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Abstract

The present paper provides a vertical differentiated model of a broadcasting
market with a two-sided approach. We calculate the equilibrium in terms of
advertising levels, subscription fees and qualities provision, both in monopoly
and in duopoly where the market is uncovered. Furthermore, welfare consid-
erations are made for all market structure by considering viewers’ surplus.
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1 Introduction

Television broadcasting has a long history of salient regulation problems, and these
problems have recently been emphasized by the convergence of internet, computer
software and telecommunications firms. Conventionally, regulatory issues in media
markets are divided into classes that consist of economic and non-economic features.
The elements of the former class are related to the structure of the supply side:
the definition of the relevant market, the assessment of the degree of concentration
and competition, the impact of the ownership structure and the conditions of the
access to the broadcasting service; however, the elements of the latter class mainly
focus on the broadcasting contents and the control of advertising (Rowat 2007).
The interplay among these economic and non-economic issues, which is a peculiar
feature of broadcasting, deserves closer attention from policy makers and antitrust
authorities.

In this respect, our paper provides a unified framework to address all of these
issues and to analyze broadcasting competition. Particular attention is devoted to



the quality, prices, share of the audience and consumers’ surplus. More precisely, our
work analyzes the role of competition in a two-sided market characterized by vertical
differentiation.

Quality is the first ingredient of our model. Although quality is a relevant charac-
teristic of the broadcasting market, it lacks a clear and common economic definition
(Born and Prosser 2001). At first glance, quality could be associated with the techno-
logical innovations that have deeply affected broadcasting, such as higher-definition
images or interactive services. From this perspective, the quality of broadcasting can
be interpreted in the standard vertical approach. However, if we focus on content,
quality is more difficult to define, as content’s quality can be related to its accu-
racy, truth, impartiality and immediacy of information that helps form public opin-
ion, expresses minority voices or performs a watchdog role for the public interest.!
For instance, Collins (2007), debating about the role of public service broadcasting,
associates quality with the purpose of providing not only entertainment but also
education, learning and cultural excellence.?

However, it is worth noticing that viewers’ perceptions of these features might
differ. Indeed, the audience has a taste for a variety of broadcasting outputs, in-
cluding cultural programs, popular genres, and sport events. Therefore, an increase
in the content quality does not necessarily translate into an upward shift of the de-
mand and audience. Hence, some dimensions of content’s quality may encompass a
horizontal feature.

Nevertheless, in a specific genre, all of the viewers prefer high-quality content to
low-quality content, which implies vertical competition in the market. Given these
considerations, in the present paper, we assume that broadcasters provide vertically
differentiated output with respect to quality.

A second important aspect we would like to address is the role of competition in
a two-sided market. We consider this type of market structure because broadcasting
networks compete on two sides, namely, for audience and advertisers; their goal is
to maximize profits. Advertising is typically considered a nuisance by the audience,
and it represents a negative externality. However, the audience exerts a positive
externality on advertisers. Therefore, competition has a broader meaning with re-
spect to the standard industrial organization and may generate different results and

'Mepham (1990) argues that there is a general rule for assessing television quality, namely,
“whether or not [its production] is governed by an ethic of truth-telling”.

?Ellmann (2014) distinguishes between "soft" and "hard" attributes to media consumption. He
defines hard or informative attributes of media those generating positive social externalities, while
soft attributes are those with only a private value, such as graphic quality, sensationalism and
entertainment.



policy implications. In our setup, whereas viewers are single-homing, advertisers are
multi-homing, which implies that platforms have monopoly power in providing ac-
cess to their single-homing customers. In this respect, platforms act as "bottlenecks"
between advertisers and consumers by offering sole access to their respective set of
consumers. This assumption is crucial to explaining the prevailing competition on
the consumer side.®> We also model advertisers as non-strategic: their payoffs do not
depend on what other advertisers do, but on benefits that are related to the market
demand. This behavior suits the case of informative advertising.

Finally, it is well known that media markets are characterized by a broad range
of business models, which are under both private and public ownership:* free-to-air
TV, where broadcast platforms are only financed through advertising revenues; pay
TV, where broadcast stations are financed through subscription revenues; lastly, a
mixed regime in which broadcast platforms are financed through both subscription
fees and advertising. We consider a very general framework with platforms that are
financed both by advertising and by subscription fees.’

As previously mentioned, we provide a model of platforms’ competition in a
framework of vertical differentiation. In a context where platforms endogenously
provide their quality levels, we calculate the equilibrium values of advertising, the
optimal subscription fees for viewers and the provision of quality. In particular, we
take into account a single-channel and multi-channel monopoly as well as a duopoly.
In our analysis, we want to stress the importance of having a market that is never
covered ex-ante. Indeed, we believe that the potential demand has a relevant role
and may alter the equilibrium configuration in terms of the prices, quality, audience
size and advertising. Furthermore, the uncovered market configuration fits the case
of a broadcasting market very well, and this market is characterized by continuous
technological turmoil with the creation of new market segments. We also calculate
the consumers’ surplus for each market configuration to determine whether the in-
terplay among the content’s quality, subscription fees and advertising might benefit
the audience

To anticipate the results, we show that viewers are always better off when they are
free to choose among channels of different qualities. In our two-sided framework there

3For a further discussion on the role of the single-homing or multi-homing assumption, see Roger
(2010).

4In Ttaly, for instance, there exists a public broadcaster financed by both subscription fees (canone
RAI) and advertising revenues. Furthermore, there exist both free-to-air private operators such
as Mediaset that are totally financed through advertising and private pay-TV providers financed
through subscription fees and advertising revenues (e.g., Sky).

®Subscription fees are set in general terms and could be either positive or negative. Thus, the
fees encompass the possibility of subsidization.



are two forces at stake. Higher quality induces consumers to pay higher subscription
fees to join the platform. In turn, the platform can extract a surplus on the advertiser
side and "invest" it in a reduction of subscription fees, implying that advertisers cross-
subsidize single-homing consumers. Therefore, a sort of substitution between quality
and advertising arises. In addition, we show that competition is beneficial to the
audience, resulting in a viewers’ surplus that is larger in the duopoly configuration
than in the monopoly even when both provide high-quality and low-quality channels.
Finally, we illustrate that the chance of catching extra viewers (who compose the
uncovered market share) disciplines the platforms’ behavior in a duopoly, which
renders consumers’ surplus higher.

