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Abstract

We analyze the effect of different pricing schemes on horizontally differentiated firms’ ability to sustain
collusion when customers have the possibility to combine (or mix) products to achieve a better match of
their preferences. To this end, we compare two-part tariffs with linear prices and quantity-independent
fixed fees in two different scenarios. First, we consider exogenously determined pricing schedules such as in
the case of legal or third-party restrictions. We find that the additional price component of the two-part
tariff makes it more difficult to sustain collusion. Additionally, the pricing schedule that is most beneficial
for customers in absence of collusion harms customers most in presence of (partial) collusion. Second, we
consider the scenario in which firms endogenously choose collusive tariffs. We find that firms can commit
to using only the fixed price component of the two-part tariff to facilitate collusion at maximum prices.
However, once we consider partial collusion, firms prefer to use both price components of the two-part
tariffs. We discuss policy implications in the context of the media and entertainment industry.

Keywords: Collusion; Combinable products; Media markets; Mixing; Price discrimination; Two-part tariff.

JEL: D43; L13; L41; L82.

1. Introduction

The present paper contributes to the ongoing debate in competition and consumer protection policy
on the competitive or anti-competitive effects of different pricing schemes. Whereas much of the literature
focuses on static environments and finds that less elaborate pricing schemes are beneficial for customers,
we show that firms’ ability to use more elaborate pricing schemes can reduce collusive stability in dynamic
environments. In our analysis, we focus on the media and entertainment industry that has a prominent

feature that distinguishes it from many other industries. Customers often have the ability to demand
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products from different content providers, and in doing so, they create kind of their own products. Imagine,
for example, a viewer who likes both romantic movies and historical documentaries. The viewer can switch
between different television channels to create their own ideal evening program. Thereby, the viewer refuses
to watch only one TV channel that alone does not fit their preferences. This reduces the costs caused
by possible mismatches. The same mechanism can be found in, among others, online newspapers, where
customers can search for different political opinions, social media platforms that are specialized on different
types of content (for example, real-time news on Twitter), and radio services where content providers focus
on different music genres.

In this paper, we focus on the aspect of mixing that such markets have in common and further explore
the framework applied by |Anderson and Neven| (1989) and [Hoernig and Valletti (2007} 2011). Whereas these
contributions focus on a static environment, we extend the framework to a dynamic model to investigate
firms’ incentives to collude in an infinitely repeated game. By applying grim-trigger strategies, we derive
the critical discount factors to compare the impact of linear prices, fixed fees, and two-part tariffs on firms’
ability to collude.

The main focus of our analysis are scenarios where firms are exogenously restricted in their price setting.
These exogenously determined pricing schemes are closely linked to public and third-party restrictions that
are often observed in the media and entertainment industry (see below). Our main result is that firms’ ability
to use two-part tariffs can reduce the scope for collusion. In this sense, the effect of restrictions on pricing
schemes may be less clear, and regulations that are explicitly imposed to benefit customers can backfire. We
investigate the robustness of this result by considering firms’ ability to collude on prices below the profit-
maximizing collusive prices (partial collusion). We find that firms are most likely to gain the largest profits
when they partially collude on linear prices instead of fixed fees or two-part tariffs. By contrast, partial
collusion on fixed prices does not yield any advantage. In summary, we find that whereas linear pricing
schedules are most beneficial for customers in absence of collusion (Hoernig and Valletti, 2007, 2011)), they
harm customers most in presence of (partial) collusion.

Motivated by the findings that firms can benefit from less elaborate pricing schemes, we then analyze
whether colluding firms can profitably commit themselves to use less pricing instruments even in absence
of exogenous interventions. In other words, firms now have access to two-part tariffs in general, but may
commit themselves to only use either linear prices or fixed fees. We find that firms may want to commit
themselves to collude on fixed fees to facilitate collusion on profit-maximizing prices if collusion on two-part
tariffs is not sustainable. However, this result is not robust once we allow for partial collusion. We also find
that linear prices do not yield any advantage.

The possibility to combine (or mix) different products was first analyzed by |Anderson and Neven| (1989)
for the case with linear prices and was later adopted by, among others, |(Gal-Or and Dukes| (2003) and
Gabszewicz et al. (2004) to analyze media markets. Hoernig and Valletti (2007, 2011) investigate the
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impact of different pricing schemes by analyzing two-part tariffs and nonlinear pricing in general. They
stress that nonlinear pricing schemes are a common feature in the media and entertainment industry. For
example, TV channels, streaming services, and online newspapers often charge subscriptions fees that are
independent of the time spent on the website. In some cases, they charge additional fees for special services
like the latest movies. By contrast, many social media platforms display ads that can be seen as a linear
price if customers consider ads to be a nuisance. Hence, the longer the customers stay on the platform, the
more ads they see, that is, the higher the price.

The contributions of |Anderson and Neven| (1989) and Hoernig and Valletti (2007} [2011) show that the
scope of mixing crucially depends on the pricing policy. Whereas customers buy from one firm exclusively
and, hence, do not mix at all if firms charge fixed prices, customers optimally mix in the sense that they get
a perfect match of their preferences if firms charge linear prices. With two-part tariffs and nonlinear pricing
in general, some mixing occurs: Only those customers whose preferences are met worst combine products
to achieve a better fit. In a static environment, [Hoernig and Valletti| (2007) stress that the main and robust
result is that firm profits are higher as the number of pricing instruments increasesE

The scope of mixing is a crucial determinant for policy considerations. The framework applied in the
aforementioned literature and in this paper uses a stylized model in which each customer buys one unit. The
customers realize a basic utility from consumption, and prices are mere transfers of customer utility to the
firms. The only source of disutility that may lower welfare comes from a mismatch of customers’ preferences
that reduces customer surplus. This means that in the case of linear prices in which customers optimally
combine products, welfare is maximized. The non-mixing results in the case of fixed fees represents the
counterpart and leads to the lowest welfare among all three pricing schemes. With two-part tariffs, some
mixing occurs, and welfare thus ranks second after the case of linear prices.

The results of |Anderson and Neven (1989) and [Hoernig and Valletti| (2007) show that regulations of the
pricing regimes can benefit customers. More precisely, if there is a ban of the fixed price component of a
two-part tariff, the number of customers who mix and, thus, customer surplus can increase. Because such
restrictions can have far-reaching consequences, it is worth noting that restrictions of pricing regimes in
the media and entertainment industry are more common than one might think. For example, many states
charge their citizens a fee for public broadcasting that is often operated by state-owned TV stations (for
example, France Télévision in France, ARD and ZDF in Germany, and the BBC in the United Kingdom).
The amount of the fee is set by the public institutions and, hence, cannot be directly influenced by the TV
stations themselves. However, legal restrictions may not only affect the state-owned TV stations, but also

privately held one. For example, private TV stations in Germany are only allowed to use a maximum of

1This result is different from the related literature on mixed bundling, which uses mix-and-match models (see [Matutes
and Regibeaul [1992)). The authors show that profits are lower with more instruments, particularly in the case in which firms

practice mixed bundling compared to the situation in which products are sold separately.

3



20% of their daily airtime for advertising spotsﬂ

With regard to restrictions on firms’ pricing, note that many companies in the media and entertainment
industry also face restrictions by third parties, that is, other privately owned companies. A prominent
example are platforms that act as intermediaries between content providers and customers and, hence,
strongly affect the way how both sides of the market interact. Some of these platforms allow companies
to either display their own ads or to participate in the revenues generated by the platform’s advertising.
An example for the former are app stores, where each app creator can decide whether or not to display
ads to the users, whereas YouTube is an example for the latter. However, in contrast to app stores where
content providers can also charge a fee that is independent of the actual usage, YouTube does not offer the
possibility to exclude non-paying users from the contentﬂ Whereas advertising appears to be an important
revenue channel in digital markets, some platforms specialize in providing their content creators with ad-free
revenue channels. Examples for such platforms include Steam, a platform for video games, and Onlyfans
where content creators, such as influencers, can exclude non-subscribing users from their content. Hence, in
digital markets, content providers often have limited ability to set prices for their customers, because they
often have to rely on the pricing channels offered by the platforms they use. This applies to both small and
large companies.

