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Abstract

The existing literature on ”two-sided markets” addresses partici-
pation externalities, but so far it has neglected pecuniary externalities
between competing platforms. In this paper we build a model that
incorporates both externalities. In our setup differentiated platforms
compete in advertising and offer consumers a service free of charge
(such as a TV program) that is financed through advertising. We show
that advertising can exhibit the properties of a strategic substitute or
complement. Surprisingly, there exist cases in which platforms benefit
from market entry. Moreover, we show that from a welfare point of
view perfect competition is not always desirable.
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1 Introduction

A series of recent papers have looked at competition and regulation in the televi-
sion and radio broadcasting market by using ”two-sided market” models. In these
setups platforms, which are broadcasting channels, match viewers and advertis-
ers. Viewers dislike advertisements and competition has the special feature that
each platform has a ”participation externality” on its competitors. If a platform
changes its advertising level, then it influences its own and the competitors’ num-
ber of viewers. This is an externality that works via the viewer market.

In the real world, however, platforms do not only experience participation
externalities, but also pecuniary externalities. In contrast to participation exter-
nalities, which work via the viewer market, pecuniary externalities work via the
advertising market. Hence, we will take into account that a change in a chan-
nel’s advertising level does not only affect the distribution of the viewers between
the channels, but it also changes the broadcasters’ total supply in the advertis-
ing market. When the broadcasters’ total supply changes, then the market price
for advertising has to adjust in order to clear the market. This price adjustment
changes the revenue of all platforms and yields a pecuniary externality. So far,
this pecuniary externality has been neglected in the existing literature. In this
paper we show that pecuniary externalities are important because they influence
the theoretical predictions substantially.

In the following we illustrate the existence of pecuniary externalities with two
examples. In Germany, free available public broadcasting channels are compet-
ing with free available private broadcasting channels. The public broadcasting
channels are financed through fees and are not allowed to offer advertising after 8
pm. The private channels are allowed to offer advertising after 8 pm. The public
broadcasting channels are currently running a deficit. Hence, there is a debate in
Germany: Should one increase the fee or should one allow the public broadcasting
channels to offer advertising after 8 pm in order to balance their budget? The
position of the private channels is: Do not allow them to offer advertisements after
8 pm. Instead, increase the fee or force them to reduce their expenditures! ! This
statement is surprising. Given our existing knowledge of competition in such a

! Press release ” Verband Privater Rundfunkt und Telekommunikation (VPRT), 26.9.2003”



two-sided market, advertising after 8 pm decreases the attractiveness of the public
channels. The resulting participation externality should be in the interest of the
private channels. Therefore, private channels should like the idea of advertising on
public channels. However, the neglected aspect here is that private channels fear
that the additional time for commercials decreases the price for advertisements.
Due to this pecuniary externality, they dislike the idea of advertisements on public
channels.

The other example is taken from the US television market. In the 70s the
Department of Justice (DOJ) alleged that the ”Code of Conduct” of the National
Association of Broadcasters (NAB), which regulated the competition between the
broadcasting channels, violated antitrust laws.? In particular the ”Code of Con-
duct” included

(i) a limitation of the advertising time on each channel to 9.5 minutes per hour
in prime time and sixteen minutes per hour at all the other times

(ii) a limitation of the number of commercials per hour

(iii) a limitation of the number of advertised products in one hour.

The DOJ argued that these rules had the purpose and effect of manipulating
the supply of commercial television time with the result that the price for adver-
tisements had been raised. This would violate the Section 1 of the Sherman Act.
As a result of the allegation and subsequent legal judicial proceedings, the NAB
voluntarily abandoned its ” Code of Conduct” in the year 1983. From an economic
point of view, these advertising ceilings cannot be explained without pecuniary
externalities. In the existing models, like Anderson and Coate (2005), collusion
between the channels results in an agreement that every channel has to offer a
minimum level of advertising because the equilibrium advertising level is below
the collusive advertising level. Hence, collusion would not lead to a ” Code of Con-

duct” that determines a maximum advertising level.

In order to analyze a two-sided market with both externalities, we build a model
where platforms are symmetrically located on a Salop circle. They simultaneously
decide how much time they offer to advertisers on their channels. The consumers
are uniformly distributed on the circle, dislike advertisements, and have to choose

2Campell (1999)



exactly one platform. Advertisers want to advertise their products. Therefore,
they have a certain willingness to pay for ”viewer-time” units. In our model the
crucial ingredient is that the advertisers’ aggregated demand function for viewer-
time units is decreasing. We show that one can derive such a property from two
kinds of microfoundations. One way is to assume that advertisers have a convex
cost function for producing the advertised good. A second way is to assume word-
of-mouth advertising.?

In this paper we show that advertising can either have the property of a strate-
gic substitute or of a strategic complement. This is in contrast to the existing
literature like Anderson and Coate (2005). By using linear demand functions, we
are able to solve the model analytically. We show that advertising exhibits the
property of a strategic complement (substitute) in the market equilibrium if the
differentiation between the platforms is low (high). In addition, we show that
market entry can lead to more or less advertising on each channel. This is also
in contrast to the existing literature. For example Choi (2003) shows that mar-
ket entry unambiguously decreases the advertising level. Furthermore, we get the
surprising result that market entry can increase the incumbents’ profits. This is
the case if the equilibrium advertising level is above the per viewer revenue max-
imizing advertising level. Due to the pecuniary externalities, market entry can
shift the equilibrium advertising level in the direction of the per viewer revenue
maximizing advertising level. This increases the profits per viewer. If this in-
crease of the profit is higher than the decrease of the profit through the loss of
viewers, then the incumbents are better off. Moreover, we show that entry has
ambiguous effects from a welfare point of view. A social planer has to consider the
following trade-off. On the one hand, more advertising increases the surplus of the
advertisers. On the other hand, more advertising decreases viewers’ utility. We
show that perfect competition can drive the equilibrium advertising level below the
socially optimal advertising level. Therefore, perfect competition may not be de-
sirable even if the sum of viewers’ transportation costs decrease with market entry.

This paper is related to the literature on two-sided markets. The basic litera-
ture describes the interaction between two groups that are mediated by a platform

31n the Appendix we consider a third microfoundation, namely switching viewers.



(see e.g. Armstrong (2005), Cauillad and Jullien (2003), Nocke et.al. (2004),
Rochet and Tirole (2003, 2004)). The media market, and particularly the broad-
casting market, is a subclass of such a two-sided market because it has a special
feature. One side, namely advertisers, likes the interaction with the second side,

namely viewers. At the same time viewers dislike the interaction with advertisers.*

Several papers have addressed this peculiarity of the broadcasting market.
Usually the advertising market is modelled in such a way that advertisers have no
bargaining power and take the decisions (advertising prices or quantities) of the
channels as given® and viewers dislike advertising.® Papers that consider price
competition are Reisinger (2004), Nilssen and Sorgard (2001) and Kind et.al.
(2005). Given the structure of the US TV advertising market, we argue that
the assumption of quantity competition seems to better fit reality. Papers that
consider quantity competition are e.g. Anderson and Coate (2005), Anderson
(2005), Gabszewicz et.al. (2004), Crampes et.al. (2004), Choi (2003), Peitz and
Valetti (2004), and Kohlschein (2004). All papers that consider quantity compe-
tition have a similar microfoundation of advertising, which we describe in Section
3.3. Hereafter, we refer to these papers as the existing literature. Anderson and
Coate (2005) prove that there could be too much or too little advertising com-
pared to the social optimum. Anderson (2005) considers how advertising ceilings
influence the quality decisions of the broadcasting channels. Choi (2003) looks
at the endogenous number of broadcasting channels. Kohlschein (2004) considers
competition between public and private channels. Gabszewicz et.al. (2004), like
Peitz and Valetti (2004), consider the location decision of the channels. Crampes
et.al. (2004) allow for (dis)economies of scale of advertising. By including pecu-
niary externalities between the platforms, we extend the framework that is used

in the existing literature.

