(20+7a)/18 < 0 and
&’ /dey = — (10 — Ya) /9 < 0 for o € [0, 1].
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a divestiture, i.e. ¢”* < ¢f and 7P* < ¥ for i = L, H. This is as expected, given the Cournot
setting, where rivals’ quantities are strategic substitutes. A divestiture measure intensifies
market competition so that prices decrease and the two incumbent firms suffer.

Let us now examine how an increase in the probability of divestiture («) affects incumbent

firms’ investment decisions.

Proposition 8 For any a € [0;1], (i) 7 is decreasing in o; while (ii) there exists a nonempty

interval Z*H = [ciH; CH[ with ¢;" > ¢, such that «§; is increasing in o if and only if ¢, € Z*H.

The proposition has two parts. Firstly, and not surprisingly, firm L’s R&D investment
always decreases in . A threat of divestiture induces firm L to reduce its R&D investment,
independent of the severity of the threat (i.e. the level of a). As firm L’s investment deci-
sion also affects the competitiveness of its sibling in case of divestiture, investment incentives
unambiguously decrease in a.

Secondly, and more suprisingly, firm H’s R&D investment may be increasing in «. The
key factor is the ex ante difference between ¢y, and c¢g. The more likely the emergence of an
additional firm is, the stronger are firm H’s incentives to invest iff it is sufficiently efficient ex
ante compared to firm L. However, this only holds for a certain range of parameter values.
The higher « the smaller is the difference in market share that induces firm H to increase its
investment level.

Intuitively one may expect all firms to reduce their R&D investment if the probability
of additional competition (due to divestiture) increases as innovation rents decrease. As all
firms produce lower quantities, R&D expenses can only be spread over smaller output levels,
i.e. divestiture induces scale diseconomies of R&D investment. An increase in o has a negative
impact on the low-cost firms’ cost structure due to lower equilibrium R&D. This in turn induces
firm H to invest more into R&D, as the rivals’ R&D investments are strategic substitutes. This
positive effect on firm H’s R&D investment only outweighs the negative effect of additional
competition if firm H is sufficiently efficient, i.e. if its initial market share (determined by
its relative competitiveness) is sufficiently large. Otherwise, the positive effect is not strong

enough, and the negative effect of increased competition dominates.

Proposition 9 For any a € [0;1], ¢] and qf’* are decreasing in «, while qj; and qfl* are
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mcreasing in o.

Since we know from Proposition 8 that x7 is decreasing in « it is straight forward that ¢}
and qE * are also decreasing in a. Maybe somewhat surprisingly, ¢7; and qg* are increasing in .
This means that firm H is increasing its output even though its R&D investment is decreasing
for a range of parameter values, as we know from proposition 8. This implies that the negative
effect of lower R&D on output is more than compensated by the decrease in firm L’s quantity

which induces firm H’s in turn to increase its output.

Proposition 10 For a € [0;0.32] there exists some nonempty interval Z™: = @; CEL] such

that 75 is increasing in o if and only if c;, € Z™L. For any o € [0;1], 7}, is increasing in o.

R&D levels have three effects on the firms’ profits: Firstly, there is a direct cost of R&D.
Secondly, the R&D reduces the cost per unit of output, and, thirdly, the firms’ output changes
due to the change in marginal cost. Proposition 10 states that firm H’s profit without any
divestiture, is generally increasing in «. Hence, a threat of splitting up the low-cost rival is
good news for the high-cost firm - at least provided that no divestiture actually takes place. We
know from propositions 8 and 9 that firm H’s R&D investment is increasing in « for a range
of parameters and that its output is generally increasing in «. As a consequence, its variable
profit (before R&D expenses) is increasing in «, and this increase more than compensates firm
H’s increase in R&D expenditures. Regarding firm L, proposition 10 states that the firm’s
profit without any divestiture is increasing in « for low values of « if the difference in the firms’
marginal cost is sufficiently large, i.e. if the low-cost firm is sufficiently dominant. An increase
in « has two main effects. On the one hand, the variable profit decreases, as unit production
costs increase due to the reduction in R&D and output decreases (propositions 8 and 9) even
though the price in stage 2 increases. On the other hand, R&D expenditures decrease. For
low values of a and large marginal cost differences, lower R&D investments by firm L induce
a relatively low increase in its unit production cost so that the decrease in R&D expenditures

outweighs the decrease in variable profit in these cases.

