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1 Introduction

In public economics textbooks, radio and television broadcasts are often given as examples of pure
public goods. For once a broadcast has been transmitted to one household, it may be costlessly
received by all other households with the necessary receiving hardware. Moreover, it is quite costly
for the provider to exclude others from receiving the broadcast. However, in sharp contrast to the
predictions of public economic theory, market provision of both radio and television broadcasting
is observed in many countries.

The key feature enabling such provision is that a broadcast is a public good which may be
“consumed” by two types of agents. The first type are viewers/listeners who receive a direct benefit
from the broadcast. The second type are advertisers who by advertising on the broadcast receive
an indirect benefit from contacting potential customers. While the first type of consumer cannot
be excluded, the second can. By charging advertisers for accessing their broadcasts, broadcasting
firms can earn revenues.

Will such market provision provide broadcasting optimally and, if not, in what ways will it
diverge from the optimum? Intuitively, the answer is unclear. Advertisers’ consumption of a
broadcast imposes an externality on viewers: advertisements take time to watch, and, by their
very nature, provide little entertainment value. Thus, optimal provision requires that advertisers
face a Pigouvian corrective tax for accessing programming. The price advertisers must pay to
broadcasters to advertise on their programs may be thought of as playing this role. Accordingly,
the basic structure of market provided broadcasting - free provision to viewers/listeners financed
by charges to advertisers - appears similar to that of an optimal structure. The issues are how
well equilibrium prices of advertising internalize the externality and whether advertising revenues
generate appropriate incentives for the provision of broadcasts.

This paper presents a theory of the market provision of broadcasting and uses it to explore



the nature of market failure in the industry. With market provision playing an increasing role
in the broadcasting systems of most countries, such an analysis seems timely. The appropriate
regulation of commercial broadcasting is an important issue and, to aid policy-makers in this area,
there is a need for economic analysis which sheds light on the ability of the market to generate
socially desirable outcomes.

Previous work on the market provision of broadcasting (see Owen and Wildman (1992) or
Brown and Cave (1992) for reviews) has largely focused on the type of programming that would
be produced by the market and the viewer /listener benefits it generates.! The literature concludes
that the market may provide programming inoptimally: popular program types will be excessively
duplicated (Steiner (1952)) and speciality types of programming will tend not to be provided
(Spence and Owen (1977)). To illustrate, consider a radio market in which 3/4 of the listening
audience like country music and 1 /4 like talk, and suppose that the social optimum calls for one
station serving each audience type. Then, the literature suggests that the market equilibrium
might well involve two stations playing country music. Duplication arises because attracting half
of the country listening audience is more profitable than getting all the talk audience. The lack of
a talk station arises because capturing 1 /4 of the audience does not generate enough advertising
revenues to cover operating costs. This may be so even when aggregate benefits to talk listeners
exceed operating costs.

While this literature offers some useful insights, its treatment of advertising is problematic.
First, advertising levels and prices are assumed fixed. Thus, each program is assumed to carry an
exogenously fixed number of advertisements and the revenue raised from each advertisement equals

the number of viewers times an exogenously fixed per viewer price (Steiner (1952), Beebe (1977),

1 The fact that broadcasts are consumed by both viewers and advertisers and that the latter also obtain surplus
is ignored by most of the literature. One exception is the paper by Masson, Mudambi, and Reynolds (1990) which
studies the effect on advertising levels of concentration of ownership of broadcasting stations. A further exception
is the empirical study of Berry and Waldfogel (1999a) which clearly distinguishes between the social benefits of
additional radio stations stemming from delivering more listeners to advertisers and more programming to listeners.




Spence and Owen (1977) and Doyle (1998)).2 Second, the s‘ocial benefits and costs created by
advertisers’ consumption of broadcasts are not modeled. These features preclude analysis of the
basic issue of whether market-provided broadcasts will carry too few or too many advertisements.
More fundamentally, since advertising revenues determine the profitability of broadcasts, one
cannot understand the nature of the programming the market will provide without understanding
the source of advertising revenues. Since these revenues depend on both the prices and levels of
advertising, the literature offers an incomplete explanation of advertising revenues and hence its
conclusions concerning programming choices are suspect.

The theory developed in this paper provides a detailed treatment of advertising, while pre-
serving the same basic approach to thinking about the market developed in the literature. To
enable a proper welfare analysis, the model incorporates the social benefits and costs of advertis-
ing. The benefits are that advertising allows producers to inform consumers about new products,
facilitating the consummation of mutually beneficial trades.?® The costs stem from its nuisance

value. In addition, the model assumes that broadcasters choose advertising levels taking account

2 There are a number of exceptions. Assuming that a broadcaster’s audience size is reduced by both higher
subscription prices and higher advertising levels, Wildman and Owen (1985) compare profit maximizing choices
under pure price competition and pure advertising competition and conclude that viewer surplus would be the same
in either case. However, theirs is not an equilibrium analysis. Making a similar assumption that viewers are turned
off by higher levels of advertisements, Wright (1994) and Vaglio ( 1995) develop equilibrium models of competition
in an advertiser supported system. However, their models are both too ad hoc and too intractable to yield insight
into the normative issues. Masson, Mudambi, and Reynolds (1990) develop an equilibrium model of competition
by advertiser supported broadcasters in their analysis of the impact of concentration on advertising prices but their
model permits neither an analysis of the provision of programming nor a welfare analysis. Hansen and Kyhl (1999)
compare pay per view broadcasting with pure advertiser-supported provision of a single event (like a boxing match)
under the assumption that the broadcaster chooses advertising levels.

3 While this is the most obvious role of advertising, not all advertising on radio and television is of this form.
Advertisements for new cars, movies and toys fit this model, but advertisements for established soft drinks and beers
do not. The advertising literature identifies a number of other possible functions of advertising. An alternative
informational perspective is that advertising acts as a signal. Consumers are aware of the prices and availability of
goods, but cannot observe product quality (Nelson (1974), Kihlstrom and Riordan (1984), Milgrom and Roberts
(1986)). Advertising signals high quality, because only a firm that would get repeat business could afford the up-
front outlay represented by advertising. Chwe (1997) argues that advertising might solve coordination problems.
If consumers benefit from consuming the same type of good, advertising can serve as a coordinating device for
their consumption decisions. Critics of advertising often argue that its purpose is to persuade rather than to
inform. Under this persuasive view, advertisements can directly alter consumers’ tastes for a product. Even if post-
advertising tastes are taken as the correct ones, market determined levels of advertising can be excessive (Dixit and
Norman (1978)). Clearly, each of these perspectives implies a different view of the social benefits of advertising.
Thus, the results obtained in this paper will be sensitive to the assumed function of advertising.



of their negative effect on the number of viewers and any effect on advertising prices. In this way,
advertising revenues and hence program profitability are determined endogenously.

The paper contributes to a large literature on the market provision of public goods (see Cornes
and Sandler (1996) for a comprehenéive review). The best known strand of this literature is that
considering the provision of pure public goods by voluntary contributions from consumers (see,
for example, Andreoni (1988) and Bergstrom, Blume and Varian (1986)). Two other strands
consider the provision of excludable public goods by firms who charge consumers to consume
their production (see the survey by Oakland (1987)) and the provision of club goods by firms
who charge consumers to use their facilities (see, for example, Buchanan (1965), Berglas (1976)
and Scotchmer (1985)). The distinction between these two strands is that in the club good case
consumers wish to belong to at most one club and impose negative crowding externalities on each
other.*

Broadcasting does not fit into any of these three strands. The pure public good model is
not applicable because some consumers (i.e., advertisers) can be excluded. This makes provision
by means other than voluntary contributions. possible.®  The excludable public good model is
not applicable because some consumers (i.e., viewers) are not excludable. Moreover, advertisers’
consumption imposes negative externalities on other consumers, each viewer/listener consumes
only one program at any one time and different programs are substitutes. The club good model
is not applicable because not all consumers can be excluded and only some consumers impose
negative externalities. Furthermore, advertisers wish to consume multiple programs. Broadcasts
are thus a distinct type of public good the market provision of which raises new theoretical issues.

The organization of the remainder of the paper is as follows. Section 2 introduces the basic

4 We include in the club good strand the literature stemming from Tiebout (1956) on local public good provision
by planners seeking to maximize the difference between tax receipts and public spending.

5 The voluntary contributions model might usefully be applied to commercial-free “public” radio and television
stations. In the U.S., such stations receive a sizable portion of their revenues from voluntary contributions.



model and section 3 discusses optimal provision of broadcasts. Section 4 explores market provi-
sion and compares it with the optimum. Section 5 analyzes two further issues concerning market
provision that have been discussed extensively in the broadcasting literature. These are whether
market provision produces better outcomes under monopoly or competition and how the possibil-
ity of excluding viewers/listeners impacts market performance. Section 6 explains how relaxing
the assumption of symmetric viewer groups changes the results and Section 7 concludes with a

summary of the main findings and some suggestions for future research.

2 The Model

We are interested in modeling a basic broadcasting system in which channels broadcast program-
ming and viewers/listeners can costlessly access such programming. Thus, we will be assuming
that viewers/listeners have the hardware (e.g., televisions and radios) allowing them to receive
broadcast signals. Moreover, we assume that broadcasters cannot exclude consumers by, for ex-
ample, jamming their signals and requiring special decoders, etc.®

There are two channels, A and B, each of which can carry one program. There are two types
of program, indexed by t € {1,2}. Examples of program types are “top 40" and “country” for
radio, and “news” and “sitcom” for television. For concreteness, we focus on the television case
and henceforth refer to consumers as viewers. Programs can carry advertisements. Each adver-
tisement takes a fixed amount of time and thus a greater number of advertisements reduces the
substantive content of a program. Each program type is equally costly to produce and producing
advertisements is no more costly than producing regular programming. The cost of producing

either type of program with a advertisements is denoted K.

6 This is still a reasonable model of radio broadcasting in the U.S.. It is also a reasonable model for television
in countries, like the U.K., in which most viewers still pick up television signals via a rooftop antenna. In the
U.S., however, the majority of households receive television via cable. The cable company picks up signals and
rebroadcasts to households via cable. This yields superior picture quality and permits reception of more channels.
For its services, the cable company charges a monthly fee. The cable company can also exclude consumers from
viewing certain channels, which permits the use of subscription prices. Our basic model applies in the cable case
when all consumers are hooked up and subscription prices are not used.



There are 2N potential viewers éach of whom watches at most one program. Viewers are
distinguished by the type of program they prefer and the degree to which their less preferred
program can substitute for their preferred program. Formally, each viewe;r is characterized by a
pair (¢, A) where t represents the viewer’s preferred type of program and A denotes the fraction
of the gross viewing benefits he gets from his less preferred type of program. A type (t, A) viewer
obtains a net viewing benefit 3 — va from watching a type ¢ program with a advertisements and a
benefit A3 — va from watching the other type of program with a advertisements. The parameter
7 represents the nuisance cost of advertisements and is the same for all viewers.