We will proceed as follows. In the next section we set up the model. In Section
3 we provide different microfoundations for pecuniary externalities. In Section 4

4By contrast, there is often the assumption that viewers like advertising in models concerned with the
press industry (see e.g. Hackner and Nyberg (2000)).

50ne exception is the work of Gal-Or and Dukes (2003, 2006) where platforms and advertisers bargain.

50ne paper that differs is Cunningham and Alexander (2004). They use a completely different mod-
elling approach and incorporate competition in the advertising market, but do not explicitly consider
competition for the viewers.



we solve the model and derive the symmetric market equilibrium. In Section 5
we determine whether advertising exhibits the property of a strategic substitute
or complement. In Section 6 we consider the effects of market entry on platforms’

profits and on welfare. Section 7 concludes.

2 The Model

There are three kinds of agents in our model: viewers, broadcasting channels and

advertisers.

Viewers of a broadcasting channel, who are potential consumers of the adver-
tisers, can watch one channel at a certain point in time. In the two-sided market
framework this means that they singlehome. The viewers are heterogeneous with
respect to their preferences of watching a certain channel. Hence, we assume that
they are uniformly distributed on a Salop circle. We denote by x the location of a
viewer on this circle. The mass of consumers is normalized to 1. This leads to the
following utility of a viewer that watches channel ¢ and is located at O:

U(z) = B —w; — tz. (1)

We denote by w; the advertising level of channel ¢. Due to the fact that adver-
tising is annoying, w; enters the utility function with a negative sign. Furthermore,
we denote by tx the viewer’s disutility from not watching exactly his preferred
programm. B is a constant which ensures that the utility is always positive. We
normalize the outside option to U = 0 and hence the market is always covered.
Furthermore, we assume that the N broadcasting channels are located equidis-
tantly on the Salop circle. Therefore, the marginal consumer between channel ¢
andjforwj—%gwigwj—i—%is

1
B—-w—tr=B—-w; —t(=

] 2)

The marginal consumer between channel ¢ and [ for w; — % <w; <w+ % is

1
B—wi—t:c:B—wl—t(N—a:). (3)



Hence, channel 7 faces the following demand function

1 w; —w; W — w;

Di(wi, wj, wy) = 2x = N 5 T oy (4)
forw,— % <w; <w + % and wj — % <w; <wj + .
Using symmetry between channels j and [ yields
1 w; — W; t t
Di:N—Fit . forwl—ﬁgwigwl—l—ﬁ. (5)

Broadcasting channels try to attract viewers in order to sell time of these
viewers to the advertisers. Therefore, the profit function of a channel i is

T — Diwip . (6)

By p we denote the ”viewer-time” unit price. If one multiplies the number of
viewers of a channel (= D;) by the advertising time (= wj;), then this yields the
channel #’s supply of viewer-time units. This supply multiplied by the price per
viewer-time unit yields the channel i’s profit. We assume zero marginal costs for
serving a viewer. This is due to the public good nature of broadcasting. Further-
more, we abstract from fixed costs. The channels choose w; in order to maximize

their profits, taking as given the other channels advertising levels.

The advertisers advertise in order to inform viewers about their products.
Therefore, they have a willingness to pay for viewer-time units in order to reach
consumers. We assume that viewer-time units are a homogenous good, which we
justify with our microfoundation. Furthermore, we assume that the advertisers’
inverse demand function for viewer-time units is decreasing in the total supply of

viewer-time units

p = p(w1 Dy, weDs, ..., wnDy), (7)
dp .
9w,D; <0,vie{l,2,..,N}. (8)



We are able to solve the model analytically with the following linear demand
function, which we will use throughout the paper.

N
p:A—Zkak. 9)

k=1
To model the television market, we choose the following time structure. Firstly,
the channels choose simultaneously their advertising levels w;.” Secondly, the view-
ers decide which channel to watch. Thirdly, a price p, which is determined by a
walrasian auctioneer, clears the market in such a way that the supply of viewer-

time units is equal to the advertisers’ demand for viewer-time units.

We think that this is the appropriate time structure to model the television
market. Goettler (1998) describes how the television advertising market works
in the US. The broadcasting channels present their programm schedule in the so
called 7 Upfront Market”, which is in May for the upcoming season in September.
70% to 80% of the advertising time is sold during this upfront market at a market
clearing price.® The rest is sold in the ”scatter market” some weeks before the

advertising slot is aired or is used to promote the channel’s own movies and shows.

3 Microfoundation of the Advertisers’ Demand

Function

The main difference to the existing literature is our inverse demand function of
the advertisers. In the existing literature it is assumed that the price of a viewer-

time unit on channel 7 is only decreasing in wj;, but independent of D;, w; and

Dj, ¥j € {1,2,...N}/i

pi = pi(wi), (10)

7Consider e.g. that a channel decides to produce, or to buy a sitcom, that is 25 minutes long. If the
channel starts this sitcom at 8 pm and starts the next show on the channel at 8.30 pm, then the channel
commits to 5 minutes advertising.

8To quote from one report about the upfront market: ”If supply exceeds demand in the network
Upfront, then let the suppliers battle among themselves to the advantage of advertisers.” Source: Jack
Myers Report, April 5, 2004 (www.jackmyers.com)



Op; Op;

8wi < 07 aDZ - 0’ (11)
Ipi Ipi : .
=0 =0V 1,2,...,N}/i. 12

Hence, no pecuniary externalities appear because a change in w; does not influ-
ence the price p; on a channel j. In the following we explain the microfoundation
of the existing literature. Afterwards we show how one derives pecuniary external-
ities due to simple modifications of the existing microfoundation.” Therefore, we
think that having no pecuniary externalities is an artefact of the particular micro-
foundation that is used in the existing literature. Hence, in our opinion pecuniary
externalities should be the expected case.

Following Bagwell (2003), we can distinguish between three views of advertis-
ing: the persuasive view, the informative view, and the complementary view. As
the existing literature, we concentrate on the informative view. In the existing
models an advertiser g produces one product with constant marginal costs. This
product has no substitute. Viewers are unaware of this product and advertising
has the function of informing a viewer about the existence of this product. By
seeing a commercial of an advertiser g, a viewer learns about the existence of this
product. Each viewer has, by assumption, the same valuation v, for one unit of
a product of firm ¢g. A viewer’s valuation is zero for all further units of a prod-
uct. This is common knowledge. Obviously, an advertiser asks a price v, for his
product. Hence, a viewer buys only once one unit of a product after seeing the
corresponding commercial. Given this setup, each advertiser wants to reach each
viewer exactly once. Every additional contact is useless because the consumer is
already informed about the product and never buys a second unit of this product.
Furthermore, it is assumed that the consumers’ valuation v, is different for each
kind of product (v4 € [v;7]). This assumption leads to a decreasing aggregated
inverse demand function for advertising on one channel without generating pecu-
niary externalities between the channels. For example, suppose a price of 10 for

one viewer-time unit on a certain channel. Then only the advertisers that have a

9In the following we only consider a microfoundation with a convex cost function or with word-of-
mouth advertising. A third possibility are switching viewers. However, given switching viewers, we are not
able to derive that viewer-time units are a homogenous good. We can only justify pecuniary externalities.
Therefore, we consider the case of switching viewers in the Appendix.

9



product v, > 10 advertise on this channel ¢. If another channel increases his ad-
vertising level, then this does not influence the willingness to pay of the advertisers
to advertise on channel i because the revenue from advertising remains constant.
Thus, 10 remains the equilibrium price on channel 7 and no pecuniary externalities
appear in this existing setup.

In order to derive microfoundations for the pecuniary externalities, we modify
this framework. We assume that all advertisers are homogenous in such a way
that each advertiser has one kind of product for that no substitute exists. Fur-
thermore, a consumer has the valuation v for exactly one unit of each product.
As in the existing literature, the willingness to pay is zero for further units of a
product. Viewers are unaware of the existence of an advertiser’s product. Adver-
tising has the function of informing the viewers about its existence. In contrast
to the framework above, we do not assume that a viewer learns for sure that the
product exists after he has seen the product’s commercial. In fact, we take into
account that viewers might be inattentive. Therefore, we assume that a viewer
gains knowledge with a certain probability z after seeing an advertisement. This
probability increases in the length of the commercial. Given the assumption of

homogenous advertisers, we can concentrate on one representative advertiser g.