Proposition 11 For any o € [0;1], (i) 7P* is increasing in «; (ii) there exists some nonempty

D
interval Z™H = [@; CEH] such that ﬂ'g* is decreasing in « if and only if cf, € Z7h.
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Proposition 11 states how an increase in « affects post-divestiture profits. While the profit is
increasing in « for the low-cost firms, this is not unambiguously so for the high-cost firm. If the
marginal cost difference is relatively large (and firm H, therefore, relatively small) an increase
in « induces lower R&D investment of firm H. An increase in o now has a positive impact
on post-divestiture output qg* (proposition 9) and it also positively affects the firm’s profit
through a reduction in R&D expenditures. There is also a negative impact on profit as the unit
production cost increases. If the difference in marginal cost is relatively large, firm H produces
relatively little and also spends relatively little on R&D. A change in its R&D expenditures has
a relatively strong impact on its unit production cost due to the diminishing returns of R&D.
Accordingly, the profit impact resulting from the increase in its unit production cost outweighs
the positive effects in profit.

In summary, we obtain the following key results on the individual firm level. An actual
divestiture harms both the high-cost and low-cost firm. A threat of divestiture already reduces
firm L’s dominance, as it reduces its R&D investment, resulting in a lower competitive advan-
tage. Nevertheless, a threat of divestiture may increase firm L’s profit if the high-cost firm
is relatively inefficient and firm L, therefore, relatively dominant. With respect to firm H, a
threat of divestiture stimulates its R&D investment if the low-cost firm is not too efficient.
Additionally, the divestiture threat results in an increase in firm H'’s profit.

It may be interesting to compare these results with the recent paper by Ishida et al. (2010),
who also consider an asymmetric Cournot model with strategic R&D investment. In their
model, one low-cost firm competes with n — 1 high-cost firms. In contrast to our model they
investigate the impact of an increase in the number of high-cost firms. Looking at their model
for the duopoly case a marginal increase in n is in some way similar to comparing the divestment
with the no divestment scenario in our model (proposition 7). Note that we increase the number
of low-cost firms, while they increase the number of high-cost firms. Accordingly, our findings
are different. In our model, both low- and high-cost firms are worse off if the divestiture actually
takes place. Ishida et al. (2010) find that an increase in n may increase the low-cost firm’s
profit if it is sufficiently efficient relative to the high-cost firm. Regarding R&D investments
they find that an additional high-cost firm induces lower R&D of the high-cost firm, while the

effect for the low-cost firm is not unambiguous, depending on its efficiency. In contrast, we find
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that the change in the high-cost firm’s R&D investment depends on its efficiency, while the

low-cost firm generally decreases its R&D expenditures in the divestment scenario.

4.3 Welfare and Policy Conclusions

Let us now take a closer look at industry profits (7), consumer surplus (C'S) and total welfare
(W). We also investigate the industry-wide rate of innovation by considering total industry

investments (I). w, C'S, W are defined as

08P = Q) = (120 160;6; fcfajf;‘;fl_ Taci o (4.20)
= alVP* = 1% 4y (4.21)

% = oxP* 4 n D (4.22)

w* =whNP* = cs* 4 7 (4.23)

Wb = csP* 4 rP* (4.24)

From (4.22) we see that the new player after divestiture is a sibling of the low-cost firm. We

also see this from total industry R&D expenditure:
I = IVP* = (23)? + (a}y)? (4.25)

7% = 222 + (a)? (4.26)

Proposition 12 Comparing the divestiture scenario with the no divestiture scenario, for any
a €]0;1], (i) industry profits are lower (wP* < 7*); (ii) consumer surplus is higher (CSP* >
CS*); (iii) there exists some nonempty interval ZW = @; CEV] such that welfare is higher

(WP* > W*) if and only if cp, € ZW.

As to be expected in a Cournot setting, industry profits decrease as the number of firms
increase in the divestiture scenario. In contrast, consumers are better off after a divestiture.

Output increases which corresponds to lowered prices to be paid by consumers. More inter-
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estingly, total welfare increases with a divestiture measure if the difference in marginal cost is

sufficiently large. This is caused by a strong competition effect.

Proposition 13 For any a € [0; 1] without divestiture, (i) there exists some nonempty interval
Z™ = [c};cu| such that industry profits (m*) are increasing in o if and only if ¢, € Z7; (ii)

consumer surplus (C'S*) is decreasing in o; (iii) welfare (W*) is decreasing in c.