There are N viewers of type t and, for each group, the parameter ) is distributed uniformly
on the interval [—e, 1], where ¢ > 0.7 Not watching any program yields a zero benefit so that if
A < 0, a viewer finds it costly to watch his less-preferred program. This might be the case, for
example, for teenagers watching a public affairs program. The larger is ¢, the greater the fraction
of viewers in this category.

Advertisements are placed by producers of new goods and inform viewers of the nature and
pri;zes of these goods. Having watched an advertisement for a particular new good, a viewer knows
his willingness to pay for it and will purchase it if this is no less than its advertised price. There are
m producers of new goods, each of which produces at most one good. New goods can be produced
at a constant cost per unit, which with no loss of generality we set equal to zero. Each new good
is characterized by some type o € [0,5] where & < 1. New goods with higher types are more
likely to be attractive to consumers. Specifically, if a new good is of type o, then a viewer will
have willingness to pay w > 0 with probability ¢ and willingness to pay 0 with probability 1 —¢.8

The fraction of producers with new goods of type less than or equal to o i; (approximately) o/7.

The assumption that all consumers have a willingness to pay of w or 0 means that each new

7 We extend the model to viewer groups of different size in Section 6.

8 Section 6 describes the additional distortions arising when the two preference types have different willingnesses
to pay or different probabilities of liking new goods.



producer will advertise a price of w. A lower price does not improve the probabilityiof a sale. Thus,
a new producer with a good of type ¢ is willing to pay ow to contact a viewer. Accordingly, if p
denotes the per-viewer price of an advertisement (i.e., if the advertisement is seen by n viewers it
costs np), then the number of firms wishing to advertise is (approximately) a(p) = m - (1-p/wa].

This represents the demand curve for advertising. The corresponding inverse demand curve is
p(a) =wo - [1 — a/m).

The fact that each new producer sets a price of w implies that consumers receive no expected
benefits from their purchases of new products: the new producers extract all the surplus from the
transaction. This implies that viewers get no informational benefit from watching a program with
advertisements. Viewers therefore allocate themselves across their various options in such a way
as to maximize their net viewing benefits, which greatly simplifies the analysis.’® We assume
that a consumer who is indifferent between watching any two programs is equally likely to watch
either.

"This completes the description of the model. In the analysis to follow, we maintain the following

assumption concerning the values of the parameters:

Assumption 1 (i) v € [0,28/m) and (i) w5 € (0,48/m).
The role of these restrictions will become clear later in the paper.
3 Optimal Provision

This section describes the optimal provision of broadcasts. The two types of programs may be
thought of as discrete public goods each of which is consumed by two types of consumers - viewers

and advertisers - and each of which costs K to provide. The problem is simply to decide which of

9 This approximation is designed to circumvent the analytical difficulties created by a step demand function.
The larger is m, the better the approximation.

10 While abstracting from informational benefits seems reasonable, the existence of “infomercials” and networks
such as the Home Shopping Network suggest that such benefits are significant for some viewers.




these public goods to provide and who should consume them. We first analyze the desirability of
providing one program rather than none, and then consider adding a second program.

Given that the number of viewers of each type is the same, if one program is provided, its
type is immaterial. For concreteness, we consider a tyf)e 1 program. Following the Samuelson
rule for the optimal provision of a discrete public good, provision of the program will be desirable
if the sum of benefits it generates exceeds its cost. Typically, the aggregate benefit associated
with a public good is just the sum of all consumers’ willingnesses to pay. However, in the case of
broadcasts, we must take account of externalities between the two types of consumérs.

More specifically, suppose that the program has a < §/v advertisements and hence is “con-
sumed” by a new producers.!! Then, all type 1 viewers will watch the program and obtain
a benefit 3 — va. Type 2 viewers for whom \ > 1[32 will watch and obtain a benefit A8 = ~va.
Assuming that the a advertisements are allocated to those new producers who value them the

most, the aggregate benefits generated by the program are therefore

1
Bi@) = NIB =)+ [ (35302

]+ N(L+ IL_%/)B)/Oap(a)da.

The first term represents viewer benefits, while the second measures the benefits to advertisers.
The level of advertising that maximizes theses benefits, denoted af, satisfies the first order

condition!? :
7 [y pla)da

m with equality Zf a‘l’ > 0.

p(a]) < v+

Essentially, this says that the per viewer marginal social benefit of advertising must equal its per
viewer marginal social cost. The per viewer marginal social benefit is the marginal advertiser’s
willingness to pay per viewer, p(a). The per viewer marginal social cost is the consequent decrease

in each viewer’s utility, v, plus a term reflecting the losses to existing advertisers resulting from

11 A level of advertisements in excess of B/~ yields no viewers and hence no benefits to either viewers or advertisers.

12 It will be shown below that the constraint that af be no greater than B/~ is not binding.




their advertisements being seen by a smaller audience. Increased advertising drives type 2 viewers
from the market meaning that they are not exposed to the existing advertisements and the net
social benefits that they engender. Letting B{ = B;(a$) denote ma.ximal aggregate benefits,
providing the program iS desirable if the operating cost K is less than B2.

The determination of the optimal advertising level with one program is illustrated in Figure 1.
The horizontal axis measures the level of advertising, while the vertical axis measures dollars per
viewer. The downward sloping line is the inverse demand curve p(a), measuring the willingness
to pay of the marginal advertiser to contact a viewer. The horizontal line is simply the nuisance
cost v and the upward sloping line is the graph of the function v+ v foa p(a)da/[B(2 + €) ~ ~a],
which represents the per viewer marginal social cost of advertising. The optimal advertising level
is determined by the intersection of the inverse demand curve with the marginal cost curve.

It is natural to interpret the price p(a?) as a Pigouvian corrective tazr. Each new producer’s
consumption of the program imposes an externality both on viewers through the nuisance cost
and on other advertisers through the loss of audience. Advertisers’ consumption of the program
should thus be taxed and the optimal tax is p(a?).13

Now consider adding a type 2 program. This will be desirable if the increase in aggregate
benefits it generates exceeds its cost K. We must therefore find the maximal aggregate benefits
when both programs are provided. Note first that advertising levels on the two programs should
be the same. Divergent advertising levels cause some viewers to watch a less preferred program
and, because all viewers are of equal value to advertisers, this situation is dominated by one in

which net aggregate advertising benefits are the same but levels are equalized. If the common

13 It is also the case that each viewer who chooses to view the program confers an external benefit on the
advertisers since he/she might purchase one of their goods. It would therefore be desirable to subsidize viewers
to watch. However, we do not consider such subsidies since they would seem difficult to implement. Even if it
were possible to monitor use of a radio or television, the difficulty would be making sure that a viewer/listener was
actually watching/listening. That said, commercial radio stations sometimes give out prizes to listeners by inviting
them to call in if they have the appropriate value of some random characteristic (like a telephone number) and this
would seem to serve as a (second best) listener subsidy.




level of advertisements is a < 3/, all viewers will watch their preferred programs and obtain a
benefit 3 — ya. Assuming that the a advertisements are allocated to those new producers who

value them the most,!* the aggregate benefits from providing both programs are therefore
Ba(a) = 2N (8 — va) + 2N / pla)da.
0.

The two terms represent viewer and advertiser benefits, respectively.
The level of advertising that maximizes aggregate benefits, denoted a$, satisfies the first order
condition:

p(a3) < v with equality if a3 > 0.

The per viewer marginal social cost is now simply the nuisance cost, since a marginal increase in
advertising causes no viewers to switch off (each viewer is watching his favorite program and hence
there are no marginal viewers). The optimal advertising level is illustrated in Figure 1. Using the
fact that p(a) = w@ - [1 — a/m], we see that a3 equals m(l — y/wo] if y < w& and 0 if v > w7.15

Letting B = B;(a3) denote maximal aggregate benefits, the gain in benefits from the second
program is AB° = B — B{. Accordingly, if K is less than AB° provision of both programs is
desirable. Notice that the incremental benefit from broadcasting the second program, AB°, is
strictly less than the direct benefits that the second program generates, B§/2. This is because
the two public goods are substitutes, meaning that some of the benefit of the second one comes
at the expense of reducing the benefits generated by the first one. This feature of broadcasts is
important to understanding some of the results concerning market provision.

To sum up, if one of the pﬁblic goods is provided, its aggregate benefits are maximized if

it is “consumed” by a{ advertisers. If both are provided, they should each be consumed by a$

14 Notice that the same new producers advertise on both programs. This is because the two programs are watched
by different viewers and, since marginal production costs are constant, contacting one set of consumers does not
alter the willingness to pay to contact another set.

15 Note that Assumption 1(ii) guarantees that a3 < B/v for all v. Since a$ < a3, Assumption 1(ii) also implies
that a$ < B/~v. If this Assumption were not satisfied, then for some values of v, the optimal level of advertising in
the two channel case would be such as to leave viewers with no surplus; i.e., vag = 8.

10




advertisers. If the operating cost K lies between AB° and By one program should be provided,
while if K is less than AB°, both should be provided. Neither of thé public goods should be

provided if K exceeds BY.
4 Market Provision

This section considers the market provision of broadcasts. We suppose that the two channels are
controlled by firms who make programming and advertising choices to maximize their profits. In
standard fashion, We model the interaction between the firms as a two stage game. In Stage 1,
each firm chooses whether to operate its channel and what type of program to put on. In Stage 2,
given the types of program offered on each channel, each firm chooses a level of advertising. We
look for the subgame perfect Nash equilibria of this game. We first characterize market provision

and then compare market outcomes with the optimum.

4.1 Characterization of market provision

The equilibria of the game may be solved for in the usual way via backward induction. Taking
the firms’ Stage 1 choices as given, we solve for advertising levels and revenues in Stage 2. These
are then used to determine equilibrium choices in Stage 1.

Suppose first that in Stage 1, only one firm decides to provide a program. Irrespective of the
program type it offers, if the firm runs a < 8/v advertisements, its program will be watched by
N1+ 1;1}'5&) viewers. To sell a advertisements it must set a per-viewer price p(a). Its revenues

will thus be given by

1 —~a/B
m(a) = N(1+ 13 )R,

where R(a) = p(a)a denotes revenue per viewer. The revenue maximizing level of advertisements

is given by a] where

YR(a?)

R(a) = B(2+¢e) —ya}”

11




At advertising level a}, the increase in per viewer revenue from an additional advertisement equals
the decrease in revenue from lost viewers measured in per viewer terms. Since R'(m/2) = 0, we
know that a < m/2 and hence a} < 8/ by Assumption 1(ii).

The prdﬁt maximizing advertising level in the one channel case is illustrated in Figure 2. The
downward sloping line is marginal revenue per viewer, R'(a), and the lower of the two hump-
shaped curves represents the per viewer marginal cost stemming'from lost viewers. The revenue
maximizing advertising level is determined by the intersection of the two curves. Let 1 = m(a})
denote the firm’s maximal revenues.