The above-mentioned television landscape is also a good example to demonstrate that the media business
has seen several antitrust concerns recently. In Germany, for instance, the Bundeskartellamt (German
Federal Cartel Office) investigated the behavior of the two largest private media companies in Germany,
RTL and ProSiebenSat.1. The two companies were found guilty of jointly trying to limit access to their
standard-quality free-to-air TV programs and setting higher (fixed) feesﬁ Both broadcasters were fined a
total of €55 million in 2012[]

In another case, the Bundeskartellamt expressed its concerns about the joint marketing of videos on
the internet by the commercial subsidiaries of the German public service broadcasters, ARD and ZDF, as
well as other production and licensing companies. One critical aspect that the Bundeskartellamt brought
forward against the introduction of such a platform was that it would lead to the coordination of prices and

of the availability of the videos among the two broadcasters, which would lead to problems arising under

2See paragraph 3 of section 39 of the “Medienstaatsvertrag” that is the treaty of the 16 German federal states on the

structure of broadcasting in Germany.
3With the launch of YouTube Music and YouTube Premium (formerly YouTube Red), there has been some recent develop-

ment to create ad-free revenue channels.
4Consumers often do not have contracts with the broadcasters, but with so-called transition path operators. However, it is

likely that these operators will increase their fixed fees if their costs rise.
5See the decision of the Bundeskartellamt in cases B7-22/07 and B7-34/10 (December 27, 2012) that can be found at https:

//www.bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2012/B7-22-07-B7-34-10.html


https://www.bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2012/B7-22-07-B7-34-10.html
https://www.bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2012/B7-22-07-B7-34-10.html

competition 1aWE| In a similar case, the Bundeskartellamt had issued a statement of objection concerning the
creation of such a platform by the two largest private broadcasters in Germany, RTL and ProSiebenSat.1,
in 2011. Again, a main objection concerning the planned platform had been the possibility to coordinate
business activities and interests. The Bundeskartellamt prohibited the online video platform and its decision
was later confirmed in court[’]

Whereas the above example of RTL and ProSiebenSat.1 trying to limit access to their standard-quality
free-to-air TV programs is closely linked to the fixed price component, ads — as argued earlier — are good
examples of linear prices in media markets. The antitrust community has seen several recent attempts by
firms to collude on advertising prices. Examples include, among others, large TV stations in the US and
media companies in South Africaﬂ

Our paper relates to the literature on the interplay of price discrimination and collusion. Although price
discrimination has been an important topic in the antitrust community, the literature on the effects of price
discrimination on collusion is rather limited. Two-part tariffs are a classic tool to price-discriminate between
customers. Thus, a ban of one of the two price components corresponds to a ban of price discrimination.
Gossl and Rasch| (2020) are the closest to us in that they use a [Hotelling| (1929) framework with linear
transport costs and elastic demand to study how a ban of either the linear or fixed price component of
a two-part tariff affects the ability of firms to sustain collusion. The underlying mechanisms driving the
models are fundamentally different. In the traditional [Hotelling (1929)) framework, firms compete for the
indifferent customer, and the location of that customer alone determines from which firms customers buy.
By contrast, firms face a more complex demand structure in our model in which each customer can decide
whether they want to buy from one firm exclusively or combine products from both firms. This possibility
to mix can result in two indifferent customers and a share of customers who granularly adjust their demand
at both firms when prices change. The different mechanisms at work correspond to different industries.
Whereas our approach contributes to the understanding of media and entertainment markets and shares a
strong link to many digital markets, |Gossl and Rasch| (2020) focus on regulations and interventions in the

energy and telecommunication industries as motivating examples. Given the difference in mechanisms, it is

6See the decision of the Bundeskartellamt in the case B6-81/11 (February 18, 2014) which can be found at https://www.

bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2015/B6-81-11.html.
"See the press release by the Bundeskartellamt, “Diisseldorf Higher Regional Court confirms prohibition of online video plat-

form of RTL and ProSiebenSat.1” (August 8, 2012), which can be found at https://www.bundeskartellamt.de/SharedDocs/

Meldung/EN/Pressemitteilungen/2012/08_08_2012_Amazonas.html.
8See the press releases “Justice Department Requires Six Broadcast Television Companies to Terminate and Refrain from

Unlawful Sharing of Competitively Sensitive Information” (November 13, 2018), which can be found at https://www. justice.
gov/opa/pr/justice-department-requires-six-broadcast-television-companies-terminate-and-refrain-unlawful, and
“Media companies to be prosecuted for cartel conduct” (February 27, 2018), which can be found at http://www.compcom.

co.za/wp-content/uploads/2018/01/Media-Companies-to-be-prosecuted-for-cartel-conduct.pdf.


https://www.bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2015/B6-81-11.html
https://www.bundeskartellamt.de/SharedDocs/Entscheidung/EN/Fallberichte/Kartellverbot/2015/B6-81-11.html
https://www.bundeskartellamt.de/SharedDocs/Meldung/EN/Pressemitteilungen/2012/08_08_2012_Amazonas.html
https://www.bundeskartellamt.de/SharedDocs/Meldung/EN/Pressemitteilungen/2012/08_08_2012_Amazonas.html
https://www.justice.gov/opa/pr/justice-department-requires-six-broadcast-television-companies-terminate-and-refrain-unlawful
https://www.justice.gov/opa/pr/justice-department-requires-six-broadcast-television-companies-terminate-and-refrain-unlawful
http://www.compcom.co.za/wp-content/uploads/2018/01/Media-Companies-to-be-prosecuted-for-cartel-conduct.pdf
http://www.compcom.co.za/wp-content/uploads/2018/01/Media-Companies-to-be-prosecuted-for-cartel-conduct.pdf

not surprising that the results are indeed different: For example, |Gossl and Rasch| (2020) find that a ban on

linear prices facilitates collusion, whereas a ban on fixed fees hampers collusion. This is in stark contrast to
our finding that both types of bans indeed facilitate collusion.

Both |Gossl and Raschl (2020) and our work consider second-degree price discrimination.
use a model a la with linear transport costs to analyze the impact of customer-specific

information (that is, third-degree price discrimination) on tacit collusion. In their framework, information

gives firms the ability to distinguish between different subintervals (market segments) of the linear city. A
higher quality of information results in smaller subintervals and, hence, in more market segments. Firms
can identify their customers by their segment and charge prices based on this information. The authors
find that collusion becomes less stable as the quality of information and, hence, the number of market
segments increase. They also show that this result is not clear ex ante because of two opposing channels.
The more information firms have, the better they can target their customers. On the one hand, this leads
to higher collusive profits and harsher punishment, but on the other hand, deviation profits increase as well.
Our results are similar in the sense that more elaborate pricing schemes allow firms to better target their
customers and make collusion at profit-maximizing prices more difficult. Note, however, that we analyze a
situation with second-degree price discrimination because firms cannot distinguish between customers who
self-select into their preferred mixing choice.

builds on the work of Liu and Serfes and examines the role of product differentiation.
The author picks up the prevalent finding in the literature that the relationship between the degree of product
differentiation and firms’ ability to collude is positive in the context of the frameworkﬂ
challenges this finding by enabling firms to use first-degree price discrimination, that is,
firms can charge prices based on the exact locations of their customers (so-called delivered pricing)m He
considers two scenarios in which firms collude on either customer-specific prices or a uniform price. In a
third scenario, firms collude only on the decision to apply price discrimination or not, but not on the price
level itself. In summary, he finds no relationship between product differentation and collusive stability in
the first and third scenario and reports a negative relationship in the second scenario. Whereas
(2010) shows that price discrimination can lead to either no relationship or a negative relationship, we find
a non-monotonic relationship when firms use two-part tariffs.