Ex ante, i.e. without any divestiture actually taking place, industry profits are only increas-
ing if the difference in marginal cost is sufficiently small. The positive effect on firm H’s profit
outweighs a potential negative effect on firm L’s profit then. The more likely a divestiture is the
lower the overall output resulting in lower consumer surplus. The negative effect on consumer
surplus dominates a potential positive profit effect. Therefore, ex ante welfare is decreasing in

Q.

Proposition 14 For any o € ]0;1] under the divestiture scenario, (i) industry profits (nP*)
are increasing in o; (i) consumer surplus (CSP*) is decreasing in «; (iii) there evists some
nonempty interval W = [@; C%VD:| such that welfare (WP*) is decreasing in o if and only if

CLGZWD.

Proposition 14 states how an increase in « affects the ex post divestiture scenario. Ex post
industry profits are the higher the more likely a divestiture has been, while consumers suffer
from a threat of divestiture. This is also true for welfare if there is a sufficiently large difference
in marginal cost.

Finally, we look at the impact of an increase in « on the industry-wide rate of innovation

measured by total industry investments.
Proposition 15 For any o € [0;1], (i) I* is decreasing in o; (ii) IP* is decreasing in o.

A threat of divestiture does decrease ex ante innovation. A higher probability of divestiture
also decreases investments in the divestiture scenario.?
We now want to present some potential implications for competition policy. Answering

the question whether a divestiture was the right decision from a welfare maximizing point of

2As we consider investments as recurring fixed cost, investments are generally higher after divestment: I =
I+ 22,
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view is of particular interest. Consumers are better off, while industry profits decrease after
divestment. A divestiture is only welfare improving if the difference in marginal cost between
high- and low-cost firm was sufficiently large. Thus, a potential regulator should only force a
divestment if the dominance of one firm is sufficiently high. Therefore, intensified competition
is not generally welfare improving. Considering ex ante market outcomes, welfare is the lower
the more likely a divestiture is. Additionally, a divestiture threat has a negative impact on the
industry-wide rate of innovation. A compensation scheme for the low-cost firm might keep it
from restricting it innovative investments if there is a divestiture threat. This could lower the
negative impact of a divestiture threat on ex ante welfare. In essence, a divestiture may be
welfare enhancing if the market dominance of one firm is relatively strong. It should be carried
out quickly as it has a negative welfare impact ex ante any divestiture. This negative impact

might be lowered if there is a compensation scheme for the low-cost firm.

4.4 Conclusion

This paper has analyzed strategic R&D investments in a Cournot model wherein one efficient
low-cost firm competes against one less efficient high-cost firm, assuming that the low-cost
firm is facing a threat of potential divestiture for which the firms account. In our 2-stage
model, both firms can not only choose output, but also decrease their marginal cost via process
innovations (stage 1). Even without innovation, firms are heterogenous, as they have different
constant marginal cost. Between stages 1 and 2, there might be a divestiture of the low-cost
firm. In case of divestiture firms face a third low-cost competitor and again compete in Cournot
fashion. We assume the stage 1 R&D investments to be irreversible. Thus, we do not allow for
any changes in investment in stage 2. The key results derived are the following;:

An actual divestiture harms both high- and low-cost firm. A threat of divestiture reduces
market power of the low-cost firm as it reacts by lowering its R&D investment. If the low-cost
firm is very dominant a threat of divestiture may increase its profit. Considering the high-cost
firm, a threat of divestiture stimulates its R&D investment if there is a weak dominance of
the low-cost firm only. Additionally, the divestiture threat results in increasing profit of the
high-cost firm ex ante any divestiture.

A divestiture only improves welfare if the low-cost firm sufficiently dominates the high-cost
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firm. Accordingly, a potential regulator should only force a divestment of the low-cost firm if
it highly dominates the high-cost firm. It should be carried out quickly as it has a negative
welfare impact ex ante any divestiture. This negative impact might be lowered if there is a
compensation scheme for the low-cost firm. The industry-wide rate of innovation is lowered if
a divestiture gets more likely.

