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Abstract
Existing theories of media competition imply that advertisers will pay a lower price in equi-
librium to reach consumers who multi-home across competing outlets. We generalize and
extend this theoretical result and test it using data from television and social media advertis-
ing. We find that television outlets whose viewers watch more television charge a lower price
per impression to advertisers. This finding helps rationalize well-known stylized facts such as a
premium for younger and more male audiences on television. Also consistent with the theory,
we show that social media advertising markets feature a premium for older audiences. A quan-
titative version of our model whose only free parameter is a scale normalization can explain
35 percent of the variation in price per impression across owners of television networks, and
aligns with recent trends in television advertising revenue. We use the model to quantify the
impact of mergers, the effect of competition on incentives to produce content, and the effect of

Netflix ad carriage on prices for linear television advertising.
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1 Introduction

Both digital and traditional media receive substantial revenues from selling consumer attention
to advertisers (e.g., Statista 2021). Prices per unit of attention in these markets vary widely. On
television, prices per impression can easily vary across programs or networks by a factor of three
or more (e.g., Crupi 2009). Prices for online advertising exhibit similarly large variation (e.g.,
AdStage 2020). Which consumers’ attention commands the highest prices is a key determinant of
the incentive to produce content (Spence and Owen 1977; Wilbur 2008; Veiga and Weyl 2016).
Pricing in advertising markets has become an important issue in antitrust policy (e.g., Competition
and Markets Authority 2019).

Industry observers have long been puzzled by the large variation in the price of attention
across different groups of consumers. Perhaps the most famous example is the premium paid
to advertise on television programs with younger audiences. The premium attached to younger
audiences—who are sometimes known as the “coveted” or “target” demographic—is widely re-
garded as a major influence on content and scheduling, and persists despite the fact that older
audiences tend to have greater purchasing power than younger audiences (Dee 2002; Surowiecki
2002; Einstein 2004; Pomerantz 2006; Goettler 2012; Gabler 2014).1 Other documented price
premia include a premium for advertising to men relative to women (Papazian 2009) and (on a
per-impression basis) for advertising on programs with larger relative to smaller audiences (Chwe
1998; Phillips and Young 2012; Goettler 2012).

In this paper, we develop an equilibrium model of an advertising market with competing out-
lets. The model implies that the price per viewer that an outlet charges for its advertisements in
equilibrium is decreasing in the activity level of the outlet’s audience, i.e., in the extent to which
members of its audience visit competing outlets. We show that the model’s predictions are borne
out in data from the US television market, and can help explain well-known and potentially puz-
zling patterns such as premia for younger, more male, and (on a per-impression basis) larger audi-

ences. The predictions of the model are also in line with less-well-known facts that we document

IGabler (2014 pp. 3-4) writes that “We live in a culture of the young, for the young and by the young, and anyone
over 49—the demographic breakpoint of old age for most television advertisers—is tossed onto the trash heap of
history, all eighty million of them. In effect, these people, just under one-third of the American population, have
been steadily disenfranchised by a ruthless, self-serving, myopic and ignorant dictator. That dictator is the eighteen
to forty-nine demographic cohort, and it is the single most important factor in determining what we see, hear and
read.” An advertisement run by the American Association for Retired Persons highlights the value of advertising to
older audiences. Its text reads “I may be gray, but my money is as green as it gets. Why is it all about 18-34, when
they barely have a dime of their own?” (quoted in Newman 2012).
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for social media advertising. A quantitative version of the model whose only free parameter is a
scale normalization can explain 35.1 percent of the variation in price per impression across owners
of television networks, and aligns with recent trends in television advertising revenue.

Our model builds on a large theoretical literature on two-sided markets beginning with Ro-
chet and Tirole (2003) and Anderson and Coate (2005), and extends Anderson, Foros, and Kind’s
(2018) model of advertising pricing in markets with multi-homing. In the model, each of a set of
owners may own multiple outlets, and each outlet may have multiple advertising slots. Owners
simultaneously announce prices to advertise on the slots they own, after which each of a set of
advertisers decides which slots to purchase. Advertisers have homogeneous value functions that
are submodular in the set of outlets on which they advertise. The number of slots on each outlet
exceeds the number of advertisers, so slots are not rationed in equilibrium, and because advertis-
ers are homogeneous, equilibrium is efficient. In particular, equilibrium follows the incremental
pricing principle of Anderson, Foros, and Kind (2018): the price an owner commands for its slots
is determined by the difference in an advertiser’s value from advertising on all outlets versus all
outlets except those controlled by the given owner.

An important special case of a submodular value function arises when advertisers face dimin-
ishing returns from multiple impressions to a given viewer, and viewers multi-home in a pattern
that is invariant to advertisers’ choices. In this case, the incremental value of an outlet’s advertising
slots is determined by the overlap of its audience with those of other outlets. As a result, the price
per viewer that an outlet can charge in equilibrium is decreasing in the overall activity level of its
audience, and increasing in the overall size of its audience. In the special case of perfect diminish-
ing returns, where advertisers value only the first impression to a given viewer, each outlet’s price
per impression is determined solely by the fraction of its audience that is exclusive to that outlet.

We study the model’s predictions empirically using data on television audiences and advertising
prices from Nielsen’s Ad Intel database, and audience survey data from GfK MRI. Consistent with
the predictions of the model, we show that outlets whose audiences watch more television charge
a lower price per impression for their ads. Turning to the demographic patterns that have received
significant attention in the industry, we find that the younger, more male audiences that command
a price premium are also those that watch the least television. We also find, consistent with prior
evidence and with the predictions of the model, that outlets with larger audiences command higher
prices per impression, even after accounting for the viewing intensity of their audiences.

We then turn to social media advertising, using data on prices of Facebook advertisements col-



lected as part of a series of experiments including our own. In contrast to television, the young
are the heaviest users of social media. Treating television and social media as distinct ad markets,
our model predicts that older users should be the more “coveted” group on social media. Alter-
native explanations for the youth premium, such as the young having more malleable preferences
(Surowiecki 2002), would not all share this prediction. We show that the age-price relationship is
indeed reversed on Facebook, with the oldest users commanding the highest prices.

We evaluate the fit of a quantitative version of the model. We consider a specification with
perfect diminishing returns in which a given viewer’s probability of seeing an ad on a given outlet
is proportional to the time that the viewer spends on the outlet. Based on this specification we use
the audience survey data to calculate the incremental value of advertising on each outlet, which in
turn yields a prediction for the equilibrium price charged by each owner for its advertising slots.
We find that the model’s predictions are a good fit to observed prices. Predicted prices explain
35.1 percent of the variation in price per impression across owners, with a slope close to unity, and
exhibit the same qualitative patterns as observed prices with respect to age, gender, and outlet size.
The model also rationalizes the fact that television advertising revenues have risen slightly in the
last several years despite a decline in audience and impressions. This is true despite the fact that
the model’s quantitative predictions for relative prices across owners, and for trends in revenues
over time, are based only on the audience survey data and therefore do not use any information on
observed advertising prices.

We apply the quantitative model to three questions. First, we study the effects of several recent
mergers of television network owners on the combined advertising revenues of the merging entities.
The model-predicted effects vary widely in ways that would be difficult to predict using standard
concentration measures such as the Herfindahl-Hirschman Index (HHI), but are well-approximated
by measures based on the overlap in the merging entities’ audiences. Second, we study the effect
of competition on the incentive of television network owners to invest in content to attract different
kinds of audience members. We find that impressions from those in the oldest age group are
more than 82.8 percent less valuable than those in the youngest, and that this gap would attenuate
significantly if television network ownership were more concentrated. Third, we study the effect
of Netflix carrying advertising on the price of attention on linear television. In a scenario where
Netflix carries ads across its platform, and there is no change in audience behavior, we estimate a
decline in price per impression of between 0.38 and 2.7 log points across television owners, with

owners whose audience overlaps more with Netflix tending to experience larger declines in price



per impression.

The primary contribution of this paper is to show that the predictions of a model of a competi-
tive advertising market with multi-homing are a good match, both qualitatively and quantitatively,
to existing and novel facts about important real-world markets. In contrast to many prior studies
of advertising markets (e.g., Kaiser and Wright 2006; Bel and Domenech 2009; Wilbur 2008; Fan
2013; Chandra and Kaiser 2014; Jeziorski 2014; Berry, Eizenberg, and Waldfogel 2016; Zubanov
2020), our quantitative model explicitly derives the price of advertising on a given outlet from
a microfounded equilibrium model with a multi-homing audience.> Multi-homing is essential to
the model’s implications. In contrast to prior work that incorporates audience demographics into a
model of advertiser demand (e.g., Wilbur 2008; Liao, Sorensen, and Zubanov 2020), our model can
explain demographic premia in advertising prices without assuming that advertisers intrinsically
value certain demographic characteristics.

Our analysis provides a unified explanation of several facts, some of which are new to the
literature. There is a folk wisdom in television advertising that it is more expensive to advertise
to groups that are harder to reach (Surowiecki 2002; Papazian 2009; Gabler 2014).> Some have
questioned the logic of this proposition.* We provide what is to our knowledge the first systematic
evidence on the relationship between an outlet’s advertising prices and the activity levels of its
audience, and the first depiction of this relationship grounded in a quantitative economic model.
We also systematically document advertising premia related to audience age, gender, and size. In
the case of social media, while some industry sources report a premium for older audiences on
social media (e.g., Ampush 2014), we are not aware of prior evidence in the academic literature

showing that transaction prices in the US are greater for Facebook ads targeted to older users.’

2Gentzkow, Shapiro, and Sinkinson (2014) incorporate a microfounded model of advertising with multi-homing con-
sumers into a structural model of newspapers’ choice of political affiliation, but allow for only a small number of
outlets, and do not study the cross-sectional variation in advertising prices implied by their model. Prat and Val-
letti (forthcoming, Section 5) simulate effects of platform mergers under various assumptions about overlap in their
audience, though using a microfoundation different from ours. Greenwood, Ma, and Yorukoglu (2021) calibrate a
macroeconomic model in which consumers can consume multiple media goods but do not receive multiple advertise-
ments from the same advertiser.

3Papazian (2009) writes that, “As a rule, shows that pull higher proportions of easy-to-get heavy tube watchers come
in at lower [cost per thousand impressions] than those that rely less on this preponderantly lowbrow segment and
more on upscale audiences” (p. 134).

4Surowiecki (2002) writes that, “by this logic, advertisers ought to pay top dollar to reach sheepherders in Uzbekistan.”

SLambrecht and Tucker’s (2019, Table 7) analysis of average suggested bids for a STEM career information campaign
on the Facebook platform across 191 countries indicates that average suggested bids are higher for ads targeted
to females. The analysis does not show clear differences in average suggested bids by the age of the target users
(columns 1 and 2) but does show evidence of interactions between age and gender (column 3). Our analysis differs
in using transaction price data from campaigns in the US rather than suggested bid data from a campaign across 191



Turning to time trends, the fact that television advertising revenues have grown despite a declining
audience has been noted as a puzzle, but is predicted by our quantitative model.

The paper also makes a contribution to the theoretical literature on advertising in two-sided
markets with multi-homing. In particular, we generalize the incremental pricing result in Anderson,
Foros, and Kind (2018) to allow for arbitrary submodular value and ownership structure. Unlike
Ambrus, Calvano, and Reisinger (2016) and Anderson and Peitz (2020), we do not model the
determination of the number of advertising slots. Unlike Athey, Calvano, and Gans (2018), we do
not allow heterogeneity among advertisers in our baseline analysis, though in an extension we show
that incremental pricing holds when the extent of heterogeneity is small or when owners can charge
advertiser-specific prices. Unlike Prat and Valletti (forthcoming), we do not focus on the effects of
the ad market on competition among advertisers, though we do allow for some interactions among
advertisers in an extension. As in Anderson, Foros, and Kind (2018), our model allows for a very
rich description of viewers’ choices of which outlets to watch, a feature we take advantage of when
developing the model’s quantitative implications.’