Now suppose that in Stage 1, both channels choose different types of programs. Call the firm
operating channel J € {4, B} “firm J” and, for concreteness, suppose thét firm A chooses a
type 1 program and firm B a type 2. If firm J sets an advertising level a; it must charge a per
viewer price p(ay). This price is independent of the advertising level of the other channel. The
assumption that each viewer watches only one program, means that each channel has a monopoly
in delivering its viewers to advertisers. Furthermore, the assumption that each new producer has
a constant marginal production cost means that its demand for advertising on one channel is
independent of whether it has advertised on the other.6

This said, the number of viewers that each firm gets will depend on the advertising level of its
competitor. Suppose that each firm chooses an advertising level less than 3/v. If firm A has the
lower advertising level, its program is watched by all the type 1 viewers and those type 2 viewers
for whom A3 —~yas > B —~vapg. If it has the higher advertising level, then its program is watched

by all the type 1 viewers for whom 8 — va4 > A3 — ~Yapg. In either case, viewers not watching

16 This implication of our micro model of advertising demand should be contrasted with the assumptions made
concerning inverse demand functions for advertising elsewhere in the literature. Berry and Waldfoge! (1999a)
assume that the per viewer price received by each radio station is the same and depends only on the total number
of listeners; ie., p = f (Z ng). Masson, Mudambi, and Reynolds (1990) assume the per viewer price received by
each broadcaster is the same and depends on the total number of “viewer-minutes”; i.e., p= f (Z njay). The two
formulations are similar since Berry and Waldfogel are implictly assuming that the advertising level of each station
is fixed. In light of our results, it would be worth investigating exactly what assumptions on the primitives would
generate these formulations.

12




channel A watch channel B and the two firms’ revenues are given by

Y(ap —aa)
m]R(aA),

T3 (aa,ap) = N1+

and

(a4 —ap)
B s

WQB(aA,aB) = x\l’[l +

Differentiating these revenue functions, we obtain

- 7(0'3 - a’A) ’ AT i
On3(aa,ap)/Bas = N1+ W]R (aa) - ,ymR(aA),

and

1(a4 —ap), Y
e 08 Vg Rles)

075 (a4,ap)/8ap = N[1 +
These expressions reveal two effects of an increase in advertisements. The first term measures
the increase in revenues collected from existing viewers. The second term measures the loss in
revenues from viewers who switch to the other channel. For each firm J , 8°nd/8a% < 0 and
8?1 /Baadap > 0, so that each firm’s revenue is a strictly concave function of its own advertising
level and the advertising levels are strategic complements. A higher expected advertising level
from a rival gives a firm more viewers and it will use this advantage to raise its own advertising.
If the équﬂibrium advertising levels (a%,a}) are less than 3 /7; they must be such as to equate
the above pair of revenue derivatives to zero. These conditions then imply that ajy =ap = al,
where a3 satisfies

R'(a3) = R(a3).

-
B(l+¢)
Assumption 1(ii) again implies that a3 < B/v. Figure 2 illustrates the determination of this
advertising level. The higher of the two hump shaped curves is the graph of lost revenues per
viewer, WﬂmR(a), and a3 is determined by the intersection of this curve and the marginal revenue

per viewer curve. Let w5 = mf (a3}, a3) denote each firm’s equilibrium revenues.

13




Finally, suppose that in Stage 1, both firms choose the same type of program. If advertising

is a nuisance (y > 0), competition for viewers will drive advertising levels to 0. In the special

2+e¢

A LR
Tire) Viewers,

case in which advertisements are not costly to viewers (v = 0), each firm gets N
irrespective of its advertising level. Each firm will set an advertising level at which per viewer
revenue is maximized; i.e., at which R'(a) = 0, which means m/2 advertisements. Equilibrium
revenues will be N%%R(m/?).

Turning to Stage 1, it is clear that neither firm will provide a program if K > 77 and only
one firm will provide a program if 71 > K > 3. If 73 > K, both firms will provide programs. If
7 > 0, these programs will be different, since firms earn no revenue if they show the same type of
program. When v = 0 the firms will earn positive revenues if they duplicate each other’s programs
and hence the situation is more complicated. Since a3 = m/2 when v = 0, if the two firms offer
different types of programs, they each earn revenues N R(m/2). When & > 0, these exceed the
revenues they would earn if they chose the same type of program (described above). However,
when ¢ = 0, the two revenues are equal because all viewers watch in either case. Thus, when
7 =0 and e > 0, the firms will offer different types of programs, but when v = ¢ = 0 they might
also provide the same type.

To sum up, neither firm will find it worthwhile to provide a broadcast if K exceeds 7}. One
firm will provide a program carrying a} advertisements if K lies between w1 and 73. Both firms

will provide programs if K is less than 75 and each will carry a3 advertisements. If either v > 0 or

€ > 0, the firms will provide different types of programs, but if 7 = € = 0 duplication is possible. .

4.2 Comparison with optimal provision

We begin with an analysis of the advertising levels carried by market provided broadcasts. Condi-
tional on the market providing one or both of the programs, are the aggregate benefits from these

public goods maximized, or will they be consumed by too few or too many advertisers? Consider

14




first the case in which the market provides only one type of program. The market provided ad-
vertising level is af, while the optimal level is a9.1” The market level may be bigger or smaller
than the optimal level, depending on the nuisance cost. If v =0, then af = m and a] = m/2.
At the other extreme, if ¥ > w7, then af = 0 and a7 > 0. The possibilities of either over-
or under-advertising can be illustrated diagrammatically by combining Figures 1 and 2. Figure
3 illustrates the determination of the two advertising levels in the one program case. In panel (a),
the nuisance cost is low and the market level is smaller than the optimal level, while in panel (b)
7 is high and the market level is higher.

Similar remarks apply to the case in which the market provides both programs. The market
advertising level, a3, can be bigger or smaller than the optimal level, a3, depending on the nuisance
cost. In fact, in both cases, there exists a critical nuisance cost such that the market under-provides

advertisements when 7 is less than this value and over-provides them otherwise.

Proposition 1 Suppose that the market provides i € {1,2} types of programs. Then, there ezists
a critical nuisance costy; € (0,w5) such that the market provided advertising level is lower (higher)
than the optimal level as v is smaller (larger) than ~;. Moreover, M < Y2.

Another way of phrasing this conclusion is that the market price of advertising will be higher
than the Pigouvian corrective tax for low values of the nuisance cost and lower for high values.
Thus, while it is possible for the market price of advertising to be “just right”, there are no
economic forces ensuring the equivalence of the two prices. While the Pigouvian corrective tax
reflects the negative externality that advertisers impose on each other and on viewers, the market
price of advertising reflects the dictates of revenue maximization. Revenue maximization only
accounts for viewers’ disutility of advertising to the extent that it induces viewers to switch off or
over to another channel.

The most striking thing about the proposition is the possibility that market provided programs

17 The market provided level is a] even when equilibrium involves both channels providing the same type of
program, since a] = a3 = m/2 when y = 0.

15




may have too few advertisements. While the governments of many countries set ceilings on

advertising levels on commercial television and radio (see, for example, Noam (1991)), we are
not aware of any governments subsidizing advertising levels!!® In part, under-advertising arises
in our model because each broadcaster has a monopoly in delivering its audience to advertisers.
This means that broadcasters hold down advertisements in order to keep up the prices that they
receive. While this effect might be mitigated if there were alternative ways that advertisers éould
reach viewers,!? the possibility of under-provision seems likely to arise in any market system, no
matter how it is modeled. For if the nuisance cost imposed by advertisers is small, then efficiency
demands that programs be consumed by many advertisers. But the only way this can happen is
if the market price is sufficiently low and this will make profitable provision impossible.20

We now turn to analyze the programming selected by a market system. The question is will the
market provide too few or too many types of program.?! In principle, under-provision can arise
either because an insufficient number of channels operate or because both channels offer the same
type of program (duplication). However, our model suggests that duplication is unlikely: it can
only arise when viewers are indifferent between watching advertisements and regular programming
(v = 0) and all viewers prefer to watch their least preferred program than nothing (¢ = 0). This

finding is in sharp contrast to the literature which, following Steiner (1952), has viewed duplication

as a major problem with market provision. In our model, for v > 0, firms avoid duplicating each

8 In the U.S., the National Association of Broadcasters, through its industry code, once set an upper limit on
the number of commercial minutes per hour and this was implicitly endorsed by the FCC. In 1981, this practice
was declared to violate the antitrust laws and no such agreement exists today (Owen and Wildman ( 1992)).

19 It would be interesting to explore a model in which viewers watched multiple programs during the day and
broadcasters competed for viewers in the various time slots.

20 The logic is similar to that in the literature on the market provision of excludable public goods. Efficiency
demands that all consumers with a positive willingness to pay be able to consume. But this requires a very low

price, which is incompatible with profitable operation. Thus, if the market does provide the public good, it must
be the case that too few consumers will consume it.

21 The analysis here compares the number of program types provided by the market with the optimal number.
A slightly different problem would be to compare the number of program types provided by the market with the
number in an optimal “second-best” system which treated as a constraint the fact that with i € {1,2} types of

programs, the advertising levels would be a;. Similar results to those reported below can be obtained for this
problem.




other’s programs because duplication leads to ruinous competition in advertising levels. The
literature’s assumptions of fixed advertising levels and prices disable this logic. Accordingly, the
conventional arguments only apply when v = 0 in which case advertising levels are effectively
fixed at m/2 and per viewer prices at p(m/2).

It follows that, outside this case, if the market under-provides programs, it is because too few
channels are operating. Recall that both types of programs should be provided if K < AB°, while
only one should be provided if AB® < K < Bf. The market operates two channels if K < T3, one
if 73 < K < 7, and none if K > #}. In the one channel case, the revenues the firm earns, 7, are
less than the gross advertisers’ benefits from the program. Accordingly, they must be less than the
optimized sum of viewer and advertiser benefits, implying that 7} < Bf. Thus, if 7} < K < Bg,
the market under-provides programs.

It is quite possible that 7] is less than the optimized gain in aggregate benefits from adding‘
a second program, AB°. Then, there will be a range of operating costs for which both programs
should be provided, while the ma.rkebt provides none! This case arises when the benefits to viewers
from watching their preferred programs are large (large 3 and ¢), while the expected benefits
from new producers contacting consumers (wg) or the number of new producers (m) are very
small. Since broadcasting firms only capture a share of advertiser benefits and these are small
relative to viewer benefits, advertising revenues are considerably less than the aggregate benefits of
\programming. This produces the type of market failure previously identified in the broadcasting
literature (see, for example, Spence and Owen (1977)).

With two channels, the revenue each firm earns, 75, is again less than the gross advertisers’
benefits from the program it provides, implying that each firm’s revenue is less than B2/2. How-
ever, as was pointed out earlier, AB° is less than B$/2 because some of the direct benefits of
the second program come at the expense of the first. Moreover, 7} -includes revenues that are

obtained from “stealing” the advertising revenues of the first program. Accordingly, it is unclear
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whether 73 exceeds or is smaller than AB°. In the latter case, the market always under-provides
programs. In the former, there exists a range of operating costs for which the optimal number of
programs is one, while the market provides two. Programs are then over-provided by the market.
Sufficient conditions for under- and over-provision can be obtained by computing w3 and AB°.