1.1 Related Literature

Our paper belongs to the literature of vertically differentiated two-sided markets deal-
ing with welfare issues. In this stream, Armstrong (2006) and Weeds (2013) provide a
model with an endogenous quality provision in the two-sided context of digital broad-
casters. By comparing the competition in two different regimes, namely, free-to-air
and pay TV, they show that the program quality is higher for pay TV, which is also
optimal from a social point of view. In a similar setting, Anderson (2007) analyzes
the effect of an advertising cap on the quality provision of a monopoly broadcaster
and on welfare. He shows that advertising time restrictions may improve the welfare
but decrease the program quality.® Kind et al. (2007) perform a welfare analysis with
an endogenous quality provision and find that a merger between TV channels may
improve the welfare. Moreover, Lin (2011) extends the analysis to direct competition
between different business models where one platform operates as a free-to-air TV
service and the second one as a pay-TV service. In this framework, he shows that
platforms vertically differentiate their programs according to the degree of viewers’
dislike of advertising. In the same approach, Gonzales-Mestre and Martinez-Sanchez
(2013) study how publicly owned platforms affect the program quality provision,
the social welfare and the optimal level of advertising. In contrast to our model,
all of the above contributions focus on the duopoly case and neglect monopoly be-
havior with the exception of Anderson (2007). Furthermore, the duopoly setting is
always assumed to be covered, preventing any welfare consideration about the role of
increasing demand. Conversely, we relax this assumption by introducing an uncov-
ered market. We also provide a comparison between the uncovered and the covered
market structures from a welfare perspective.

TThe paper is organized as follows. Section 2 illustrates the case of a multi-

6 Although without a specific reference to a quality provision, Dukes (2004) and Anderson and
Coate (2005) show that monopoly media ownership may increase the welfare



channel monopoly broadcaster and explains the set-up and equilibrium. Then, Sec-
tion 3 focuses on the welfare comparison between a multi-channel monopoly broad-
caster and a single-channel one. Section 4 introduces competition among broadcast-
ers set-up and equilibrium, and Section 5 addresses the effects on welfare. Finally,
we provide some conclusions in Section 6.

2 The Multi-Channel Broadcaster

For the sake of exposition we describe first the case of a multi-product monopoly
platform and second the duopoly case.

A multiproduct monopoly platform can provide vertical differentiated chan-
nels to a uniform distribution of individuals (viewers ®) of mass 1. We refer to this
platform as the multi-channel broadcaster.

Individuals are assumed to be single-homing. The utility of an individual ac-
cessing platform’s channel i is:

and zero otherwise. V is the utility of accessing the platform independently of
its quality. The channel’s quality is denoted by the parameter #; which belongs to a
technological range © = [0, 0] with § > @ > 0. Individuals have a private valuation
for information expressed by the parameter 3 ~ U|0, 1] which can be interpreted as
their willingness to pay for quality. Moreover, they incur in a nuisance cost da; due to
the presence of advertising on the channels.  Finally s; stands for the subscription
charge.

If the platform provides two channels of different quality, 05 and 0 (with 05 >
01) it obtains the following audience shares:

. . 5(aH—aL) (SH—SL)
B == O = = G, 0, u—0,) .
. B (S(CLH — CLL) (SH — SL) (SGL — V ST,
Br =Py = Bor = 0 —01) (HH—GL)_( 0 5, (3)

where By, and f,; characterize respectively the individual indifferent between
the two channels and the one indifferent between accessing the low-quality channel

"The model in this section builds on that of Battaggion and Drufuca (2014).

8We consider a broadcasting market, which well fits our setting. However, in principle this model
might be refered also to a broader range media (newspapers, as example).

9This cost depends on the intensity of advertising on the channel a; and on a parameter of
viewers’ aversion to ads §. This parameter is assumed to be invariant across individuals.



or not accessing at all.

Advertisers are producers of mass 1 who access the platform to advertise their
products to individuals. They sell products of quality a that are produced at constant
marginal costs, which we set equal to zero. The product quality « is distributed on
an interval [0,1] according to a distribution function F(«).!° Individuals have a
willingness to pay M for a good of quality B. Each producer has monopoly power,
and therefore, it can extract the full surplus from individuals by selling its product
at a price equal to B. As is standard in this class of models, we assume that the
advertising is informative and that consumers watching an advertisement always buy
the good. Hence, we refer to producers as advertisers. Unlike viewers, advertisers
are allowed to multi-home. Advertisers have to pay an advertising charge r;, that is
endogenously determined for each channel. Due to the assumption of single homing
on the viewers’ side, each channel behaves as a "monopoly" in carrying its audience
to advertisers. Therefore, r; is set by the platform in order to leave the marginal
advertiser with zero profit:

T
= 4
NEB, (4)

Thus, the amount of advertising for each channel is the share of advertisers with
o> ot

a;

aHzl—F(;—I;> (5)

aL—l—F(;—LL) (6)

The platform sets advertising spaces and subscription prices (unconstrained) and
it can provide its channels’ quality 05 and 65 by incurring a fixed cost K.!' In
other words, once the cost is incurred, the higher-quality outlet can be provided to
individuals without any additional charges. Notice that since our costs are also fixed
in quantity, they meet the requirement of separability.

The multi-product media platform collects revenues from both individuals and
advertisers:

10Tn the discussion of our results, we will also consider the special case of a uniform distribution

of advertisers.

UThis assumption fits very well the structure of the ICT and media markets, where there is
a prominent role of fixed costs compared to marginal ones (see e.g., Shapiro and Varian (1998),
Areeda and Hovenkamp (2014))



yp = (BHSH+BLSL)+aHTH+aLrL—2K (7)

Then, according to the literature, we define the advertising revenues per individ-

ual as:
a;r; CliFil(l — CLZ)]\[BZ

B, B,
We assume p(a;) to be concave on the interval a € [0,1]. Given that p(a;) = 0
for a; = 0 and a; = 1, the function is single-peaked. Hence, profits rewrite as follow:

=a;F 11— a;) (8)

pla;) =

Uyp = Bu(su + plan)) + Br(se + plar)) — 2K (9)

We consider a three-stage game. First the monopoly platform chooses the levels
of quality. Second, it sets subscription fees and advertising spaces Finally, in the
third stage, viewers and advertisers simultaneously decide whether to join a channel.

2.1 Subscription Fees and Advertising Intensities

Having defined the demand function of viewers and advertisers, for given prices we
solve the game backwards, from stage three. This determines how advertising charges
react to pay-per-view prices s; and to advertising levels a;:

9[-[ — 9L — (SH — SL) — 5(&]{ — GL)
O — 05,

) (10)

T (SHaSLaaH;aLngaeL) - F_l(]- - CEH)(

Tr (SH, Sp,ag,ar,0q, HL) = F_1(1 — CLL)((SH_SZ?_(%?H_%) - SLH;iLiV) (11)

The commercial multi-channel broadcaster relies on advertising revenues and sub-
scription fees to fund its services.

max Ilyp =7+ 7y = Bu(sy + plan)) + Br(sp + plar)) — 2K

ag,ar,SH,SL
st.ag >0
ay, 2 0

The platform maximizes profits (9), with respect to advertising intensity (ag, ar,)
and subscription fees (sy, s;) for each channel, subject to a positivity constraint on
advertising. The following Proposition summarizes results regarding advertising.



Proposition 1 The multi-channel monopoly broadcaster chooses the same advertis-
ing intensity, independently of quality and subscription revenues:

p'lai) =0
fori=H, L.