None of the evidence we present constitutes a pure test of the forces in the model, which would
require changing the competitive environment while holding all other conditions constant. Ac-
cordingly, each individual piece of evidence is subject to alternative interpretations, some of which
we highlight in the paper and test in sensitivity analysis. However, to us, the fact that a model that
builds on a large body of economic theory can explain such a wide range of facts—both qualita-
tively and quantitatively, and across markets, outlets, and over time—suggests that the economic
forces we highlight are important for understanding pricing power in competitive advertising mar-
kets.

The remainder of the paper proceeds as follows. Section 2| presents our model and its impli-
cations. Section 3| describes our data and variable definitions. Section 4| presents our key findings
about the determinants of advertising prices on television and social media. Section [5] presents
our quantitative implementation of the model, its fit to the data, and its applications. Section [

concludes.

countries.

%The Economist (2021) writes that, “The Tokyo games illustrate a puzzle: as audiences decline, the TV-ad market is
holding up.”

7As in Prat’s (2018) analysis of media outlets’ political power, our analysis of outlets’ pricing power emphasizes the
importance of individual viewers’ allocation of attention.
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2 Model

There is a set of outlets J. A given owner can own multiple outlets, and we define a partition Z
on the set of outlets that describes the ownership structure, using the notation Z € Z to refer both
to a cell of the partition and to the owner of the outlets in that cell. Each outlet has available K
advertising slots, each of which can be sold to one of the N advertisers in the set N'. We assume
that N < K, i.e., that advertising slots are not scarce. Section[2.2land Appendix[A.3|discuss settings
with N > K. We let P (-) denote the power set operator.

The game proceeds as follows. Each owner Z simultaneously announces, for each bundle
B € P(Z) of its outlets, a price pp at which it will sell one slot on each outlet j € B to any
advertiser, with pp = oo denoting that a given bundle B is unavailable. Advertisers then move
sequentially in random order and decide which, if any, bundles to buy. When all advertisers have
moved, ads are shown and the game ends.

The payoff of an owner is given by the sum of the prices pp of all bundles B that the owner

sells. The payoff of an advertiser that buys slots in a set of bundles S C P (J) is given by

V{j:jeBESH -} ps
BeS
where V (-) is a non-negative value function that is monotonic in set-inclusion order.® We capture
the idea that there are diminishing returns to advertising by assuming that V (-) is submodular: an
advertiser derives less incremental value from an outlet when adding it to a larger bundle.? Section
discusses settings with partially increasing returns and with heterogeneity in advertisers’ value
functions.

The following examples exhibit monotonic and submodular value functions.

Example 1. There is a set of viewers. Each viewer sees any ad slot on outlet j with some proba-
bility. Each advertiser gets value ;Y B, from viewer i that views its ad M € N times, where
a; >0, Bo=0, By >0, and B,, > 0 is non-increasing in m for m > 1. The following settings are

nested in this one:

8That is,
J I T = Vv(IT)<v(T".

Formally,
JCT"CT jeI\T" = V(JU{j})-v(T) =V (T"U{j}) -V (T").



(a) (Anderson, Foros, and Kind 2018.) There is a set of viewers, each of which views all ad
slots on a subset of the outlets, and a; = a for all i.

(b) (Awareness advertising with forgetting.) Each advertiser gets value a; > 0 from viewer i that
remembers seeing its ad. Each viewer remembers each ad they have seen with some probability,

independently across ads.

Example 2. There is a set of viewers, each of which views all ads on a subset of the outlets. There
is a partition C that groups the outlets 7 into categories. For each viewer that views its ad on an

outlet in category C € C, each advertiser gets value ac > 0.

Example 3. Each outlet consists of K programs. Each program has one ad slot. Each advertiser
that purchases an ad slot on a given outlet is randomly assigned to the slot in one of the outlet’s
programs. There is a set of viewers. Each viewer views a subset of programs. Whether a given
viewer views a given program depends on whether that program carries an ad, but not on whether
other programs do. For each viewer that views its ad on M € N distinct outlets, each advertiser

gets value u (M) > 0 where u (-) is nondecreasing and exhibits decreasing differences.

Remark 1. In Examples|l|and [2, viewers’ choices of which outlets to view are not affected by the
outcome of the game. We may interpret this either as a scenario in which viewers do not care about
advertising or, following Anderson, Foros, and Kind (2018), as a scenario in which viewers make
viewing decisions without knowing the outcome of the game. In Example [3} viewers’ choices of
which outlets to view are affected by the outcome of the game. We may interpret this as a scenario
in which viewers care about advertising and make viewing decisions knowing the outcome of the

advertising game.

Remark 2. Content owners such as television networks sometimes charge fees to viewers, either
directly via “over the top” subscriptions or indirectly via bundlers like cable networks. Our model
and analysis are compatible with the presence of such fees provided they are invariant to the out-
come of the advertising game. This would be true if, for example, fees to viewers are set prior to
the advertising game, or prior to viewers’ knowledge of its outcome. Section [5.2] augments our

model to include a content investment stage.

Our main result is that each owner is able to extract the incremental value of the outlets it

controls. To state this result, for a bundle B C 7, let the incremental value vp be given by

vg=V(J)-V(J\B),
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i.e., the value to an advertiser of advertising on all outlets rather than all outlets except those in B.
We assume that every outlet in [ has positive incremental value, v; > 0 for all j € J. We take an

equilibrium to be a subgame perfect equilibrium in pure strategies.

Theorem 1. (Incremental pricing) There exists an equilibrium. In any equilibrium, all advertisers

buy slots on all outlets, and the payment by each advertiser to each owner Z is given by p, = vz.

All proofs are given in Appendix [A] Section [2.2] discusses settings with alternative market institu-
tions, including unbundled pricing, bargaining over or auctioning of ad slots, and viewer-level ad

pricing and targeting.

2.1 Comparative Statics

Consider a special case of Example 1| in which every owner owns a single outlet j € 7, and
diminishing returns are strict in the sense that 3, < ;. Suppose that there is a unit mass of
viewers subdivided into a set G of mutually exclusive demographic groups, with group g having
mass [lg, so that },cq U = 1. Members of group g € G see ads on outlet j with probability
N € (0,1), independently across outlets. We assume that all viewers have the same intrinsic
value to advertisers, i.e. that a; = a for all i. Let
Aj= ) Helgj, Ogj= %
geG J

denote, respectively, the total mass of outlet j’s audience, and the share of this audience that comes
from group g. Then p;k- /A; is the price per viewer charged by the owner for an ad slot.

Applying Theorem (1| with the structure of the value function V (-) in this case, we show two
comparative statics results. The first result is that, all else equal, an outlet commands a larger price

premium for its viewers if its viewers come from less active groups.

Proposition 1. Suppose that group g € G is less active than group h € G in the sense that Ng; < Mp;
for all j € J. Suppose that outlet j € J draws a larger share of its audience from group g and
a smaller share of its audience from group h than outlet k € 7, in the sense that Ogj > O and
Opj < Opi, and that the two outlets have equal total audience sizes, Aj = A, and equal shares of
audience from groups other than g and h, Gy ; = Oy for all g # g,h. Then outlet j has a higher

equilibrium price per viewer than outlet k, p/A; > py [ 4.



The inequality in the conclusion of Proposition [1|is strict if Ny < 1,7 for some ;' # j,k and
Ogj > Ogf.

Intuitively, Proposition m holds because, given diminishing returns, the incremental value of
showing an ad to a viewer who watches more outlets is lower than the incremental value of showing
an ad to a viewer who watches fewer outlets. Since more active viewers tend to watch more outlets,
this force puts competitive pressure on the prices that outlets can charge to show ads to these

ViEWETS.

Remark 3. Multi-homing is essential to the result in Proposition |1} If there were only a single
outlet (J = 1), or if each group were to watch only one outlet with positive probability, then each

outlet’s price per viewer would be invariant to the group composition of its audience.

Remark 4. Appendix [A.3]|shows that a statement analogous to Proposition[I|holds for multi-outlet
owners when diminishing returns are perfect, i.e., B,, = 0 for m > 2. Competition is essential for
this result. If a single owner were to own all outlets, then the owner’s price per viewer would be

invariant to the group composition of its outlets’ audiences.

We next show that, all else equal, an outlet commands a larger price premium for its viewers if

the outlet attracts a larger share of the total audience.

Proposition 2. Suppose that outlet j has a larger audience than outlet k in the sense that for
some & > 1, Ngj = 8Ny for all g € G. Then outlet j has a higher price per viewer than outlet k,
P/ A 2 pi/ A

The inequality in the conclusion of Proposition [2|is strict if 6 > 1. Intuitively, Proposition 2| holds
because viewers of the larger outlet tend to watch fewer other outlets, leading to less competitive
pressure on the price that the larger outlet can charge to show ads to its viewers. Appendix
shows that a statement analogous to Proposition 2| holds for multi-outlet owners when diminishing

returns are perfect.

2.2 Extensions

Rationing of ad slots. Suppose that we may have N > K and assume that bundle prices can only

take on values in the set {0,A,2A, - -} where A > 0 is some fixed increment.

Proposition 3. There exists a subgame perfect equilibrium, possibly in mixed strategies, and in

any subgame perfect equilibrium each owner Z earns an expected revenue per slot between (vz —

A)/|Z| and ¥ jezV ({j})/1Z].
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Allowing for mixed strategies helps to guarantee existence of an equilibrium in this setting.

Partially increasing returns. Theorem |I| relies on submodularity of V (). Under strict mono-

tonicity the conclusion of Theorem [I] obtains under a weakening of submodularity.

Proposition 4. Suppose V (-) is strictly monotone and that V (J'UZ) -V (T >V (T) -V (T\Z)
forallZe Z,7 CJ \Z. Then there exists an equilibrium, and in any equilibrium, all advertisers

buy slots on all outlets, and the payment by each advertiser to each owner Z is given by p, = vz.

The decreasing differences condition on V (-) in the hypothesis of Proposition {|is strictly weaker
than submodularity. Suppose, for example, that owners are singletons, each of a set of viewers i
views at least L outlets, and an advertiser’s value for viewer i seeing its ad M times is ; YM_, B,
where a; > 0 for all i, By = 0, 3,, > 0 for all m, B, is non-increasing for all m > L, and fBy <
minj <<z Bm. This setting satisfies the hypotheses of Proposition |4I| but not necessarily those of
Theorem [I] and allows increasing returns to advertising for viewers receiving few impressions
(as in, e.g., Dubé, Hitsch, and Manchanda 2005). Appendix [A.3] establishes that analogues of
Propositions [1|and 2| hold in this setting, and that the setting continues to satisfy the hypotheses of

Proposition {]if a small number of viewers view fewer than L outlets.

Heterogeneous advertisers. Suppose now that each advertiser n € A/ has a monotone and sub-
modular value function V,, (-). If outlets can post advertiser-specific prices, then the result is par-
allel to that in Theorem |1} in the sense that the equilibrium price of owner Z’s bundle to adver-
tiser n is given by v,z = V,(J) — Vo, (J \ Z). If outlets cannot post advertiser-specific prices,
then incremental pricing holds if heterogeneity among the advertisers is sufficiently small com-
pared to the incremental value of a single outlet. Let v, = min,cn v,z and Vz = max,cp vnz
denote the minimum and maximum values of v, z, respectively, with respect to n. Let ¢(Z) =
min, e jez Va((T\Z) U {j}) — Vo (J\Z) denote the minimal incremental value of any one of

owner Z’s outlets. In the special case where Z is a single-outlet owner, ¢ (Z) = v,.