In order to derive the advertiser g’s demand function for viewer-time units, we

write down his profit function

N N N
Tg =70 Z 2(wgk) Dy, — C(Z z(wgr) Dy) — Zpkwngk . (13)
k=1 k=1 k=1

By wg; we denote the advertiser g’s advertising level on channel i. The ad-
vertising level wg; determines the probability z = z(wg;) with which a consumer
gets aware of the advertiser’s product if he watches channel i. If a viewer becomes
aware of the product, we know that his product valuation is v. Obviously, the
optimal price that an advertiser g should ask for his product is v. Hence, the first
term displays the revenue of selling the advertised good, the second the costs of
producing the advertised good, and the third the costs of advertising.

10



Microfoundation 1: Convex Cost Function for Producing the Adver-
tised Good

Suppose that the probability z increases linearly in wgy;
wgl-
i) = 2 (14)

A is a parameter that normalizes the probability z(wg;) € [0;1]. Hence, the
advertiser g sells Z]kvz1 %Dk units at a price of v.

Furthermore, suppose that the advertiser has a strictly convex cost function
for producing the advertised good!?

N N
/(Y =ED) = 0; C"(Y D) > 0. (15)
k=1 k=1

This yields the following profit function

N Wyk N on N
g
Z A - C(Z A Dk) - kz:lpkwngk . (16)

k=1 k=1

The advertiser maximizes his profit by his choice of wg; D;. Therefore, maximiz-
ing the advertiser g’s profit function with respect to wy; D; leads to his willingness
to pay for the last viewer-time unit on channel 7!

v

P e !
pi=4-C. (17)

We see that viewer-time units are a homogenous good because C’ does not
depend on the particular channel ¢. Therefore, the prices for viewer-time units
have to be the same on all channels

pi=pVie{l,2, ... N} (18)

10Armstrong (2004) mentions this idea in the context why the advertisers’ payoffs need not to be
constant. Cunningham and Alexander (2004) also use a convex cost funtion in their setup.
Hrhe SOC is globally satisfied.

11



Furthermore, the inverse demand function p = %4 — C” is decreasing in wg; D;

op
awgi Dz

=-C"<0,vie{l,2,..,N}. (19)

Summing up, we see that the broadcasting channels have pecuniary exter-
nalities given increasing marginal costs for producing the advertised good. The
intuition for the pecuniary externality is obvious. If an advertiser g increases his
advertising level on a channel, then the advertising firm ¢ sells more products.
Hence, the firm g¢’s willingness to pay for the last viewer-time unit decreases on

all channels because his marginal costs are higher compared to the situation before.

In order to derive the linear demand function

N

p=A=) w.Dy, (20)
k=1

suppose that a consumer has the valuation v = A?. Furthermore, we assume
that the cost function for producing the advertised good is

N W A2 N Wy N
Ty =AY Tgpk — 7(2 T"Dkﬁ ) pweDy, . (22)
k=1

Maximizing with respect to wy; D; and solving for p leads to

N
p= A— Z wngk . (23)
k=1

12



Summing up over all M advertisers yields the aggregated inverse demand func-
tion

N
p= A= wiDy (24
k=1
Microfoundation 2: Word-of-Mouth Advertising
Another way to give a microfoundation is word-of-mouth advertising. In the
following we assume that the marginal costs for producing the advertised good are
constant. We normalize these costs to zero without loss of generality.

The idea behind the word-of-mouth advertising setup is that a viewer can learn
about the existence of a certain product in two different ways. On the one hand, he
can become aware of the product through advertising. On the other hand, he can
become aware of it by recognizing that another person has bought this product.
In order to capture this idea, we extend the model by introducing two periods. In
the first period the viewers are exposed to the advertising spots of the different
firms. Depending on the length of advertisement wg;, they buy the product of
advertiser g with probability z(wg;) = %. In the second period we assume that
always pairs of viewers meet each other. In particular each viewer meets one other
viewer. A viewer sees whether the other viewer has bought a product of firm g
or not. Suppose that a viewer has not become aware of the product in the first
period and meets a viewer in the second period who has bought the product in
the first period. Given this, the non-buyer of the first period becomes aware of the
product and also buys it. Such a constellation, where a non-buyer meets a buyer,
is the only possibility how sales occur in the second period. Formalizing this idea
leads to the following profit function of an advertiser g

N

N N N
Wi w Wy
7= o[y Di—"+ > Di(l ~ 7‘/’“)2@%} — " prwgeDy, . (25)
k=1 k=1 j=i k=1

Maximizing with respect to wgy Dy, leads to

13



Effect 2 Effect 3

Effect 1
1 1L w1 o
e = v( 1 +(—ZZDk7‘q)+ZZDk( —79)) : (26)
=1 =1

We see that if channel k increases his supply of viewer-time units, then three

effects appear:

Effect 1: The probability increases that a viewer of this channel buys the prod-
uct in the first period.

Effect 2: The probability decreases that a viewer of this channel buys the prod-
uct in the second period 2. This is due to the fact that it is less likely that a viewer
of channel k£ does not buy in the first period.

Effect 3: The probability increases that a non-buyer meets a buyer in the sec-

ond period.

The sum of the three effects multiplied by the price v yields the marginal
revenue of advertising on channel k. This is the advertiser’s willingness to pay
for the last viewer-time unit on channel k. We see that viewer-time units are a
homogenous good because the willingness to pay for the last viewer-time unit is
the same on all channels

p=p;i Vie{l,...,N} (27)

Furthermore, simplifying Equation 26 yields

wgz-

N
p=230-3 D70 (28)

We see that the inverse demand function is decreasing in wg; D;

Op v
=-2— ) 1,2,...N}. 2
G, = g <OVi€ {12, N) (29)

14



In particular there are two reasons why the willingness to pay decreases if the

supply increases:

Reason 1: It is less attractive to increase the probability that a viewer buys in
the first period because the probability that he meets a buyer in the second period

increases (= —4).

Reason 2: It is less attractive to increase the probability that a viewer buys
the product in the first period because the probability that this buyer meets a
non-buyer in the second period decreases (= —ﬁ).

As the microfoundation with a convex cost function, this mircrofoundation
yields the linear demand function with which we work later on. Suppose that the

consumers’ valuation is

2
v:%. (30)

This yields the following profit of advertiser g

N
A2 ZDkw‘qk + ZDk wgk ZD 'U)g] prngk . (31)
k=1

Maximizing with respect to wgx Dy, leads to

N
p=A-) wuDy. (32)
k=1

Summing up over all M advertisers yields the linear inverse demand function

N
p=A-3 wDy . (33)
k=1

15



4 Competition in Advertising Levels

In this section we look at the profit maximization problem of the channels and we
solve the model for the symmetric market equilibrium. The broadcasting channel

1 has the following maximization problem

maxm; = Diwip, (34)
w;
with
1 w; —w; W — W; t t
D = — J v vof < < w4+ —
iSNTtT Ty Ty rwiTyswisuty (35)
and
N
p=4-3 wD (36)

k=1
The first order condition of channel 7 can be written as

om; 0D d(pw;)

awi N 8wi awi =0 (37)

pw; + D;

Hence, the optimal advertising level solves the trade-off between losing the

revenue from a viewer and increasing the revenue per viewer.