Proof. First order conditions with respect to the advertising spaces and subscription
fees are respectively, for i, j = H, L with i # j:

a’ﬂ'Mp o aBl Opz (9B 8pj

95, =~ 05, (Si+pi>+Bi(1+8s,») B, (s +p;) + B; (832) 0
Ommp _83 ds;  Op; aBj 85]' 8,0]- <
8@1 _8az( +pz)+B(a +aa/l)+aal(sj—i_p])_'—B](aal_'—aaz):O

where p, = p(a;) to simplify notation. Given the construction of advertising revenues
(

per individual (see equation (8)), we have that 8” 2L = 0. Moreover gz’ 0 and

gTSL; = 0. Hence, first order conditions simplify as follows:
Oryp OB dp; 0B, op.;
B;(1 ! Bi(=1)=0
(95’@- 881< +pz)+ ( +881)+ aSi<]+ j)+ j<(‘35¢)
871']\/[]3 8B 8p aB]
= B;(= ; ) <
aai aal( +p2)+ <8CL1)+ 80;1' (Sj+p]) _0

It is easy to show that aBI’j = 5%?5 ; ‘gfLL 5%?5,%]25 = 583H and 8BL = 5—25;.
FOCs rewrite as follows:

8&“53 = (ij (1 + pu) + B + ZB; (sz+pp) =0 (12)
ag;\ip aafLL (sL+pL)+ B+ %BL (81 +py) =0 (13)
8%? - 5‘2?5 (st + p) + Bapy + 52—%(% +p) =0 (14)
ML 55  sn )+ By 4 05 4 ) SO (15)

By substitution we get from (14) and (15)

By +0(=Bu) =0
Brpl, +6(=Br) =0

8



If a; >0 fori= H, L, then

|

According to Proposition 1 an optimal decision is to set a fixed advertising space
for each channel just depending on the disutility of the viewers, . Moreover, the
multi-channel broadcaster does not set the maximum intensity of advertising (a; = 1)
or the amount that maximize revenues per viewer, i.e. p'(a;) = 0. This result is in line
with the literature dealing with the issue of bottlenecks, suggesting that competition
just focuses on the audience side. From optimality conditions (12) and (13), given a};
and aj, we obtain equilibrium subscription fees, sj; and s, and shares on viewers’
side, B}; and B}, as function of quality, revenues per viewer and advertising level:

O +V —a*é — p(a*)

Sy = 5 (18)
SL= - 5 (19)
1
. 1 0, —V +da* — p(a*)
Br=35- ( 207, (21)

The above values show a profit neutrality result, where revenues from the adver-
tising side are counterbalanced by a decrease of the subscription fees that is the same
for each channel. Moreover, given that the subscription fees positively depend on
the quality, a type of substitutability between advertising and quality emerges. The
high-quality channel always covers half of the viewers’ market, whereas the audience
of the low-quality channel relies on quality, fees and advertising. If the monopoly
would cover the whole market, it equally divides the audience between the two chan-
nels. Otherwise, the low-quality channel always has fewer viewers. Recall that the
advertising revenues p(a*) depend on the distribution function of advertisers. Thus,
we can obtain sharper intuition of our results by assuming a specific type of distri-
bution. In particular, we consider the case of a uniform distribution of advertisers
a ~ U(0,1) and we obtain the following equilibrium values:

9
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Sy 5 4
) 9L+V_(1—6)511+35)
1
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2™ 9
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2 207,

In the uniform case equilibrium fees and advertising intensity just depend on
quality, disutility from advertising § and V.

2.2  Quality

At stage 1, the multichannel platform chooses quality levels.!? Its profits are:

On N (V + p(a*) — da*) (20, + V + p(a*) — da*)

_ — 2K
TMP Ty 10,

Looking at first order conditions we get:

87rMp 1
=->0 23

My 4 (23)
Orup _ _ 1 (V + p(a*) — 6a*)* < 0 (24)
00, 463 P

Hence, we get a result of maximal differentiation, as stated in the following Propo-
sition

12The result of this stage follows the assumption of fixed cost of quality, K. However, we obtain
similar outcomes different functional form for the cost of quality (see Appendix 7.1).

10



Proposition 2 Given a technological constraint © = [0,0], when viewers differ in
their willingness to pay for quality, the multi-channel broadcaster chooses to maxi-
mally differentiate quality: it chooses the minimal quality for the L channel while it
sets the highest quality for the H one.

0
0

o ¥
I
1 <

e~ %

Moreover, it charges different subscription fees for the two channels, according to the
quality level: B
sy () > s7,(0)

According to Proposition 2, profits become:

. 0 (V—éa*+ p(a*)(20+V — da* + p(a*
=04 e (@) 25)

In the uniform case, equilibrium values for advertising, subscription fees, audience
and profits are respectively:

7 (1—5)(1+35)

Sy = 5
. Q—i—V— (176)1(11+36)
SL: 2
1
BY ==
H™ 9
N
L= 20

11



2.3 Viewers’ Surplus

We turn now to the welfare implications. Let us start by considering the general
formulation of the viewers’ surplus:

SChp = /0 " (uo) dB + / " ) di + / ) df (26)

6OL LH

= %B%HQL + By (V —dar — s1) — %BgLeL — Bor, (V —bar, — s1)

By substituting equilibrium values, we get

i} 0 (20 +V + p(a*) — 6a*)(V + p(a*) — da*
SCip =0+ (@) = 0V ple) = 50

In the uniform case, provided that a* = (1775), equation (27) rewrites as follows:

(27)

so 0 Q0+ V+(E)V 4 (5
MP =g + 50
which helps in assessing the effects of the nuisance parameter ¢ and of the technolog-
ical range © = (6,0). The disutility parameter affects the consumers’ surplus in two
ways. First, an increase in B has a direct negative impact on the individual utility
for a given advertising intensity. Second, there is an indirect impact through adver-
tising. Indeed, at equilibrium, an increase in M reduces the advertising intensity. In
turn, the effect of lower advertising is twofold: the advertising cost per viewer a*l
drops back and the advertising revenues per viewers B(a) are reduced. The latter
effect induces higher subscription fees due to profit-neutrality. Both the direct effect
and the indirect one on subscription fees prevail, inducing a negative impact on the
surplus:

9SChp 1 9
= — —_ —_ <

55 32Q(5 1) (62 =20 +40+4V +1) <0
For § < 1 the above effect is strictly negative, while for o > 1 the effect is null due

to the fact that the platform does not broadcast advertising in any channel.

95Chp _ L >0
00 8
0SCip 1

(62 =26 +4V +1)" <0

06 12862
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The above derivatives explain the positive effect of enlarging the technological range.
Consumers benefit by widening differentiation between the two channels.