Proposition 5. Suppose that heterogeneity in the value functions V, (-) is small in the sense that
vz — vy < ]%[(p(Z) for all Z € Z. Then there exists an efficient equilibrium, and in any efficient

equilibrium, all advertisers buy slots on all outlets, and p, = v, forall Z € Z.

It is immediate that, in the setting of Section [2.1}, any efficient equilibrium obeys the comparative

statics in Propositions [I| and

11



The hypothesis of Proposition |S|restricts the incremental values rather than the level of V,, (-),
in the sense that it allows for V,,(-) = V(-) + ¢, for any c, that preserves non-negativity.!’ The
restriction on incremental values becomes more demanding as the number of advertisers, N, grows

large.

Unbundled pricing. It is useful to be able to characterize the price of an owner’s individual
outlets. To do this we can imagine that some owners are not allowed to bundle slots on all of their
outlets together. Formally, each owner Z is endowed with a partition Fz of Z such that they are
only allowed to bundle outlets in the same cell of the partition. Denote by v =V (S) —V (S\ B)
the incremental value of bundle B in § C 7. We refine the notion of equilibrium by assuming that,
when indifferent, owners break ties in favor of offering fewer bundles, and each advertiser breaks

ties by favoring owners according to a prespecified ordering.

Proposition 6. In any equilibrium satisfying the tie-breaking rule, each bundle sold has a price of

PR = VISB, where S C J is the set of all outlets sold.

In general, existence of an equilibrium is not guaranteed. Appendix [A.3]establishes the existence

of an equilibrium in a special case in which the comparative statics of Proposition [2 hold.

Bargaining between owners and advertisers. Suppose that rather than simultaneously posting

prices, owners bargain with advertisers a la Nash-in-Nash (Lee, Whinston, and Yurukoglu 2021).

Proposition 7. If all owners have identical bargaining weights, there exists a Nash-in-Nash equi-
librium in which all advertisers buy slots on all outlets, and the payment by each advertiser to each

owner Z is proportional to vz. If V (+) is strictly monotone, then this outcome is unique.

The proof of Proposition [/| shows that, in the more general case where owners have different
bargaining weights, there exists an equilibrium in which the payment to each owner Z is given by
the product of the owner’s bargaining weight and vz. If, further, V (-) is strictly monotone, then

this outcome is unique.

Auctioning of advertising slots. Suppose that rather than simultaneously posting prices, owners
simultaneously set reserve prices for each of their bundles, and then conduct simultaneous first-

price auctions.

'0When there are two or more owners, it also allows for V,,(0) = V(@) and V,,(J") = V(J') +¢, for 0 # J' C J,
where ¢, > 0.

12



Proposition 8. If owners simultaneously set reserve prices and then conduct simultaneous first-
price auctions, there exists an equilibrium, and in any equilibrium all advertisers buy slots on all

outlets, and the payment by each advertiser to each owner Z is given by vyz.

Appendix [A.3|further characterizes equilibrium in a model where owners conduct auctions, adver-

tising slots are scarce, and advertisers’ valuations are heterogeneous.

Viewer-level ad pricing and targeting. Suppose that each owner can post viewer-specific prices
for each bundle. Suppose that V (-) = Y;V;(-), where V; (-) is the value function if viewer i were

the only viewer, and v; p = V; (J) — Vi (J \B) is the viewer-specific incremental value of bundle B.

Proposition 9. Suppose that V;(-) is monotone and submodular and that v; j > 0 for all i and j.
Then there exists an equilibrium. In any equilibrium, for any viewer i, all advertisers buy slots on

all outlets, and the payment by each advertiser to each owner Z is given by p; , = v; 7.

In the setting of Proposition [0} the total payment };v; z = vz by each advertiser to each owner Z is
equivalent to that under Theorem|[I] Note that Example|[I]satisfies the hypotheses of Proposition ]
if B,, > O for all m > 1, and each viewer i views any ad slot on each outlet j with strictly positive

probability.

Competition between advertisers. Appendix provides additional conditions under which a
modified incremental value pricing equilibrium exists when an advertiser’s value for advertising

depends not only on the slots they purchase but also on those purchased by other advertisers.

3 Data

3.1 Television Advertising Prices, Audience, and Ownership

We obtain data on broadcast and cable television viewership and advertisement pricing in 2015
from Nielsen’s Ad Intel product (The Nielsen Company 2019). For each advertisement the data
includes the telecast (e.g., NBC Nightly News, June 1), program (e.g., NBC nightly news), daypart
(e.g., early fringe), and network (e.g., NBC). It also includes the duration (e.g., 30 seconds) of
the advertising spot, an estimate of its cost, and an estimate of the number of impressions (live

viewers) for the associated telecast. We omit from all calculations any advertisements with zero
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cost or duration. We standardize the cost to a 30-second-spot basis by dividing the cost by the
duration of the advertisement (in seconds) and multiplying by 30.

Advertising cost estimates in the AdIntel data are based on information obtained at the month-
network-daypart level for cable television and at the month-program level for broadcast television
(The Nielsen Company 2017). For consistency we therefore define our notion of an outlet j to be
a network-daypart.!! Appendix Figure |1| reports results when using network as our notion of an
outlet, and also (for broadcast television) when using program.

For each outlet, we calculate total impressions across all advertisements and divide by the num-
ber of hours in the corresponding daypart in a 52-week year to get a measure of total impressions
per hour, which we take as analogous to the concept A; defined in Section For each outlet,
we also calculate the total (standardized) cost of all advertisements and divide by the number of
hours in the corresponding daypart in a 52-week year to get a measure of total cost per hour, which
we take as analogous to the concept p}f defined in Section Finally, for each outlet we divide
total cost per hour by total impressions per hour to obtain the average price per impression of a
30-second spot on the outlet, which we take as analogous to the concept p;‘. /A; defined in Section

For each advertisement we also have information on the number of impressions by age (in
bins) and gender for the associated telecast.!?> From this information we compute the share of
each outlet’s impressions that are to adults (aged 18 and over) and the share among impressions to
adults that are to females. We also compute the average age of each outlet’s adult impressions by
imputing each bin to its midpoint value and imputing the oldest bin (65+) to age 75.1

For a subset of advertisements representing 99.9 percent of all impressions, we also have in-
formation on the distribution of impressions across household income bins for the associated pro-

gram.'* From this information we compute the average household income of each outlet’s adult

"Tn cases where a telecast spans multiple dayparts, we assign it to the daypart that contains the largest share of
broadcast time.

12The age bins are 2-5, 6-8, 9-11, 12-14, 15-17, 18-20, 21-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-64, and
65+ years.

13Using information on each advertisement’s advertiser, we also compute the share of each outlet’s adult impressions
that are to advertisements in each of a set of industry categories, which we use in sensitivity analysis.

14The bins are 0-20, 20-30, 30-40, 40-50, 50-60, 60-75, 75-100, 100-125, and 125+, all in thousands of dollars. For
programs representing 96.2 percent of all impressions, we have information on the distribution of impressions across
household income bins for each month, from which we compute an annual average for the program. For programs
representing 3.7 percent of all impressions, we have information on the distribution of impressions across household
income bins for each of a subset of the program’s telecasts, from which we compute an average for the program. We
associate each advertisement with the average distribution of impressions for its respective program.
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impressions (among those for which we measure income) by imputing each bin to its midpoint
value, and imputing the highest-income bin ($125,000+) to $175,000.

We obtain from SNL Kagan, a product of S&P Global Market Intelligence, information on the
ownership of cable networks in 2015 (S&P Global Market Intelligence 2019). We supplement this
with other publicly available information, including on the owners of broadcast networks. We form
the ownership partition Z by assigning each outlet to its majority owner, treating joint ventures as
independent ownership groups. We perform analogous calculations to those at the outlet level to
compute the price per impression and audience demographics of each owner Z € Z.

We conduct our main analysis of the television market using data from 2015, but for sensitivity
analysis and extensions we use data from 2014 through 2019, with concepts defined and calculated
in an analogous manner to those we have described for 2015. Appendix Figure[2]reports sensitivity

analysis replacing data from 2015 with data from 2014 or 2016.

3.2 Social Media Advertising Prices

We obtain data on the cost of advertising to different audiences on Facebook via an original exper-
iment conducted for this study and a separate advertising campaign conducted for a different study
(Allcott et al. 2020a). In both cases advertisements were placed through Facebook’s Ad Manager.
In the Facebook advertisement structure, an advertisement set is a group of one or more advertise-
ments with a defined audience target, budget, schedule, bidding, and placement. An advertising
campaign is a group of one or more advertisement sets corresponding to a single campaign objec-
tive (Facebook 2022). All advertisements targeted English speakers in the United States.

For our experiment, we administered an advertising campaign from July 15, 2017 through July
22, 2017 in partnership with GiveDirectly. The campaign consisted of 14 separate advertisement
sets targeting each combination of gender and age group in {Men, Women } x
{13-17, 18-24, 25-34, 35-44, 45-54, 55-64, 65+}. Each advertisement set included just one ad-
vertisement, with fixed budgets of $20 a day using automated cost-per-click bidding. For each
advertisement set, we obtain the price per impression.

From Allcott et al. (2020b), we obtain data from 32 advertisement sets purchased on September
24, 2018: four each targeting each combination of gender and age group in {Men, Women} x
{18-24,25-44, 45-64, 65+}. We compute the total cost and total number of impressions for each

demographic group, and take the ratio of these to obtain the price per impression.
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3.3 Audience Survey

From GfK MRI’s 2015 Survey of the American Consumer we obtain, for each of 23978 adult
respondents, information on times of day spent watching television in the form of a week-long
diary, as well as the implied total weekly television viewing time (GfK Mediamark Research and
Intelligence 2017). We compute a measure of total viewing time in each daypart by allocating
viewing time in each time slot to AdIntel dayparts in proportion to the share of the time slot
that is contained within each daypart. We also obtain measures of viewership of each of 227
broadcast television programs,'> and time spent watching each of 115 cable television networks
in the preceding week. We successfully match 173 broadcast programs and 97 cable television
networks to their counterparts in AdIntel.'6

We use the data on viewership by daypart, broadcast program, and cable network to construct
a measure of the time that each respondent viewed each outlet (network-daypart) j. To do this, we
first allocate the viewing time of broadcast programs to their respective network-dayparts.!” If in
a given daypart there is viewing time that cannot be attributed to broadcast programs, we allocate
that time to the cable networks in proportion to the respondent’s reported viewing time of each
network. '8

We thus arrive at a measure of the time each respondent viewed each outlet j. We compute each
respondent’s total weekly viewing time by summing over outlets. For each outlet j, we compute
the weighted average log of total weekly viewing time of its viewers, weighting each viewer by

her viewing time on outlet j.'° We treat average log total weekly viewing time as a measure of the

5The data record the number of times a respondent watches a broadcast program in a typical week (for some broadcast
programs) or month (for others). We convert the latter into weekly viewing by allocating monthly viewing time
evenly across weeks.

16The broadcast programs we match span 6 networks. Some programs (e.g. those on PBS) and some cable television
networks (e.g., the Disney Channel, QVC) are excluded from AdlIntel because they do not carry standard advertising
spots.