Our model offers several avenues for extension. First, our results should also hold if ex
ante asymmetry focuses on the efficiency of cost reduction instead of on different marginal cost.
Second, a deeper investigation how a compensation scheme for the low-cost firm influences its
strategic behavior and welfare would be interesting. Furthermore, we restrict our attention to a
duopoly case ex ante. A generalized oligopoly model should not contrast our implications. As
the distribution of productivity matters, we expect different results if the new player adopts the
high-cost firm cost structure. Finally, an empirical test of our model by analyzing industries

where a regulator forced a horizontal divestiture promises exciting insights.
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4.A Appendix

Proof of Proposition 8. (i) From (4.9) we have

da T
L — ¢ 5 (4.27)
da (—7a? + 26 + 224)

where T = 3968¢cy — 5888¢y, — 672a + 21a2 + 1120ccs, — 448acy — 11902¢r, + 98a2¢ + 1920.

% < 0if and only if T > 0. As T is decreasing in « it suffices to show T > 0 for a = 0.
T|a=0 = 3968cy — 5888¢y, + 1920 (4.28)

AscH>cL,T>Oand%<0f0ralla€ [0; 1].
(ii) From (4.10) we have

dz o
i _ 19 5 (4.29)
do (—7a2 + 26 + 224)

where ® = 336 — 2096¢y + 2048¢; + 21a? — 560acy + 224acy, — 98c?cy + T7acr + 48.

% > 0 if and only if & > 0. ® is positive if and only if

2096¢ — 336 — 2102 + 560acy + 98a2cy — 48
2240 + T7a2 + 2048

cr, > =t (4.30)

ZTH = [c”zH; cH[ is nonempty if ¢z — cfH > 0.

1—cy

— P =3 (112 241
er — ¢t =3 (120 + 70" +16) oo o o078 >

0 (4.31)

N
dxy;

for any a € [0;1]. Thus, — > 0 if and only if ¢, € Z%.

Proof of Proposition 9. (i) From (4.11) we have

dq; Q
YL _ 9y . (4.32)
dov (—26a + Ta? — 224)
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where Q = 56a — 312¢ + 640c;, — 7a? + 168acy — 224acy, + Taer, — 328.

% < 0 if and only if 2 < 0. As € is increasing in « it suffices to show 2 < 0 at a = 1.
Q|a=1 = =9 (16¢cy — 47cr, + 31) (4.33)

As cpg > ecr, Q<0 and % < 0 for all @ € [0;1]. This is also true for ¢P* as ¢P* = %qz.

(ii) From (4.15) we have

dq; =
I _ . (4.34)
do (=260 + Ta? — 224)

where = = 224a — 1472¢y + 768¢;, + 3502 — 896accy + 672ac; — 98a2cy + 63a2cr + T04.

% > 0 if and only if = > 0. = is positive if and only if

- 1472¢cy — 2240 — 3502 + 896acy + 98a’cy — 704

=i 4.35
o 6720 + 632 + 768 L (4.35)
As cg, > ¢f is always satisfied for a € [0;1], % > 0 is always true.
Dx
qfl* = %qH —n with g—z < 0. Thus, dfl—g > 0 is true for any a € [0; 1].
Proof of Proposition 10. From (4.13) we have
dr AT
"L _ (4.36)

da (=260 + Ta? — 224)°

where

I' = 33536cy — 18816ar — 32 768¢y, + 436802 — 14703 — 18 816acy + 37 632acy, + 47040cy —
686a3cy — 9072a2¢cr, + 833a’cr, — 768

A= —12(4(1 — (4er, — 3cm)) — a(l —cp)).

(—26a + 702 — 224)3 < 0, A is strictly increasing in «. Thus, it suffices to show A < 0 at
a=1:

Al,_, =36 (5c, — ey — 1) <0 (4.37)

79



Hence, % > 0 if and only if I' > 0. I' is positive if and only if

c, < cp*

(18816 — 33 536¢y — 436802 + 1470°

+18816ccy — 47040’ ¢y + 6860 ¢ + 768)
1
37632a — 907202 + 83303 — 32768

Z™ = [cp; cfF] is nonempty if ¢]* — ¢ > 0.

1
ff—ep = —qy(em—1) (~26a+ Ta? — 224)

—26 880cr — 20160 + 833> + 8704

(1la+ 16) (376320 — 9072cx2 + 8333 — 32 768)

(1—cp)(—260+7a2—224)

As 12(11a+16)(37 632a—9072a2+833a% —32 768)

ci® —cr, > 0 requires —26 880cr — 201602 + 833a> + 8704 > 0.

>0,

This is true for

a < 0.32.