3 Multi-Channel vs Single-Channel Broadcaster

In order to asses the welfare analysis it should be relevant to compare our previous
insights with case of a single-channel monopoly broadcaster. The equilibrium solu-
tion for the single-channel monopoly is along the line of the previous subsections. As
the structure of the analysis does not vary, the mathematical analysis of this case can
be found in the Appendix 7.2.1% The results provide an equal ground for comparing
the multi-channel case to the single-channel case. The results for the single-channel
case are summarized in the following Proposition:

Proposition 3 A single-channel monopoly platform which maximizes profits in an
uncovered market, shows the following equilibrium levels of advertising, subscription
fee and audience share:

15
aM:T
o _ V4 0y —play) — day

g _ VA0 pla’) — 8o
M 207,

Moreover, regarding quality, two possible equilibrium configurations emerge, depend-
ing on the technological range

o 0t =0 if Opr = [0,0] with §=p(a)—da
° 9}‘\/]:Qif@RH:[Q,9} with § > 0 and 0 = p(a) — da

Proof. See Appendix 7.2 =
We proceed by comparing viewers’ surplus, subscription fees and audience shares
in the multi-channel case and the single one.

Proposition 4 In the multi-channel monopoly case, viewers’ surplus is larger than
in the single-channel case, independently of the technological range of quality.

13The results for the single-channel case rely on our previous paper Battaggion and Drufuca
(2014).
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Proof. We consider first the case of Op;, = [Q, 9} with 0 = p(a) — da. We
compare the multi-channel platform with the single-channel platform that provides
the maximum quality. Viewers’ surplus are respectively:

. 0 (20+V —éa*+ p(a*))(V — da* + pla*
SCMP(9,9)=§+( (89))( (a*))
_ 1 _
SCy(0)= (V + pla”) — 6a* +6)°

(0 —0)(V = ba* + p(a*))?
8060

Analogously, in the case Oy = [¢,6] with § > 0 and 0 = p(a) — da, we obtain the
same result:

>0

SCyp(8,0) — SC,(0) =

§C3p(0.0) ~ SC3(0) = T2 > 0

|

According to Proposition 4, a multi-channel monopoly is welfare improving with
respect to viewers’ concerns relative to a single-channel monopoly. This finding is
valid independently of the technological range of quality, i.e., independently of 8 and
0. Initially, it seems that viewers benefit from the presence of multiple channels of
different quality. To discern the driving forces behind this result, we compare the
equilibrium audiences and subscription fees. We make this comparison for two cases:
the single-channel monopoly choosing  or the single-channel monopoly choosing 6.

14



Table 1: COMPARISON AMONG REGIMES

Case Opg, Case Ogpy
Viewers’ Surplus SCp > SCYy, SChyp > SCyy
=0 07 > 03
) : H=Yym H= UM
Channels’ Quality Levels 6; < 62, C g
. , Sy = S Sy < Sy
Viewers’ Fees . . M "
Viewers’ Market Shares Bi,p(0,0) > Bi,(0)  Bip(0,0) = Bi(0)
Advertisers’ Market Shares ay =aj =ay ay = ap = ay

Note: In this table, we compare equilibrium values of the multichannel monopoly broadcaster and
the single-channel one. The case with the single-channel choosing maximum quality (Case ©gy)
is

shown in the first column, the case with minimum quality (Case © gg) in the second column.

In the first case, we disentangle two effects: one pertains to the subscription
fees and the other effect is related to the audience’s share.!* The multi-channel
broadcaster serves a larger market share of viewers than the single-channel monopoly.
Moreover, it charges a lower price for low-quality channels. Hence, in this case the
welfare-improving effect is driven by prices and market shares. Similarly, we compare
the subscription fees and the audience’s share for the second case: we can state that
viewers benefit from the possibility of a multi-channel choice with a high-quality
option. However, there is no positive effect on the fees and shares. To highlight our
findings, we illustrate our results in the case of a uniform distribution of advertisers,
as summarized in the following Remark.

Remark 5 We consider the case of a uniform distribution of advertisers. We show
that viewers’ surplus is higher if they are served by a multi-channel monopoly com-
pared to a single-channel one. This result holds independently of the technological
range of quality; that is, either if the single-channel chooses the minimum quality

"Provided that V + p(a*) — da* > 0 .
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(©rL) or it chooses the maximum quality (O gy ). For what concern prices and audi-
ence’s shares, we obtain the following equilibrium values (see Table 2), which confirm

our previous insights on the different effects driving our results on surplus.

Table 2: EQUILIBRIUM VALUES (Uniform Case)

Case O Case Ory
01,=0 ) 0= 7] :(1;6)2
Channels’ Quality Levels 92:@:% 0% =0
03,=0 0h,=0
o+ — 1=91+435) Fry_ (1=9)(1+38)
Sy=——gt— Py AR — —

2 2
(126)(1+36) 126)(1+435
e S v — 1=01F30)

Viewers’ Fees *—
L 7 (126\ (1436 L (5)(14:36)
1— —
g* _V-H9—( 2 )( 2 ) g* _V+o- 4
M 2 M 2 )
7 Vo+ =07 = V4o+ =97
* — 2z *k _ 4
. 5 BMP(Qa ‘9) - 20 4 BMP<Q’ 0) - 20
Viewers’ Market Shares g2 (1-6)2
B* (D VO B* (0 _ V+o+
W0 =S By (e) =
Advertisers’ Market Shares ay= a;= a*j\/[:%‘s ay=a;= a7\4:12;6

Proof. For what concerns consumers’ surplus, if Oz, = [Q, 9] with 0 = p(a — da),
then:

50 20+V+ () + (5

SCyp(0,0)= s 80
1 1-6., =\
SCy@)==(V+(—)*+40
@)= (v + (507 +9)
Then if if 6 > 6:
— 1—-946
] -0V + ()2
SCp(0.0) — SC3,(0) = G >0
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If Ory = [Q, 9] with 6 > 0 and 6 = p(a — da):

(20+V+ (3T +(152)?)

0
SChip(0,0) = +

86
e 1 1-6, .\’
sCie) =g (v + (50 +0)
Then if if 0 > 6: 3
§C3p(0.0) ~ 5C30) = T2 > 0

]

In the comparison between the single and the multi-channel monopoly broadcast-
ers, we show that consumers obtain an higher surplus in the second case. Our results
show that the chance of choosing among channels of different qualities is always
beneficial for the viewers.

4 Competition among Single-Channel Broadcasters

In this section, we modify our set-up by considering competition among broadcasters.
We present the case of a duopoly market where two single-channel platforms com-
pete for viewers and advertisers. Without loss of generality, we assume that whereas
one broadcaster provides the low-quality channel, the other broadcaster provides the
high-quality one, and we seti = L, H.!> For the remaining material, we maintain the
same assumptions as in the multi-channel set-up. Notice that in contrast to the on-
going literature on vertically differentiated media, we consider an ex-ante uncovered
market. This framework further complicates the model from an analytical point of
view, as multiple equilibria arise. To overcome this issue, we restrict the analysis to
a local equilibrium: we identify a technological range of qualities that allow a local
equilibrium of maximal differentiation to exist. We strongly believe it is worthwhile
to maintain an uncovered set-up because it better notes the effects of competition
and because it fits the features of a broadcasting market well.