17Specifically, we associate each program with a network-daypart following the 2014—15 United States Network Tele-
vision Schedule (Wikipedia 2022). We supplement this source with information from the Sunday News Journal (The
News Journal 2015) and other publicly available information on the program’s network and airtime, and use infor-
mation on the respondent’s geographic location to adjust for time zones. If the total duration of broadcast programs
allocated to a given daypart exceeds the respondent’s total viewing time of that daypart, we assume that all viewing
during that daypart was to broadcast programs, and we allocate the respondent’s viewing time during that daypart
to broadcast networks in proportion to the respondent’s viewing time of each broadcast network’s programs. We
assume that each broadcast program viewing has the same duration, and choose that duration so that the ratio of
average total broadcast viewing hours and average total cable viewing hours is equal to the one in Nielsen Local TV
View (The Nielsen Company 2021).

131f the respondent reports zero viewing time for all cable networks, we instead allocate all viewing time during that
daypart to broadcast networks in proportion to the respondent’s viewing time of each network.

19We exclude from this calculation any respondent with zero total weekly viewing time.
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overall activity level of outlet j’s audience.

We also obtain information for each respondent on the total time spent using the internet in
an average week (calculated based on reported time spent on three recent days), and on the share
of five social media sites (Facebook, Instagram, Reddit, Twitter, and YouTube) visited in the pre-
ceding 30 days. In addition, we obtain information on each respondent’s gender, age (in bins),?’
household income (in bins),?! reported attentiveness to different broadcast and cable programs,
and attitudes towards television advertising.

As with the television data described in Section |3.1) we conduct our main analysis using data
for 2015, but for sensitivity analysis and extensions we use data from 2014 through 2019, with

concepts defined and calculated in an analogous manner to those for 2015. For 2019, we addition-

ally obtain data on time spent watching Netflix, which we use in counterfactual analysis in Section

&l

4 [Evidence on the Determinants of Advertising Prices

4.1 Television

Proposition [I] predicts that outlets with a more active audience will command a lower advertising
price per impression. Figure [1| shows that this prediction is borne out in the case of television
advertising. Each panel shows a binned scatterplot of an outlet’s log(price per impression) against
the average log(weekly viewing time) of the outlet’s audience. Panel A includes baseline controls
including for daypart; Panel B additionally includes controls for log(impressions per hour).

Both panels of Figure |1{ show a clear negative relationship between log(price per impression)
and average log(weekly viewing time). The magnitude of the relationship is large: in Panel B, for
example, moving from the bottom to the top decile of average log(weekly viewing time) corre-
sponds to a decline in log(price per impression) of roughly 163 log points.

Proposition |1| also makes predictions about which demographic groups should command a

price premium in the advertising market. Appendix Figure @ shows that older viewers watch more

20The age bins are 18, 19, 20, 21, 22-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, and
75+ years. We impute each individual’s age to the midpoint of the corresponding bin, imputing the highest bin to
77.

2I'The household income bins are 0-4999, 5000-9999, 10000-14999, 15000-19999, 20000-24999, 25000-29999,
30000-34999, 35000-39999, 40000-44999, 45000-49999, 50000-59999, 60000-74999, 75000-99999, 100000-
149999, 150000-199999, 200000-249999, and 250000+ US dollars. We impute each household’s income to the
midpoint of the corresponding bin, imputing the highest bin to $300,000.
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television than younger viewers and that female viewers watch more television than male viewers.
The logic of Proposition [I| would lead us to expect that outlets with an older audience would
command a lower advertising price than outlets with a younger audience, and likewise for outlets
with a more female audience. Figure 2| shows that these predictions are borne out in the data:
outlets with older, more female audiences tend to exhibit both lower log(price per impression) and
higher average log(weekly viewing time). The price differences between outlets with different
demographics are large.

Proposition [2| predicts that outlets with a larger audience will command a higher advertising
price per impression. Figure [3| shows that this prediction is borne out in the data. Panel A shows
a binned scatterplot of log(price per impression) against log(impressions per hour) with baseline
controls. Panel B additionally controls for average log(weekly viewing time). Both plots show
that a larger audience is associated with a higher price per impression, consistent with the logic of
Proposition 2] The association is economically meaningful: in Panel B, for example, moving from
the bottom to the top decile of log(impressions per hour) corresponds to an increase in log(price
per impression) of roughly 37 log points.

Columns (1) and (2) of Table[I]summarize the patterns in Figures|[I|through[3] Table[Ijand Ap-
pendix Figure [3|report results controlling for the average household income of an outlet’s audience.
Appendix Figure [3| additionally shows sensitivity to controlling for measures of the attentiveness
to television and attitudes toward advertising of the outlet’s audience,?? and the industry mix of the

outlet’s advertisers.

4.2 Social Media

Whereas older people are the heaviest television viewers, younger people are the heaviest users of
the internet and social media. Appendix Figure [5| shows that time online (Panel A) and visits to
social media sites (Panel B) are decreasing in age. This sets up an interesting test of the predictions
of Proposition [I] Treating television and social media advertising as separate markets, Proposition
[T] predicts that social media advertising prices should be increasing in audience age, in contrast to
the decreasing pattern we see for television advertising prices.

Figure 4| shows that the direction of the age-price gradient is indeed reversed on social media.

This is true both according to data we collected in our own experiment (Panel A) and according to

22McGranaghan, Liaukonyte, and Wilbur (forthcoming) find that younger audiences pay less attention to television
advertising than older audiences. Alwitt and Prabhaker (1994) find that demographic characteristics are not strong
predictors of attitudes toward television advertising.
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data collected as part of Allcott et al.’s (2020a) study (Panel B). These differences are large, with
the oldest group commanding a premium of 122 log points (Panel A) or 57 log points (Panel B)
relative to the youngest group, on average across genders. We view this evidence as consistent
with the mechanism underlying Proposition |1, and more difficult to square with some alternative
explanations for the differential value of older vs. younger viewers to advertisers, such as intrinsic
differences in the malleability of their preferences (Surowiecki 2002).23 Appendix Figure @repeats
the analysis in Figure 4| using data on price per click rather than price per impression.

Differences in the age premium between television and social media advertising make sense
only if advertisers view ads in the two media as imperfect substitutes. Otherwise, we would expect
television and social media to function as a single ad market, with identical relative prices for
different groups of viewers. Several facts are consistent with imperfect substitutability. First,
industry sources often suggest that television and social media ads tend to serve different functions,
with the former best suited to “top of funnel” brand building strategies and social media ads best
suited to “low funnel” activities like acquiring customers and inducing immediate purchases (e.g.,
The Nielsen Company 2018, p. 38). Second, consistent with this, the firms that advertise the
most online are often different from those that advertise the most on television. In 2015 the top
50 television advertisers accounted for 44 percent of television spending but only 17 percent of
spending online; the top 50 online advertisers accounted for 36 percent of online spending but only
27 percent of spending on television (see Appendix Table[I)). Finally, as we discuss in more detail
in Section [5 the dramatic rise in online advertising since the early 2000s has not corresponded
with any significant decrease in television advertising spending. Television advertising spending
continued to increase through the mid-2010s and has only begun to decline in recent years, in
contrast to print advertising spending which fell consistently as online advertising grew (Kitterman
2020). The evidence in Figure[d]supports the joint hypothesis of imperfect substitutability and price
determination consistent with our model.

Unlike age, gender is not strongly associated with activity levels online. Appendix Figure [5]
shows that males tend to report spending more time on the internet (Panel A), but visiting fewer
social media sites (Panel B). Correspondingly, Figure 4| does not show a consistent price premium
for advertising to male or female audiences on social media.

Appendix Figure [/| shows the relationship between estimated log(price per impression) of dis-

23Smith, Moschis, and Moore (1985) find that older consumers rely more on advertising when making purchasing
decisions than do younger consumers, though DeL.orme, Huh, and Reid (2006) find no evidence of age differences
in overall behavioral responses to direct-to-consumer prescription drug advertisements.
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play advertisements and audience demographics across a sample of platforms. The data on prices
are imputed from a statistical model that is estimated on data from a range of sources (The Nielsen
Company 2017). The data on audience demographics come from a survey and do not reflect view-
ership intensity. The advertisements in the sample are likely more heterogeneous than those in our
controlled buying experiment. The plots show no clear relationship between price per impression

and the age or gender composition of the platform’s audience.

S Quantification and Applications of the Model

Consider the special case of Example || with perfect diminishing returns (f,, = 0 for m > 2). For
viewer i € Z who spends time T;; viewing outlet j, suppose the probability of seeing an ad placed in
one of that outlet’s slots is given by 1;; = T;;/T; independently across outlets j, where 7 is outlet
J’s total broadcast time. Given data on viewing times, an ownership partition Z, and a vector
of advertisers’ value of reaching each viewer (aj,a,...,q|z)), it is then possible to calculate the
equilibrium price p; =V (J)—V (J \ Z) implied by Theorem |1} as well as the price per viewer
py/Az defined analogously to Section In particular,

1

. 1
Pz = |I|

Yamz [ (0=nz), Az= [ Y niz, niz=1-T](1—ny)
i€l Z'#7 i€l Jj€Z
where 1),z is the probability of viewer i seeing an ad placed in one of owner Z’s slots.

We perform this calculation in the audience survey data, letting 7;; be the number of hours
that respondent i spent watching outlet j in the last week. We implement two specifications, a
specification in which a; = a for all i, and a specification in which a; is proportional to household
income for all i. For each specification, we calculate the predicted price per viewer p3 /A for
each owner. We treat the value ﬁzz'ezai of reaching an average viewer as an unknown scale
normalization, and therefore do not use any data on advertising prices in calculating the price per
viewer predicted by the model. We perform inference via a nonparametric bootstrap over survey
respondents with 100 replicates.

Figure [5] shows that the model does a good job predicting relative advertising prices across
owners of television networks. Panel A shows a scatterplot of the observed log(price per impres-
sion) against the predicted log(price per viewer) for the specification with homogeneous values.

Predicted log(price per viewer) explains 35.1 percent of the variation in observed log(price per im-
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pression). Panel B shows the analogous scatterplot for the specification with values proportional
to household income. Predicted log(price per viewer) explains 34.0 percent of the variation in
observed log(price per impression). In the latter case, the slope of the relationship between ob-
served and predicted prices is economically similar to 1, and statistically indistinguishable from
1. Across both specifications, the model is able to rationalize very large differences in advertising
prices between owners.

We can evaluate the fit of the model to the patterns we documented in Section Ef} To do this,
we calculate the predicted price per viewer pj /A; for each outlet, treating outlets as if they were
independently owned. Columns (3) and (4) of Table (1] report estimates of the same regression
models as in columns (1) and (2), replacing the observed log(price per impression) with log(price
per viewer) In (p}k / lj) predicted from the model in which advertisers’ value a; is homogeneous
across viewers. The model matches the qualitative patterns in the data well, but predicts weaker
relationships on some dimensions than those observed in the data. Columns (5) and (6) repeat the
exercise in columns (3) and (4), with In < p;‘- /A j> predicted from the model where a; is proportional
to viewer i’s household income. This specification’s predictions align better on some dimensions
with the patterns observed in the data. Both specifications underpredict the magnitude of the rela-
tionship between price and average age of impressions. A possible interpretation is that audience
age influences advertising prices through other channels in addition to those captured in the model.