Another possibility to express the first order condition of channel i is

tity Effect
Scale Up Effect Qua/r:/L e

g = iD D, w;p
Price Effect
0 Op 0D; dp 9D; dp 0D
Diw;~2 4 Dyw; 2 S e et T el DY) (38)

Owi zszDZTM 8Dj Gwi aDl 8wi N

To understand this FOC, we consider a ”One-Sided Market” maximization
problem. Usually the marginal revenue, R = pq, exhibits in a ” One-Sided Market”,
depending on the kind of strategic variable, a simple trade-off:

e Suppose that the quantity ¢ is the strategic variable, so R(q) = p(q)q. If a
firm increases ¢, then it sells one more unit (=Scale Up Effect), but every

unit at a smaller price (=Price Effect)
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Price Effect

Scale Up Effect =
R _— o~ 4 O (39)
oq b qu

e Suppose that the price p is the strategic variable, so R(p) = pq(p). If a
firm increases p, then it sells all units at a marginal higher price (=Scale Up
Effect), but only a smaller number of units (=Quantity Effect)

Quantity Effect

Scale Up Effect =
R _ = + 94 (40)
op e Opp

In our two-sided-market setup we have the combination of a price and a quan-
tity competition. The advertising level is a kind of price for the viewers. For the
advertisers it is, multiplied by the number of viewers, the supply. This is reflected
in the first order condition. There we have, beside the ”Scale Up Effect”, the
”Price Effect” as well as the ” Quantity Effect”. For the ”Price Effect” we have to
take into account that if a channel ¢ increases its advertising level, then it directly
increases the supply of viewer-time units (=direct effect). But furthermore, it
changes the distribution of the viewers on the channels. This changes the supply
of viewer-time units, which has a further impact on the price (=indirect effect).

direct effect indirect effect
=
0 0 Op OD; Op 0D; Op 0D
p_ & RO, P IT PO (41)
awi 8wi @DZ 8wi 8Dj (911]1' ODZ 8wi

with [ and j as the neighbors of 1.

In order to derive the symmetric market equilibrium, we look at the corre-
sponding first order condition

om; 1, 1 ., 1 ,op
ow, |w;:w;:...:wyv— NP TP + NYi g

)

(42)
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Using the specified demand functions, we can solve for the symmetric equilib-

rium advertising level w;.

Proposition 1. Assume that the viewers’ demand function is (with —i as the
symmetric neighbors of i)

Di:%+w for w_i—%gwigw_i—l—% (43)
and that the advertisers’ inverse demand function is
N
k=1

The advertising level

. (Nt+t+N2A)—/(Nt+t+ N24)2 — 4N3tA

s the unique symmetric Nash-FEquilibrium.

Proof. See Appendix. O

5 Has Advertising the Property of a Strate-
gic Substitute or Complement?

In the existing literature advertising has the property of a strategic complement.
In these setups advertising is a kind of price for the consumers and no pecuniary
externality appears. Hence, as in price competition, each channel decreases his
advertising level if another channel decreases his advertising level. In the following
we show that it is not obvious that advertising has the property of a strategic

complement given pecuniary and participation externalities.

For simplicity we consider a duopoly (N = 2). We denote the two channels
by {i; —i}. Whether we have strategic substitutes or complements depends on the

sign of
8271'1‘ 8]7 8(Dzwz) 8DZ' a(pwi) 82DZ~ 82]) <
= N Dli = U.
8wi8w_i Bw_i 871)@‘ + 8w_i 8wi tw [8wi8w_ip + 811}_1‘811%} = 0
(46)

We see that channel —¢ influences the price function p and the demand function
D;. This has four consequences:
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it changes the price p (= %)

it changes the number of viewers of channel i (zaawi)

—1i

it changes the impact of firm 7 on the price p (:%)

it changes the impact of firm ¢ on the number of viewers D; (= 31223%_1_)

The change in the price p influences the incentive to change the quantity of
viewer-time units (8(571:_”1')). If the price decreases, then it gets less desirable to
have more viewer-time units. The change in the number of viewers D; changes
the incentive to change the revenue per viewer a(apiww:). Given more viewers, it gets
more preferable to have a high revenue per viewer. Furthermore, the changes of
the impact of the advertising level on the audience size and on the price have an
additional effect on the incentives to change the advertising level. The number
of viewers that one loses with a higher advertising level changes. Moreover, the
impact of an increase in the advertising level on the price changes.

With our specified viewers’ demand function, we have that % = 1 given

t
27).
w_;j— & <w; <w_;j+ % and aqzaDzLi = 0 because

1 if ’wi<w—i_wt_i
Di=¢ 1+ if w,—L<w<w;+1%i . (47)
0 if w_; + £ < w;

Furthermore, given the specified advertisers’ demand function p = A-> szl Dywy,
2
the cross derivative is =22 = —2 for w_; — £ < w; < w_; + L. We cannot make
Ow;0w_; t 2 2

any statement about the sign of % and % without knowing the actual values

of w; and w_; because

9 _ —Di+ % -1 <0 if woi—5<w<wi+% )
ui = | Dk >0 i vt o< <wiit
0 if w—i+%<w,~
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Hence, it is possible that the price per viewer-time unit increases if a chan-
nel extends his advertising level. To illustrate this point, suppose two channels.
Assume that channel 1 has a higher advertising level than channel 2 in such a
way that channel 1 has only "one” remaining viewer. If channel 1 increases his
advertising level even further, then this last viewer switches to channel 2. Thus,
the higher advertising level of channel 1 decreases the aggregated supply of viewer-
time units and increases the market price p.

Let us now determine the reaction function of channel i: w} = w}(w_;). In
order to do this, we have to distinguish between three cases:
H

Case 1: w_; > wZ, =

ol

+4

Suppose that w_; > g + % We can calculate that w; = é maximizes channel

1’s revenue per viewer. Furthermore, we have that

A
Di(w; = S;w_; > w!

Hence, w; = g has to be channel 7’s best response. If channel ¢ chooses w; = %,
then he all viewers watch his program and he has the highest possible revenue per

viewer.

Case 2: wf, > w_; >w% = Tt + 14— 1,/(252 + 4At + 4A2)

—i =

In this second case w_; is not high enough to allow channel ¢ to choose w; = %
and still to have D; = 1. Given this w_;, the profit of channel i decreases in w;

(gTTZ < 0). A higher advertising level leads to a lower number of viewers and the

change in the revenue per viewer cannot make up for this loss. Hence, reducing
the advertising level increases the profit as long as D; < 1. Therefore, we derive a

corner solution w}(w—_;) = w_; — % where D; = 1.

Case 3: w_; <wY = It + 3 A — 1./(25¢2 + 4At + 4A2)

In Case 3 we have an interior solution. The reaction function can be calculated
and is
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1 5 1 1 3 1 1
Case3 2 2 2 3
Cased — (1 4 42 4 2y it — At + —w? ) tw?, — —w_ At — —w?
Wi (14 gt + gqu-it — At + gu=ilggtw= — fgw— 62T
1
— [1440t*w_; A + 1296 Atw? ; — 432A4%*w?, + 2376w? ;12 A

576
—5760w_;t3 A% + 7632t3 Aw? ;, — 3540t3w>; — 3t° — 90tPw_; — 927t w?, — 57611 A% —

(2

1 3
2052t2w*, — 1296w° ;t + 1536433 + 7265 A]3]5 + Lt e
We summarize these findings in the following proposition.

Proposition 2. In a duopoly with

1 if wi <w_; + &
Di=q 3+ 4f wy—Lt<w<w_;+1L (49)
0 if wW—; + % < wj
and
p=A—Dyw; — D_jw_;, (50)

the best response function w}(w—;) of platform i is

(SIES

Sw-_; < wi’
wfe3  =interior solution if w_; <w® =7+ 4 — 12512 + 4At + 4A2

Proof. See Appendix. O

In the first case it is obvious that advertising is neither a strategic substitute
nor a strategic complement. In the second case we have, due to the corner solu-
tion, a perfect strategic complement. Whether advertising exhibits the property
of a strategic complement or substitute in the case of an interior solution depends
on the actual values of w; and w_;. We have plotted two numerical examples to

illustrate this (see Figure 1).

Given a high differentiation parameter (¢t = 200), we see that advertising can
be either a strategic substitute or complement. In the corresponding equilibrium,
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Strategic Substitutes or Complements?
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i i

Figure 1: Strategic Substitute or Complement

w; = 50, it is a strategic substitute. In contrast, advertising exhibits the property
of a strategic complement given a low differentiation (¢ = 10). However, we are
able to derive analytical results whether advertising has the property of a strategic

substitute or complement in a symmetric market equilibrium.