A second paper on the effect of third-degree price discrimination on collusion in a linear city is the one

by Helfrich and Herweg] (2016). The authors find that a ban of price discrimination raises the ability of

firms to sustain collusion. The findings of [Helfrich and Herweg| (2016)) are similar to ours in the sense that

9See, for example, |Chang 41991|, |1992[) and |Héickner| 41995 .
10Tn [Liu and Serfes| (2007)), the case of perfect price discrimination corresponds to the limiting case in which the number

of market segments approaches infinity. Notable further literature that examines the effects of delivered prices on collusion

include |Jorge and Piresl (|2008[) and |Miklés—Thal| (]2008[).




in our paper, a ban of price discrimination also facilitates collusion. However, in contrast to [Helfrich and
Herweg] (2016), we analyze second-degree instead of third-degree price discrimination and consider various
extensions that entail important consequences. For instance, we allow firms to collude on prices below the
profit-maximizing prices (partial collusion)H

The remainder is organized as follows. We describe the model and previous findings in Section
Section [3] analyzes collusion when pricing schedules are exogenously determined such as in the case of
policy interventions and third-party restrictions. We investigate the robustness of our findings with regard
to partial collusion in Section @} Section [§] covers an extension where firms endogenously choose collusive

pricing schedules in absence of any interventions. We summarize our findings and discuss possible limitations

of our model in Section [f] All proofs are in

2. Model and previous findings

We adopt the models of |Anderson and Neven| (1989) and [Hoernig and Valletti| (2007) and consider two
horizontally differentiated, symmetric firms that are located at the end points of a linear city of unit length
(Hotelling), |1929). Fixed and marginal costs are normalized to zero. Firms discount future profits by the
common discount factor § per period. We analyze three different pricing regimes. Firms charge either
linear prices p; 1, per unit purchased, fixed fees f; p that are independent of actual usage, or two-part tariffs
(pi, 7, fi,r) that include both linear and fixed prices. The different scenarios are denoted by the subscripts
L, F,and T.

Customers of mass one are uniformly distributed along the line. Each customer has a total demand of
zero or one. Customer have a basic valuation of v for each product and incur transport costs. Transport
costs reflect the fact that customers’ preferences are not fully matched by the firms’ products, that is, a
customer located at z incurs transport costs of 722 or 7(1 — x)? when buying only from firm 1 or firm 2.
However, customers can save on these costs by splitting their demand across the two firms to purchase an
optimal individual mix of both products. Let A (with 0 < A < 1) denote the share of overall demand which
a customer buys from firm 1; the remaining share of 1 — X is bought from firm 2. Then, mixing leads to

transport costs of
TA-04+(1 =N -1-2)?=7(1-\—2x)%

Customer face three different potential utilities, depending on where they buy. For the case of two-part

tariffs, the following utility functions U refer to the cases in which the customer located at = buys exclusively

HHorstmann and Kramer| (2013) analyze the impact of third-degree price discrimination on collusive outcomes in an ex-
perimental setting. In contrast to theoretical predictions, the authors find that third-degree price discrimination leads to

significantly higher prices and profits compared to uniform pricing.
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from firm 1, buys exclusively from firm 2, or combines the products of both firms (dropping subscripts for

the different pricing scenarios for now):

Ur(z) =v— f1 —p1 — 12°,
Us(z) =v — fo—p2 — 7(1 — 2)?,

Un(@)=v—fi—fo=Apr— (1= Npa—7(1 = A —2)>.

A mixing customer will optimally choose share A to maximize utility depending on their location, that

U _ pl—Pz
o\ =0 & Az)=1-=z 5 (1)

Given the decision about the optimal share, we derive the customer who is indifferent between buying

is,

exclusively from firm 1 and mixing. Denote this customer’s location by z. Similarly, denote the location
of the customer who is indifferent between mixing and buying exclusively from firm 2 by Z. Assume that

0 <z <7 <1 holds. Then, the locations of the indifferent customers are given by

(@)= Unle) & z=y22 PP
SN _ fi pi—p2
Un (@) =Uz(F) & T=1 . 5

For 0 <z <7 <1, the profit function of each firm consists of three parts:

71 (f1,015 fo, p2) = i +priz +p1 [ A(z)dx,

B —

72 (f1,015 f2,p2) = fa (1 —2) +p2 (1 =) +p2 [ (1 = A(2))dz.

I8 \H\

The first part consists of the fixed fee that is paid by both loyal and mixing customers. The second and
third part quantify the linear payments. Whereas loyal customers buy exclusively from one firm and, hence,
pay the full linear price (part 2), mixing customers buy their optimal shares that depend on their locations
(part 3).

If z > T, customers never mix. In this case, we are back in the classic Hotelling game with quadratic
transport costs as analyzed by |[d’Aspremont et al.| (1979).

Further note that the cases of linear prices and fixed fees are special cases of two-part tariffs. All formulas

for these cases follow immediately from setting the respective price component equal to zero.

12Note that the second-order condition is satisfied, that is, 92Uy, /ON? = —27 < 0.
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Typically, the focus in models with horizontal product differentiation is on situations in which the market
is covered, that is, no customer along the line does not buy. We also focus on this case, which requires the

following assumption about customers’ transport costs:

Assumption 1. Transport costs are not too high relative to the basic valuation from buying, that is,

0<7<4v/5.

Before we turn to the analysis, we briefly recap the results in the competitive scenarios (denoted by
an asterisk) that are derived in |Anderson and Neven| (1989) and [Hoernig and Valletti (2007) in the static

one-shot game:
Recap 1. Competitive prices are given by

pL=fr=71 (linear and fized prices)

(F.77) = (”‘Z@T, (88 5)T>

Competitive profits amount to

(two-part tariffs)

T =TE = g (linear and fized prices)
13v5 —27
= (\[4—)T (two-part tariffs)

Although linear and fixed prices are the same, they lead to remarkably different market outcomes. In
the case of linear prices, all customers buy their optimal mix, such that transport costs are zero. As a result,
welfare in maximized. In contrast, customers do not mix in the case of fixed fees, and, hence, the outcome
is the same as in the classic game analyzed by |d’Aspremont et al| (1979). The total welfare loss through
transport costs is 7/12, and customers are worse off.

Two-part tariffs enable firms to segment customers. By setting a strictly positive fixed fee, firms extract
additional surplus from their loyal customers. In turn, they are willing to lose extremely disloyal customers
who are located close to their competitor and who would only buy a small share anyway. In contrast to
pure fixed pricing, the fixed price component is lower, so that it is beneficial for customers in the middle of
the linear city to mix. These customers face higher transport costs compared to the loyal customers and,
hence, are willing to pay the fixed fee twice to save on these costs.

Because some customers mix, and others do not, the welfare loss through transport costs is lower than
in the case of fixed fees only, but larger than in the case of linear pricing. Although the additional price
component in the case of a two-part tariff allows firms to extract additional surplus from loyal customers, the
decline in the overall transport costs is so large compared to the case of fixed pricing, such that customers
benefit overall, that is, customer surplus is larger under two-part tariffs than under fixed fees only. However,
customer surplus is largest under linear prices, because customers face zero transport costs, and firms extract

less surplus.



3. Exogenously determined pricing schedules

Our analysis focuses on the scenario in which firms are always restricted to one pricing scheme, that
is, firms use the same pricing schedule independent of whether they collude or not. As pointed out in the

introduction, this can be the case when legal or third-party restrictions exist.