We can also evaluate the fit of the model to time trends in television advertising revenues. Panel
A of Figure [6] shows that annual revenues increased slightly between 2014 and 2019 while total
impressions fell, a pattern that some have regarded as puzzling (The Economist 2021). Panel B
shows that our baseline model predicts this pattern. In the model, a decline in impressions can
increase the value captured by television owners if it results in less overlap in audience across
owners. Panel B shows that, in the model as in the data, the price per impression rose substantially
over this period. The patterns in Panel B provide a reasonable qualitative and quantitative match to
those in Panel A, even though the revenue calculations underlying Panel B are based only on audi-
ence survey data, and in particular do not use any information on advertising prices.>* Competition
is important for the findings in Panel B of Figure [6} with a single monopoly owner of television
networks, our model predicts declining, rather than increasing, advertising revenue over the period

we study.

24The ratio of price per impression in 2019 to price per impression in 2014 is 1.17 in the data and 1.22 (SE = 0.01)
in the model prediction. Appendix Figure |10]includes an alternative version of Panel B in which impressions are
imputed from the audience survey data.
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We conclude that the quantitative model provides a reasonable match to variation in advertis-
ing prices across owners, demographic groups, and over time. We therefore apply the model to

questions of economic and policy interest.

5.1 Application to Mergers of Television Network Owners

Figure /| visualizes the implications, under the model with homogeneous values, of each possible
pairwise merger among the top eight owners of television networks by audience. For each merger,
we calculate the log of the predicted change in revenue, the log of the predicted change in the
Hirschman-Herfindahl index (HHI) of audience shares, and the log of the size of the overlapping
audience between the two merging owners. Panel A plots the log of the predicted change in revenue
against the log of the predicted change in HHI. Panel B plots the log of the predicted change in
revenue against the log of the overlapping audience. In both panels, we highlight three mergers
that occurred after 2015: Discovery and Scripps (2018), CBS and Viacom (2019), Disney and Fox
(2019).

Comparing Panels A and B of Figure|/|shows that, according to the model, the revenue effects
of a given merger are more strongly related to the overlap in audience between the merging entities
than to the change in HHI induced by the merger. Among the three mergers that occurred, for
example, the CBS-Viacom merger is roughly midway between the Discovery-Scripps merger and
the Disney-Fox merger in terms of its impact on HHI, but is much closer to the Discovery-Scripps

merger in terms of both audience overlap and revenue impact.

5.2 Application to the Incentive to Invest in Content

We can also quantify the effects of competition on the incentives of network owners to invest in
content to attract different kinds of audience members. To do this we augment the model in Section
to incorporate a content investment game. Specifically, suppose that each viewer i is attracted to
each owner Z’s content with probability o;z € [0, 1]. If the viewer is attracted to owner Z’s content,
the viewer again sees ads on outlets j € Z with probability 7, ;, independently across j. Prior to the
game specified in Section[2] each owner simultaneously announces a choice of ;7 for all viewers

i, paying a content cost Y ;c; Ciz (0iz) where Ciz (0) = Cl, (0) =0 and C}, (1) > a;.
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Proposition |18|in Appendix implies that in any equilibrium we must have that

!
Ciz(Qiz) = piz, piz =aiMiz H (1 —aizniz)
7'47
where we can think of C}, (az) as owner Z’s marginal willingness to pay to attract viewer i, p, as

viewer i’s contribution to the value of owner Z’s advertising slots, and

- Yze2Ciz(04z)

" Yrezniz
as the television market’s total marginal willingness to pay per impression to attract viewer i. To
operationalize the calculation of m;, for each owner Z we consider the limiting case where ¢ = 1
for all Z' # Z, so that the resulting value #; represents the total marginal willingness to pay per
impression to attract viewer i when each owner believes all other owners will attract the viewer
with certainty.

Figure [8| depicts the average value of In (17;) across viewers i in different age categories under
different ownership partitions, including the factual partition (“baseline”), a counterfactual parti-
tion in which a single owner owns all networks (“‘concentrated”), and counterfactual partitions in
between “baseline” and “concentrated” in which the top two, three, or four owners by audience
are merged. Panel A uses the model in which advertisers’ value a; is homogeneous across view-
ers; Panel B uses the model in which a; is proportional to viewer i’s household income. Under
the factual ownership partition, these models imply that willingness to pay per impression is 82.8
(Panel A, SE = 3.18) or 88.8 (Panel B, SE = 4.83) log points lower to attract the average member
of the oldest group than to attract the average member of the youngest group. These differences
attenuate with reduced competition, down to O (Panel A, SE =0) or 6.0 (Panel B, SE = 3.07) under
concentrated ownership. Figure [8|thus illustrates a sense in which the competitive forces that we
study can influence the direction of content investment, and suggests that television network own-
ers would have a stronger incentive to target content to older viewers if the television market were
less competitive.

Appendix Figure [§| reports the results assuming content investment is made on the network
or outlet level, i.e., each network or outlet is an independent player in the content investment
game and sets its own ¢. Appendix Figure [0 reports the results where 1; is calculated assuming

0y = € {0.5,0.75,1} for all Z'  Z.
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5.3 Application to Netflix Carrying Advertising

Netflix has said that it may introduce a service that carries advertising (Flint and Jacob 2022).
Figure [9] visualizes the implications, under the model with homogeneous values, for television
network owners of Netflix counterfactually adding advertising to its platform in 2019, assuming
no change in audience behavior and that Netflix shows advertisements across all of its content and
subscribers. Across the owners, we estimate that Netflix ad carriage would reduce the price per
viewer by between 0.38 and 2.7 log points, with a mean reduction of 1.68 (SE = 0.04).2> As the
plot illustrates, owners whose outlets have greater audience overlap with Netflix tend to experience
greater proportional declines in price per viewer in this counterfactual, though there is substantial
variation in the effect of Netflix for a given level of audience overlap, owing to variation across
owners in the overlap of their outlets’ audience with that of other owners. Our estimates imply that
Netflix itself would have a relatively high price per impression—about 24.4 log points larger than

the average of the five largest TV owners—consistent with its relatively young audience.

6 Conclusions

We extend existing theoretical results on competitive advertising markets with a multi-homing
audience. Our model predicts that the equilibrium price per viewer that an outlet charges for its ads
is lower the more active is the outlet’s audience. We show that this prediction is borne out in data on
television advertising. The prediction can help us understand why there is a premium for younger
viewers on television and a premium for older viewers on social media. A disciplined, quantitative
implementation of the model rationalizes a meaningful portion of the variation in advertising prices
across television outlets and owners, the premia associated with specific demographic groups, and
recent trends in television advertising revenue.

We conclude that the model captures important competitive forces in the advertising market.
We therefore apply the quantitative model to questions of economic and policy interest, including
the effects of mergers of television network owners on advertising prices, the effect of competition

on the incentive to invest in content to attract different kinds of viewers, and the effect of Netflix

2 Dividing the total daily US Netflix viewing minutes implied by values reported in MoffettNathanson (2022, Exhibit
11) by the 2020 US Population (Census 2021) yields daily viewing of 22.7 minutes per capita, close to the average of
24.4 we calculate from the audience survey data. If, due to coviewing and other factors, Netflix viewing time is larger
than what we estimate, then we expect our calculations to understate the effect Netflix ad carriage on advertising
prices.
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ad carriage on linear television advertising prices.
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Figure 1: Advertising Prices and Audience Activity Levels of Television Qutlets

Panel A: Not controlling for impressions
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Panel B: Controlling for impressions
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Notes: Each plot is a binned scatterplot of a dependent variable against an independent variable of interest. To construct
each plot, we regress the dependent variable on indicators for deciles of the independent variable of interest and a set
of controls. The unit of analysis in the regression is an outlet. The y-axis values in the plot are the coefficients on
the decile indicators, recentered by adding a scalar so that their mean value is equal to the sample mean value of the
dependent variable. The x-axis values in the plot are the mean values of the independent variable of interest within the
corresponding decile. In both plots, the dependent variable is the log price per impression of a 30-second spot on the
outlet; the independent variable of interest is the weighted average log weekly viewing time of the outlet’s viewers;
and the controls include the share of the outlet’s impressions that are to adults, and indicators for the outlet’s daypart.
In Panel B, the controls additionally include deciles for the log of the outlet’s impressions per hour.
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Figure 2: Advertising Prices and Activity Levels by Audience Demographics of Television Outlets
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Notes: Each plot is a binned scatterplot of a dependent variable against an independent variable of interest. To construct
each plot, we regress the dependent variable on indicators for deciles of the independent variable of interest and a set
of controls. The unit of analysis in the regression is an outlet. The y-axis values in the plot are the coefficients on
the decile indicators, recentered by adding a scalar so that their mean value is equal to the sample mean value of the
dependent variable. The x-axis values in the plot are the mean values of the independent variable of interest within
the corresponding decile. In all plots, controls include the share of the outlet’s impressions that are to adults, and
indicators for the outlet’s daypart. In the upper row of plots, the independent variable of interest is the average age of
the outlet’s adult impressions, and the controls additionally include indicators for deciles of the share of the outlet’s
adult impressions that are to females. In the lower row of plots, the independent variable of interest is the share of the
outlet’s adult impressions that are to females, and the controls additionally include indicators for deciles of the average
age of the outlet’s adult impressions. In the left column of plots, the dependent variable is the log price per impression
of a 30-second spot on the outlet. In the right column of plots, the dependent variable is the weighted average log
weekly viewing time of the outlet’s viewers.
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Figure 3: Advertising Prices and Audience Size of Television Outlets

Panel A: Not controlling for viewing time of outlet’s audience
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Panel B: Controlling for viewing time of outlet’s audience
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Notes: Each plot is a binned scatterplot of a dependent variable against an independent variable of interest. To construct
each plot, we regress the dependent variable on indicators for deciles of the independent variable of interest and a set
of controls. The unit of analysis in the regression is an outlet. The y-axis values in the plot are the coefficients on
the decile indicators, recentered by adding a scalar so that their mean value is equal to the sample mean value of the
dependent variable. The x-axis values in the plot are the mean values of the independent variable of interest within the
corresponding decile. In both plots, the dependent variable is the log price per impression of a 30-second spot on the
outlet; the independent variable of interest is the log of the impressions per hour of the outlet; and the controls include
the share of the outlet’s impressions that are to adults, and indicators for the outlet’s daypart. In Panel B, the controls
additionally include deciles for the weighted average log weekly viewing time of the outlet’s viewers.
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Figure 4. Demographic Premia and Viewing Time on Facebook

Panel A: Data from our experiment
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Notes: The plot shows the log(price per impression) for advertisement sets targeted to a given gender and
age group. In Panel A, the data are taken from our own experiment, and the groups are {Men, Women} X
{18-24, 25-34, 35-44, 45-54, 55-64, 65+}. In Panel B, the data are taken from Allcott et al. (2020b), and the groups
are {Men, Women} x {18-24, 25-44, 45-64, 65+}. In both panels, the y-axis value is the log(price per impression) for
advertisement sets targeting the given group, and the x-axis value is the midpoint of the age range for the given group,
treating 70 as the midpoint for ages 65+.
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Figure 5: Observed and Predicted Television Advertising Prices

Panel A: Baseline model with homogeneous value
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Notes: Each plot is a scatterplot of the log(price per impression) of a 30-second spot observed in the data (y-axis), as
described in Section [3.1] against the log(price per viewer) predicted by the model (x-axis), as described in Section [5]
Panel A uses log(price per viewer) predicted from the baseline model in which advertisers’ value of a first impression
is homogeneous across viewers. Panel B uses log(price per viewer) predicted from the model in which advertisers’
value of a first impression is proportional to a viewer’s income. The unit of analysis is an owner Z. Variables are
residualized with respect to the share of the owner’s impressions that are to adults and recentered by adding a scalar so
that the mean value of each recentered variable is equal to the sample mean of the log(price per impression) observed
in the data. The dot-dashed line depicts a 45-degree line. The solid line depicts the line of best fit. The box reports the
slope of the line of best fit and the R? of the associated linear model, with standard errors in parentheses obtained via
a nonparametric bootstrap over survey respondents with 100 replicates.
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Figure 6: Observed and Predicted Television Advertising Revenues
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Notes: Each plot depicts trends in the television advertising market over the sample period. We plot trends in total
revenue, total impressions, and price per impression (total revenues divided by total impressions), all normalized
relative to their 2015 value. In Panel A, all series are as observed in the data, as described in Section @ and
revenue is deflated to 2015 dollars using the US Consumer Price Index (Organization for Economic Co-operation and
Development 2022). In Panel B, the trend in revenue is predicted by the baseline model in which advertisers’ value
of a first impression is homogeneous across viewers, as described in Section[5} the trend in impressions is identical to
that in Panel A; and the price per impression is the ratio of the two.