Proposition 3. In the symmetric Nash-Equilibrium of a duopoly advertising has
the property of a

o strategic substitute if differentiation between platforms is relatively high

t>2(2v/2-1)A)

e strategic complement if the differentiation between platforms is relatively low

t<2(2v2-1)A)

Proof. See Appendix. O
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If one considers the advertising market, then one expects that advertising has
the property of a strategic substitute because channels compete in quantities. In
contrast, if one considers the viewer market, then one expects the property of a
strategic complement because advertising is a kind of price for the viewers. The
intuition of the proposition is the following. Due to the fact that we consider a
symmetric situation, no effects that result from asymmetric advertising levels ap-
pear. Furthermore, suppose that the differentiation is high. In this case a change
in the advertising level has no big impact on the viewer side and the effects of
the advertising market dominate. Advertising has on the advertising market the
property of a strategic substitute. Therefore, we have exactly this property if the
differentiation is high. If the differentiation is low, then the opposite is true.

6 Market Entry

In this section we consider market entry. Given the introduction of Digital Televi-
sion, broadcasting frequencies are no longer a scare resource. Governments use this
to award additional licenses. This yields tougher competition between the broad-
casting channels. Choi (2003) shows, by using the Anderson and Coate (2005)
framework, that market entry leads to a lower advertising level and that it de-
creases the profits of the channels. In the following we show that this does not

have to be true if we take into account pecuniary and participation externalities.

In order to do this, we start by looking at the role of the differentiation param-
eter t and the demand parameter A. If the differentiation parameter ¢ increases,
then the viewers’ demand function gets less elastic. Furthermore, in the symmetric
market equilibrium, the size of the price change 5%_ is independent of ¢t and always
-D; = —%. Hence, an increase in ¢ leads to a higher equilibrium advertising level
due to the less elastic demand function.

Additionally, if the parameter A increases, then the equilibrium advertising
level rises because the advertisers’ willingness to pay increases. This has two ef-
fects. On the one hand, it is more attractive to increase the advertising level

because the revenue per advertising unit (= D;p) increases. On the other hand, it
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is less attractive to increase the advertising level because the revenue per viewer
increases (= w;p) and more advertising leads to a smaller audience size. Therefore,
the two effects work in the opposite direction. One can summarize both effects

(D wi) . dp

in the term p=5—*. In a symmetric equilibrium we have Tw; < 0. Therefore,

it has to be that pm— ( ’w’) > 0 in order to fulfill the first order condition. If the
%DT?}Z) has to decrease in order to sat1sfy the

Therefore, due to the higher price p, the revenue per viewer has to decrease which

price p increases, then the value of

first order condition. We see that the second derivative is negative

the channels achieve by a higher advertising level.

We summarize these findings in the following lemma.

Lemma 1. If the differentiation between the firms increases, then the equilibrium

advertising level increases

ow;
> 0.
ot
If the advertisers’ demand function shifts out, then the equilibrium advertising level
imcreases D
Wy
> 0.
0A
Proof. See Appendix. O

In the following we use Lemma 1 to show that market entry can either lead to
a higher level of advertising or a lower level of advertising.

Proposition 4.
Market entry yields

e a higher level of advertising %wN: > 0) if the differentiation between the

channels is relatively high (t > 221172]\}4);

e a lower level of advertising (%175 < 0) if the differentiation between the chan-

nels is relatively low (t < 2+A‘,4)

Proof. See Appendix. O

To understand the intuition behind this Proposition 4, let us consider the first

order condition. In a symmetric equilibrium we have
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or; 1 1 d(w}p)
— |wr=.. . =w* — —— ;k — 2 = (). 2
awi | 1 N tpw + N awl 0 (5 )

Using the implicit function theorem yields

Dwrp) a(pwy)
* _ 1 9w;p 17 Ow
dw*(N)  ~N? 9w, T N 9N (53)
dN [SOC]
Therefore, we see that dwd* Jng) > 0 if
O(pwy)
1 O(w! 1 05,
1 owip) L% (54)

N2 w; N ON

The crucial point is the change of the marginal revenue per viewer multiplied
by the number of viewers (D} a(awiuiip)). If this term increases, then firms increase
their advertising levels. Otherwise, they decrease their advertising levels. Note
that only the mentioned term is relevant because market entry does not affect the
O Gptwip)
—an =0

negative effect of increasing advertising, namely losing viewers

After market entry each channel has a lower number of viewers in the equilib-
rium. This has two effects on the incentives to offer advertising. We can distinguish

between them by taking the derivative of Dfa(awiuim with respect to V.

On the one hand, an increase in the advertising level, which yields a higher
revenue per viewer, has a smaller positive effect on the profit because it works on

a smaller number of viewers. This is reflected in the term

oD; d(wfp) _ 1 O(w]p)
ON Owi N N2 Owi

<0 (55)

and gives an incentive to decrease the advertising level.

25



On the other hand, the smaller audience size decreases the impact of channel
1 on the price because a change in the advertising level leads to smaller change in
the total supply of viewer-time units. This is reflected in the term

%Dy

and gives an incentive to increase the advertising level.

Therefore, we see that a smaller audience size has two counteracting effects.
The total effect depends on the size of the different effects. The dimension of the
first effect decreases in the advertising level,'? and the dimension of the second
effect increases in the advertising level.!3 Hence, if the advertising level w} is rel-
atively high, then the total effect is positive and market entry leads to an even
higher advertising level. We have already seen that a higher ¢ leads to a higher
w; (see Lemma 1). Therefore, if the differentiation is relatively high, then the

equilibrium value of the advertising level is above the threshold value. Hence, the
advertising level increases if market entry occurs. One may wonder why ¢ has to

be higher if A increases (t = éﬁi\‘?) because w; increases if A increases. But
a higher A has two effects. A higher A leads to a higher w; but it increases the
equilibrium value of p*, which puts more weight on the first effect (see Equation

55).

To summarize, we see that the effect of market entry on the advertising level
is ambiguous. Given a high level of differentiation, the advertising level increases,
and given a low level of differentiation, it decreases.

In a next step we consider how market entry affects the profits of the broad-
casting channels. There exists an advertising level W = g that maximizes the

revenue per viewer

Ol(A — w;)w;
A= wwil oy g, (57)
8wi
12 dp 0GB w p(w])) o= Ewl(A—w))) <0
130(=Fwi+p) _ 1 4. Ozzw) <0
ON — N2 Wi Ow;
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N 1

If the broadcasting channels colluded, then they would choose this advertising
level. In the following we have to distinguish between four situations.

ow; or
ON >0—>67N<0

Situation 1. w; < w} and

In this situation the equilibrium advertising level is higher than the advertis-

ing level that maximizes the profits per viewer. Furthermore, the differentiation
2N2%A
2+N
the equilibrium advertising (see Proposition 4). It is obvious that the profits of

parameter ¢ is above the threshold level ¢ > . Hence, market entry increases
the channels decrease. Firstly, given market entry, a channel has less viewers in
equilibrium because % decreases in N. Secondly, the equilibrium advertising level
increases, which yields a smaller revenue per viewer.

ow; or

Situation 2. w; > w;} and

In this second situation the equilibrium advertising level is lower than the
advertising level that maximizes the revenue per viewer. Furthermore, the dif-
ferentiation parameter ¢ is smaller than the threshold level. Hence, given market
entry, the equilibrium advertising decreases. Therefore, it is obvious that the profit
of an incumbent decrease with market entry.

ow; or <
av <0— gy =0

Situation 3. w; < w; and

In this third situation the equilibrium advertising level is higher than the level
that maximizes the revenue per viewer. Furthermore, given market entry, the
equilibrium level of advertising decreases. Hence, the revenue per viewer increases,
which has a positive effect on the profit of an incumbent. At the same time the
incumbent loses viewers, which has a negative impact on the profit. To summarize,
there are two counteracting effects on an incumbent’s profit. Whether the profit

decreases or increases depends on the size of the different effects.