4.1 Viewers’ and Advertisers’ Shares

We identify two marginal consumers: the one indifferent between not accessing to
any platform and accessing the low quality platform

sL~|—(5aL—V

/BOL = QL

(28)

15We relax this ex-ante assumption when we look at the choice of quality (stage 1).
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and the one indifferent between the low quality platform and the high quality one

. (SH — SL) + (5(CLH - CLL)
Bry = —
Oy — 0

(29)

Given our distribution of the willingness to pay for quality (3, the trivial case
in which the low-quality platform always faces zero demand in the price game is
automatically ruled out. Hence, we consider an ex-ante market structure where both
firms are active (meaning that the individuals’ demands for both platforms H and
L are positive).

We do not impose any further condition on the configuration: namely, we consider
an ex-ante uncovered duopoly structure.

Hence, the high quality platform’s share on viewers side is

sy —sp)+dolag —a
By = (1—Bpy) = (1 Lo LQL = (gLH L)) (30)
whereas the low quality platform’s share is
(SH—SL)+5(GH—GL) SL+5CZL—V
B, = — = — 31
1 = (Bur — Bur) = (S0 . 1)

The intensities of advertising for the two platforms are respectively:

ag=1—F <;—i> (32)

ap=1—F (;—LL) (33)

Having defined the shares of viewers and of advertisers, for given prices, we solve
the game backwards, from stage three, as previously described for the monopoly.
Therefore we obtain:

Ty (SH, Srp,ag,ar, ‘9H7 QL) == F_l(l - aH)(GH_GL_(SI;;iL@)L_é(aH_aL)) (34)
rr (SH, Srp,ag,ar, ‘9H7 QL) == F_l(l - aL)((SH_sgij—_éézH_aL) - SLJF(;C;LiV) (35)

4.2 Subscription Fees and Advertising Intensities

According to the previous assumptions, each platform maximizes profits subject to
a positivity constraint on advertising:
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maxll; = Bi(s; + p;) — K
s.t.a; >0

fori=H, L.

Proposition 6 For each platform i = H, L, if the profit maximizing advertising level
15 positive, then it is constant and it is determined by

plai) =0

Proof. We consider first the maximization problem of the L platform. Under the

assumption that 2BL = §98L and 98u — §98u  firgt order conditions are:
day, asy, day, Osr,

(97rL _8BL -

E = 83L (SL + p(aL)) + BL =0 (36)
87TL_ aBL / <

Fay 0 D5, (st +plar)) + Br(p'(ar)) =0 (37)

If a;, > 0, optimality conditions rewrite as follows:

o (ow+ plar)) ==B
3522 (51 + plan) + Bulph(an)) =0

Hence, by substitution we get:

p'lar) =6 (38)
The same applies to the high quality platform, giving us:
plam) =0 (39)

|

Proposition 6 states that for both platforms, a fixed advertising space is the best
option. In particular, the equilibrium intensity of the advertising depends exclusively
on the nuisance parameter B. If the aversion to ads is "too high", then it is optimal to
set the advertising intensity equal to zero. Hence, the optimal advertising intensity
considers just the negative externality of advertisers on viewers, suggesting that the
two platforms only compete for individuals. Indeed, platforms act as "bottlenecks"
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between advertisers and individuals by offering sole access to their respective set of
individuals.

Moreover, by considering the case of a uniform distribution of advertisers, we
point out that:

Remark 7 We consider the case of a uniform distribution of advertisers. The strate-
gic choices of advertising intensity of the two platform are the same and depend just
on the nuisance parameter 0:

)
a*:T fori=H,L

if 0 < 1. Otherwise, is zero.

We can now compute the subscription fees, the advertising prices and the audience
shares of the two platforms.

Proposition 8 Platform H and platform L set the following equilibrium values for
subscription fees, audience shares and advertising prices:

(V — a*(5 —+ 29[{)(91{ — (QL) — 3p(a*)9H

Sy =
40 — 05,
. 2V =a*)+0.)0n —0r) — 2p(a*)0u — p(a®)dy
sy =
40 — 0y,

. 20g+V+pla*) —a*d

Bi 405 — 0,
Bt 205 30 +V + p(a*) — a*é
L™ g, 405 — 05
* p(a’*) * %
TH——a*<49H_0L)(V+29H+p(a ) —a*d)
TL—G/*<49H_9L)<V+ 20L—|—,0(a ) —a*d)

Proof. Given the results of Proposition 6, we compute equilibrium subscription fees
for the two platforms from the second FOCs:
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9Bu (SH + p(CLH)) + BH =

osy

- SH—S S(ag—a
(o) o+ o) + (1 = B=sitmesd) = o
%(SL +plar)) + By =

SH—S d(ag—a s ar,—
(—ﬁ o %)(SL—FP(CLL))“'_ <( H gijféLH L) _ L+ZLL V) —

(40)

(41)

Since at equilibrium the advertising intensity is the same, a; = a and p(a;) = p(a)

fori = H, L:

:QH—GL—i-SL—p(CL)
2
(V—ad)(0q —0r) — pla)fu +Orsy
205

SH

S, =

Then, if0g >0, >0:
(V —a*d —+ 29[{)(91{ — HL) — 3p(CL*)HH

sy =
40y — 01,
o (2(V —a*6) +0.))(0n — 01) — 2p(a*)0y — pla*)0y,
L (405 — 61)

Shares become:
. 20g+V+pla*) —a*d

B
H 405 — 0,

B = 205 30 +V + p(a*) — a*é
L™ g, 405 — 0,

(42)

(43)

(44)

(45)

(46)

(47)

Differently from the multi-channel monopoly case, all the equilibrium values for
each broadcaster depend upon both its own quality and the competitor’s one. There
is a strategic interdependence between the two broadcasters resulting in prices and

shares depending on quality differentiation.

We consider the case of a uniform distribution of advertisers, to get a sharper
intuition of our results. Equilibrium solutions of stage 2 rewrites as follows. Sub-

scription fees:
(V+205)(0g —01) — 5 (1 —6) (30y + 6(50, —20))

Sy =
ooV +300)(0n —00) — 5 (1= 0) (0 + 301 +30(0n — 361))
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Viewers’ Shares:

205 +V + (15°)?
T 40,0,

205 301 +V + (52)?
"0, 405 — 0,

By

By

Advertising prices

. (4% 1-6,,
Ty (49]{—9[,) <V—|—2(9H+(T)))

2(119) 1 1-6

oy oy TRl ()

<
~x%
I

4.3 Qualities

We can now solve the initial stage of the game, namely the quality choice.