36



Figure 7: Predicted Effects of Mergers on Advertising Revenue

Panel A: Change in revenue vs. change in HHI
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Notes: For each of a set of simulated mergers, Panel A plots the log of the simulated change in revenue (y-axis) against the log of the simulated
change in HHI (x-axis), and Panel B plots the log of the simulated change in revenue (y-axis) against the log of the overlapping audience (x-axis).
Larger, more lightly shaded circles indicate mergers that occurred after 2015; smaller, more darkly shaded circles indicate hypothetical mergers
that have not occurred. We construct the plots as follows. For each owner we compute the audience size as the probability of an average viewer
seeing an ad on at least one of the owner’s outlets, as described in SectionE] We select the top eight owners by this metric, excluding joint ventures,
and form all possible pairs of these eight. For each pair, we compute the overlapping audience, defined as the share of the audience seeing an ad
on both owners’ outlets. For each pair we also simulate the effect of a pairwise merger on the pair’s total advertising revenue, using our model
of advertising-market equilibrium as described in SectionEl We also simulate the effect of the merger on the Herfindahl-Hirschman Index (HHI),
where the HHI is computed with respect to the probability of an average viewer seeing an ad on at least one of the owner’s outlets. We exclude
from the plots any merger that changes the HHI by less than 0.001. For simulated mergers between two owners each of which owns one of the
broadcast networks {ABC, CBS, FOX, NBC}, we exclude one of the two owners’ broadcast networks from the simulated merger and treat it as a
separate entity for all calculations. For mergers that took place we exclude the broadcast network that was excluded in practice; for other mergers
we exclude the broadcast network owned by whichever owner had a smaller total pre-merger audience. For the mergers that took place, the log of
the simulated change in revenue is —6.34 for Disney-Scripps (SE = 0.03), —6.35 for CBS-Viacom (SE = 0.02), and —5.31 for Disney-FOX (SE =
0.02), where standard errors in parentheses are obtained via a nonparametric bootstrap over survey respondents with 100 replicates.
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Figure 8: Marginal Willingness to Pay to Attract Older vs. Younger Viewers
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Panel B: Model with value proportional to income
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Notes: In each plot, the y-axis value corresponds to the average log(total marginal willingness to pay per impression),
In (i71;), as described in Section for viewers in the age bin listed on the x-axis, under different ownership scenarios.
These scenarios include: the “baseline” ownership corresponding to the observed partition Z; the “concentrated”
ownership corresponding to the counterfactual scenario in which one entity owns all television networks; and three
counterfactual ownership partitions in between, in which the top two, three, or four owners by audience are merged.
Panel A uses the baseline model in which advertisers’ value of a first impression is homogeneous across viewers. Panel
B uses the model in which advertisers’ value of a first impression is proportional to a viewer’s income. In both plots,
darker colors correspond to more concentrated ownership scenarios, and the y-axis value is normalized by adding a
scalar so that its average value is zero in the youngest age group.
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Figure 9: Predicted Effect of Netflix Advertising on Advertising Prices
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Notes: The plot shows a scatterplot, across owners of television networks, of the change in the owner’s log(price
per viewer) predicted by the model if Netflix were to carry ads (y-axis), against the log of the overlapping audience
between the owner’s audience and Netflix’s audience (x-axis). To construct the plot, we compile audience data from
GfK MRI’s 2019 Survey of the American Consumer (GfK Mediamark Research and Intelligence 2021), analogous
to the data described in Section [3.3] for the 2015 survey, and treating Netflix as an additional television outlet. To
calculate the probability of a viewer seeing an ad spot on Netflix, we divide the number of hours the viewer reports
spending watching Netflix over the last seven days (topcoded at 21 hours) by the number of hours in the week. We
compute the difference in log(price per viewer) implied by the baseline model in which advertisers’ value of a first
impression is homogeneous across viewers, as described in Section 5] between the scenarios with and without Netflix
included in the advertising market (y-axis). We also compute the log of the share of the television audience seeing an
ad on both the given owner’s outlets and Netflix (x-axis).
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Table 1: Advertising Prices, Audience Demographics, and Audience Activity Levels of Television Outlets

Dependent variable: Observed Predicted
log(price per impression) log(price per viewer)
Value homog. Value prop. to income
(1) 2) 3) “) &) (6)
Average log(weekly viewing hours) of audience -1.5556 -1.6799 -1.8388
(0.2913) (0.0607) (0.1027)
Average age of impressions -0.0285 -0.0028 -0.0020
(0.0079) (0.0024) (0.0029)
Share female among adult impressions -0.4690 -0.3056 -0.5230
(0.2599) (0.0933) (0.1228)
log(impressions per hour) 0.0973 0.1221 0.0082  0.0418 0.0198 0.0628
(0.0292) (0.03006) (0.0044) (0.0109) (0.0075) (0.0125)
Average household income of impressions 0.0124 0.0152 0.0002  0.0057  0.0102 0.0152
($1000) (0.0031) (0.0034) (0.0004) (0.0016) (0.0008) (0.0018)
Number of networks 103 103 103 103 103 103
Number of network-dayparts 809 809 809 809 809 809

Notes: Each column reports estimates of a linear regression. The unit of analysis is an outlet (network-daypart). In columns (1) and (2), the dependent
variable is the log(price per impression) of a 30-second spot observed in the data, as described in Section[3.1] In columns (3) through (6) the dependent
variable is the log(price per viewer) predicted by the model, as described in Section[5] Columns (3) and (4) use log(price per viewer) predicted from
the baseline model in which advertisers’ value of a first impression is homogeneous across viewers. Columns (5) and (6) use log(price per viewer)
predicted from the model in which advertisers’ value of a first impression is proportional to a viewer’s income. All models include controls for
the share of the outlet’s impressions that are to adults, and indicators for the outlet’s daypart. The sample includes only those outlets for which all
variables are available. Standard errors in parentheses are clustered by network.



A Proofs and Additional Theoretical Results

A.1 Preliminaries

Lemma 1. Write SPEPS to abbreviate subgame perfect equilibrium in pure strategies.

(i) For any V (-), not necessarily monotone or submodular, in any SPEPS all advertisers make
the same total payment to any given owner. This holds even if each owner Z is endowed with
an arbitrary partition Fz of Z such that they are only allowed to bundle outlets in the same

cell of the partition.

(ii) If V () is either monotone and submodular or strictly monotone and not necessarily sub-

modular, then in any SPEPS each advertiser buys slots on all outlets.

Proof. Fix any SPEPS. First, observe that because the advertisers are homogeneous, they must
have the same equilibrium payoff (say W).

For part suppose for contradiction that there exists some owner Z € Z such that not all
advertisers make the same total payment to Z. Let n be an advertiser who pays the most to owner
Z. Let S, be the set of outlets that advertiser n buys slots on in the cell ¢ € F,. Let owner Z
deviate by offering the bundles B := {S. : Sc # 0,c € Fz} with prices {p5 —€:S. # 0,c € F} for
any € > 0, where pg denotes the minimum price to buy slots on the outlets in a given set S in the
SPEPS. Note that |B| > 1 since advertiser n pays a positive amount to owner Z. By buying all the
bundles offered in this deviation of Z (and imitating advertiser n’s choices in the original SPEPS),
any advertiser can obtain a payoff of W + €| B|. Note that any set of outlets an advertiser wants to
buy slots on after this deviation is also a valid choice in the original equilibrium. Therefore, if an
advertiser does not buy all the bundles in 5, then the advertiser gets at most W +€(|5| —1). Hence
after this deviation, all advertisers buy the bundles in 3 offered by Z. But then this is a profitable
deviation for owner Z when &€ is small enough. Contradiction.

For part [(ii)| suppose for contradiction that there exist some owner Z € Z, some outlet j € Z,
and some advertiser n who does not buy a slot on outlet j. By part[()} all advertisers pay the same
total amount to owner Z (say t). Let T C Z be the set of outlets that advertiser n buys slots on from
owner Z. Let R be the set of outlets in 7\ Z that advertiser n buys slots on. The equilibrium payoff

for each advertiser is thus given by
W =V(TUR)— pr—t.

Let owner Z offer a single bundle Z with a price pz =t + €, for some € > 0 (recall that here

we assume the owner can bundle anything). If V (-) is strictly monotone, then we clearly have
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V(ZUR)—V(TUR) > 0. If V (-) is submodular and monotone, then we also have
V(ZUR) =V(TUR) 2 V(J) =V(I\(Z\T)) 2 V(J) =V(I\{j}) = v; >0

where the strict inequality is due to our assumption that every outlet has positive incremental value.

Therefore, for € small enough, we have
V(ZUR) —pgr—(t+€)>V(TUR)—pr—t=W.

Pick any such €. Every advertiser would buy the bundle Z at the price ¢ + €, because any strategy
not doing so is a feasible strategy in the equilibrium and generates a payoff less than or equal to
W. But this is then a profitable deviation for owner Z. Contradiction. 0

A.2 Proofs Omitted From the Main Text

Example [I} Let i denote a viewer uniformly drawn from the set of viewers. Let Xg denote the

random number of outlets in § C 7 watched by i. We can write

V(S)=E

Xs
a; Z ﬁm] .
m=0

To show V is monotone and submodular, it suffices to fix a realization of viewer i’s decision, and

show the realized value function N
S
V(S ) =g Z Bm
m=0

is monotone and submodular, since averaging preserves monotonicity and submodularity. For any
SC Jand je J\S, we have

V(SU{j}) —V(S) = aili ;Bxy+1

where i — j denotes the event that viewer i views outlet j. This shows monotonicity as a; > 0 and
B > 0 for all m. For submodularity, fix any SC T C 7, and j € J\T. Since S C T, we have
1 <Xs+ 1< X7+ 1. Since B, is non-increasing in m for m > 1, it follows immediately that

V(SU{j}) = V(S) = ailiss jPxgr1 > ailijBx,+1 = V(T U{j}) = V(T),

which shows submodularity.
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Example2l We can write

V(S)=) V(SNCiac)
ceC

where V (-;a) is the value function given in the proof for Example 1| with f3,, = 0 for m > 2. Since
V(-;a) is monotone and submodular for any a > 0, and both monotonicity and submodularity are

preserved under restriction and addition, we have that V (-) is monotone and submodular.

Example[3] Let K be the set of programs with a generic element denoted by k, and let K; C K
be the programs associated with outlet j. Let i denote a viewer uniformly drawn from the set of
viewers. Let i — k;A denote the event that viewer i watches program k and program k carries an

ad. For a set of programs K' C I, let

X =Y, Liska
ke’

be the number of programs in K’ watched by i when each program carries an ad. Let
R={K'CK:|K'NKj|=1forall je T}

consist of sets of representative programs (i.e., one program for each outlet). Let Kg = U;csK;.