Proposition 2 (i) The market does not provide too many types of programs if wT < 251(11%?'

and provides too few for some values of K. (#) The market provides too many types of programs
for some values of K if wg > %%2 and vy is sufficiently small.
Note that over-provision is possible when advertiser benefits from programs (as measured by w&

and m) are large relative to viewer benefits from an additional program (as measured by 8 and

)-

m

Since both the broadcasting literature and the literature on market provision of public goods
emphasize the problem of under-provision, the possibility of the market over-providing programs
established here is particularly interesting.?? The key feature which permits over-provision is that
the social benefit of an additional program is less than the direct benefits that program generates.
This is because programs are substitutes for viewers. Although the entering firm’s revenues are
less than the direct benefits it generates, they may exceed the social benefits since part of its
revenues are offset by the reduction in revenues of the incumbent firm. This is a familiar problem
with private entry decisions when products are differentiated.

The previous two propositions establish that there is no guarantee that market outcomes
are optimal. Nonetheless, since both over- and under-provision of advertising and programs is

possible, the market may produce something quite close to the optimum for a range of parameter

22 Berry and Waldfogel (1999a) discuss the possibility of overprovision of programming in their empirical analysis
of U.S. radio broadcasting. In their model, they show that the amount of programming provided by the market
will always exceed the amount that maximizes total non-viewer surplus (by non-viewers they mean those agents
who are not potential viewers, i.e., broadcast firms and advertisers). In our model, this amounts to the claim that
the private gain from the second firm entering, 73, exceeds the gain in gross advertiser benefits. Their result does
not hold in our model. For example, when v = 0, advertising levels are m /2 for each firm and each has half of the
viewers, so 73 = Nw&m/4. The gain in gross advertiser benefits comes from the extra Ne/(1 + ¢) viewers who now
watch ads that generate benefits of 3w&m/8 per viewer, for a total gain of Ne3wom/8(1 + ). The latter exceeds
w5 for £ sufficiently large.
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values. To see this, suppose that AB° exceeds K so that the optimum involves providing both
programs. From section 3, the Pigouvian corrective tax is 7. Suppose that this tax is sufficiently
high that the revenues it would generate are sufficient to finance the provision of both programs;
ie., Nvya > K. Then, if 7 is close to -y;, the critical nuisance cost defined in Proposition 1, the
market will provide two channels showing different types of programs with an advertising level
close to ag. To see this note that, by continuity, aj is close to ag which means that p(a3) is
close to . This, in turn, implies that ?rg > K which ensures that the market will operate both
channels. Accordingly, our theory suggests that there is no a priori reason to believe that the

market necessarily provides broadcasting inefficiently.
o Further Issues concerning Market Provision

In this section, we extend the analysis to address two further questions concerning market pro-
vision. The first is whether market provision produces better outcomes under monopoly or com-
petition. This was a central concern of Steiner (1952) and Beebe (1977) and it remains a policy
relevant issue today.23 Steiner argued that monopoly would provide a better mix of programming
than competition, because a monopoly would have no incentive to duplicate programs. Beebe chal-
lenged this conclusion, pointing out that if there were a “lowest common denominator” program
that all viewers would watch, then a monopoly would have no incentive to provide anything else
even if viewers had strong and idiosyncratic preferences for other types of programs. Competitive
broadcasters, however, would provide variety as they sought to attract each others’ viewers.

The second issue is how the possibility of excluding viewers impacts market performance. If

broadcasting firms can exclude viewers they can charge subscription prices.2¢ The pros and cons

23 In the U.S., for example, the Telecommunications Act of 1996 relaxed the restriction on ownership of multiple
radio stations in a single market. Since then, there has been growing concentration of ownership in the U.S. radio
industry (Berry and Waldfogel (1998)). Concern has been expressed that such concentration will lead to higher
prices for radio advertisements and less programming (see, for example, Ekelund, Ford, and Jackson (1999)). As
we will see, our model suggests that the former concern is misguided.

24 In Europe, direct broadcast satellite channels like Canal Plus are partially financed by subscription pricing. In
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of pricing broadcasting have long been of interest to public good theorists (see Samuelson (1958),
(1964) and Minasian (1964)). The issue was the central concern of Spence and Owen (1977)
and continues to attract attention in the broadcasting literature (Doyle (1998), Hansen and Kyhl
(1999) and Holden (1993)). It is of policy interest because the social desirability of requiriﬁg

consumers to pay for television that was previously “free” is often a contentious regulatory issue.

5.1 Is monopoly better than competition?

To analyze the issue, suppose that the two channels are owned By a single firm, rather than two
separate firms. If the monopoly operates both channels it will show different programs. As Steiner
observed, a monopoly will never duplicate programming. Its revenues with a common advertising
level a will be 2N R(a) and the revenue maximizing level of advertisements is ¢ = m/2. Since
p(m/2) = w5/2, its maximal revenues are Nmwa /2.

If the monopoly only operates a single channel, ité revenue maximizing advertising level will

mYZ _ 7} be the incremental profit from offering the

be ai and its revenues 7;. Letting Ar = N
second program, the monopoly will provide both programs if K < Am, and one program if K is

between A7 and 7}. The following proposition can now be established.

Proposition 3 Suppose that K < 73. Then, (i) monopoly leads to advertising levels that are at
least as high as those under competition and strictly higher if v > 0, and (i) if € = 0, monopoly
provides no more types of programs than competition and strictly less for some values of K.

The proof of part (i) is straightforward. Recall that both channels operate under competition if
K < w3 and so advertising levels are a3 on each channel. If the monopoly operates both channels,
it chooses an advertising level m/2, which is strictly larger than the competitive level a3 except
if ¥ = 0 in which case the two levels are equal (see Figure 2). If the monopoly operates only one

channel, it chooses aj advertisements, which strictly exceeds a3 if v > 0 (again see Figure 2) and

the U.S., premium cable channels such as HBO and Showtime are often priced individually. Other cable channels,
such as ESPN and CNN, are “bundled” and sold as a package (see, for example, Coppejans and Crawford (1999)).
However, both cable companies and the cable networks are involved in pricing decisions. Accordingly, a complete
analysis of pricing in the U.S. system would require incorporating the behavior of cable companies. We leave this
task for future work.

20




equals a3 if v = 0. In both cases observed per viewer advertising prices are lower under moﬁopoly!
The logic is exactly that of Masson, Mudambi, and Reynolds (1990). Under competition firms
compete by reducing advertising levels to render their programs more attractive. A monopoly,
by contrast, is only worried about viewers turning off completely and so advertises more. This
greater quantity of adyertisements sell at a lower per viewer price.?%

Part (ii) follows from two facts. F irst, when competition might produce duplication (y =
¢ = 0) monopoly provides only one program. In this case, all viewers will watch their less
preferred program no matter what its advertising level so that Ar = 0. Second, when ¢ = 0,
the monopoly always has less incentive to provide the second program than does a competitive
firm; i.e., Aw < 7} (this is shown in the Appendix). The result goes against Steiner’s claim that
monopoly might provide more programming because it avoids duplication. In our model, when
duplication might arise, the monopoly responds by simply eliminating the duplication rather
than by both eliminating duplication and providing more programs.26 The result is thus more
consonant with Beebe’s argument.

As a caveat to part (i), it is important to note that there is no general logic suggesting
that the incentives to provide additional programming are less under monopoly and hence that
monopoly will produce fewer programs. Intuitively, it is not clear whether A7 should be greater
or smaller than 3. On the one hand, the monopoly internalizes the business stealing externality;
i.e., it takes into account the fact that introducing additional programming means that existing
programs will earn less revenue. On the other, the monopoly coordinates across programs and puts

more advertisements on the new and old programs which means that each program earns more

25 Notice, however, that advertiser surplus will not necessarily rise when the monopoly operates only one channel,
because fewer viewers will be exposed to advertisements. In this case, the total cost of an advertisement may also be
higher under monopoly because each advertisement reaches more viewers. Suppose, for example, that v = ¢ = 0 and
that K < Nmw& /4. Then the monopolist provides only one channel with m/2 advertisements, while competition
produces two channels each with m/2 advertisements. Then, the total price of an advertisement is twice as high
under monopoly, since twice as many viewers watch the monopolist’s single program as watch each compéting
program.

26 With viewer groups of different sizes, Steiner’s result can hold for v = 0 and € > 0. Section 6 has the details.
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revenue than under competition. This second effect has been ignored by the literature because of
its assumption of fixed advertising levels. Thus, while Ar < 73 when € = 0, the result is not true
for all ¢.2” When Ar > 73 and the second effect overwhelms the first, monopoly provides more
programs than competition for some values of K .28

What can be said about the welfare comparison of monopoly and competition? We focus on the
casé in which X < 71'5 so that both channels are operating under competition. The welfare analysis
is straightforward if both channels are operated under monopoly (K < Aw). Monopoly leads to a
lower level of aggregate benefits if advertising is over-provided with competition (¥ > ¥2). On the
other hand, if advertising is under-provided under monopoly (v < “’75 ), monopoly does better. If
advertising is under-provided with competition and over-provided with monopoly, then the answer
depends on the relative magnitudes of the under- and over-provision.

Matters are more complicated when the monopoly operates one channel (K > A). If compe-
tition involves duplication (y = ¢ = 0), then surplus (aggregate program benefits minus operating
costs) will be higher under monopoly since programming and advertising levels will be unchanged
and society simply saves the cost of operating the second channel (K'). When competition pro-
vides both types of programs, society saves K but aggregate benefits are reduced by an amount
AB* = Bj(a3) — Bj(a}). The latter can be decomposed into a change in viewer benefits and a
change in advertiser benefits (gross of payments to broadcasters). Viewer benefits must decrea_se.
Some viewers still have their preferred program but at a higher nuisance cost due to higher adver-

tising levels; others still watch but no longer have their preferred program, while the rest turn off

27 We have found a counter-example for ¢ = 100 and v = 28/m. This counter-example can be checked by
evaluating the function ¥(c) defined in the proof of Proposition 3 at £ = 100 and verifying that it is less than
1/2. As € rises, both the first effect (cannibalization of existing programs) and the second effect (higher advertising
levels) diminish. At € = 100, it turns out that the second effect dominates the first. Unfortunately, there is no
general result which says that this is true for all ¢ sufficiently large. In the limit as € tends to infinity, both effects
tend to 0 and the monopoly and competitive outcomes coincide.

28 Berry and Waldfogel (1998) empirically examine the consequences of increased concentration in the U.S. radio
broadcasting industry for the variety of programming and the entry of new stations. They find that increased
concentration increases variety and reduces entry. They interpret this as possible evidence of strategic preemption.
It would be interesting to investigate such strategic effects in a dynamic version of our model.
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completely. The effect on advertiser benefits is ambiguous. The per viewer price of advertisements
is lower, bringing in a greater range of products advertised and an associated increase in advertiser
benefits on that account, but each previously advertised product now reaches a smaller potential
market due to viewers who switch off. Conditions under which AB* exceeds or is smaller than
K can be derived by carefully considering the determinants of these benefit changes. They are
reported in the following proposition.