At the first stage, platforms’ profits are respectively for H and L:

(205 +V + pla*) — a*6)* (0 — 01)

- K
i (405 — 0,)°

. 49}[ (%GL—FV—F,O(G*)—G*(S)2(9H—(9L) K
TL=\"y, (405 — 0,)2

Then FOCs with respect to qualities are:

Oy _ (20 +2)[4(0n—01)+20 5 +Z) (491 —01)—8(20 1 +2)* (011 —01) -0
00 (40 —01)°

ory — 40 ((%9L+Z)(49H—9L)(9H—9L)(%9L—Z)—9L(%9L+Z)2(29H+9L)
0o, 1 (407,—01,)%0%

with Z =V + p(a*) — a*6

) =0

(48)

(49)

Conditions (48) and (49) implicitly define the best replies in quality for the two
platforms. Unfortunately, the simultaneous solution does not give us a unique out-
come. To make our duopoly comparable with the multi-channel case, we decide
to focus on an equilibrium with maximal differentiation in quality. Therefore, we
restrict the technological range of quality (©) to a narrower set @7 = (6, ) with

6 > ‘—;5. For 05,05 € ©%, we obtain the following result:
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Proposition 9 In the restricted range of qualities ©% = (0,0) with 0 > ‘—;5 there
s a unique local equilibrium of maximal differentiation, where subscription fees and
audience shares are:

(V —a*d+20)(0 — 0) — 3p(a*)f

H )
oo RV —a%0) +6)(0 —6) — 2p(a")0 — p(a”)8
b (46 — 0)
. 204V +pla*) —a*s
Bl = _
460 — 0
. 20204V +p(a) —a*
B == _
0 40 — 0

Proof. If 405 < 70, then we show that:

87TH
aﬂ'L
— 1
20, <0 (51)

Hence, for every § € ©F = (6,6) with § > 26, (50) and (51) hold. Therefore:

-
o, =0

|

Notice that if the market were uncovered ex-ante, we would have obtained fixed
audience shares.!® Instead, we show that the audience shares depend on the quality
distance between the two platforms. Hence, we can use our results on audience shares
to highlight the effects of our assumption of an uncovered market. Furthermore, in
our analysis the levels of quality are fixed at maximum differentiation. However,
our setting also allows us to model an endogenous decision on quality levels, though
such a model is not analytically tractable. Nevertheless, our results in the local
equilibrium may give a suggestion on how these quality levels would change if the
decisions regarding the quality were endogenous.

16See Weeds (2013).
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4.4 Viewers’ Surplus

We now address the welfare analysis from the point of view of the viewers. Viewers’
surplus in the uncovered duopoly is:

Bru 1
(ur) dB + / (urr) B (52)

oL Bru

SCp(6,0) = / " () B+ /ﬁ

At the local equilibrium, we obtain:

%m((4§+5Q)(5Q+Z2)+2Q(85+Q)Z) (53)

with Z =V + p(a*) — a*é.

SC(6,6) =

5 The Welfare Effects of Competition

Viewers’ surplus is an important element to be considered when we analyze the effect
of potential competition. In this perspective we first compare our duopoly with the
multi-channel monopoly case described in the first section. In this comparison we
pay particular attention to the difference between viewers’ surpluses and we also
consider how prices and audiences change according to the degree of competition.

Proposition 10 If both the duopoly and the multi-channel monopoly configuration
show a situation of maximum differentiation, viewers are better off with more com-
petition (duopoly). That is:

Proof. Recall equilibrium viewers’ surplus in duopoly _(ex—ante uncovered) with
maximal differentiation (with ©¢ = (6,6) such that § > £6) from equation (53):

SCH(0.0) = 5. gy (484 56) @+ 2) + 20 (57 + 6) 2)

with Z = V + p(a*) — a*9, and equilibrium viewers’ surplus in the multichannel
monopoly from equation (27):

B) = — (G0 + (V + p(a®) — a*8)? + 20V + p(a”) — a*)
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If we compare them we get:

- m ((285 —0) (2% +06) +22(160° — 6%) + 249@2)

with Z =V + p(a*) — a*§. The above expression is for sure positive, provided that
p(a*) —a*é > 0. Notice that this is the case if we consider a uniform distribution of
advertisers. Namely, in the uniform case we have p(a*) — a*0 = (1%5)2 > 0, which
give us:

|

As shown in Table 3, this result is driven by lower prices in the duopoly case,
provided that p(a*) — a*6 > 0 (as in the uniform case). In addition, there is a
better market coverage by the two competing firms, as emerges from the shares’
comparison.!”

Table 3: DUOPOLY vs MULTI-CHANNEL MONOPOLY

Viewers’ Surplus SChH > SChyp

HD* _ HMP*
Channels’ Quality Levels oD _ eﬁp*
L =01

*D _ JMP
S < S

*MP

Viewers’ Fees i
D

S < 8
H H

B;P > BMP

Viewers’ Market Shares BP > BMP

Advertisers’ Market Shares aP* = oMP*

1"We compare a duopoly of single-channel broadcasters with a multi-channel monopoly broad-
caster. We concentrate on a local equilibrium where both market configurations exhibit maximal
differentiation in quality. Hence, we must impose some restrictions on the tecnological range ©,
namely ©¢ = (6, 6) such that § > 6.
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Finally we make a last comparison between our duopoly (uncovered) and an ex-
ante covered duopoly. If we consider the restricted range O = (6, 0) with ¢ > ‘—;5,
both configurations show maximal differentiation but different subscription fees and
audience shares.

Proposition 11 In the duopoly case, if both the ex-ante covered and the uncovered
configuration lead to a situation of maximum differentiation, viewers are better off
in the uncovered duopoly.

Proof. If the market is ex-ante covered we just need one marginal individual 3; ;.
We compute viewers’ surplus in the ex-ante covered case using equilibrium values:

N 1
ﬁLHDcoveTed = g
B _2
H Dcovered ~— 3

1

* J—
LDcovered — 3

2

S?—IDcovered = g (5 - Q) - p(a*)
* 1 n *
SLDcovered — g (0 - Q) - P(Cb )
_ =20+ 110
SCEcovered(Q7 ‘9) = + + V + p(a*) —a*0 (54)

We compare this surplus with the one from equation (53), under the constraint
0! = (¢,0) with § > 20:

SCB <Q7 9) - SCBcovered(Q’ é) >0

provided that p(a*) — a*d > 0 (which is true in the uniform case).

Since we have considered the covered and the uncovered duopoly as two different
market configurations, we have to check if this distinction still holds in equilibrium.
In equilibrium, the duopoly broadcasting market is ex-post uncovered if: '8

~ B >0
— 20 + 0 55
6—0> ;_(V—irp(a*)—a*(S) (55)

18Notice that the market is covered ex-post if condition (55) is not satisfied. However, we omit this
case from our analysis, since a comparison between two covered market structures is meaningless.
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If this were the case, we can provide some more intuitions by looking at fees and
audience shares.When quality differentiation is sufficiently high, the covered duopoly
shows higher market shares but also higher subscription fees on both channels com-
pared to the uncovered scenario. Higher prices explain the distance between covered
and uncovered surpluses. Indeed, the possibility of catching extra viewers, as it
happens in the uncovered market, disciplines the behavior of platform in duopoly
making, consumers’ surplus higher.