Collusive strategy
Throughout our analysis, we adopt the critical discount factor as a measure for the likelihood of (full)

collusion. To this end, we focus on the standard grim-trigger strategies defined by [Friedman| (1971). Denote
the profits in the cases of collusion and deviation by 7¢ and 7%. Then, collusion is profitable as long as the
discounted profits from colluding are higher than those from deviation and the ensuing punishment phase,
that is,

) oo

Zétﬂc >t 4+ Zétﬂ*.

t=0 t=1
Hence, collusion can be sustained for any discount factor larger than the critical discount factor defined

5= (2)

As a consequence, collusion is facilitated when the critical discount factor decreases because firms can
sustain collusion for a larger range of discount factors.

Apart from grim-trigger strategies, where firms return to Nash pricing after collusion is detected, other
punishment strategies are possible. Most notable are optimal punishment strategies following the seminal
work in Abreu (1986 [1988)) and |Abreu et al.| (1986)). In the context of the |Hotelling| (1929) framework, there
is tentative evidence that optimal punishment strategies lead to similar results compared to grim-trigger
strategies. For example, [Hackner| (1996]) uses a standard set-up with quadratic transport costs and sym-
metric firms and shows that the impact of product differentiation on collusive prices is qualitatively similar
with optimal punishment compared to the results achieved by |Chang| (1991)) with grim-trigger strategies.
Furthermore, in the context of price discrimination, |[Liu and Serfes| (2007) report that their main result
that is derived in a|Hotelling| (1929) set-up with linear transport costs is also robust when they move from
grim-trigger to stick-and-carrot punishments. Because optimal punishment strategies come at the expense

of less tractable models, we stick to grim-trigger strategies.

Collusive outcomes

As|Anderson and Neven| (1989)) and Hoernig and Vallettil (2007) already derived the competitive profits,
we analyze the remaining cases of collusion and deviation. The following lemma summarizes the collusive
outcomes:

10



Lemma 1. Collusive prices are given by

pf =wv (linear prices)
(fized prices)

(p7, f7) = (v,0) (two-part tariffs).

Collusive profits amount to

v

w =7h = 5 (linear prices and two-part tariffs)
voT

T = 37§ (fized prices)

With linear prices, firms set the prices equal to the basic valuation. The reason for this behavior can be
explained by two effects. First, by setting equal prices, all customers buy their optimal mix and, hence, do
not incur transport costs. As a consequence, firms maximize customers’ utility. Second, by setting the price
level to the basic valuation, firms fully extract the maximized utility, such that producer surplus equals the
maximized welfare, and customer surplus is zero.

Because firms gain the highest possible profits with linear prices, firms cannot take advantage of the
additional fixed fee in the case of two-part tariffs. A strictly positive fixed fee would lead to a share of
disloyal customers who do not mix and, hence, suffer from a loss in utility due to strictly positive transport
costs. As a consequence, firms set the fixed component equal to zero and charge the linear price equal to
the basic valuation. Again, welfare is maximized and equals producer surplus. Customer surplus is zero.

Finally, customers do not mix with fixed-fee pricing, and firms are in the same situation as in the classic
set-up analyzed by |Chang| (1991)). They set the optimal fixed fees, such that the indifferent customer at
the center is indifferent between buying and not buying. As a result, all customers incur strictly positive
transport costs, which leads to a welfare loss of 7/12. However, in contrast to the other two pricing

environments, customer surplus is strictly positive.

Deuviation

Based on the collusive outcomes, we determine optimal prices and profits of a deviating firm.
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Lemma 2. Define A := \/v2 — 4vt + 2872. Optimal deviation prices are given by

20—4r7+ A

P = 3 (linear prices)
5 v
fi = voE H0sTs (fized prices)
43 g cr<y
(t,v—27) if 0<7< 3%
(1.p) = (U525 5+ 5) o g<r< (two-part tariffs)
(5:5+7%) if 3 <r<

Optimal deviation profits amount to

(—2v 4+ 47 — A)(v? —vA — 4ot 4 27A — 2072)

d . .
= linear prices
L 10872 ( prices)
v— 2 if 0<71< dv
d 4 13 .
T = ) (fized prices)
(Av437)° p 4o 4v
1287 if 3 <T=<7%
N v
v—T if 0<7< 1
d .3 2 2 3 . .
T4 = s R (two-part tariffs)
40?4 8vT 4572 20 4v
321 i 5 <T<%.

Consider the case of linear prices first. The deviating firm sets its price, such that it serves a loyal
customer base exclusively and sells shares of its product to disloyal customers. Thus, it never monopolizes
the market, but leaves its competitor always with a strictly positive market share.

In contrast to linear prices, customers do not mix neither under competition nor under collusion in the
case of fixed fees. This enables a deviating firm to monopolize the whole market if product differentiation
is sufficiently low (that is, 0 < 7 < 4v/13). The monopolization requires that the firm compensates the
farthest customer for their transport costs. With an increasing degree of product differentiation (that is,
7 > 4v/13), this compensation becomes unattractive, so that the deviating firm leaves its competitor with
a strictly positive market share.

The case of two-part tariffs is similar to that with fixed prices, but the deviating firm takes an additional
advantage of the linear price component. For a sufficiently low level of differentiation (that is, 7 < v/4), it is
also profitable to monopolize the market. However, when transport costs increase (that is, v/4 < 7 < 2v/5),
the deviating firm no longer serves the whole market, but the competitor does not to have loyal customers
who are served exclusively. In this respect, customers located far away do not completely switch to the
competitor, but only to some degree. As a result, the deviating firm does not have to fully compensate the

farthest customer, but this customer can partially reduce their transport costs by mixing, and, hence, the
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necessary compensation level decreases. For high degrees of product differentiation (that is, 7 > 2v/5), the
deviating firm does not want to compensate this costumer at all and, hence, enables its competitor to serve

a loyal customer base exclusively.

Critical discount factors

The following lemma summarizes the critical discount factors that result from inserting the outcomes for

the cases of collusion, deviation, and punishment into the expression for the critical discount factor:

Lemma 3. Define B := v — v2A — 6v?7 + 4vTA — 2872 A. The critical discount factors are given by

5 _ B — 6vr? + 13673
L™ B —60vr2 + 19073

(linear prices)

4v—91 : 4v
_ S(do—77) ’Lf 0<rt S I
5p = 2T 1 (fized prices)

4dv—51 - 4du 4v
Zutils if 5 <T<3

2(v—27)
4v4+237—13/57

(two-part tariff)

2
6T — 2(107—v)(v—") ey <
T3irelviriizer2iTiors3sivEs U 4 ST S
4v2—8v7’+57'2 -p 20 <
402 4+-8vT+22172—104+/572 -

The comparison of the critical discount factors reveals how the different pricing regimes affect the sus-
tainability of (full) collusion. Figure [l| plots the critical discount factors for the case in which v = 1 against
the degree of product differentiation. It shows that collusion is most difficult to sustain under two-part
tariffs, and that the comparison for linear prices and fixed fees is ambiguous. The following proposition

states that this result is independent of the choice of v:

Proposition 1 (Comparison of critical discount factors). A comparison of the three critical discount

factors gives:

1. ST Z SL and gT ZEF

2. 7 egists such that d1,(1) < 6p(7) for 7 <7 and 51.(t) > dp(7) for 7 > (1.

To understand this result, we compare the different profits that determine the critical discount factors.
Comparing competitive and deviation profits, we find that punishment is less harsh, and deviation is more
profitable with two-part tariffs than with linear or fixed prices. This makes it harder to sustain collusion in
the case of two-part tariffs. With linear prices, the collusive profits are identical to those with two-part tariffs,
and, hence, the critical discount factor is lower. For the case of fixed fees, the collusive profits are lower,
which means that there is an opposing effect that makes it more difficult to sustain collusion. However, as

Proposition [I] states, this destabilizing effect is strictly dominated by the aforementioned facilitating effects.
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Figure 1: Comparison of the critical discount factors in the three scenarios (for v =1 and 0 < 7 < 4/5).