From (4.17) we have
dry 24V

do (=702 4 2600 + 224)°

where

(4.38)

(4.39)

(4.40)

(4.41)

U = —686a’c? + 539atcyer, + 833atcy — 539atcr, — 147a* — 13720a3¢% + 20 146a°cycr, +

729403 cy — 8463ac? — 3220a3c;, — 2037a® — 62832a2c%, + 79968acycr + 45696a%cy —

171360%c2 —45696a%cr, — 207 136acy; + 402 304acgcer, + 11 968acy — 195 840ac? — 10 624acy, —

672 — 253 952¢%; + 567 296ccr, — 59 392y — 282 624c2 — 2048¢y, + 30 720.
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"
dry;

7ok > 0 if and only if ¥ > 0. W is positive if and only if

c, > i
1

6(2821a3 + 571202 + 65 280cr + 94 208)
((—26a + 7a® — 224)(cy — 1)

V304 640a + 67202 + 1332803 + 5929a4 + 692 224
+10 624 — 567 296¢y + 4569602 + 32200° + 53904

—402304acy — 79968a%cy — 20 14603 cy — 539a’cy + 2048) (4.42)

As ¢, > " is always satisfied, %H > 0 is always true.

Proof of Proposition 11. (i) From (4.14) we have

drp” _ = (4.43)
da (260 — Ta2 + 224)°

—47040acy, — 47040 cy + 68603 cy + 9366a%cy — 833a3cr, — 13008
where ¢ = 21 168a — 46 640cy; + 59 648¢r, — 466202 + 14703 + 25 872acy
—47040ccr, — 470402 cy + 68603 cy + 936602 ¢, — 833a3cr, — 13008,
A= —12(4(1 — (4cr — 3cn)) — a(l —cp)).

Dx
dry

(26 — Ta? + 224)3 >0, A <02 ZE >0 if and only if £ < 0. As ¢ is strictly increasing in o

it suffices to show £ < 0 for a = 1.

Elam1 = 21 141cy, — 24 786¢y + 3645 (4.44)

D=*
dry

As cg > cp, £ <0 and & > 0 for all a € [0;1].
(ii) From (4.18) we have

dmly* 246

- 4.45
da (260 — Ta? + 224)3 (4.45)

where

0 = 539a’cycr — 686atcy + 833atcy — 539a’tcy — 147at — 1372003c%, + 20 734a3cycr, +

3See proof of Proposition 4.
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670603 cy — 8820ac2 — 3094a3c, — 180603 — 52248a%c?, + 63840a%cycy, + 40656a2cy —
12096023 — 39648a%cs, — 504a? — 149 680ac?, + 290 560acycr, + 8800acy — 138240 —
14 080cccy, + 2640c — 272096¢3, + 674 816cycr, — 130 624cy — 368 640c% + 62 464cy, + 34 080.

Dx
dry

= < 0 if and only if 6 < 0. 6 is negative if and only if

D
s
c, < ¢

1
72(24503 + 33602 + 3840cr + 10 240)
(e — 1) (260 — Ta? + 224)

V1675520 — 3360002 + 627203 + 592904 + 1079 296
—14080c + 674 816¢y — 39648a2 — 3094a> — 539

+290 560ccy + 63 8400 ¢y + 20 73403 ey + 539a’cy + 62464)

<D 27 . o T2
Z™a = |cp;c;™| is nonempty if ¢, —cp > 0.

TI'D
cff —eL >0

Dx
dry

L <0 if and only if ¢, € Z7H.

for any a € [0;1]. Thus,

Proof of Proposition 12. (i) For 77* < 7* we have

(—a — 16¢r, + 12¢y + acp, + 4)2
(2600 + Ta? — 224)°

P = —(Ta+2) (Ta — 34)

(4.46)

(4.47)

+2((26a + 192¢cf, — 200cy — Ta® — 84acy, + 58acy + Ta’cy + 8)

46 + 576¢r, — T12¢cp + Ta? + 180acr, — 226cccy — Toer + 136

(=260 + Ta? — 224)°

and

(—a — 16¢p, + 12¢y + acp, + 4)2

(=260 + Ta? — 224)
+ (20c + 96¢;, — 128¢cy — Ta® — T8acy, + 58acy + Ta’cy + 32)
40c0 4 480¢cy, — 640cy + Ta? + 186acy, — 226acy — Talcy + 160

™ = —(Ta+8) (Ta — 40)