Proposition 4 Suppose that Ar < K < m3. Then if w& < gﬂ%%‘? aggregate surplus is lower

under monopoly if v € (s, 3“’-‘-’-) However, if we > %‘%? and K > N [ﬁjl-f'—_fz— + g?ﬁ“;‘;

aggregate surplus is higher under monopoly for v sufficiently small.

To sum up, in contrast to standard markets, there is no presumption that monopoly in broad-
casting produces worse outcomes than competition. Advertising levels are higher under monopoly,
meaning lower advertising prices. However, programming can go either way. On the one hand,
a monopoly will take into account the fact that an additional channel draws viewers from others
in its stable. On the other, additional channels will carry higher advertising levels than under
competition. The welfare comparison between monopoly and competition is complicated by the
need to take account of both changes‘ in advertising levels and programming. Even if one knows
the direction of these changes, their desirability is uncertain a priori because advertising and

‘programming could be either over- or under-provided under competition.

5.2 Does viewer excludability help?

Characterizing market outcomes when firms can both run advertisements and charge viewers
subscription prices is conceptually straightforward but somewhat involved, so we relegate the
details to the Appendix. Here we simply summarize the results, When only one channel is

operating, the firm will run a$/2 advertisements and charge a subscription price

si =min{B, 61+ 5) - =2 ;
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The “full price” faced by viewers is the subscription price plus the nuisance cost of advertising,
Le., s] +va§/2 and it is this price that determines the number of viewers the firm gets. A viewer
whose less preferred program is being shown will watch if and only if A3 exceeds s} + va$/2.

Accordingly, the firm’s revenues will be

wiy = N+ ALV By pagay)

In the two channel case, the firms will always choose different program types. The possibility
of duplication is eliminated even in the special case of 7 = € = 0 because Bertrand competition
would drive subscription prices to zero. Each firm will run a$/2 advertisements and charge a

subscription price

s5 = min{8, 8(1 + &) — [R(Z—g) —7a3/2]} - 792—5 > 0.

Each firm’s program will be watched by N viewers and it will earn revenues
735 = N(s3 + R(a3/2)).

The two channel case arises when K is less than 73,; the one channel case when K is between s
and 7y,.

Notice that the equilibrium advertising level is the same in both the one and two channel cases
and equals one half of the two program optimal level. To unde.rstand this, recall that a firm’s full
price determines the number of viewers it gets. Hence, for any given full price, the firm will choose
the advertising level and sﬁbscription price that maximize revenue per viewer. More precisely, if
the firm is charging a full price r it will choose a and s to maximize R(a) + s subject to the
constraint that ya + s = r. In both the one and two channel cases, the equilibrium subscription
price is positive. If this price were reduced by ¥ and one more advertisement were transmitted,
the full price would stay constant and revenue per viewer would be raised by R'(a) — «. Thus,

the equilibrium advertising level must satisfy the first order condition R’ (a) < v with equality if
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a > 0. Since the linearity of the demand function implies that R'(a) = p(2a), this means that the.
equilibrium advertising level is a3/2 (recall that p(ag) < v with equality if aj > 0).

In both the one and two channel cases, the equilibrium advertising level is smaller than that
selected without excludability as long as + is positive (the two advertising levels are equal when y =
0). This follows from the fact that a$/2 < a3 < a} with the inequalities holding strictly when v >
0. Intuitively, excludability allows broadcasters to respond to viewers’ dislike of commercials by
reducing advertisements and raising subscription prices. Broadcasters will only impose advertising
to the point at which the marginal revenue equals the nuisance cost v. This produces lower
advertising levels.

Not surprisingly, it can be shown that equilibrium profits are higher with excludability (i.e.,
Tis > 71 and 73, > 73). Pricing allows broadcasters to extract direct payments for their program-
ming and hence makes programs more profitable. This, together with the fact that duplication is
not possible with subscription pricing, means that the market provides at least as many programs

with subscription pricing.?® Thus, we have the following proposition.

Proposition 5 With ezcludability, the market provides no higher advertising levels than without
and strictly lower levels if ¥ > 0. Moreover, with excludability the market provides at least as
many types of programs as without and strictly more for some values of K.

Will the market generate a higher level of welfare when viewers are excludable? We first study
the cases in which the number of channels operated is the same with and without excludability,
starting with the two channel case. We then analyze the case in which excludability increases the
number of channels.

Two channels are operated with and without excludability when K < 3. Iy > 0, these
channels each provide a different type of program and all viewers watch. The only welfare relevant
difference in thé two regimes is that advertising levels are lower with excludability. This increases

viewer benefits but reduces advertiser benefits. The reduction in advertiser benefits will outweigh

2% The models of Spence and Owen (1977) and Doyle (1998) suggest similar conclusions.
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the increase in viewer benefits if advertisements are not much of a nuisance and are already under-
provided; i.e., if ¥ < ¥2. The opposite is true for high nuisance costs (y > w&), in which case
the market delivers the optimal advertising level with excludability. For intermediate nuisance
costs (y2 < ¥ < w@), the switch is from too much advertising without excludability to insufficient
advertising with it (since ag/2 < a3). Whether aggregate benefits increase or not depends on
which distortion is more important.3°

This discussion belies some interesting distributional consequences of pricing. It is shown in
the Appendix (Fact 2) that pricing results in an increase in the full price faced by viewers; i.e.,
85 +va3/2 > a3. The higher full price implies that viewer surplus must decrease. In addition, the
fact that a3 > a3/2 for all v > 0, implies that advertiser surplus is lower. Accordingly, subscription
pricing leads to a redistribution of surplus away from viewers and advertisers, towards broadcasting
firms.

The market produces one channel with and without excludability when 73, < K < 77.3! The
number of viewers is lower with excludability because the full price faced by viewers is higher; i.e.,
s] +va3/2 > a} (see the Appendix). However, these viewers are exposed to less advertising, so
that viewer benefits may either increase or decrease. Advertiser benefits must decrease as there
are less advertisements and these are seen by fewer viewers. If v < v, so that advertising is under-
provided without excludability, the reduction in advertiser benefits must exceed any increase in

viewer benefits.

30 If ¥ = 0, then since aj = a3/2 = m/2, pricing leads to no change in aggregate benefits if the equilibrium
without excludability has both firms choosing different programs. However, if it involves duplication, then by
destroying this equilibrium, pricing enhances welfare. This advantage of subscription pricing is stressed by Doyle
(1998).

31 The welfare question in this case is formally similar to Hansen and Kyhl’s (1999) comparison of pay per view
broadcasting and pure advertiser-supported provision of a single event. Their comparison is formally equivalent
to comparing the impact of viewer excludability under the assumption that (at most) one program type can be
provided. Unlike our analysis, they assume (implicitly) a horizontal demand curve for advertisements. The results
they get are ambiguous. On the one hand, pay per view may screen out consumers with positive willingness to
pay, on the other it allows the provider to get more surplus and hence increases the probability of provision. They
show that pay per view leads to a lower level of advertisements than a pure advertiser supported system and argue
that both systems over-provide advertisements.
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An example in which viewer benefits increase with excludability and exceed the reduction in
advertiser benefits can be constructed when nuisance costs are high (v > w&). In this case, with
excludability, the advertising level is 0 and the subscription price is 8. Thus, only those viewers
whose preferred program is provided watch and viewer benefits are N3. Advertiser benefits are
0. With non-excludability, aggregate benefits from the program are B;(a}). For sufficiently large
g, By(a}) is less than N3. Intuitively, as € gets higher, viewer benefits must increase because the
costs of excludability in terms of lost viewers become vanishingly small, while the benefits in terms
of reduced advertisements remain. These benefits outweigh the reduction in advertiser benefits
because ¥ > w&.

Excludability increases the number of channels when 3 < K < my and K < m3,. In this
case, the number of viewers is higher with excludability. Viewer benefits must increase, while the
effect on advertiser benefits is uncertain. The key question is whether the increase in viewer and
advertiser benefits exceeds the social cost of operating the extra channel. While answering this
question is difficult in general, there are cases for which clean results are available. Once again
these rely on extreme values of the nuisance cost.

When the nuisance cost is high (y > w@) the market provides broadcasts optimally with
excludability when K < AB°. Accordingly, excludability must improve welfare.3? = At the other
extreme, if there are no nuisance costs (y = 0), the equilibrium advertising level with excludability
remains at m/2. Thus, excludability holds constant the advertising level but generates a new
program. The extra advertising benefits this produces is that associated with the extra Nﬁ

3wam

viewers, and is N5 2™ The extra viewing benefits are N[l — ﬁ] Thus, if K is greater

32 Again, this belies some interesting distributional consequences. Since s; = § viewers obtain no surplus under
subscription pricing. Indeed, introducing subscription pricing, even though it increases programming, makes no
group of viewers better off and makes all those who were watching the status quo programming worse off. Given
that regulators cannot costlessly transfer surplus from broadcasters to viewers, regulatory opposition to television
pricing seems unsurprising.
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than the sum of these two terms, aggregate surplus is lower with excludability.33

To sum up, there is no guarantee that the ability to exclude viewers and charge subscription
prices will improve market performance. With excludability, the market produces lower advertisiﬁg
levels and more types of programs than without. Broadcasters respond to viewers’ dislike of
commercials by substituting prices for advertisements, and this strategy makes programming more
profitable. Since the market may under-provide advertisements and over-provide programs without
excludability, these changes are not necessarily desirable. Pricing also has significant distributional
consequences. It leads to viewers paying a higher full price for programs and even when it leads
to more programming, it is possible for all viewers to be (weakly) worse off. Advertisers too may

be worse off because of the lower volume of advertisements.

6 Asymmetric Viewer Groups

The model so far has assumed that the two groups of viewers are symmetric. In this section, we
discuss two different ways of introducing asymmetries and their implications for market perfor-
mance. We begin by working through the consequences of the two groups being of different size.

We then discuss what happens if the two groups are of different value to advertisers.34

6.1 Different sized groups

Let N; denote the number of viewers who prefer type ¢ programs and suppose that IV, exceeds V.
This creates an asymmetry between the two types of programs. This asymmetry has relatively
minor implications for optimal provision. Naturally, it means that the aggregate benefits from

providing a type 1 program are higher than those from a type 2 program. However, the advertising

33 Using the expressions for 73, 73, and 7} when vy = 0, it is straightforward to show that there exist values of K
satisfying this inequality that are consistent with the assumptions that 73 < K < #{ and K < m3,. For example,
when € = 0, the inequality is X > NB3/2. The condition that 73 < K < 7] becomes M‘-’:—"‘ < K < Nwem 5pd
the condition that K < w5, becomes K < NpB. Clearly, there is a range of values of K that satisfy these joint
conditions. .

34 These are by no means the only two ways of introducing asymmetries. Groups may also vary in how intensely
they value consuming programming or in the nuisance cost of advertising they experience. Such asymmetries can
be incorporated straightforwardly and we leave the task of exploring their implications to the reader.
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level that maximizes these aggregate benefits reflects the same considerations as those underlying
the determination of af. Moreover, when both types of program are provided, aggregate benefits
continue to be maximized by having each program show a3 advertisements.