Comparing fixed to linear prices, both pricing schemes yield the same Nash punishment profits. However,
linear prices have two opposing effects with regard to the sustainability of collusion: On the one hand,
collusive profits are higher, which makes collusion more attractive for firms. On the other hand, higher
collusive prices make deviation easier, which results in higher deviation profits. For moderately differentiated
products (that is, 7 < 7(1)), deviation proves attractive in the case of fixed fees, which means that the first
effect dominates, and collusion is easier to sustain with linear prices. The reason is that with fixed fees,
customers do not mix, and, hence, a deviating firm has to compensate the customers for their transports
costs. This compensation is relatively cheap when the degree of product differentiation is low. When product
differentiation increases (that is, 7 > T(l)), compensating the customers becomes more costly, and the second
effect becomes more important.

Figure [T]also reveals that the relationship between the critical discount factor and product differentiation

is non-monotonic in the case of two-part tariffs, whereas it is monotonic with linear and fixed prices:

Proposition 2 (Impact of product differentiation). A change in the degree of product differentiation

affects the critical discount factors as follows:

1. 301,/01 <0 and 86 /0T < 0.
2. 73 egists such that 967 /dT < 0 for 7 < 73 and 961 /0T > 0 for T > 7(2).

To explain the relationship between the critical discount factor and product differentiation, consider
first the relationship between product differentiation and the different types of profits. Punishment profits
increase in the transport costs for all three pricing schemes. The reason is that competition is less harsh, the
more differentiated the products are. When punishment is less harsh, collusive agreements are less stable,
and, hence, the impact of transport costs on competitive profits tends to make collusion harder to sustain.
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By contrast, a larger degree of product differentiation is also related to a decline in deviation profits in
all three pricing schemes. The reason is that attracting customers far away gets harder for the deviating
firm when transport costs become larger. In other words, high transport costs protect the loyal customer
base of the non-deviating firm. Therefore, the impact of product differentiation on deviation profits tends
to facilitate collusion.

With linear prices and two-part tariffs, collusive profits are not affected by the transport costs, and,
hence, the slope of the critical discount factor only depends on both previously mentioned effects. As
Proposition [2| shows, the stabilizing effect of the deviation profit always dominates the destabilizing effect
of the punishment profit in the case of linear prices, whereas this is only true for a certain range of low to
medium values for the transport-cost parameter in the case of two-part tariffs. The relationship is reversed
for large degrees of product differentiation.

In contrast to linear prices and two-part tariffs, collusive profits are negatively affect by the degree of
product differentiation in the case of fixed fees. The reason is that customers do not mix, and, hence, firms
have to make the indifferent customer buy by compensating them for their transport costs. This makes
it harder to sustain collusion. However, deviation also becomes less attractive because firms deviate from
lower collusive prices. As Proposition [2| shows, the facilitating effects prevail.

We can thus summarize that under exogenous pricing schedules, less elaborate pricing schemes are

associated with a greater likelihood of collusion.

4. Partial collusion

In the previous section, we considered firms’ ability to collude on profit-maximizing prices. In the context
of the Hotelling framework, |(Chang (1991) shows that if collusion on these prices is not sustainable, firms
can still collude by setting prices below the profit-maximizing collusive but above the competitive prices.
We refer to this behavior as partial collusion. In this section, we adopt idea of |(Chang| (1991) and discuss
how the ability to collude on prices below the profit-maximizing prices affects our results.

Due to tractability issues, we base our investigation of partial collusion on numerical simulations. In
each simulation, we fix the set of exogenous parameters like the basic valuation and the transport cost and
identify the firms’ optimal collusive behavior for discount factors between 0.01 and 0.5. For discount factors
larger than 0.5, firms collude on profit-maximizing prices, and, hence, there would be no additional insights
(see also Figure [1]).

In the first step of our simulation, we run a “brute force” procedure and go through all possible collusive
prices with precision 0.01. For a given collusive price, we search for the optimal deviation response of the
competitor. Note that we only consider symmetric collusive prices, and, therefore, upper bounds on prices

always exist. For instance, customers would never buy if both firms charge a linear price above the basic
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valuation v. When we only consider linear prices, we thus evaluate all prices p € {0,0.01,0.02,0.03,...,v}.

The “brute force” procedure gives us information about the optimal deviation strategies for a given
collusive price. In the next step, we evaluate which collusive price is optimal for a given critical discount
factor. The discount factors are arranged on a grid with precision 0.01. For each discount factor, we loop
over all possible collusive prices. For each candidate price, we can calculate the collusive profit and extract
the deviation profit from the “brute force” procedure. The punishment behavior is not affected by the
candidate price, and the punishment profit results from the competitive Nash equilibrium. First, we check
whether the critical discount factor that we can calculate based on expression is below the currently
considered discount factor. Among the prices that satisfy this necessary condition, we then pick the price
that yields the highest collusive profit.

We run our simulation for three different parameter constellations that refer to different degrees of
product differentiation. Note that both the basic valuation v and the transport-cost parameter T can be
used to model product differentiation. For example, to investigate an increase in product differentiation,
we can either decrease the basic valuation or increase the transport-cost parameter (ceteris paribus). We
therefore fix the basic valuation at v = 1 and only vary the transport costs. More specifically, Assumption
requires that the highest value for the transport-cost parameter is given by 0.8 and we use 10%, 50%, and
90% of this upper bound to discuss the cases of relative small, intermediate, and large product differentiation.
The figures presented in the text refer to the intermediate set-up with 7 = 0.4. The other figures can be
found in

Turning to the results of our analysis, Figure [2| plots profits and customer surpluses against discount
factors for the different pricing schemes. It shows that collusive profits are largest and customer surplus
lowest in the case of linear prices if the discount factor is not extremely small. If the discount factor tends
to zero, collusive profits approach competitive profits. Because competitive profits are larger with two-part
tariffs than with linear and fixed prices, collusive profits are largest with two-part tariffs for sufficiently small
discount factors.

The figure further reveals that collusive profits are always lowest with fixed fees. Customer surplus is
largest when collusion on profit-maximizing fixed fees is sustainable. When firms have to collude partially
on fixed fees, customer surplus is roughly equal to the case of two-part tariffs. Consequently, customer
surplus is also smaller with fixed fees than with linear prices if discount factors are sufficiently small. The
reason is that collusive profits tend to competitive profits that are equal under both pricing schemes. In
other words, firms extract roughly the same part of customers’ utility if discount factors tend to zero. At
the same time, customers do not mix and, hence, incur transport costs when firms set fixed fees instead
of linear prices. Therefore, customer surplus is smaller with fixed fees than with linear prices if discount
factors are sufficiently low.

The corresponding figures for the cases of low and high product differentiation are Figures [B.4] and [B-6]
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Figure 2: Profits and customer surpluses under exogenously determined pricing schemes and partial collusion (v =1, 7 = 0.4).

Both figures qualitatively support our findings, although the quantitative measures, such as thresholds and
distances, vary.