(=260 + Ta? — 224)?
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We need to show
aDr o = S 5 <0 (4.50)
(=26 + Ta? — 224)

where € = 252 (—a + 12¢y — 16¢f, + aer, + 4)2 and o = 3328a — 24 832¢y + 30 720¢;, + 69602 —
14002 — 490t + 202880c% + 175104¢2 — 16692a%c%, — 1988a3c?, — 49atc?, — 15732a%c2 —
27 392acy +20 736acy, — 380 928crcr, 4 16 000ac?; + 26402 cy + 212803 ¢y + 98at ey —8064ac? —
1656a2cs, — 1848a3cy + 33120a2cycr, + 1848a3cycr, — 4608acycr, — 2944

aP* — 7% < 0 requires o — e < 0. This is always true for ¢j € [@; cH]. Consequently,

7P* < 7% is always satisfied for a € ]0; 1].

(ii) For CSP* > C'S* we need to show

csPr — Cs* = o2 5 >0 (4.51)
(—26a + Ta? — 224)
where ¢ = —a + 20cy + 48¢y, + 28acy — 27acy, — 68,
z=—18(alcr — 1) + 12¢cy — 16¢p, + 4)
Asc < 0and z <0 for @ €]0;1], CSP* > CS* is always true.
(iii) For WP* > W* we need to show
A S S (4.52)
(=260 + Ta® — 224)
WP* — W* > 0 requires ¢ + o > e. This is true if
cr, < C%/
1
= 2v/ —4480 + 10702 + 728
86400 + 1549802 — 124 116 (V2V - 448a + 107 +
(=672 + 672cy + 21a® — 21a’cy + T8acy — T8)
+7200c — 144 384cp — 810a* — 92403
+1440ccy + 16 30802 ¢y + 924a’cy + 19 968) (4.53)
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W = [@; CEV} is nonempty if cg/ —cr > 0.
¥V —cp >0 (4.54)

for any o € ]0;1]. Thus, WP* > W* if and only if ¢;, € ZW.

Proof of Proposition 13. (i) From (4.49) we get

dr* 120
T (4.55)

do (=260 4 702 — 224)°

where ¥ = 75840c — 6144cy + 122880cy, — 36 288 + 90300 + 147t + 105 472¢2;, 4 40 960c7
+692160c2;, + 35 672a3c2, + 13720 ¢, — 148 512022 + 39 32603¢2 — 833atc? + 310 656acy —
462 336accr, — 204 800crcr, 4+ 640 064ac?; — 18144002 ey — 537603 e — 23520 ey + 1026 560cc? +
254 01602, —12 684a3c+2058at s, +43 008a2cy e, —65 9683 ey e, —392at cper, —1590 T84acy cr,—

58 368.
% > (0 requires ¥ < 0. ¢ is negative if and only if
cr € [cL; el (4.56)
where
1

1026 5600 — 148 51202 + 39 32603 — 833a? + 40 960
(V/31/44800c — 36 45602 — 431203 + 20090t + 10240

(—448 — 52a + 448cy + 140® — 14a’cy + 52acy) + 1960 cy
+231168c + 102400cy — 1270082 + 634203 — 1029a*

+795 3920y — 21 5040’ cy + 3298403 cy — 61440) (4.57)
Z" = [c];cq| is nonempty if cy — ¢ > 0.

cyg —cp >0 (4.58)

for any a € [0;1]. Thus, ¥ < 0 and Z= > 0 if and only if ¢, € Z™.
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(ii) From (4.19) we get
dCS* g
= 36 3
da (260 — Ta? 4 224)

(4.59)

where 7 = (16(cy + c) — a(1 + 13¢cf, — 14ey) — 32),
g = —448a + 2720cy — 3328¢y, — Ta? + 224acy + 224acy, + 98acy — 9la’cr, + 608.

As 7 < 0 for a € [0;1], dgs* < 0 if and only if ¢ > 0. As g is strictly decreasing in « for

a € [0;1] it suffices to show g > 0 for a = 1.
9la=1 = 9(338¢cy — 355¢, + 17) (4.60)

AscH>cL,g>0and%<Oforalla€[0;1].