1
m = (A— wl*)wz*ﬁ (59)
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om __ 1
ON N2

* * 1 aw:( *) < : -~ * aw;k
(A — w))w; +N8N (A =2w;) = 0 with w; < w] and N < 0(60)

Let us illustrate this case with a numerical example. We assume that A = 10

and ¢t = 300. The first derivative of a channel’s profit function with respect to
N is zero at the values N7 =~ 25.597 and No &~ 40.838. Therefore, we have two
extrema. Checking the second order condition yields

Om —0.002224 > 0 with Ny = 25.597;

2,

ons = —0.0010858 < 0 with NNy = 40. 838.

Hence, the profit of a channel is increasing in N for N €|Ny; Na[. Figure 2
shows a channel’s advertising level and a channel’s profit for the numerical exam-
ple. We see that the profit starts to decrease in IV, then it increases in N, and if
N > 41, then it decreases again.

. . ~ ow;
Situation 4. w; > w} and 55 >0

Theoretically, this situation may be possible. It could be that the equilibrium
advertising level is too low and that market entry leads to a higher equilibrium
advertising level. Nevertheless, we can exclude this case with our chosen functions.
Given that the differentiation parameter ¢ is above the threshold level, the adver-
tising level is always higher than @w; with N > 2.

To show this we calculate the smallest possible w; given t > 221121\‘,4 and compare
it to w
2N2A NA _ A
St = = > — VN > 2. 61
will = N T3 N T 2 (61)

We summarize our findings in the following proposition.

Proposition 5. Market entry decreases the profits of the incumbents

. . . . . . INZ2A
o if the differentiation is relatively high(t > N

ing level is above the revenue mazximizing advertising level and market entry

). The equilibrium advertis-

increases the equilibrium advertising level.
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Advertising Level and Profit

Numerical example: A=10; =300
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Figure 2: Advertising level and profit

o if the differentiation is relatively low (t < %) The equilibrium advertising
level is below the revenue maximizing advertising level and market entry
decreases the equilibrium advertising level.

2N2A N2A
2N >t > m), then

the equilibrium advertising level is above the revenue mazimizing advertising level.

If the differentiation parameter has a medium value

Furthermore, market entry leads to a lower equilibrium advertising level. In this
case it might occur that the incumbents’ profits increase with market entry.

Proof. We know that w; = %. Looking for ¢ s.t. w} = % yields

N?A
t= 2
2N —2 (62)
For the rest see above. O
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The surprising finding that market entry can lead to higher profits comes from
the two externalities that are incorporated in our model. Given the pecuniary
externality, a platform does not internalize that it decreases the other platforms’
profits if he increases the supply of viewer-time units. This goes in the direction of
a too high advertising level compared to the collusive advertising level. Hence, the
platforms would like to commit to a lower advertising level. Therefore, individu-
ally rational behavior leads to a too high advertising level compared to collectively
rational behavior.

On the other hand, we have the participation externality. Given this external-
ity, a platform does not internalize that it increases the profits of the competing
platforms if he chooses a higher advertising level. This goes in the direction of a
too low advertising level. Hence, the platforms would like to commit to a higher
advertising level. Therefore, individually rational behavior leads to a too low ad-
vertising level compared to collectively rational behavior.

To illustrate this point, consider the example of two channels and the param-
eter values A = 100 and ¢ = 200. Although we have competition, the equilibrium
advertising level w} = 50 equals the collusive advertising level w; = 50. We see
that the ”suboptimal” behavior of the firms on one side of the market, from a
collusive point of view, corrects the ”suboptimal” behavior on the other side of

the market.14

In the following we consider the impact of market entry on social welfare. A
social planer, who wants to determine the optimal advertising level w, has to solve
the following trade-off. On the one hand, a higher advertising level increases the
surplus of the advertisers. On the other hand, a higher advertising level decreases
the surplus of the viewers. One can easily determine the optimal advertising level
that solves this trade-off. The willingness to pay of the advertisers (p) should be

14Reisinger (2004) shows a related effect of the interaction between the two markets. In his paper
he considers a situation where two platforms compete in prices and the advertisers total demand is
fixed. Suppose that the differentiation parameter is very high. Hence, viewers never switch between the
platforms. Competition between the channels yields an advertising price of zero. In such a situation
Reisinger (2004) shows that an exogenous decrease of the differentiation parameter increases the profits.
The intuition is that viewers begin to switch. Therefore, the channels have to take care of their advertising
levels. This leads to higher prices for advertising, which yields a higher profit per channel.
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equal to the marginal change in the viewers’ utility (= 1).

1=A-w (63)

w=A-1 (64)

One can compute the necessary relationship between ¢, A and N such that the
equilibrium advertising level is equal to the social optimal advertising level w;

. Nt+t+N2A—/(Nt+t+ N2A)2 — 4N3tA
Wi RE

=A-1; (65)

A-1
N+1-A

Concerning the effects of market entry on the social welfare, we have to take

t= N2 (66)

into account the reduction of the consumers’ transportation costs. Hence, the

social welfare function is

WF =(A—-w)w+ -w* — — —w. (67)

In order to consider whether market entry leads to a higher or lower welfare,
we have again to distinguish between four situations:

ow; OWF
a < 0— SN > 0

Situation 1: w; > w; and

2N2A
amaling t >

N 2%. Hence, the advertising level is too high from a welfare point of view.
Market entry leads to a lower advertising level because the transportation costs

In this first case the differentiation parameter ¢ is between

are below the threshold level. In this case market entry unambiguously increases
welfare. The advertising level moves in the right direction and the consumers’

transportation costs decrease. Given that the differentiation parameter ¢ can be

N 15

in the mentioned area, the parameter A has to be A > 1+ 5.

152N2A 2 A-1 N
24N >N N+i—A HA>].+7
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Situation 2: w* <wand >0—>M>0

As in case 1, in this second case market entry increases the social welfare. If

A>1+ N then ¢ can be between N? N‘il 1A >t > 2+J\‘,4 Hence, the advertising

level is below the social optimal advertising level. Market entry increases the ad-

vertising level. Furthermore, the viewers’ transportation costs decrease if market
entry occurs.

: : . * ~ ow* OWF <
Situation 3: w >wand8—N>0—>a—N;0

If ¢ is very high (¢t > maz{N? N’j:i 7 22]12}\? ), then the equilibrium advertising

level is above the social optimal level. Market entry yields two counteracting ef-

fects. On the one hand, the consumers’ transportation costs are reduced. On the
other hand, the advertising level moves in the "wrong” direction. Nevertheless,
numerical examples let us expect that the positive effect on social welfare always
dominates.

IWF <

Situation 4: w* < w and 8N <0— H5 = 0

- 2N2A })
N+1 A’ 2¥N
then the advertising level is above the social optimal level. Market entry decreases

If the differentiation parameter ¢ is very low (t < min{N?

the advertising level even further. Even if the consumers’ transportation costs
are reduced, it can happen that the social welfare decreases with market entry.
In particular this is true when N goes to infinity and A above the critical value
% Given a high N and further market entry, the decrease of the transportation
costs is negligibly and the negative effect of a lower advertising level dominates.
Therefore, we conclude that perfect competition has not to be desirable from a

welfare point of view.

Proposition 6. The equilibrium advertising level can be above or below the social
optimal advertising level. Therefore, market entry has two welfare effects. On
the one hand, it changes the equilibrium advertising level. This can increase or
decrease social welfare. On the other hand, it decreases the transportation costs of
the viewers, which unambiguously increases welfare. In particular if A > %, then

perfect competition does not maximize social welfare.
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Proof. See Appendix. O

7 Conclusion

In this paper we have analyzed a two-sided market model where broadcasting
channels offer a costless program to viewers. The channels make profits by selling
viewer-time units to advertisers. In contrast to the existing literature, we have
combined the ”participation externality” (more advertisements on platform i de-
crease its own audience size and increase the other platforms’ audience sizes) and
the ”pecuniary externality” (more advertisements on platform i changes the ad-
vertisers’ willingness to pay on all platforms). We have given two examples: the
”Code of Conduct” of the National Association of Broadcasters in the US and the
discussion about advertising on public broadcasting channels in Germany. Both
examples illustrate the existence of pecuniary externalities. We have provided two
microfoundations for pecuniary externalities, namely a convex cost function and
word-of-mouth advertising. We have shown that advertising can have the property
of a strategic substitute or complement. Furthermore, market entry can increase
or decrease the equilibrium advertising level. Both is in contrast to the existing
literature. Moreover, we have shown that market entry can make incumbents bet-
ter off and that perfect competition does not have to be desirable from a welfare

point of view.