Proposition [[| shows that less elaborate pricing schedules make it easier for firms to coordinate on profit-
maximizing prices. The main insight of the numerical simulation is that firms are likely to benefit from a
ban of the fixed price component of a two-part tariff, even if they can sustain collusion below the critical
discount factor. At the same time, the ban is likely to harm customers most. This finding is especially
important because the ban is most beneficial for customers in absence of collusion. We also obtain new
insights with regard to the ban of the linear price component. When we compare fixed prices to two-part
tariffs, we find that the ban could facilitate collusion on the one hand, but on the other hand, it can be

beneficial for customers if firms partially collude anyway.
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5. Extension: Endogenously determined pricing schedules

Our main analysis builds on the assumption that firms face legal or third-party restrictions and are
thus constrained in their pricing setting. In this section, we explore what happens in absence of such
interventions. We allow firms to always set two-part tariffs, but also enable them to use more sophisticated
collusive agreements. More precisely, we allow the firms to collude not only on the price level, but also on
not using a particular price component of their two-part tariffs. For instance, firms might commit to fix the
linear price to zero and set the optimal fixed fee under this self-imposed constraint.

It should be clear that this extension only matters in cases in which collusion on profit-maximizing two-
part tariffs is not possible. If firms’ pricing is not constrained, we already know from the previous sections
that sufficiently patient firms (that is, § > d7) are able to collude. We also know that they gain the highest
possible collusive profits because they use only the linear price component and are thus able to extract the
full customer surplus, while minimizing customers’ transport costs. By contrast, less patient firms (that
is, § < é7) cannot sustain collusion at profit-maximizing collusive two-part tariffs and might consider to
commit to not using a certain price component.

When firms commit to a particular pricing schedule, this commitment is only binding for firms that
participate in collusion. Deviating and competing firms can still decide to use other pricing schemes. As
discussed earlier, the comparison of different critical discount factors boils down to the comparison of the
different types of profits. When we compare a commitment to either linear or fixed prices to the uncon-
strained case of two-part tariffs, the punishment profits are always the same because firms prefer two-part
tariffs (Hoernig and Valletti, 2007). Thus, possible differences in the critical discount factors can only arise
from differences in collusive or deviation profits.

We discuss linear prices first. This case is trivial because firms set zero fixed fees in the case of two-
part tariffs (Lemma [1)) and, hence, committing to profit-maximizing linear prices leads to the same prices.
Because the linear price is only binding for colluding firms, deviating and competing firms can use two-part
tariffs; hence, there is no difference from the analysis of two-part tariffs in the Section 3| Let 51, denote the
critical discount factor when firms commit to use linear prices only. The following corollary summarizes our

finding:
Corollary 1. It holds that o5, = o7 > 0.

In contrast to linear prices, the effect of a commitment to fixed fees is not clear a priori. As shown in
Lemmal[l] collusive profits are lower with fixed fees than with two-part tariffs. This makes it harder for firms
to sustain collusion. On the other hand, the deviating firm now has access to an additional price component
and deviates from a fixed instead of a linear price. This may or may not positively impact collusive stability.
To better understand the impact on the deviator’s behavior, the following lemma summarizes optimal
deviation prices and profits:
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Lemma 4. The deviating firm sets its fixed and linear prices denoted by f}i' and de', such that
P+ 0E = [
The resulting deviation profit is given by

d _ , _ 5T ; 4v
T =v— 2f0<7§13

T =

d _ (4v+37)° o 4o 3)
TF = 128r if g <T<TY,

where 74 := 4v/(26+/5 — 53) ~ 0.7785483v.

Lemma [4 shows that a deviating firm cannot take advantage of the additional linear price compared to
the case of exogenously determined fixed prices. The reason is that it is not profitable for the deviating
firm to set both price components so low that customers mix. Customers who buy one unit exclusively at
one firm are indifferent between paying a linear price or a fixed fee because they always have to pay the full
linear price, and not just a share of it. Thus, the total price customers pay is the same as in the previous
case of fixed prices, but the deviator can now split it into two arbitrary parts, namely the linear price and
the fixed fee.

Note that firms only collude if 7 < 7). This threshold is lower than the threshold defined in Assumption
If 7 > 73 collusive profits with fixed fees are smaller than the competitive profits with two-part tariffs
and firms never use fixed fees to facilitate collusion.

The following lemma specifies the critical discount factor denoted by Sp:

Lemma 5. The critical discount factor with fixed fees is given by

—4v49t . < 4v
gF ,: 26t\/5—44t—8v Zf 0<7< 13
(5t—4v)>

if dv < 73
602 odut 8732 _a16i2vE Y 13 ST ST

If the critical discount factor gp is lower than the critical discount factor d7, firms may be able commit
to using fixed fees to facilitate collusion. The following proposition describes under which conditions this

requirement is satisfied for collusion on profit maximizing prices:

Proposition 3 (Endogenous choice of fixed prices).
Define 7@ := ((13/4)v/5 + 161/20 — (1/20)1/42406 + 18850v/5)v. oz < or holds for all 7 < 7@ and

gp > 0r for all @ <7 <76,

As noted above, a commitment to fixed fees has two opposing effects. On the one hand, collusive profits
decline, that is, collusion tends to be harder to sustain. On the other hand, a cheating firm must deviate

from fixed fees, which is less profitabel, and, hence, collusion tends to be easier to sustain. Proposition
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states that the deviation effect dominates the collusion effect for a large range of transport-cost parameters.
Two-part tariffs are only beneficial in some rare cases of extremely large product differentiatiorﬂ

Proposition [3] may suggest that firms may benefit from a commitment to less elaborate price schemes.
However, the previous results in this section are based on the assumption that colluding firms choose profit-
maximizing prices. To investigate the robustness of our results, we follow the lines of Section [4] and run
simulations, where firms are able to collude on prices below the profit-maximizing level.

Figure [3] shows the outcomes for the intermediate value of product differentiation. The two panels
plot profits and customer surpluses against discount factors for the different pricing schemes. The first
panel reveals that if collusion on profit-maximizing two-part tariffs is not sustainable, firms’ most profitable
strategy is to partially collude with two-part tariffs. In other words, it is never profitable to commit to not
using one of the price components.

There are two important observations that help to strengthen intuition and confidence in our results.
First, the reader may wonder why the dashed line referring to linear pricing schedules remains flat for a
relative large range of small discount factors. In fact, an important typical mechanism in many models of
partial collusion is that collusive profits converge to competitive profits when the collusive price tends to the
competitive price. This would result in a line that steadily decreases for sufficiently low discount factors.
Note that this mechanism does not apply in our setup because the collusive pricing scheme may contain only
one price component, whereas the competitive pricing scheme contains two prices. This is why the dashed
and dotted lines drop to the same value, which is slightly larger than the competitive linear or fixed profits
(which would be 0.2). In other words, for a sufficiently low discount factor, firms are better off by setting
competitive two-part tariffs than colluding with only one price component.

Second, the reader may wonder about the sharp drop of the dashed line, which refers to the case of
a commitment to linear prices only. This drop indicates that once collusion on profit-maximizing linear
prices is not sustainable, there is only a small range of discount factors for which (partially) collusive linear
profits are larger than competitive profits with two-part tariffs. Because punishment profits are the same
with all pricing schemes and, hence, affect them the same way, defection must be very attractive due to the
additional fixed fee and results in a strong decline in collusive profits.

The reason why a fixed fee has such a big impact on profits is that the deviator can use the fixed fee
to extract a large portion of the customers’ savings on transport costs. Once the customer has made the
decision to buy from both firms, the fixed fee is part of the sunk costs and does not affect the degree
of mixing. This means that customers are willing to pay a fixed fee as long as it is not larger than the

savings due to mixing. Fixed fees are particular interesting for the deviating firm because the firm only loses

13Ty see this, note that 7(4) is approximately given by 0.77797v, which is close to the threshold 7(3) x 0.7785483v defined
in Lemma and also close to the upper bound 0.8v defined in Assumption
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Figure 3: Profits and customer surpluses under endogenously determined pricing schemes and partial collusion (v = 1, 7 = 0.4).

extremely disloyal customers who are located far away and who would only buy a small share anyway. This
mechanism does not work if the other firm can also set a strictly positive fix fee. In this case, the customer
will only buy from both firms if the total lump-sum payment is lower than the savings on transport costs.
This means that if firms commit to use two-part tariffs instead of only linear prices, they can use the fixed
price component of the two-part tariff to limit the deviator’s gains due to the lump-sum transfer.