(iii)
dW* —127
— - (4.61)
da (—26a + Ta? — 224)

where Z = —13720%c% 4 392a’cycr + 2352atcy + 833atcl — 2058a’cr, — 147a* — 315560
2458 324c3cer+4788a3 ey —35 TT7a3c2 +13 2300 e, —9009a3 —55 10402, —42 000’ cy e+
152 208a%cy+135408a2c? —228 81602y, +38 30402 —515 072cc?; 41366 432cc e, —336 288acy —
886 016arc? 4405 600ccr, — 34 6560+ 25 088c2, + 175 616¢ ¢, — 225 792cy — 200 704¢% +225 792¢,

% <0, if 7 <0. Zis negative if and only if
e <cp (4.62)

where

CL<CLW

1
886 016cx — 135 408a2 + 35 777 — 833a* + 200 704
(\/21\/851204 — 36600 — 63003 + 287t + 3024

(=520 — 448 4 448cy + 14a® + 52acy — 14a’cy)
4202800 + 87808cy — 1144080 + 6615a° + 683 216acy

—1029a* — 21 00002cy + 2916203 cy + 196atcy + 112 896) (4.63)
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As ey < ¥ is always satisfied for « € [0;1], % < 0 is always true.

Proof of Proposition 14. (i) From (4.48) we get

dmP* 12
— _ X . (4.64)
dov (=26 + Ta?2 — 224)

where x = —2744ac?, +1470a  cyer, + 4018t ey +833atc? — 3136a'tc, —441a* — 6311203
3 +108 61203 crep 41761203 ey —57 974032 +733603cr, —12 47403 — 152 544023, +41 8320 cyer+
263 25602 cy+148 512a%c? —338 85602 1,437 800a? —909 184 cvc?, +2187 312acy e, —368 944aver —
1365 248ac? + 543 184acy, — 87120 — 528 704c% + 1237 248ccr, — 179840cy — 520192¢% —
196 864cy, + 188 352

d’;s* > 0 requires y > 0. x is positive for all & € |0;1] and ¢y, € [@; cH[.

(ii) From (4.20) we get

Dx* .
dCcs _ 114 jw i
da (260 — Ta2 + 224)

(4.65)

where j = —252a + 1516¢y — 1984cy, + 28acy + 224acy, + 49a’cy — 490’cr, + 468,

w = 2cy + 16¢r, + Ta(cy —cr) — 18.

dCcsP+

@ < 0 for any a € ]0;1], thus “=~

< 0 if and only if j > 0. As j is strictly decreasing in «

for a € ]0; 1] it suffices to show j > 0 for a = 1.

jlaz1 = 27 (59¢y — 67cy, + 8) (4.66)

As cy >cp, j>0and dCdSD* < 0 for all a € ]0;1].

Q

(iii) From (4.24) we get

Dx
W g9 v . (4.67)
do (—26a + Ta? — 224)

where v = —2744a*c?, + 14700 cyer, +4018a’cy +833at ¢ —3136atcy, — 441 — 58 996 c2; +
100 380a3crer,+17 61203 ¢y —53 858ac? + 733603 c, —12 4740 —149 01602 ¢, 466 5282 crer, +
231 504a?cy+120 288a%c? —307 104,437 800a — 781 168cvc?; +1904 064cvc e, —341 728 ey —
1155 584cc? + 407 10daer, — 32 688a — 492 320¢%; + 1480 704ccr, — 496 064cy — 901120¢2 +
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321 536¢, + 87264

Dx . . . . .
dV;/a < 0 requires v < 0. v is negative if and only if

D
CL<CE/

1
1155 584a — 120 28802 + 53 85803 — 833t + 901 120
(V713205280 — 12288002 — 11 28403 + 82390t + 297 472

(=224 — 26 + 224cy + 7a? — Ta’cy + 26ccy)
+203 552 + 740 352¢y — 15355202 + 3668a° — 1568a*

+952032acy + 33 264a%cy + 50190a’cy + 735atcy + 160 768
v = [@; czVD} is nonempty if CE/D —cr >0

D
ey —cL >0

for any a € ]0;1]. Thus, dvgj* <0ifand only if ¢, € ZW".

Proof of Proposition 15. (i)

I* = 22 +2% = (—260+ 7a® — 224)72
((44a — 192c + 256¢r, — Ta? — 128acy, + 84acy + Talcr — 64)2
+(—10a + 256¢g — 192¢r, — Ta? — 128acy,

+84acy + b8acy — dacy, + Toley — 64)2)

ar )

2
da (=260 + Ta2 — 224)°

(4.68)

(4.69)

(4.70)