Note that for each advertiser, the value of a set of outlets S C 7 can be written as

% Y M(Xicwcs)]

K'eR

V(S)=E

where the expectation is taken over a fixed probability distribution (regardless of the choice of \S)
which specifies that every program carries an ad. As in Example[I] it suffices to show that for any

realization and any K’ € R fixed, we have

V($) = u(Xirics)

is monotone and submodular. It is clear that V(-) is monotone since u(-) is nondecreasing. For
submodularity, note that for any S C 7 C J and any j € J\T,

V(SU{j}H) = V(S) =u (Xlom/csu{j}> —u (Xiornks)
(X/om/cm{ j}) —u (X/cwcs + (Xicwcm{ i~ XKk j}>)
u (XIC’HICTU{ ,}> —u (Xxrnicy )

V(T u{j})—V(T)

v

u
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where the second line follows from the assumption that u(-) has decreasing differences.

Proof of Theorem We first construct a SPEPS. Let each owner Z offer a single bundle con-
sisting of all outlets in Z with a price pz = vz. For any profile of posted prices (including off-the-

equilibrium-path histories), let every advertiser solve in the second stage the problem,

maxV(S) - Ps;
where p§ denotes the minimum price to buy slots on all of the outlets in S for a given profile of
prices p. The problem may have multiple solutions. Pick a solution §* such that |S*| is the largest.
Let advertisers buy slots on all outlets in S*.

It remains to verify that no owner has a profitable deviation. Observe that if pz = vz is
offered by some owner Z and there is no proper subset W C Z being offered, then any advertiser
will buy the bundle Z regardless of the prices p_z of other owners’ bundles. This is because for
any S C J\Z, submodularity of V(-) implies

V(SUZ) —V(S) > V() —V(I\Z) = vz.

Fix any owner Z. Suppose all other players follow the proposed strategy. Fix any advertiser.
By the above observation we know that the advertiser would always buy slots on all outlets not in
Z. Then the maximal amount that owner Z can extract from this advertiser is vz because for any
S O J\Z, monotonicity of V(-) implies

V() =V(I\2) 2V(S) =V (T\Z)

where the right hand side is the maximal price that the advertiser is willing to pay for the slots on
outlets in S\ (7\Z). Therefore, following the proposed strategy is optimal for owner Z. Since Z is
an arbitrary owner, our construction is a SPEPS.

To prove the second part of the statement, fix any SPEPS of the game. By Lemma
all advertisers buy slots on all outlets in [J. Therefore, each advertiser pays p> to each owner
Z. If p, > vz for any owner Z, then any advertiser can profitably deviate by only buying slots
on all outlets in J\Z. If p, < vz for any owner Z, then, by the earlier observation, owner Z can
profitably deviate by offering a single bundle Z with a price vz — € for € > 0 sufficiently small to

extract vz — € > p; from each advertiser. Thus p; = vz forall Z € Z.

Proof of Proposition [I, With a slight abuse of notation, for any group g, let g denote both the
group and a randomly sampled viewer from the group. By Theorem|[I] we can write
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P; = az;ugE[lg%jﬁXf+l]
g

where g — j denotes the event that a randomly sampled viewer g views outlet j and X Jg counts the

random number of outlets viewed by g that are not j. For any g’ # g, h, we have

Ny i = Ang/j = Ang/k = Nk
8J 'ug, 'ug/ 4

Therefore, for any g’ ## g, h, by independence and symmetry,
E[lg/%jBX}gl—ﬁ—l] - E[lg/%kﬁxlf/—ﬁ—l]‘
To prove p}/A; > pj /M it then suffices to show

NgE[lgﬁjﬁfo - lg%kﬁx,f—kl] = NhE[lhakﬁxgH - lhﬂjﬁxj.url]-

Using independence, we can write the above as

Hg [Mgi(1—MNgt) — Mgk (1 = Mgj) | ElBxes1] > ta [Nk (1 —nj) — M j (1 — M) | E[Byn ]

where X8 counts the random number of outlets viewed by viewer g that are not in {j,k}. Since

Aj = Ay, this reduces to

(0gj — Ok )E[Bxe+1] > (Onk — Onj ) E[Byn ]

It follows easily from our assumptions that Gg; — Ogr = O — 03 > 0. So it suffices to show
E[Bxs+1] > E[Byn, ). Since ny; < my; forall j € J and viewing decisions are independent across
outlets for both g and 4, there exists a monotone coupling of the viewing decisions by g and 4 in

the sense that for all j € 7,

1g%j§ 1h%j-

Under this coupling, we have X¢ < X" pointwise. The claim then follows directly by noting that
B is non-increasing in m for m > 1.
Now suppose Gy > O and 1,y < 1y, for some j' # j k. Using integration by parts, we

have

ElByet) ~ElBgri] = | B(Bron >)ds— [ P(Byy > 5)ds
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i (Bn — Bms1) ( (Xg+1§m)—IP(Xh+1§m)>>O

where the strict inequality follows from the fact that each term in the summation is nonnegative,
ﬁl > ﬁz, and ]P)(Xg = 0) = Hl;éj,k(l — T]gl) > Hl;éj,k(l — T]h[) = ]P)(Xh = 0) Since Ogj > Ogj, WE
then have (0g; — O ) E[Bxs+1] > (On — 0j)E[Byn ] and hence p3/A; > py /M.

Proof of Proposition We follow the same notation as in the proof of Proposition I} By Theo-

rem I} we can write

P; =a Z ,ugE[lg%jﬁXf+1]
g

=ay " pe(MgNeE[Bxe-+2] +Mgj(1— Mgt E[Bxe1])
8

=a) te(NgNgjE[Bxe 2] + 6Mgr(1 — %ngj)E[ﬁXgH])
g

= ay He(MekMg/E[Bxs-+2] + Ngr(1 = Mg/ )E[Bxs1] + Mg (8 — DE[Bxs1])
8

= aZHgngk(E[ﬁngH] +(8 = DE[Bxs+1])

> a)  tgNek(ElBys 1]+ (8 — DE[Bye4]) = 6pf = /"t_;j(pk
8

where we have used independence, & > 1, X,f > X8, and f3,, is non-increasing for m > 1. Now

suppose 0 > 1. For any group g, using integration by parts, we have

ElBxs+1] ~ ElBye 1] = / (Bt > 5)ds— | P(Bys, > 9)ds

Z —Bnr1) (PXE+1<m)—P(X{+1<m)) >0

where the strict inequality follows from that each term in the summation is nonnegative, f; >
B2, and P(X8 = 0) —P(Xf = 0) = ng;[1;2;x(1 —Ng1) > 0. Since § > 1, we then have (6 —
DE[Bxs+1] > (8 — 1)E[Bys_ ] and hence p3/A; > pi/ M.

Proof of Proposition[3} We prove the second part of the statement first. Fix any subgame perfect
equilibrium allowing for mixed strategies (SPEMS) and any owner Z. Suppose, for contradiction,
the expected revenue per slot rz is strictly higher than Y ;. V({;j})/|Z]. Then the expected total
revenue is strictly higher than K'Y ;c,V({j}). Thus with positive probability, the owner earns
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a realized revenue strictly higher than K'Y ;- V({j}). In any such event, there is at least one
advertiser who buys slots on a set of outlets B C Z and pays strictly more than ¥ ;c5V ({j}) to the
owner. Let S C J be the set of outlets that the advertiser buys slots on. Since any non-negative

submodular function is also sub-additive, we have

V(S)—V(S\B) <V(B)-V(0) < } V({j}).

JEB

So simply not buying anything from Z is a profitable deviation for the advertiser. Contradiction.
Now, for contradiction, suppose rz < (vz—A)/|Z|. Then the expected total revenue is strictly
lower than K(vz — A). Let the owner deviate by offering a single bundle Z with a price pz =
[vz — A], where [x] denotes the operator that rounds x up to the closest value in {0,A,2A,---}.
Note that
vz—A< [vz—A] <vz.

Since pz < vz, by the argument in the proof of Theorem |1} submodularity of V (-) implies that, in
any realization, the owner would be able to sell all the slots and secure revenue Kpz. But this is
then a profitable deviation. Contradiction.

To show the existence of a SPEMS, we construct an auxiliary finite game in normal form,
apply the standard existence result, and then recover a SPEMS in the original game. Consider a

simultaneous-move game between all the owners. Let
A(Z) = {0,424, -, [V(T )]0} 77

be the set of pure strategies that an owner can choose from. Clearly, A(Z) is finite for any Z. For
each pure strategy profile p, draw a random order for the advertisers and then let the advertisers,
in that order, choose which slots to buy given the posted prices specified in p. Then assign the
resulting expected revenue (averaged over different orders) for owner Z as the payoff to owner
Z in the auxiliary game given the pure strategy profile p. This constructs a finite normal-form
game among the owners, and thus a Nash equilibrium (possibly in mixed strategies) exists (say &).
Now let each owner play the strategy prescribed by £ in the original game, followed by advertisers
choosing which slots to buy in the same way as before. Evidently, this constructs a SPEMS for the

original game.

Proof of Propositiond, We first construct a SPEPS. We use the same construction as in the proof

of Theorem |1} Note that when verifying the construction, the only properties of V(-) used in the
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proof of Theorem |I]are that V(-) is monotone and that for any S C J\Z,
V(SUZ)=V(S) 2V(T) =V(T\Z)

which we assume.

To prove the second part of the statement, fix any SPEPS of the game. By Lemma [I[ii)] and
strict monotonocity of V(-), all advertisers buy slots on all outlets in 7. The rest is the same as in
the proof of Theorem

Proof of Proposition [S} As in the proof of Theorem [I] we first construct a SPEPS. Let each
owner Z offer a single bundle consisting of all outlets in Z with a price pz = v,. For any pro-
file of posted prices (including off-the-equilibrium-path histories), let each advertiser n solve the

following problem in the second stage

*

max Vs, () =P

where pg denotes the minimum price to buy slots on all of the outlets in S for a given profile of

prices p. Pick a solution S} such that |S}| is the largest. Let advertiser n buy slots on outlets in S'.

We only need to check that each owner has no profitable deviation. Observe that if pz = v,

is offered by some owner Z and there is no proper subset W C Z being offered, then any advertiser

will buy the bundle Z regardless of p_z. This is because for any S C 7\ Z, submodularity of V,,(-)
implies

Va(SUZ) =Va(S) 2 ValT) = Va(T\Z) 2 min Vy (T) = Vie(T\Z) = 7.

Fix an owner Z. Suppose all other players follow the proposed strategy. We claim that offering
a single bundle Z with a price v, is an optimal strategy for owner Z. To see this, consider two cases.

Case 1: Suppose Z offers some set of bundles Bz such that every advertiser buys a slot on
every outlet in Z. Then the minimal price to buy all outlets in Z must be no more than v, because
otherwise there is one advertiser who can profitably deviate by simply not buying anything in By.
Hence the owner cannot do better than simply offering the bundle Z with a price v,.

Case 2: Suppose Z offers some set of bundles Bz such that there exist at least one outlet j € Z
and one advertiser n € N who does not buy a slot on outlet j. We claim that the total revenue that

owner Z extracts is no more than

max { Z Vn’,Z + sz\{j} } .

n,j n'#n

Indeed, this is the maximal revenue that owner Z can possibly get, even if the owner price dis-
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criminates using the identities of the advertisers but is subject to the constraint that at least one

advertiser does not buy on some outlet j € Z. Now note that

max { L vz vnz\(j) } <max {Nvz — (vaz = Vaz\(}) }

n,j n'#n

=Nvz —min{V, ((J\2) U{/}) = Va (T\2)}

=Nvz—@(Z)

<Nvz—N(vz—vz) =Ny,

where we have used the assumption that vz — v, < ]%](p(Z). Hence the owner also cannot do better
than simply offering the bundle Z with a price v,.