The asymmetry has more significant implications for market provision. Consider Stage 2 of
the game and suppose that the two firms have chosen different types of programs in Stage 1. For
concreteness, suppose that firm A is showing a type 1 program, while firm B is showing a type 2

program. If the two firms choose advertising levels (a4,ag) their revenues are given by

Ny[1—F(as — ap)|R(an) if aa > as }

A =
m31(aa,aB) = {[Nl + Noy(ap — aa)|R(a4) otherwise

and

(N2 + M7¥(as —ap)|R(ag) if ag > GB}

B v} =
T22(a4,0537) = { Na[1 —F(ap — aa)]R(ap) otherwise

where ¥ = v/8(1 + ¢).
It is straightforward to show that the equilibrium advertising levels, denoted a3, and a3,, must

be such that a3; > a3, and must satisfy the first order conditions

R'(a3,) = —=————R(a3,),

and
R, ay,) = = R(a; y
( 22) 1 P‘Y(a§1 ‘152) ( 22)

where p denotes the ratio of type 1s to type 2s in the population. These imply that a3, = a3, =
m/2 when v = 0 and that m/2 > a3, > a3, for all ¥ > 0 (since R/R’ is increasing). Thus the

firm serving the smaller group has a lower level of advertising if the nuisance cost is positive.3®

35 The above two first order conditions are necessary conditions for a3, and a3, to be equilibrium advertising
levels. They are not, however, sufficient. It must also be checked that firm B’s “equilibrium” revenues =3,
exceed the maximal revenue that it could obtain if it choose a level of advertising larger than a3,; that is, 73, >
max{w%(aal, ap): ap > a3, }. If this condition is not satisfied, there exists no (pure strategy) equilibrium of the
advertising game. We have been unable to develop an analytical proof that the above condition is satisfied for all
p. However, we have been unable to generate a counter example with our simulations.
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This means that it serves some of the other firm'’s natural constituency. However, the first order
conditions imply that the firm serving the larger group still retains a larger viewership.

If both firms have chosen the same program in Stage 1, competition for viewers will drive
advertising levels to 0, except when v = 0. In this special‘ case, if the firms are showing type 1
programs, they each get [Ny + N2/(1 +¢)]/2 viewers, irrespective of their advertising levels. Each
will therefore choose m/2 advertisements. If a firm switched to a type 2 program, it would get N,
viewers and would again choose m/2 advertisements. Thus, both firms showing a type 1 program
is an equilibrium if [N; + N2/(1 + €)]/2 > N» or, equivalently, if l—l‘%Ng < Ny If lli_'_"’E—ENz >N
then one firm would wish to switch to a type 2 program and both firms showing type 1 programs
is not an equilibrium. It should be clear that it cannot be an equilibrium for both firms to show
the less popular program.

Pulling all this together, we may conclude that if both firms provide programs and either v > 0
or %%Ng > N, they will show different types of programs with the type 1 channel showing a3,
advertisements and the type 2 channel showing a3, advertisements. If ¥ = 0 and I—I%Ng <M
both channels provide type 1 programs with m/2 advertisements.

Two new points concerning the difference between market provision and the optimum are worth
noting. First, under market provision, if v > 0, the advertising level on the program preferred by
the minority group is lower than that on the majority-preferred program. Some type 1 viewers
end up watching a type 2 program and the allocation of viewers across programs is distorted away
from the optimum. This makes it impossible for the market to produce the advertising levels
which maximize the aggregate benefits from provision of both types of programs.

Second, if v = 0, the market necessarily duplicates the majority preferred program for a broad
range of parameter values. Steiner and Beebe’s arguments concerning the ability of monbpoly to
remedy duplication can also be illustrated in this case. When v = 0, a monopoly will provide

both types of channels if mwGeN2/4(1 +¢) > K and a single type 1 channel otherwise. When
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€ = 0 we are in Beebe’s world where consumers of minority programming prefer to watch majority
programming than nothing and a monopoly provides no variety. As ¢ gets large, we move closer
to Steiner’s world where minority viewers switch off rather than watch majority programming and

monopoly does provide variety.

6.2 Groups of different values to advertisers

An important source of group asymmetries in practice is that some groups are more valuable tb
advertisers than others. To capture this, suppose that if a new good is of type o, then a type
2 consumer will have willingness to pay w with probability §o and willingness to pay 0 with the
residual probability. Thus, the expected benefit of a new producer of type ¢ contacting a consumer
of type 2 is fow. We assume that § > 1 in what follows, so that type 2 viewers are more valuable
to advertisers than type 1 viewers. This difference between consumers will mean that the demand
for reaching viewers of the two types will differ. Let p, be the price of reaching a single viewer
of type t. The inverse demand curves for the two viewer groups are p;(a) = w@ - [1 — a/m] and
p2(a) = éwo - [1 — a/m]. Notice that ps(a) = 6p1(a) = ép(a).

The main change in optimal provision is that, when both programs are provided, there should
be a higher level of advertisements on the type 2 program. These viewers are more valuable to
advertisers and they will optimally be exposed to a higher level of advertisements, even though
this causes some misallocation of viewers across channels. Characterizing market provision in this
case is made easy by the observation that it is formally identical to a situation in which there are
N; type 1s, 6N type 2s and the two groups are equally valuable to advertisers. The nature of
market provision in this case can then be deduced from the results of the previous subsection. In
particular, the market involves more advertising on the type 2 program if and only if 6V, > Nj.

The main new difference between market provision and the optimum arising in this case is that

the market might produce the wrong type of program. To see this, suppose that K is such that
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only one firm operates in the market solution. If Ny > Ny, this firm will select a type 2 program.
However, if 6w& < v, the optimal type of program is clearly a type 1 program (since N; > Ny).
This distortion simply reflects the well-known point that what matters to broadcasting firms is

the value of viewers to advertisers, not the value of the viewing benefits they enjoy.
7 Conclusion

Radio and television broadcasts are public goods with two non-standard features. First, they are
consumed by two types of consumers: viewers/listeners and advertisers. The latter’s “consump-
tion” creates negative externalities, so that advertisers’ access to broadcasts should optimally be
restricted via a Pigouvian corrective tax. Second, broadcasts are differentiated products which
are substitutes for viewers. This means that the benefits created by an additional program are
less than the direct viewing and advertiser benefits it creates. Part of these direct benefits come
from attracting viewers of other programs.

Market provision of broadcasting is possible because advertisers are excludable. Moreover,
since advertisers’ consumption imposes negative externalities, curtailing their consumption via
market prices of advertising is not necessarily inefficient. Thus, there is no a priori reason to
believe that the market cannot provide broadcasting in at least an approximately efficient way.
The question is (i) how well market prices of advertising will reflect the externality created by
advertisers and (ii) whether advertising revenues generate appropriate incentives for the provision
of programs.

With respect to the first issue, we have demonstrated that the relationship between equilibrium
advertising prices and the Pigouvian corrective tax depends on the re_lative sizes of the nuisance
cost and the social benefit of advertisements. With a relatively low nuisance cost, market prices
will be too high and viewers will be exposed to too few advertisements. The opposite is true

with a relatively high nuisance cost. These findings are particularly interesting in light of the
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broadcasting literature’s neglect of advertising. Notwithstanding the fact that the governments
of most countries impose ceilings on advertising levels, the literature has offered no guidance on
what the socially optimal level is, let alone the ability of the market to produce it.

With respect to the second issue, we have shown that equilibrium advertising revenues may be
such as to generate too few or too many types of programs. A firm’s choice of whether to provide
a program does not account for the extra viewer and advertiser surpluses generated, nor for the
loss of advertising revenue inflicted on competitors. Underprovision will arise when the benefits of
programming to viewers are high relative to the benefits to advertisers from contacting viewers.
Overprovision can arise when the reverse is true and nuisance costs are low. The existing literature
on market provision has largely focused on the underprovision of broadcasting. Moreover, it has
emphiasized duplication as a key source of underprovision. Our results suggest that, if the nuisance
cost of advertising is positive, then broadcasters will avoid duplication because it would lead to
cut-throat competition in advertising levels.

While the market is unlikely to provide broadcasting optimally, our results suggest that it
may produce something quite close to an optimal system for a range of parameter values. They
also suggest that there should be no general presumption of bias in any one particular direction.
Empirical investigation of the relevant parameters is therefore necessary to guide the regulation of
commercial broadcasting. Such investigation is clearly an important subject for future research.

Two theoretical questions concerning market provision of broadcasting remain for future re-
search. First, does thé market provide programs of the right quality and how is this quality
impacted by the number of channels providing programming? It is common to hear the argument
that the proliferation of channels in the U.S. television market has led to a decline in program-
ming quality. This raises the possibility that technological advances permitting more channels can
worsen aggregate surplus. Second, how is market provision impacted by cable or satellite delivery

of programming? This introduces an additional agent into the picture, the intermediary service
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provider, and so an additional possible source of distortion in market choices.

The present framework is also suitable for investigating the role of commercial-free public
broadcasting stations. In the literature, the role of public broadcasting is seen as providing socially
valuable programming that the market would not provide (Berry and Waldfogel (1999b), Brown
(1996)). The increasing diversity of commercial radio and television programming in western
countries has led some to question whether public broadcasting continues to be warranted. The
analysis of this paper suggests a different argument for public broadcasting; namely, for some (or
perhaps all) viewers the nuisance costs of advertising are high relative to its social benefits and
public stations not only serve as an outlet for those viewers with high nuisance costs but also help

reduce commercial levels on competitor stations.




References

Andreoni, James, [1988], “Privately Provided Public Goods in a Large Economy: The Limits
of Altruism,” Journal of Public Economics, 35, 57-73.

Beebe, Jack, {1977], “Institutional Structure and Program Choices in Television Markets,”
Quarterly Journal of Economics, 91, 13-37.

Berglas, Etienne, [1976], “On the Theory of Clubs,” American Economic Review, 66, 116-21.

Bergstrom, Theodore, Blume, Lawrence and Hal Varian, [1986], “On the Private Provision
of Public Goods,” Journal of Public Economics, 29, 25-49.

Berry, Steven and Joel Waldfogel, [1998], “Mergers, Station Entry and Programming Variety
in Radio Broadcasting,” mimeo, University of Pennsylvania.

Berry, Steven and Joel Waldfogel, [1999a], “Free Entry and Social Inefficiency in Radio
Broadcasting,” Rand Journal of Economics, 30, 397-420.

Berry, Steven and Joel Waldfogel, [1999b], “Public Radio in the United States: Does it
Correct Market Failure or Cannibalize Commercial Stations,” Journal of Public Economics,
71, 189-211.

Brown, Allan, [1996], “Economics, Public Service Broadcasting, and Social Values,” Journal
of Media Economics, 9, 3-15.

Brown, Allan and Martin Cave, [1992], “The Economics of Television Regulation: A Survey
with Application to Australia,” The Economic Record, 68, 377-94.

Buchanan, James, [1965], “An Economic Theory of Clubs,” Economica, 32, 1-14.

Butters, Gerard, [1977], “Equilibrium Distribution of Prices and Advertising,” Review of
Economic Studies, 44, 465-492.