The corresponding figures for the cases of low and high product differentiation are Figures and [B.7]in
the Appendix and qualitatively support this finding. If product differentiation is relatively low (7 = 0.08),
the above-mentioned deviation incentive almost disappears. The reason is that when the degree of product
differentiation is low, the customers’ savings from mixing are rather limited, and, hence, the deviator’s gain
from the lump-sum transfer is also low. The opposite is true if product differentiation is large (7 = 0.72).

In summary, our numerical investigation reveals that if firms are not constrained in their price setting,
they cannot take advantage of less elaborate pricing schemes, and always prefer to partially collude on

two-part tariffs.
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Competition Collusion

Critical discount factor - o <op <orifr <7

Op <dp <opifrt>7rM

Producer surplus e =m; < Tp T < mhH = TE
Customer surplus CSy < CSy: < CSt CS: =08 < CS%
Social welfare We <Wp < Wi Wi <Wgi=W;¢

Table 1: Comparison of critical discount factors, profits, customer surpluses, and welfare in the case of exogenously determined

pricing schemes. Results for the case of competition are from [Hoernig and Valletti (2007).

6. Summary

This paper investigates firms’ incentives to collude in a framework in which customers have the ability
to combine products from different firms to achieve a better fit of their preferences. Motivated by various
examples from the media and entertainment industry, we consider two policy interventions in Section [3| and
the corresponding numerical simulation in Section [l Table [I] summarizes our findings. First, firms can be
restricted to use linear prices only, which leads to an increase in customer surplus in a static environment
(Hoernig and Valletti, [2007). However, Proposition shows that such restrictions make it easier for firms to
collude. Additionally, our numerical analysis shows that in the presence of collusion, linear prices are most
likely to lead to the highest profits and the lowest customer surplus among all pricing schemes. In summary,
we conclude that the possibility to have higher customer surplus in absence of collusion comes along with
an increasing scope for collusion and lower customer surplus in the presence of collusion.

Second, we considered a ban of linear prices so that firms must compete (or collude) with fixed prices.
Although Proposition [T]shows that collusion on profit-maximizing prices is easier with fixed prices than with
two-part tariffs, our numerical analysis indicates that firms prefer to partially collude with two-part tariffs,
and that fixed fees harm customers the least among the three collusive pricing regimes. In summary, fixed
fees are less harmful to customers in presence of collusion, whereas they are most harmful to customers in
absence of collusion (Hoernig and Valletti, 2007)).

The result that colluding firms might benefit from public regulations and third-party restrictions raises
the question if less elaborate pricing schemes might benefit firms even in absence of such interventions. We
analyze this question in our extension in Section 5] We find that even though collusion on fixed fees allows
firms to sustain collusion if collusion on profit-maximizing two-part tariffs is not possible (Proposition ,
firms are better off by partially colluding on two-part tariffs. Furthermore, firms are always worse off by
committing themselves to collude only on linear prices if full collusion cannot be sustained.

In summary, the present analysis has important implications for competition and customer protection

policy. The previous literature has shown that customers can benefit from public regulations and third-
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party restriction of firms’ pricing schedules. Our paper highlights that such interventions can have undesired
consequences, and the implications are thus ambiguous: The possibility to achieve a higher customer surplus
in absence of collusion comes along with an increasing scope for collusion. Even in the worst case in which
firms always collude, less price instruments can result in lower customer surplus and, hence, harm customers.

Clearly, there are some limitations to our analysis. First, we restricted our analysis to three pricing
schemes to understand how different pricing schemes affect collusion. We think that linear prices, fixed fees,
and two-part tariffs are common and popular schemes used in both the economic literature and real-world
media and entertainment markets. We stress, however, that we do not claim that less pricing instruments
in other pricing schedules necessarily result in better opportunities to collude.

A second limitation of our paper is the assumption of unit demand, which we retain for tractability and
which allows us to compare our results to those in the previous literature. Let us emphasize that in the
context of the media and entertainment industry, it is not totally clear whether this assumption is restrictive
or not. In many situations, the time windows in which people consume media may be determined by external

factors, and the decision may boil down to whether to use the time window for media consumption.
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Appendix A. Proofs

Proor (LEmMA [I).

Linear prices:

The case of collusion with linear prices corresponds to the monopoly case in [Hoernig and Valletti (2011))
which they use as a benchmark for their analysis. The authors assume that a monopolist offers both products
which are located at the extreme points of the line. This is the same optimization problem as in the case of
two colluding firms which are located at the same extreme points. The firms—just like the monopolist—have
an incentive to maximize welfare (i.e., induce the efficient allocation where z = 0 and T = 1) which is then

fully extracted by setting an optimal linear price of v.

Fized fees:
First, we assume that firms set prices in such a way that at least some customers buy from both firms. The

following constraint expresses this assumption.

pir o [Earo B
T T

Note that if the constraint binds, the indifferent customer which is located at x = z = T is indifferent
between buying from both firms or buying from one firm exclusively.

Both firms maximize their joint profit which is given by
O=fi-T+ fa-(1-2).

We calculate the derivative of the profit function with respect to both fixed prices.

o 1 3 A
8f1 N 2 T
on_,_ 3 /h
6f2 N 2 T
When we set the derivatives to zero, we find the candidate solution f; = fo = 47/9. Evaluating

the aforementioned constraint at these values yields 2/3 < 1/3 which is obviously not true. As the first
derivatives are always larger than 0 for 0 < fi, fo < 47/9, we conclude that, given that the aforementioned
assumption has to be satisfied, firms prefer to set their prices in a way such that the constraint binds and
the indifferent customer is indifferent between combining both products or buying from one firm exclusively.
Since the decision of the marginal customer has no influence on the joint profit, it is sufficient to analyze
the case where all customers buy exclusively from one firm.

Now we turn to the case where customers do not mix. Given Assumption [1} firms set prices such that all
customers have non-negative utilities and all customers buy. Thus, total demand is not affected by the price
level and firms set prices such that the customer who is indifferent between buying from firm 1 and buying
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from firm 2 is also indifferent between buying and not buying. Let x be the position of this customer. Then,
firm 1 sets v — 7 - 2 and realizes a market share of x. Analogous, firm 2 sets v — 7 - (1 — a:)2 and realizes a

market share of 1 — z. The joint profit is given by II:

H:x-[v—r-mQ]—i—(l—m)-[v—7‘-(1—x)2

%:*3'T'x2+3-7-(171:)2
0’11

The first derivative is zero if = 1/2. Therefore, optimal collusive prices are v — t/4.

Two-part tariffs:

Customers do not buy if they have to pay more than the reservation price v. Therefore, the highest possible
profit is v. Note that, if both firms charge no fixed fees (i.e., f; = 0) and optimal linear prices (i.e.,
pi = p§ = v), the total profit is equal to v, i.e., the profit is perfectly maximized.

We show that no other combination of fixed fees and linear prices is a collusive equilibrium. First note
that if the fixed fee is zero, symmetric linear prices lower than v lead to a total profit lower than v and,
hence, are not an equilibrium.

Second note that firms set symmetric linear prices. In the case of asymmetric linear prices, customers
suffer from strictly positive transport costs (see formula|l]) and, hence, customers’ total utility which firms
can extract is lower than v.

Finally, we show that firms have no incentive to set strictly positive fixed fees. If at least one fixed fee
would be larger than zero, at least one indifferent customer (z and/or ¥) is not located at the extreme, i.e.,
at least some customers do not mix and suffer from strictly positive transport costs. As a result, customers’

total utility which firms can extract is lower than v and, hence, the prices are not an equilibrium.