It is trivial to show that if:

= 3
0—0> 5(‘/ + p(a*) —a™d) (56)
A
then B vereq > Bl and 8% creq > 5 for i = H, L.

Analogously if

- 0
6—0> 65(‘/ + p(a®) — a*o) (57)
) ¥
then BZCovered > Bz
Recall from condition (55), that the market is uncovered (ex-post) if
- 20 + 0
G—0> %(v + p(a*) — a*6)

.

c

It is possible to show that A < C < B. If § — 0 > B then s}, .., > s and
B} vereq > Bi for i = H, L. The covered duopoly has higher prices and audiences
on both channels. If instead C' < 6 — 0 < B then s%.,,.,.q > 5F and Bly.oored > Bl
but B} . .erea < BJ @ prices are still higher but now the uncovered has a higher share
on the low quality channel. Finally if # — § < C the uncovered market becomes
covered. However, as already mentioned, a comparison between two covered market
structures is meaningless. Given that, when we considered a comparison between an
uncovered (6 — § > C) and a covered structure, it must be the case that the covered
one privileges the high quality channels and sets higher subscription fees on both
channels.

6 Conclusions

In this paper, we perform a welfare analysis in a setting of vertically differentiated
two-sided broadcasters where competition prevails on one side of the market, namely,
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among the viewers. A broadcaster acts as a "bottleneck" between advertisers and
viewers by offering sole access to its audience. We provide a full characterization of
the equilibria with respect to the advertising, subscription fees, market shares and
qualities for the monopoly with a single-channel platform, a multi-channel monopoly
and a duopoly. In our welfare analysis, we focus on the viewers’ side and calculate
the consumers’ surplus for each market structure.

It important to stress that in contrast to the ongoing literature on vertically dif-
ferentiated media, we consider an ex-ante uncovered market for the duopoly case.
This framework further complicates the model from an analytical point of view, as
multiple equilibria arise. To overcome this issue, we identify a technological range
of qualities that allows a local equilibrium of maximal differentiation to exist. Nev-
ertheless, we strongly believe it is worthwhile to maintain an uncovered set-up to
better note the effects of competition on the audience and the prices.

We remark that the equilibrium quality also depends on the cost structure used
in this model. Under the assumption of fixed costs, the monopoly profit function is
convex in quality. One might expect this shape to strictly depend on the assumption
of K, i.e., a fixed cost of quality. However, in a single-side framework the standard
model of vertical differentiation is solved with a quadratic cost of quality that induces
concavity in the profit function. However, in a two-sided setting the issue of the con-
cavity of the profit function is more complex. As expected, even in the two-sided
approach, the linear cost of quality does not resolve the problem of convexity of the
profit function. More surprisingly, even an increasing marginal cost of quality does
not guarantee a well-shaped monopoly profit function. For instance, the quadratic
cost of quality (see Weeds (2013)) does not make the monopoly profit function con-
cave with respect to the quality without ad hoc assumptions on the derivatives. One
possible resolution would be to have implicit quality cost functions (see Anderson
(2007); however, this change should preclude us from providing a close solution to the
model. Therefore, we introduce a simplest cost function and a technological range
that bounds the levels of quality.

Our results show that the chance of choosing among channels of different qualities
is always beneficial for the viewers. In the comparison between single-channel and
multi-channel monopoly broadcasters, this result is mainly driven by two forces:
the possibility of choosing among different qualities and the combination of greater
audience coverage and a pricing effect.

In addition, we prove that competition is beneficial for the audience. The audience
surplus is larger in the duopoly configuration than in the monopoly setting when both
circumstances provide high-quality and low-quality channels. Indeed, on both types
of channels the subscription fees are lower and the shares of viewers are larger. This
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result suggests that the ownership in broadcasting markets matters. In this respect,
our model supports the existing regulation practice of setting limits on the ownership
of TV channels to induce a more fragmented market structure.

Finally, we highlight the comparison between a covered and uncovered duopoly.
In the case of an uncovered market, a chance of catching extra viewers disciplines the
platforms’ behavior; in a duopoly, this discipline renders consumers’ surpluses higher.
From the policy makers’ point of view, this result is crucial in the broadcasting sector,
where the convergence between television and the internet continuously opens up new
market segments.
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7 Appendix

7.1 Multi-product Monopoly with Different Costs of Quality

(Quality Stage)

Linear Costs ?

Profits at stage 1 are:

O  (V+p(a*) —da*) (20, +V + p(a*) — da*)
TmMP — —— -+
4 40,

Looking at first order conditions we get:

aTrMP_l_ _0

90, 4 |

on 1 . «

89]\?:_402 (V 4 p(a*) — 6a*)* =y < 0
L

9Both linear and quadratic costs are assumed to be separable. See Section 2.
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Optimal qualities are:
0 =iy < ©
= 1 —_
H Y 4
07 =0 if v > !
= 1 —_
g=Yiy 4
07 =40
The degree of differentiation depends on the cost parameter ~.

o If v <

= =

o If v >

In the first case profits become:

0 V —da* N(20 +V —da* * —
7T*MP:_JF( a” + p(a”)) (20 + a +p(a))_7(9+g)
4 460
In the uniform case equilibrium values are:
a = Q = qQ = —-
H L 5

§+ VvV — (1-6)(1439)

Sy = 5 4

. Q+ V _ (1—5)21—1—35)
1

Bt ==

29

a1 0—V—(52)?

) 20

i} 0

Quadratic Costs
Profits at stage 1 are:
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the platform chooses to maximally differentiate the two channels.

the platform chooses to duplicate the minimum quality



o O n (V +pla*) = 6a")(20, +V +pla*) —da*) 1 o 1
MET g 40y, 2"

Looking at first order conditions we get

on 1
agip —o (V4 p(@) = 5a*)*> — 40, <0 (73)
L
Optimal qualities are:
1

07 =— 4

=1 (74)

0, =10 (75)

The degree of differentiation depends on the dimension of the technological con-
straint with respect to the cost parameter ~.

o If6 < % the platform chooses a quality above the minimum.

o Iff < % < 0 the platform chooses a quality above the minimum but below the
maximum.

o If 6 < % the platform chooses to reach the upper bound of the range 6.

Hence,with § < 0 < %, we get a result of maximal differentiation and profits

2
become:

0 (V—da* )N (20 +V — da* * 1 -
7T>]k\/[P:_+( a —|—,O(Cl ))(_+ a +p(a >)——7(92+Q2) (76)
4 460 2
In the uniform case equilibrium values are:
1—96
a*H:azza*:T (77)

7 (1-6)(1435)

2
Q+ vV — (1-9)(1+30)
— (79)
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7.2 Monopoly (Single-Product)
7.2.1 Monopoly (Single Product): Viewers’ and Advertisers’ Shares

By considering the individual indifferent between accessing the monopoly platform
or not accessing at all, we obtain the demand function by viewers/readers.?’