Given the introduction of Digital Television, our model leads to the policy im-
plication that governments should be careful with additional broadcasting licenses.
In particular they should take into account that the equilibrium advertising level
can move in the wrong direction and that this can decrease welfare. Furthermore,
our model shows that advertising ceilings, which restrict the time that a channel
can offer to advertisers, can be used as a collusive device between the broadcasting
channels in order to increase the price for advertising. This function of advertising
ceilings does not appear in the existing literature. Therefore, we conclude that
a government should be careful with such advertising ceilings, particularly if the
channels ask for such ceilings in order to protect viewer against ”too much” ad-

vertising.
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Natural extensions of this model would be to consider the program quality
choices of the broadcasters and to consider the introduction of subscription fees.
In particular the last point seems quite interesting. The existing literature, like
Peitz and Valetti (2004), only considers subscription fees in the Anderson and
Coate (2005) framework, so without pecuniary externalities. It would be interest-
ing to analyze subscription fees under perfect competition in a model that includes
pecuniary externalities. Without pecuniary externalities, channels set monopoly
advertising levels and compensate the viewers by a corresponding lower subscrip-
tion price. Hence, an inefficiency arises due to the monopoly advertising level,
which is persistent even under perfect competition. Given pecuniary externali-
ties, perfect competition would drive the advertising level to the social optimal
level. Therefore, with two instruments, advertising prices and subscription prices,
and two externalities, pecuniary and participation externalities, more competition
would always increase social welfare. Hence, perfect competition would be unam-

biguously desirable from a welfare point of view.
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8 Appendix

Switching Viewers

We consider ”switching viewers” in order to derive pecuniary externalities. As
in Anderson and Coate (2005), we consider two periods (say day 1 and day 2)
where the channels broadcast their programs and viewers watch these programs.
Assume furthermore that the channels have to commit to their advertising levels
for the two periods in advance. Additionally, we make the assumption that the
viewers reallocate after the day 1 on the Salop circle at random. A possible ex-
planation is that the kind of differentiation of the channels is different. For an
illustration assume that channel A broadcasts always US movies and channel B
broadcasts always French movies. If a viewer decides to watch the US movie, then
this has not to imply that this viewer always watches this channel. Perhaps he has
chosen the US movie because it was a black and white movie and next time the
French movie is black and white. Or he preferred the US movie because it was a
love story and next time the French channel has the better love story to offer.

Let us look at a representative advertiser g. If he advertises wg;1 on channel
7 in the first period, then the viewers of this channel buy his product with a
probability of z = z(wg;1). We assume that the probability function z is concave
in the advertising level

2 >0,72" <0 with 2(0) = 0,2(c0) =1 .

This assumption ensures that the second order condition of the advertisers are
globally satisfied. We stick to the assumption that each consumer is only interested
in one unit of a certain product. This implies that all viewers who have bought
a product in the first period will for sure not buy such a product in the second
period. Hence, only a non-buyer of the first period can get informed about the
product of advertiser g in the second period. In this second period the probability
z depends again on the length of the advertising spot.

This leads to the following expected profit function for advertiser g:

N N N

N
Ty = U[Z Dij1(z(wgj1)+(1—2(wg;1)) Z DiQZ(wgiQ)]_Zpjlnglel_ZpngiQDiQ :
j=1 i=1 j=1 1=1
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Maximizing with respect to the optimal advertising level on channel k in both

periods leads to

N

pr1 = v[l — Z Dinz(wgi2)]2' (wgr1)
i=1
N

pr2 = v[l — Z Dj12(wgj1)]z" (wgra)
j=1

For simplicity let us assume, as Anderson and Coate (2005), that every channel
offers the same time for commercials in both periods.!® This implies that given w;,
a channel ¢ has the audience size D; in both periods. In particular the channel &
gets the same per viewer-time unit time price pg in both periods. This price py, is

N
Pr = pr1 = pr2 = v[1 = Y Djz(wg))]2 (wgr).
=1

If another channel | changes its advertising level in such a way that firm g

advertises more on this channel, then it distorts the price pg

Opx,
Owgyl

Thus, the broadcasting channels have pecuniary externalities. The intuition

= —vDp2 (wy)2 (wgr) <0 .

for this is straightforward: if an advertiser advertises more on channel [ in both
periods, then this leads to a decrease in the effectiveness of advertising on channel
k. The reason is simply that the probability to get a non-buyer gets smaller
(through the higher advertising level on channel [) and therefore the net payoff
from advertising decreases.

Proof of Proposition 1

Symmetry and the knowledge D; = % yields:

om; 1 1 1 1

1
duw, ~ guild - Nuigl gld = Nuigl = ggwi =

0

16 Given the assumption, the channels have pecuniary externalities on each other in both periods. If we
allow for different advertising levels in the two periods, then we derive intertemporal externalities in the
sense that the advertising level of channel [ in one period influences the willingness to pay of the advertiser
in the other period. Such a dynamic analysis is beyond the scope of this paper. But we expect that such
a dynamic model yields qualitatively the same results.
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or; 1 1, 1 1 1
gy~ AT et AT e i =0
19}
aﬂ = —N2w; A+ N2w? + NtA — Ntw; — tw; =0
W 4
0
T4 _ N2w? 4 [Nt — t — N2AJw; + NtA =0
owy
(Nt +t+ N2A) £ \/(Nt +t+ N2A)2 — AN3tA
Wire = INZ
Checking the second-order condition:
827Ti 82DZ’ 8D7, 8D1 dp dp d2p
= ——w; 2 2 ; 2D 2D,w;,—= < 0.
Owiz awf wip+ 8wip + ow; Wi dw; + dw; T abi; dwi2

Evaluating at a symmetric equilibrium yields:

- t+ AN?
Wis N2IoN

Now plugging in

o — (Nt +t+ N?A) — \/(Nt +t+ N2A)2 — 4AN3tA
L 2N2

*

This gives

(Nt +t+ N2A) — \/(Nt +t+ N2A)2 — AN3tA it AN?
2N2 N2 4+ 2N

(Nt +t+ N2A) — \/(Nt +t+ N2A)2 —4N3tA ¢+ AN? “0
2N2 N2 +2N

N2t + Nt +2t — N3A42N?A — (N +2)y/(Nt +t + N2A)2 — 4N3tA < 0
Case 1: If Nt 4+ Nt +2t — N3A 4+ 2N2A < 0, then SOC is fulfilled.
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Case 2: If N2t + Nt + 2t — N3A 4+ 2N2?A > 0, then we have to show that

N2+ Nt+4+2t—N3A+2N2A < (N+2)y/(N212 + 2Nt2 — 2N3tA + 2 + 2t N2 A + N1A42)

(N*t+Nt+2t—N3A+2N%A)? < (N+2) (N2 + 2Nt? — 2Nt A + 2 + 2tN?A + N1 A?)
—8N?t2 —8Nt? —8N° A% — AN3t? + 8N*A < 0
INt? +2t2 + 2N* A% + N?t2 — 2N3tA > 0

We know that the term 2Nt? + 2t2 + 2N4A? + N?t2 — 2N3tA is always positive
or negative because the Determinant with respect to ¢ and A is negative. We see
immediately that the term is positive for N = 1 (2t2 + 2t2 + 242 + 2 — 2tA =
4t2 + A% + (A — t)® > 0). Furthermore, we can show that the term 2Nt + 2t +
2N4A? 4 N2t2 — 2N3tA is increasing in N. Therefore it is positive for all N > 1.