(4.71)

where ¢ = 171456 — 915456cy + 1148 928¢c, — 3427202 + 1075203 + 147a* + 311296¢%, —
720896¢% + 182112a°c2, + 43904a3c?, + 1372a% ¢ — 126 33602¢2 + 43400ac2 — 83302 +
194 304acy —537 216acy, +292 864crer, +1301 312ac?, —274 17602 ¢y — 11 25603 ey —2352at ey +
1667 072cuc? 4342 7200 ¢, —10 24803, +-2058a e, —90 048 cprer, — 76 55203 c e, —392at e e, —

2796 928cacper, — 116 736
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% < 0,if ¢+ < 0. ¢ is negative if and only if

c, < Ci

1
© —1667072a + 126 33602 — 4340003 + 833 + 720 896
(\/g\/—78 848c — 5510402 + 137203 + 2009a* + 408 320

(448 + 52a — 448cyy — 1402 + 140’ cy — 52acy)
+268 608a; — 146 432¢ — 171 36002 + 512402 + 38 27603 ¢y

—1029a* + 1398 464acy + 4502402 cy + 1960 cy — 574 464) (4.72)

As cpy < ci is always satisfied for a € [0; 1], % < 0 is always true.

(ii) IP* = I* + (2% )? is decreasing in o as I* is decreasing in o and z% is decreasing in .
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Chapter 5

Conclusion

The following chapter summarizes the main findings and discusses topics for further research.

Chapter 2 entitled Competition between Pay-TV and Public Service Broadcasting:
A Two-Sided Market Analysis investigates the behavior of two competing TV channels -
Pay-TV and PSB assuming that consumers engage in mental accounting and develop a portfolio
demand. While Pay-TV channels have to finance themselves by advertising and subscription
revenue generated from viewers, public service broadcasters are financed by advertising income
and public funds. It turns out that the Pay-TV channel decides to show no adverts altogether
if viewers display a strong aversion to advertising. If the broadcasting fee is sufficiently high,
the Pay-TV channel switches to a free-to-air channel and the PSB does not show any adverts
at all. Taking fixed cost for Pay-TV into account, the Pay-TV channel exits the market if the
broadcasting fee is sufficiently high. If the government maximizes the number of PSB viewers
the broadcasting fee is set so that the Pay-TV channel leaves the market. There are several
topics that are left for further research. A welfare analysis would be especially interesting to
see how it is influenced by a market exit of the Pay-TV channel. Additionally, the integration
of different program content could offer further insights.

Chapter 3 entitled Endogenous Merger Formation and Incentives to Invest in Cost
Reducing Innovations analyzes endogenous horizontal merger formation in a market with
three players where firms engage in process innovations. Firms differ in their investment effi-
ciency for cost reducing innovations. The asymmetry in R&D efficiency significantly influences

the merger decisions. For a low to moderate level of innovation cost the two most efficient firms
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merge, while the least efficient firm remains independent. For a high level of innovation cost
there is no merger whatsoever. Market outcomes without a merger are socially desirable. Wel-
fare is either increased or decreased in the predicted merger case. Accounting for endogenous
merger formation R&D subsidies are not necessarily positive depending on the R&D efficiency
in the industry. R&D subsidies are only positive if they do not influence any merger decision. It
would be of special interest to implement a payoff division rule to be applied to merged entities.
Additionally, the possibility of new entrants could give new insights.

Chapter 4 entitled Horizontal Divestitures and R&D Incentives in Asymmetric
Duopoly analyzes how a threat of horizontal divestiture affects R&D incentives and welfare
in an asymmetric Cournot duopoly where an efficient low-cost firm competes against a less
efficient high-cost firm. Firms account for a possible divestiture of the low-cost firm. We find
that an actual divestiture measure harms both the high- and low-cost firm. A divestiture threat
already reduces the low-cost firm’s market power, as the firm reduces its R&D investment, and,
thereby, its competitiveness. Nevertheless, the threat of divestiture may increase the low-cost
firm’s profit in case of strong market dominance. Considering the high-cost firm, a threat of
divestiture stimulates its R&D investment if there is a low dominance of the low-cost firm only.
A divestiture only improves welfare if the low-cost firm sufficiently dominates the high-cost
firm. The industry-wide rate of innovation is lowered if a divestiture becomes more likely. The
most interesting avenue for further research is the impact of a compensation scheme for the
low-cost firm on strategic behavior and market outcomes.

Chapter 3 and 4 both account for process innovation. A different view on R&D could be
obtained by focusing on product innovation rather than process innovation. All three models
are restricted to two or three firms. A generalization to the oligopoly case would give additional

insights. Additionally, empirical evidence could strengthen our results.
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