Sy + oa M — %
O
Since individuals are uniformly distributed between 0 and 1, the demand for the
monopoly platform is simply given by the fraction of population with a taste for
quality greater than f3,,, :

BOM = (83)

V 40y — sy —da
B = (1= ) = (L ) (84
M
The amount of advertising for the platform becomes:
M
=1-F(— 85
an ( BM) ( )

Having defined the demand function of viewers and advertisers, for given prices
ry and sy7, we solve the game backwards, from stage three. Therefore by simulta-
neously solving the equations (84) and (85) we get:

V+9M—SM—(SCLM

O

) (86)

This equation describes how the advertising charge reacts to changes in subscribers’
price, advertising and quality.

(B (SM,GM,QM) = F_l(l — (IM)<

20This section summarizes the results for a single-channel monopoly case and it builds on the
model of Battaggion and Drufuca (2014).

We present results either for a monopoly choosing the mimimum quality and for a monopoly
choosing the maximum quality.

33



7.2.2 Monopoly (Single Product): Subscription Fee and Advertising In-
tensity

According to the above assumptions, the platform maximizes profits, subject to a
positivity constraint on advertising level.

s (87)

maxIly = By(syr + ppy) — K
s.t.ay >0

First order conditions with respect to the advertising spaces a;; and subscription fee
sy are respectively:

6’HM 8BM aTM
= — <0 88
aaM 8aM SM+TM+aMaCLM - ( )
and a1l 0B 0
M M M
=B =0 89
aSM M+ 83M SM+aMaSM ( )

Then, according to the literature, we define the advertising revenues per viewer

as:
air;  a; P71 — a;)B;
. — (AN — (2 7 (2 — F_]_ 1 _ )
p(al) Bl BZ a; ( al) (90)

We assume p(a;) to be concave in the interval a € [0, 1]. Given that p(a;) = 0 for
a; = 0 and a; = 1, the function is single-peaked.

Using the definition (90) for the monopoly platform we can rewrite optimality
conditions, proving the following Proposition.

Proposition 12 The optimal advertising level for the monopoly single-channel broad-
caster 1s:

p'lan) =0
Proof. Given (90) for the monopoly platform

ayr ayF~ Y1 —=ay)B 3
planr) = gMM: = (BM N = = anF (1= an) (91)

we have:

Therefore optimality conditions (88) and (89) rewrite into (93) and (94):
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0By (BMP(GM)-&-%P(GM))GM—BMP(GM)

SM 8CLM +7ry +apy a?w < 0 (93)
8BM aTM
B —-— =0 4
Mt Sm Ds sy an D57 (94)
By easy calculation, (93) and (94) become respectively:
0B
5 = (sn + plann)) + Buplan) <0 (95)
ap
OB
8524 (su + plan)) + By =0 (96)
B ) B
Given that ga?j =~ and ((;S;\j =g we get:
0By 0By
=4 97
8aM 85M ( )

Therefore, plugging in (95) and (96), we get the following system:

0281 (55; + planr)) + Barp/(anr) <0

B
2 (sa1 + plaan) + Bag = 0
SH
Finally, if ay; > 0 the above inequality is satisfied with equality. Therefore, given

that p(aps) is single-peaked, ays is uniquely determined by the following condition:

(98)

play) =9.
[ |
We can now solve for the equilibrium values, as stated in the following proposition.

Proposition 13 With p(ay) concave, we obtain the equilibrium price s, and de-
mand B}, as function of quality, revenues per viewer and advertising level.

Proof. By plugging the expression for Bj; in the optimality condition (96) we

obtain:
V- 0y — play,) — day,

Sy = 5 (99)
Then,
V+0 ) —oa;
20
| |

Proposition 13 shows the result of profit neutrality. In fact, an increase in revenues
on the advertisers side are counterbalanced by a decrease on the subscription fees.
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7.2.3 Monopoly (Single Product): Platform’s quality

In order to solve the quality stage, we maximize the monopoly profit, IIy; (s3,,a%;, 75, 00),
with respect to the quality, #,,. We obtain the following FOC, subject to 6, > 0 :

Ollys (85, gy Taps O0r) _

(V +0r + play,) — (5aM§/I Or — play,) + daty) (101)

=0
4605,

Unfortunately, in this general framework we cannot calculate the equilibrium value
of 67;.

By calculating the second order conditions we show the convexity of the profit
function:

821_[ * _ 5 * \2
2M — (p (a’M) 3 a’M) 2 0 (102)
00y, 20,
Given convexity, the monopoly platform will reach one of the boundaries, choosing
6 or A. Hence we describe two possible local equilibria, each of them characterized
by a specific configuration of the technological range.

Proposition 14 In equilibrium, under the technological constraint Or;, = [Q, @]
with 8 = p(a%;) — da}, , the monopoly platform chooses the mazimum quality.
Differently, under the technological constraint Ory = [Q, @] with @ > 0 and § =
p(at;) — dar, , the monopoly platform chooses the maximum quality.

Proof. In the first case we restrict ourselves on the increasing slope of the profit
function. By comparing monopoly profit functions in ¢ and 6, respectively:

m, () < O F ,O(a*]\ié) —day)?

we get:

115, (9) ~ L3, (0) > 0

For 6 € Oy, profit are convex and increasing in quality. Therefore to maximize
profit the monopoly platform sets 03, = 6.
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In the second case, we restrict ourselves on the decreasing slope of the profit
function. By comparing monopoly profit functions in # and 6, respectively we get:

I3, (6) — 03, (6) < 0

For € ©ry profit are convex and decreasing in quality. Therefore to maximize
profit the monopoly platform sets 6, = 6. =
Considering the uniform case, we can suggest some interesting insights. By easy
calculation, in the uniform case with p (ap) = anr (1 — apr), we obtain:
1—-6

Gy = —5— (103)

—Sa — olat (120 (1438

B&:ﬁ{vwﬂpt(l;é) (155)} (105)

According to the equilibrium solutions of stage 3 and stage 2, the profit function -
in the uniform case - becomes:

1

My = By(sy + o) — K = 72— (
40,

V + 0y + (17_5>2)2 - K (106)

Given our result on quality, if we consider the case of Oy, we obtain equilibrium
values for subscription fees and viewers’ demand:

7 (1=0) (1438
5}‘\4:V+ (22)( ) (107)

B&:%[VﬂL@Jr(l;é) (1;5” (108)

For the case of technological range Ory equilibrium results are unchanged but
for quality.
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7.2.4 Monopoly (Single Product): Viewers’ surplus

Viewers’ surplus is:

1

(ug)dﬁ—l—/ (unr) dp

Br
(1= 52) (0a) + (1 — B;) (V — sar — danr)

Br
SCy =

MIHC\

Substituting equilibrium values for 3; , sy, apy and 0,7, we get:

—_ 1 —_
SCu(0) = — (V + pla”) — da” + 9)’
if @RL and
1
SCu(0) = 55 (V + pla’) — da” +0)*
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