O(2Nt2 + 212 + 2N* A% + N?t2 — 2N3tA)

=212 + 8N3 A% + 2Nt? — 6tN%A
N +8 + 6 >0

SN3A? + 2Nt? — 6tN?A > 0
4N3A% 4 Nt? — 3tN?A > 0
4N?A% 412 —3tNA >0
(2NA -1+ NAt >0

Now showing that

(Nt +t+ N2A) + /(Nt +t + N2A)2 — 4N3tA

2N?2
is a minimum.
Plugging into
R AN?
W < ————
* T N242N

yields

N2t + Nt +2t — N3A 4+ 2N?A+ (N +2)y/(Nt +t + N2A)2 — 4N3tA > 0

Case 1: If N2t + Nt +2t — N3A + 2N?A > 0, then SOC is not fulfilled.
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Case 2: If Nt 4+ Nt +2t — N3A 4+ 2N2A < 0, then we have to show

(N%t + Nt +2t — N3A 4+ 2N2A4)2 < (N 4+ 2)?((Nt +t + N2A)? — 4N3tA).

We know that this is true. See proof of maximum. [

Proof of Proposition 2

For Case 2:
87@' 1 2 2
du, iz~ = o7 (Tw—it + 3% + 202, + 3AL — 24w_;) = 0
701 1
—woi= gt AL 1\/(25152 + 4 At + 4A2)

Hence, if player i plays w; = w_; — %, then the FOC has two nulls. We can exclude
the point w_; = Tt + LA+ 1,/(25¢2 + 4At + 4A?) because

7 1 1
woi=gt+ oA+ Z\/(25t2 + 4At 4+ 4A2) > wll, =
and therefore it falls in the range of Case 1.
Now we check if w; = Tt + 3 A — 1/(25¢2 + 4At + 4A2) — } is indeed a maximum
given w_; = Tt+3A—1./(25¢2 + 4At + 4A2). Checking the SOC at the value w; =
Tt+1A- 1. /(252 + 4At + 4A%2) — L and w_; = Tt + 1A — 1, /(2562 + 44t + 4A42)

yields

2| s
N[ o+

0%m; 1
DL _ 2 2
503 = 1 <6A + 23t — 7+/(25t2 + 4 At + 4A )) .

)

To show L (GA + 23t — 7./(2562 + 4At + 4A2)) < 0. Simplifying yields

4t

1 1
—160A2 + 80At — 696t% < —(§A)2 + At —1? = —(3A4- t)> <0

Now more generally: Given the nulls at w_; = 7t + 1A+ 1/(25¢2 + 4At + 4A42?)

for w; = w_; — % and the fact that the SOC is negative at the point w; = w_; — %

with w_; = Tt + $A — 1./(2512 + 4At + 4A?) we have that the FOC is negative

=1
for all w; = w—; — % with
7.1, 1 7.1 1
woi €l gt A= Z\/(25752 +AAL+44%); ot + DA+ Z¢(25752 + 4At + 4A2)]

. Therefore, it would payoff to decrease w;. But we are at a kink of the profit

function. Hence, w; = w_; — % is indeed a maximum. Further decreasing w; does
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not change the audience size (it is D; = 1), but reduces the revenue per viewer.
Next, we show that

71 1 At
Lt CA— S\ /(2512 4 4AL + 4A2) < = 4~
YR 4\/(51&—1— t+ )<2+2

A 1
£t+5—1\/25t2+4At+4A2—(

At
§+§)<0
5)

1
il Z\/(251t2 + 4At +4A2) <0

1
Zt < 1\/(251t2 + 4At + 4A2)

This is true for all ¢ > 0 and A > 0.
For Case 3:

We have to show that the value wese3

i is indeed an optimum. Therefore, we

show that for all values of w; s.t. w_; — % <w; < w_; + % the second order

condition is fulfilled given that w_; < Tt 4+ $A — 1,/(25t> + 4At + 442).

%m; 1 4At — 12w;t + 24w? — 36ww_; + 4w_;t + 1202, + t*

ow? 2 12

)

. . 2 .
leenwi:wi—f—xvvlth—%gzﬁ%, gu:rg < 0if

4At — 8w_;t — 12tx + 12w_;x + 242> +t2 > 0

This term is decreasing in w; due to —% <z< % The term is zero if

sero _ A4At — 12ta + 242” + 2
- 8t — 12x
C

—1

Hence, it is sufficient to show that w7 > w

4At — 12t % 0+ 24 % 02 + 12 o

Zero
~z > w_;
i st—12(—1) i
9 17 1
SA4 —t> St S A— /2502 + 4AL + 4A2
SA >t g V2512 + 4 At +
3 47
A+ 9512 + AAt + 4A2
A 55 < /2512 + 4At +
9 141 2209 775 643 17391
A2 A ST (052 AAE 442 = — 242 2% g 22
1967 T106°" T 784 (2567 + 44t + 447) 196 196 784 S
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Proof of Proposition 3

With wa = wp = w; it follows:

0%m A—w; 1 w;
owa0wp N t 4 t
Strategic substitutes:

. 3 1 1 .

wi =St A~ é\/9152 — 8At +16A2 i € {A, B}
0?r 1
= -1+ —+/(9t2 —8At +16A42) <0

Jwa0wp + 4t \/( + )

%\/(Qﬁ — 8At +1642) < 1

o (9t — 8At +164%) < 1

9t? — 8At + 16 4% < 16¢2

—Tt? —8At+16A4%2 < 0
d(—T7t? — 8At + 16A2)

= 14t -84 <0
dt <
—Tt? — 8At + 1642 =0
4 8
t=—A—2v24<0
1 - 7\[

4
to =

8
A+ =-Vv2A>0
7 * 7\[
Therefore given A, the function is positive for all ¢ €]t1;ts].
strategic substitutes if

Hence, we have
4 4
t>—c A4t 2\/5,4 ==

7A(2\/§ —1)
Otherwise we have strategic complements.

Proof of Lemma 1
We show 85”;

|
> (0 by using the implicit function theorem.
or;
or; LI 0*r;
Ad— |wiz. == dt dw; =0
Ow; o=y = At + ow?
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dw:( _ pwl Ow; 0t
dt [SOC]
i 0
ai  [s0C]
We show %ﬁ > 0 by using the implicit function theorem.
or,
om; LI 0%n;
e = i A ;=
Vs lwimemun= g 4T Agzdwi =0
dw? _ _pw;k QZ%A
dA [SOC]
* 10 * 10
dw; _ —7pawi + Noa
dA [SOC]
" 9p O(Djw;)
dwi 94" dw
dA [SOC]
because .
om; | _O(Djw;) n dp Do 0
Proof of Proposition 4
The first order condition at a symmetric equilibrium wj = ... = wy is
omy 1, 10wip)
gwi PN Towy
By totally differentiating this first order condition we get
O(pwy)
10(wip) 1 O(wjp) 19 gu,
d i - [ o 1 . 7 dN —
SOCldw + 125 "5N ~ N2 0w, TN N | 0
A(pw?)
1 8(w*p) 1 9 811),-1
SOCdw; + |—— L — ‘—|dN =0
A o I A
D) a(pwy)
Qwi(N) _ —~7gu, + NN
ON [SOC]
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dw; (N) .
Therefore, —3x— > 0 if

wa > (A —w")
T 24N

o . . 2N2A
Plugging in w}, one sees that this is the case if t > 57

Proof of Proposition 6

It remains to show:

. OWF  Ow!
lim ( =

: ¢
I A — 1)+ — <
M (oy = on AW D+ e =0

Using the Implicit Function Theorem we know that

ow; e (MFPwr - A)
- A N+2, % 1
ON By U v
This leads to
OWF _ wa(PPuw) — A) (A—wi— 1)
ON 4 M2y L '
. 1 —(%wf—A) . t
z\}flooﬁ{—%er o Amei s o gk =0



due to

" ; /(Nt+t+N2A)2—4N3tA
v+t A -

lim w; = (v NZ ) NZ

N—oo 2

=0

Now to show that we approach zero from below with A > %

— (2 — 4)

t
lim { N (A—w;—-1)—-}<0
L T i
A t
a4+t
_%( )+4<0
5
A _
>4
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