Chwe, Michael, [1997], “Believe the Hype: Solving Coordination Problems with Television
Advertising,” mimeo, University of Chicago.

Coppejans, Mark and Gregory Crawford, [1998], “Bundling in Cable Television: Incentives
and Implications for Regulatory Policy,” mimeo, Duke University.

Cornes, Richard and Todd Sandler, [1996], The Theory of Erternalities, Public Goods and
Club Goods (Second Edition), Cambridge University Press: Cambridge.

Doyle, Chris, [1998], “Programming in a Competitive Broadcasting Market: Entry, Welfare
and Regulation,” Information Economics and Policy, 10, 23-39.

Ekelund, Robert, Ford, George and John Jackson, [1999], “Is Radio Advertising A Distinct
Local Market? An Empirical Analysis,” Review of Industrial Organization, forthcoming.

Grossman, Gene and Carl Shapiro, [1984], “Informative Advertising and Differentiated Prod-
ucts,” Review of Economic Studies, 51, 63-82.

Hansen, Claus and Soren Kyhl, [1999], “Pay-per-view Broadcasting of Qutstanding Events:
Consequences of a Ban,” International Journal of Industrial Organization, forthcoming.

Holden, Steinar, {1993], “Network or Pay-per-view?” Economics Letters, 43, 59-64.

35




Kihlstrom, Richard and Michael Riordan, [1984], “Advertising as a Signal,” Journal of
Political Economy, 92, 427-450.

Masson, Robert, Mudambi, Ram and Robert Reynolds, [1990], “Oligopoly in Advertiser-
Supported Media,” Quarterly Review of Economics and Business, 30 (2), 3-16.

Minasian, Jora, [1964], “Television Pricing and the Theory of Public Goods,” Journal of
Law and Economics, 7, 71-80.

Milgrom, Paul and John Roberts, [1986], “Price and Advertising Signals of Product Quality,”
Journal of Political Economy, 94, 796-821.

Nelson, Phillip, [1974], “Advertising as Information,” Journal of Political Economy, 82,
729-754.

Noam, Eli, [1991], Television in Europe, Oxford University Press: Oxford.

Oakland, William, {1987], “Theory of Public Goods,” in Auerbach, Alan and Martin Feld-
stein, (eds.), Handbook of Public Economics: Vol 2, North Holland: New York, 485-535.

Owen, Bruce and Steven Wildman, {1992}, Video Economics, Harvard University Press:
Cambridge, MA.

Samuelson, Paul, [1964], “Public Goods and Subscription TV: Correction of the Record,”
Journal of Law and Economics, 7, 81-83.

Samuelson, Paul, [1958], “Aspects of Public Expenditure Theories”, Review of Economics
and Statistics, 40, 332-338.

Scotchmer, Suzanne, {1984], “Profit Maximizing Clubs,” Journal of Public Economics, 27,
25-153.

Spence, Michael, [1976], “Product Selection, Fixed Costs and Monopolistic Competition,”
Review of Economic Studies, 43, 217-235.

Spence, Michael and Bruce Owen, [1977], “Television Programming, Monopolistic Compe-
tition and Welfare,” Quarterly Journal of Economics, 91, 103-126.

Steiner, Peter, [1952], "‘Program Patterns and Preferences, and the Workability of Compe-
tition in Radio Broadcasting,” Quarterly Journal of Economics, 66, 194-223.

Tiebout, Charles, [1956], “A Pure Theory of Local Expenditures,” Journal of Political Econ-
omy, 64, 416-24.

Vaglio, Alessandro, [1995], “A Model of the Audience for TV Broadcasting: Implications for
Advertising Competition and Regulation,” Rivista Internazionale di Scienze Economiche e
Commerciali, 42 (1), 33-56.

Wildman, Steven and Bruce Owen, [1985], “Program Competition, Diversity, and Multi-
channel Bundling in the New Video Industry,” in Eli Noam, (ed.), Video Media Competition:
Regulation, Economics and Technology, Columbia University Press: New York.

Wright, Donald, [1994], “Television Advertising Regulation and Program Quality,” The
Economic Record, 70 (211), 361-367.

36




8 Appendix

Proof of Proposition 1: We begin with the case in which the market provides one type of
program. For clarity, write af as a?(v) and similarly for a}, i = 1,2. We already know that a$(0) >
aj(0), and that a$(y) < aj(v) for all ¥ > w&. Thus, by continuity, there exists v; € (0,wd) such
that af(y1) = aj(v1). We need to show that this is unique.

We know that if ag{y) > 0 then

o

(B2 + &) — vad)[p(a) — 7] = v /0 " pla)da,

or, equivalently, using the linear demand specification,

(B2 +¢) = 10Dl - &) — 5] = yumag1 - &)

In addition, from the first order conditions that characterize a}(7), we have that
(6(2 +¢) — val)R'(a]) = vR(a}),

or, equivalently,

(B(2+¢) —7a])(1 -

Thus, if af(v) = aj(y) = a, we have that

woa(l - £) _ y(1- &)
Wo(l-2)-2  (-2)

which implies, after some simplification, that

1

1+ 42

3l
5

We can now establish uniqueness. Suppose, to the contrary, that there exists ¥ and 7 such
that v < o/ with the property that a$(y) = aj(7) = a and a2(¥’) = a}(y’) = a’. Then, we know
that a > a’ and hence the above equation implies that

L
1+42 7 1+

37




But this is inconsistent with the hypothesis that v < +/.

Turning to the case in which the market provides both programs, again since we already know
that there exists 2 € (0,wd) such that a§(y2) = a3{72), the task is to show that -, is unique. We
know that if ag(y) > 0, p(ag) = . In addition, from our characterization of a3(y) we have that

6(1+1-§():§’)<a_z_’) = ~. Thus, if a3(y) = a3(v) = a, we have that
2

LI,

or, equivalently,
(1-2) woi-2)

a(l-2) T B(1+e)

We will show that this equation has a unique solution for a in the relevant range which, since
both af(y) and a3(y) are decreasing functions, will imply that the solution ¥2 to the equation
a3(7y) = a3(7) is unique.

Lettingc =a/mand T = [3(1 +5), we may rewrite the above equation as

1-2¢
1-¢

=Ts(1l—5).

Since we know that a3(y) < m/2, therelevant range is ¢ € (0,1/2). The left-hand side is decreasing

in ¢ while the right hand side is increasing in ¢ over the relevant range, so the solution is unique.
For the final part of the proposition (that v2 < +;), we simply need to show that a3(y:) >

a3(71). Using the diagrammatic arguments from the text, we have that a3(y;) > af(n) = aj(n1) >

az(v). M

Proof of Proposition 2: We will need the following useful fact.

Fact 1: For all v, AB° > N %d‘f—z) with the equality holding strictly if v > w@. Moreover, when

v =0, AB® = N[B52 + £,

Proof: It is clear that

AB° 2 B(a}) — Bi(a}),
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so that it suffices to show that

1+2¢
2(1+¢)’

By(af) — Bi(a]) 2 NB——
Consider, then, the effect of adding an additional program holding constant the advertising level at
a. Suppose that the-existing program is a type 1 program and hence that the additional program
is a type 2 program. Type 1 viewers experience no change in gheir welfare. A type (2,)) viewer
enjoys a welfare increase of (1—\)8 if A > va$/8 and 8 —~af otherwise (these gains corresponding
to those who were and who were not watching before). Advertisers get an additional N ﬁ;#
viewers and experience a gain of N [%] fo a)da. Aguregatmg these gains up, we obtain

Y0

1 a ay
Baa) = ButaD) = M (1~ A)ﬁl‘fjc_ F B - nat+ [ plajaa)l

Since p(af) > 7, the right hand side is at least as large as

1 d) Fai +e
N 1- .
B[, 0N+ )
To complete the proof, observe that
([ - Bt 2 o[ - Ng ) = vt
Jao 1+¢ 1+¢ 2(1+¢)’

When 7 = 0, we have that af = a3 = m, so that then AB® = By(m)— B (m). Using the above

formula, we obtain

d
l1+¢

1+2¢ " emwﬁ]
21+¢) 2(1+¢)"

1 3
Bam) ~ By(m) = N [ (1= 855 + (15

/0 " pla)da)] = N(3

This completes the proof of the Fact. B

We can now prove the Proposition. (i) If w& < %114'7251, then Nmwd /4 < N3 Eﬁ’f—z) By Fact
1, this implies that AB® > 3. In addition, we know that 7} < B¢. Hence the market never
over-provides programs, and under-provides them for K € (rf, BY) and K € (r3, AB®). (ii) If

wT > &%ﬁ?_sz then Nmuw5 /4 > NS llfz + E(T—“’;;L] which by Fact 1 implies AB° < 7} for v = 0.
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Since AB° and 73 are clearly continuous functions of v, there exists ¥> 0 such that AB° < my if

¥ € (0,7). The market over-provides programs for K € (AB°®, 75). A

Proof of Proposition 3: F;art (i) is established in the text. For the first claim in part (ii) recall
that when v > 0, competition provides both types of programs (since K < 73 by assumption) and
hence monopoly cannot provide more programming. When v = 0, competition may provide only
one type of program, but then Ar = 0 (since £ = 0) and the monopoly operates only one channel.
The second claim is an immediate consequence of the fact that Ar < 73 forr all v € [0,28/m) if
€ = 0. The remainder of this proof establishes the latter fact.

For e 2 0, Aw < 73 if and only if 73 + 7] > Nmw5/2. Since =5 and w1 are decreasing in ~,
this inequality will hold for all ¥ € [0,28/m) if it holds at y = 23/m. We can rewrite the above

inequality as

1=7e1/8 'yai‘/ﬁ] >m/2.

as ay
a3l — 2] +all1- 20
a3l — 23] +ajl1 - 21+ —24

We can also readily show that

o 2ﬂ)_mg Vel +4+2
() =
m

SR AR
3 6 6

and that

VeE2 +2 4+ 2

2
() =mf1+ £ - YEL2EE

Substituting in the values of a’{(-z;g) and a;(%‘;’), we see that the inequality will hold for all

v € [0,28/m), if ¥(g) > 1/2, where

N e Ve?+2+42, VeT+2+2 ¢
o) = (4§ - YEEEEE) Ve TR o
+[g+§_\/s2+4+2e]'[\/62+4+25 1_51 [2+m]
376 6 6 376 37 T 31+e
But we have that
v2, V2 2 Vi VA1 2 i
‘II(O)—[I_T'[T+[§——6—]'[—g'+§]'[§+?]—-0.5034>1/2.
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Proof of Proposition 4: If K € (An,73) the number of channels is one under monopoly and two
under competition. Letting AB* = Bj(a}) — B;(a}), social welfare will be lower (higher) under

monopoly if AB* > (<)K. Suppose first that wa < 25 1+2¢) . then 3 < Nmwd /4 < NBE2
m(l+e) 2 2(1+e¢)

where the former inequality uses the fact that R(a3) < R(m/2) and the latter uses Assumption 1

(ii). In addition, if ¥ € (7y,, 3«2 ) we show below that AB* > N ﬁﬂ, implying that AB* > K
2(1+¢)

and hence that social welfare is lower under monopoly.