ProoFr (LEmMA [2).

We assume w.l.o.g. that firm 1 deviates from the collusive agreement.

Linear prices:

Firm 1 can set its price such that it either monopolizes the market or firm 2 realizes a strictly positive
market share. Note that customers do not mix in the first case (that is, z = Z = 1), while there is a share
of customers who mix in the latter case (that is, x < T = 1). We derive prices and payoffs for both cases.
When firm 1 monopolizes the market, the highest possible price satisfies the constraint x = 1. Thus, we
find p%l = ﬂil = v — 27. Otherwise, in the second case, we plug the collusive price, p§, as the price of firm

2 into firm 1’s profit function and maximize the profit with to respect to firm 1’s own price. This lead to

B _20—4dT+ A g (—2v + 47 — A)(v? —vA — dvT + 274 — 2072?)

b =" 10872
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Note that gd; =z <p1 = dez,pz = ch) < 1 holds for all 0 < 7 < 4v/5. Comparing the profits W%l and
W%Q, we find that sharing the market is always more profitable than monopolization. As a result, firm 1 sets

d2 . d2
p;’ and earns ;.

Fized fees:

Firm 1 can set its fixed price such that it either monopolizes the market or firm 2 realizes a strictly positive
market share. In the first case, firm 1 has to compensate the loyal customers of firm 2 for suffering from
higher transport costs. The customer at location x = 1 suffers from the highest transport costs of 7. As a

result, prices and profits are given by

5T

d d
fliﬂFliff;*T:’Ufz.

Next, we analyze the case where firm 1 does not monopolize the market. First assume that it sets its
price f such that at least some customers mix and, hence, buy from both firms. In this case, x < T holds.
Firm 2 sticks to the collusive price schedule and sets f& = v — 7/4 (see Lemma . We can plug the prices

into the aforementioned inequality and obtain

v 1 f
v7—4<1—¢:

The right hand side of the inequality always is smaller or equal to 1. At the same time, we can rearrange

the left hand side and obtain

>1 &

>1 < >

RS
| =
RS

N
| =

Assumption [T] ensures that the first equivalence sign is correct and the final inequality holds. Since the left
hand side is always larger than or equal to 1, but the right hand side is less than or equal to 1, the initial
inequality z < T does not hold. In other words: it is not possible that the deviating firms sets a fixed fee
such that at least some customers buy from both firms.

Turning to the case where customers do not mix, we plug the collusive price, ff, into firm 1’s profit

function and maximize the profit with respect to firm 1’s own price. The resulting price and profit are

dy U 3T ds (4v + 37)*

e DT
The second case comes up if and only if the profit is larger than the profit in the first case and the

customer who is indifferent between buying from firm 1 or firm 2 is located in the interval. Both conditions

v

lead to 7 > 5

Two-part tariffs:

We distinguish between three cases: (i) firm 1 monopolizes the market, i.e., z =% = 1, (ii) firm 2 realizes
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a strictly positive market share but has not loyal customers, i.e., x < T = 1, and (iii) firm 2 has a strictly
positive market share and loyal customers, i.e., z < T < 1. We compute prices and profits for all cases.
Case (i) Firm 1 sets the highest possible price such that z = 1. It follows pg} = v — 27. In addition, it sets
the fixed fee such that the customer at location x = 1 is indifferent between buying and not buying, i.e.,
Uy (a: =1;p :pdTl) = 0. Thus, it sets f%l = 7. The profit is 7T,_(11~1 =v—T.

Case (ii) Firm 1 maximizes its profit under the constraint Z = 1 which is equivalent to f& = (p; — v)2/4r.
The maximization yields p3? = v/3 + 27/3 and, hence, f& = (v — 7)2/97. The profit is 732 = (—v° +
120%7 + 6vr? 4+ 1073) /5472

Case (iii) Firm 1 maximizes the profit function. This yields p% = v/2 + 7/4 and f3 = /4. The profit is
78 = (402 + 8ur + 572)/327.

The constraints

&(Plzpdf,fl: %)Sl & TZZ
2
Q(Plzp%a,flz ¥3>§1 & ngv
2
f(m:pdTB,fl: %3)§1 & ngv

as well as the comparison of the different profits

v

T < TP & T>g
4v
R <nl e 0<7<—+
dv
R <nE e 0<T7<—

lead to the thresholds.

PrROOF (LEMMA . The critical discount factors result immediately from inserting the respective profits
into formula . Competitive profits are derived by |Anderson and Neven| (1989) and [Hoernig and Valletti
(2007)), while collusive and deviation profits are given by Lemma (1| and Lemma [2| respectively.

PROOF (PROPOSITION . The proposition results immediately from pairwise comparisons of the three

critical discount factors.

PROOF (PROPOSITION . The proposition results immediately from comparing the first derivatives of the

critical discount factors with respect to the transport cost parameter to zero.

PROOF (COROLLARY . The inequality d7 > &y, is part of Proposition Therefore, we only prove gL = 0.
In the case of two-part tariffs, colluding firms set the linear price equal to the basic valuation, v, and the

fixed fee to zero. Therefore, firms deviate from the same prices in the cases of linear prices and two-part
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tariffs. As a result, optimal deviation prices and profits are the same. Additionally, Hoernig and Valletti
(2007) show that firms always use two-part tariffs in the case of competition. In summary, linear prices and
two-part tariffs lead to the same profits in the cases of collusion, deviation, and punishment (competition).

Thus, the critical discount factors are also equal.

Proor (LEMMA . First assume that firm 1 is the deviating firm and sets its price schedule (p, f) such
that at least some customers mix and, hence, buy from both firms. In this case, z < T holds. Firm 2
sticks to the collusive price schedule and sets f§ = v — 7/4 (see Lemma . We can plug the prices into the

aforementioned inequality and obtain

v —

i P fop
_<1_\/7_
T 2T T 2T
1
& \/U—<1—\/7
T 4 T

The right hand side of the inequality always is smaller or equal to 1. At the same time, we can rearrange

the left hand side and obtain

>1 &

>1 < >

RS
| =
RS

N
| =

Assumption [1] ensures that the first equivalence sign is correct and the final inequality holds. Since the left
hand side is always larger than or equal to 1, but the right hand side is less than or equal to 1, the initial
inequality x < T does not hold. In other words: it is not possible that the deviating firms sets a pricing
schedule such that at least some customers buy from both firms.

Consider now the case where customers do not mix. As each customer buys one unit exclusively from
one firm, he or she has to pay the full linear price and not just a share of it. As a result, customers are
indifferent between paying fixed and linear prices. For simplicity, we investigate the case where the linear
price is equal to O first and find that the optimal fixed price is the same price that we already derived in
Lemma fﬁi. Since customers are indifferent between paying linear and fixed prices, we conclude that each
combination of a linear price p > 0 and a fixed price f > 0 with p 4+ f = ff is optimal and, hence, yields

the optimal collusive profit.

PrOOF (LEMMA . The critical discount factor results immediately from inserting the respective profits
into formula . Competitive profits are derived by Hoernig and Valletti| (2007]), while collusive and deviation
profits are given by Lemma [I| and Lemma 4] respectively.

PRrROOF (PROPOSITION . The proposition results immediately from comparing both critical discount fac-

tors.
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Appendix B. Numerical simulation
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Figure B.4: Profits and customer surpluses under exogenously determined pricing schemes and partial collusion (v

t = 0.08).
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Figure B.5: Profits and customer surpluses under endogenously determined pricing schemes and partial collusion (v

t = 0.08).
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Figure B.6: Profits and customer surpluses under exogenously determined pricing schemes and partial collusion (v = 1,

t=0.72).
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