To see that AB* > Ng 1135 , consider the effect of adding a channel and reducing the adver-
tising level from a} to a3. Suppose that the existing channel is showing a type 1 program and that
the additional channel is showing a type 2 program. Type 1 viewers experience a welfare gain of
v(ai — a3). A type (2,)) viewer enjoys a welfare increase of (1 — )8 + v(al —a3) if A > va}/B
and 8 — va3 otherwise. Advertisers reach an additional N yei/B+e iewers and experience a gain

1+4¢

of

1-— Ja] al
M) [ g vt + L2 [

Aggregating up these gains, we obtain

Fai +e

“ ! d\
AB" = N[1+ ('y—p(a))da+N[/% A-Nar (B

o+ [ ™ (p(@) —)da)].

Since p(a3) < and (by Proposition 1) a3 > a$ for all 4 > 79, the first term is positive. Thus, it

suffices to show that the second term exceeds N ’82(1 ) . Note first that

/ (p(a) —v)da = ajwe(l - 2051] -9 > a;[ufa"g -],

where the inequality follows since a3 < m/2. This is non-negative for all v < %wE. Thus the

second term is greater than

1
N[ a-np g Bt

Fei

)8]

1+e l1+e¢




which exceeds N3 %‘f—;

— o 2B(1+2 -
Now suppose that wo > 25042 Note first that when v = 0, AB* = N{B3E + £m42] and
that the condition implies.that AB* < 73. Since AB* < 3 are continuous functions of -, there

exists 1 > 0 such that AB* < 73 if v € (0, ). Social welfare is therefore higher under monopoly

for K € (AB*.#3). 1

Characterization of ‘Market Outcomes with Excludable Viewers: We amend the game
considered in section 4.1 by supposing that in Stage 2 each firm chooses an advertising level and
a subscription price. Again, we solve for equilibria via backward induction. To this end, consider
the second stage and suppose that in Stage 1, only one firm provides a program. Let r = vya + s
denote the full price charged to viewers by the firm. If r < 3, then its program will be watched
by N(1+ 1_;%5@) viewers. For any given full price r, the firm will choose the advertising level and

subscription price that maximizes revenue per viewer. These are given by
@(r),5(r)) = a.rgx(na:)c{R(a) +s:ya+s=r, a>0,s>0}
a,s

After observing that R'( 522) < v with equality if 523 > (0 it is easy to show that

~y_ /v if r<~ag/2
a(r) = {a‘z’/Q ifr>7a§/2}’

and

o if r < va3/2
s(r) = {,. —a3/2  ifr> 7a§/2}'

It follows that if P(r) denotes maximal revenue per viewer, then

(R(/v) if r < ag/2
Plr) = { R(E)+r—a3/2  if r>ra3/2 }

Note that P(r) is continuous and differentiable in 7 € (0, 8). It is also concave.
With this notation, the firm’s revenues can be written as

m(r) = N1+ L8

)E(r).
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The profit maximizing full price is then 1, where r] satisfies the equation

P(r})

m (with equality i f T‘; < ,3)
1

P(r}) 2
Assuming r7 is greater than ya3/2, then P’ (r{) = 1 and the above equation implies that

= min{B, B(1 + g) _ w}.

This is consistent with the assumption that 7} is greater than va3/2 if 8 > R(a3/2)/2 + ya/4.
This follows from Assumption 1 (ii). Thus, we may conclude that the firm sets an advertising

o
level a3/2 and a subscription price s = i —v% > 0. Its maximized revenues can be written as

= (s1 +7a3/2)/

e = N(1+ 1+¢

[ s1 + R(a3/2)].

Next suppose that in Stage 1 both firms provide different types of programs, with firm A

showing a program of type 1. Let r; = ya; + s denote the full price charged to viewers by firm
J. If ra <rg < 3, then firm A’s program is watched by all the type 1 viewers and those type 2
viewers for whom AB~r4 > B —rg. If 8 > T4 2 7g, firm A’s program is watched by all the type
1 viewers for whom 3 —r4 > AB — rg. In either case, consumers not watching channel 4 watch
channel B. If either ﬁrm charges a full price in excess of 4, it will attract no viewers. Using our

earlier notation, the two firms’ revenues can be written as

w4 (ra,re) = N[1+ ;—?;L—TS]P(H)

B _ A—TB
Tae(Ta,7B) = N[1 + ,6—(1 n 6)]P(r3).
The equilibrium full price levels (%, 7%) satisfy the first order condition

1

N[1+ [3(1+€)

)]P' P(rh)  (with equality if r% < ()

B(l +
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and similarly for firm B (transposing A and B subscripts). The two first order conditions imply

that ry =r} = r3, where the common full price 73 is uniquely defined by the equation

P'(r3) > P(r3) (with equality if r3 < 3).

1
B(1+¢)

If r3 is greater than va$/2, P'(r3) =1 and the above equation implies that
. a3 0
ry = min{f,8(1 +¢) — [R(?) —va3/2]}.

For this is to be consistent with the supposition that ry is greater than va$/2, we require that
B(1l+e¢) > R(%E) Since R(a) < R(m/2) = wom/4, this inequality follows from Assumption 1
(ii). Since the function P(r) is concave, then so are the firms’ revenue functions, and so r3 is
indeed the equilibrium full price. We may conclude that the firms choose a common advertising

level a§/2 and subscription price s} = rj — 7222 and that each firm earns revenues
2 = N(s3 + R(a3/2)).

Finally, suppose that in Stage 1, both firms provide the same type of program. Competition
for viewers then drives full price levels to 0, except in the special case in which viewers experi-
ence no disutility from advertisements (y = 0). In this latter case, each firm will choose m/2
advertisements, although prices are still zero. Equilibrium revenues will be N R(m/2).

Turning to Stage 1, neither firm will provide a program if K > w1}, and only one firm will
provide a program if 7, > K > m3,. If n3, > K, both firms will provide programs and they
will be of different types. Even when v = 0 the firms earn strictly more revenue when they offer
different types of programs, than when they duplicate. This is because duplication leads to zero
subscription prices.

In summary, then, neither firm will find it worthwhile to provide a broadcast if K exceeds
mi,- If K lies between 7, and w3, one firm will provide a program and it will carry a3/2

a’

advertisements and have a subscription price s} = r} — v=5. If K is less than n3,, the two
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firms will offer different types of programs and each will carry a3/2 advertisements and have a

o
subscription price s3 =rj — '7521- |

Proof of Proposition 5: For the first part, recall from our characterizations and the fact that
ay < af, that advertising levels with excludability are a$/2, while advertising levels with non-
excludability are at least a3. It therefore suffices to show that a$/2 < a3, with strict inequality
when v > 0. The result follows immediately if ¥ > w& (since a3/2 = 0 < a3}), so consider v < w7.

In this case, R’(%;) = p(a3) = v. But,

e ~y . - m, mwao
R'(a3) = ﬂ(l_-l-e)R(az) < ﬁ(l_ﬁ-e:)R(E) S8BT

Assumption 1(ii) therefore implies that
R'(a3) < Rl(%) with strict inequality if v > 0.
This implies the result.

For the second part, recall that duplication is not possible with excludability. Thus, we need
only show that equilibrium revenues are higher with excludability Vin both the one and two firm
cases; i.e., 7} < 7], and 73 < 73,. In the one firm case, this is obvious. With excludability, the firm
could always choose to set prices equal to zero and to raise revenue solely through advertising.
But, as shown above, the (uniquely) optimal strategy is to reduce advertisements and charge
viewers a price s > 0. By revealed preference, revenues must be higher with excludability.

In the two firm case, the result is not immediate because the price and advertising levels
are determined strategically and firms compete on two fronts rathér than one, which might a
priori increase competition so much as to reduce equilibrium revenues. We could rule out this
possibility if we knew that the full price is higher with excludability. To see this, suppose that
85 + 7222 > 7vaj and that n3 > m3,. Note that, by symmetry, each firm attracts N viewers with

or without excludability. With excludability, each firm has the option of setting the advertising
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level a3 and a subscription price of 0. Since s + 732; > vya3 by hypothesis, this would result in
strictly more than NV viewers and revenues strictly higher than 73. This contradicts the fact that
each firm choosing (s3, a3) is an equilibrium. Below, we establish that it is indeed the case that

85 +7v% > va3 M

Fact 2: Suppose that the market provides i € {1,2} types of programs with excludability and
non-excludability. Then, the full price faced by viewers is higher with excludébility; ie, rf =
s; + 7322 > va;j.

Proof: Suppose first that i = 1. It is clear that the result holds if 7} = 3, so we assume in what

follows that
R(%) —va3/2

=B+ 2) - =

5 < B.

To prove the desired inequality we follow the proof of a related statement in Hansen and Kyhl

(1999). We know that r] satisfies the equation

P(ry)
P(r* 1
(r) B2+¢) -1}
and that aj satisfies the equation

RI(O,;) — ’YR(G’I)

B2+e) —yai’
Letting z, = 1+ 3="/8 and z, = 1 + 12818 denote the fraction of viewers watching with and

14¢ l4e

without excludability, we may rewrite these as

26(1+2) (@, — 1) = R(E) - 12 - ep

2
and
26(1+ €)(we ~ 1) = T - 90 -
Now let
Y(a) = g[z((:)) - va—epB,
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Observe that ¥(a) is an increasing function and, since R’(%E) =+, that w(%z) = R(%z) _7523 —-e0.

o

Since 32; < aj, it follows that ¥(aj) > ¥(%) and hence that

26(1 +€)(za — 1) = (a}) > ¥(Z ) =26(1 +¢)(z, - 1).

It follows that z, > x, which implies that r} > va}.
Now suppose that i = 2. It is clear that the result holds if 5 = 8. As shown in section 4,

Assumption 1 (ii) implies that yaj < 8. Thus, it remains to consider the case in which
* a3 a3
r3=060+e) - [R(Z)-+Z) < 5

and hence that v < w& (otherwise we have a§ = 0 and a contradiction). Figure 4 depicts the
determination of the equilibrium full prices in the two regimes in this case. The equilibrium full
price with non-excludability, ya3, is determined by the intersection of the downward sloping line
R (s) /7 and the hump shaped curve R( )/B(1+¢). With excludability, the equilibrium full price
is determined by 1 = P(r3)/B(1 + ¢), which in the graph is the intersection of the horizontal line
emanating from the point (0, 1) and the upward sloping curve R—(u%gi. The result will hold
if the slope 6(++s) is less than the absolute value of the slope of R’ (£)/~ so that R’ (Z)/7 crosses
R(Z)/B(1 + ¢€) (which here is sloping up since R(a}) > R(—;-)) before —2&)—1%51— crosses the
horizontal line emanating from (0, 1).

We know that R'(a) = w&[l~ 28] so that _(zﬁ ,2,%73; The required condition is therefore

B(l+e) > %’é But, since v < w7 and, by Assumption 1 (i), v < 28/m, we have

"2:’_< 5 <B<B+e),

as desired. I
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