Thus the construction is a SPEPS. The outcome is efficient because all advertisers buy slots
on all outlets.

To prove the second part of the statement, fix any efficient SPEPS. Note that all outlets must
sell N slots, because the preferences for each player are quasilinear in money and thus the total
surplus is maximized only if all potential trades are realized (recall K > N). Then by the argument
in Case 1, we know that p>, < v, for all Z € Z. Moreover, p, cannot be strictly lower than vy, for
any owner Z, because if this were the case then it would be a profitable deviation for owner Z to
offer a single bundle Z with a price v, — € for € > 0 small enough. Hence p;, =y, forall Z € Z.

Proof of Proposition[6, Let O, denote advertiser n’s tie-breaking ordering over owners; that is,
if indifferent among one or more sets of bundles, advertiser n chooses in a manner that maximizes
the payoffs of the owners according to a lexicographic preference over owners defined by O,,.

Fix any SPEPS. Fix any owner Z and any advertiser n. Let S. be the set of outlets that
advertiser n buys slots on in the cell ¢ € F. Consider owner Z offering the bundles B := {S.: S, #
0,c € Fz} with prices {p§_: Sc # 0,c € Fz}, where pg denotes the minimum price to buy slots on
the outlets for any set § C 7 in the SPEPS. We claim that owner Z weakly increases the payoff
with this strategy. Note that for each advertiser, this change restricts the set of possible choices
while keeping at least one choice that maintains the equilibrium payoff (imitating the choice of
advertiser n in the original SPEPS). Because in the original SPEPS all advertisers pay the same
total amount to Z by Lemma [I[1)] this change can only decrease owner Z’s payoff if there is some
advertiser n’ (not necessarily different from n) who now breaks ties in favor of some owner that
ranks higher than Z in O,,. However, that choice must also be made in the original SPEPS by
advertiser n’ due to the tie-breaking rule. But then advertiser n’ pays strictly less than advertiser n
to owner Z in the original SPEPS, contradicting Lemma [I{7)]

Because an owner chooses to offer fewer bundles when indifferent, the above observation
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implies that every advertiser must buy the same set of bundles from any given owner Z and that
owner Z offers at most one bundle from each cell in Fz. (Otherwise, owner Z may simply pick
an advertiser n who buys the smallest number of bundles from Z and offer the set of bundles
B as defined above to strictly decrease the total number of bundles offered without decreasing
payoff.) Then all advertisers buy slots on the same set of outlets (say S) and any owner Z offers
Bz :={SNB:SNB+#0,B € Fz} as the available bundles.

Therefore, in the second stage, the set of feasible bundles that advertisers can choose is a
partition of S. In particular, bundles not contained in § are not offered by the owners. For any

bundle B offered by any owner Z, by rationality of the advertisers,
pp < V(S)=V(S\B) = vj.

Now, for contradiction, suppose there exist some owner Z and some bundle B’ € F, B’ C S such
that pp < vlsg,. Consider the following deviation. Let owner Z offer all bundles in Bz as in the
equilibrium but change the price for each bundle B to pp = v% — € for some € > 0. We claim that
after this deviation, all advertisers continue buying slots on the same outlets from owner Z as in
the equilibrium. Indeed, if an advertiser stops buying some bundle B € Bz, then the advertiser can
only choose S’ C S\B since the set of available bundles is a partition of S. But submodularity of
V(-) implies
V(S'UB)—V(S) > V(S)—V(S\B) = v5 > ps.

Therefore owner Z can extract vg — & for each bundle B € B from each advertiser. For € suf-
ficiently small, this is then a profitable deviation for owner Z since in the equilibrium we have

pB < vf; for all B € Bz and pp < vfg, for some bundle B’ € B;. Contradiction.

Proof of Proposition [7, We follow the notation in Lee, Whinston, and Yurukoglu (2021). For

each owner Z and each advertiser n, let
CZYI = {(B,p) B g Zap € R-ﬁ-}

be the contract space, with an element denoted by Cyz,. For a contract Cz,, let B(Cg,) and p (Cg,)
denote the associated bundle and price. Let Cy = {(0,0)} denote the null contract. For a given set

of contracts C:={Cz}cz ,_1 . y»> oWner Z’s payoff is given by

Mz(C) =) p(Cz)

50



and advertiser n’s payoff is given by

I1,(C) =V ( U B(CZn)> — Y p(Cz).

VAV A ZeZ

Given the set of contracts C_z, excluding pair (Z,n), let

C2n(C-zn) = {Czx € Cz : T,({C2y,C-24}) =T, ({Co,C-7,}) > 0}

be the set of contracts between Z and n that give non-negative gains from trade to owner Z and
advertiser n (note that only the constraint for the advertiser is relevant as any contract would give
non-negative gains from trade to owner Z). Recall that a set of contracts C is a Nash-in-Nash
equilibrium if:

(i) For all Z,n such that Cz, # Cy,

A

Czne argmax [Mz({Czn,C_z,}) —T12({Co,C_ 2, )M, ({Cz0, € _2,}) =T, ({Co, €2, )] =%,
(Cznecgn(@,zn)

where &z € [0, 1] denotes the bargaining weight for owner Z.

(i1) For all Z,n such that @Zn = Cy, there is no contract in C;n (@,Zn) that gives strictly
positive gains from trade to both Z and n.

We first show that C := {(Z,&,(V(J) —V(J\Z)))} is a Nash-in-Nash equilibrium. Condi-
tion (i1) clearly holds. For (i), note that

7({Cz:,C_z,}) —z({Co,C_2,}) = p(Cz)

and

1, ({Cz, € 24}) = T({Co,C24}) = V (B(Cza) U(T\Z)) = V(T \Z) — p (Czn) -

Because V(+) is monotone, a solution to the Nash bargaining problem is given by B(Cz,) = Z and
p(Cz,) =E2(V(T) =V (T\Z)). This proves that C is a Nash-in-Nash equilibrium.

For uniqueness, suppose that V (+) is strictly monotone and fix any Nash-in-Nash equilibrium
C. Note that for any Z and n, regardless of C_z,, given that V(-) is strictly monotone, any solution
to the Nash bargaining problem must have B(Cz,) = Z. Therefore, for any Z and n, any solution
to the Nash bargaining problem must have p (Cz,) = &z(V(J) — V(J\Z)), proving the claim.
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Proof of Proposition Fix any profile of announced reserve prices p:={pp:BC Z,Z € Z}.
Note that, for any advertiser, bidding strictly above the reserve price for any bundle B is strictly
dominated by bidding at the reserve price pp, because in both cases the advertiser is guaranteed to
win the bundle (as K > N). Thus, for any bundle, every advertiser either bids at the reserve price for
that bundle, or bids below the reserve price and loses the auction. Therefore, after eliminating the
strictly dominated strategies for the advertisers, this game is strategically equivalent to the pricing

game of our main model. Hence, the claim follows directly from Theorem

Proof of Proposition[9} This follows directly from Theorem [I] treating each viewer i as a sepa-

rate market.

A.3 Additional Results

Comparative statics for multi-outlet owners. Consider a setting identical to that of Section 2.1
except that each owner Z may own multiple outlets. Suppose diminishing returns are perfect in the
sense that f3,, = 0 for m > 2. Members of group g € G see ads on outlet j with probability 7,;,
independently across outlets. For a given owner Z, let
HeMgz
Mgz =1=[1(1=7gj), Az =} Mgz, Oz ===
jez g€G Z
denote the share of group g that is in the owner’s audience, the total mass of the owner’s audience,
and the share of this audience that comes from group g, respectively. Then p} /A is the price per

viewer collected by owner Z for an ad slot on each of its outlets. By Theorem|I], we know that

Pz =aP1) uenez [ T(1 —ngj) = aPi Y ooz [T (1-1e2)-
g 74 g 7147
Note that the equilibrium prices above are identical to those in the setting of Section[2.1] replacing
outlets with owners, if we specify perfect diminishing returns. Therefore our results on compara-

tive statics apply immediately.

Proposition 10. Suppose that group g € G is less active than group h € G in the sense that Mgz <
Nnz for all Z € Z. Suppose that ownerY € Z draws a larger share of its audience from group g and
a smaller share of its audience from group h than owner Z € Z, in the sense that Ggy > Ogz and
Ony < Opz, and that the two owners have equal total audience sizes, Ay = Az, and equal shares of
audience from groups other than g and h, G,y = Oy for all g # g,h. Then ownerY has a higher
equilibrium price per viewer than owner Z, py /Ay > p%/2z.

Proposition 11. Suppose that owner Y has a larger audience than owner Z in the sense that for
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some & > 1, Ngy = 0Ngz for all g € G. Then ownerY has a higher price per viewer than owner Z,
py/Ay > py/2z.

Partially increasing returns.

Example 4. Owners are singletons, each of a set of viewers i views at least L outlets, each outlet
has a strictly positive mass of viewers, and an advertiser’s value for viewer i seeing its ad M times
is a;YM_ B, where a; > 0 for all i, By = 0, 8,, > O for all m, B, is non-increasing for all m > L,

and B < minj <<z, B
Proposition 12. The value function V () in Example 4| satisfies the hypotheses of Proposition

Proof. As in the proof of Example 1} let i — j denote the event that a random viewer i watches
outlet j, Xg count the number of outlets viewed in set S, and V denote the realized value function.

Strict monotonicity follows because
V(SU{j}) = V(S) = ailiss jBxgr1

is strictly positive with positive probability. For the decreasing differences condition, consider any
jand any S C 7\ {j}, and note that

V(SU{j}) = V(S) = ailis jBxgr1 > ailis jPx 41 = V(T) = V(T \{j})-

To see the above, consider the event i — j. Then, Xj\{j} +1=X7>L. Note that Xg+1 = Xsu{j} <
Xg.1f Xgu(jy = L, then By > Bx, because By, is non-increasing for m > L. If Xg,(;; < L, then

we have

Bry <BL< min B <Py,
So in either case, the claimed inequality holds. 0

Example 5. Owners are singletons. Let Z be the set of viewers who view at least L number
of outlets, and € = P(i ¢ 7). For every pair of outlets {j,k}, P(i views jand k|i € Z) > 0. An
advertiser’s value for viewer i seeing its ad M times is aiZ%:o B where a; € (0,a) for all i, By =

0, By, > 0 for all m, B, is strictly decreasing for all m > L, and By, < minj <1 B-

Proposition 13. There exists € > 0 such that for all € € |0,€] the value function V (-) in Example
3] satisfies the hypotheses of Proposition

Proof. Strict monotonicity follows by the same argument as in the proof of Proposition [I2] Now,
fix any j and any S C J\{/j}, and any k € J\(SU{j}). Note that because P(i views j and k|i €
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Z) > 0, we have
]P)(l' — j,Xs < XJ\{j}li € I) > 0.

Thus, since f,, is strictly decreasing for all m > L, and 1, < minj<,,<. B, by the argument in the

proof of Example[I] we have

]E[aili_”'ﬁxﬁ_ﬂl‘ c I] > E[aili—ﬁBXj\{j}-l-l“ S I]

Let
Ts,j = E[aili—ﬁﬁXﬁ—l |i c I] _E[aili%jﬁXj\{j}—ﬁ—l |i c I] > 0.
Let
T:= min Tg;>0.
jscny

Let E = max|<mu<r. fm- Now, we claim that for any € such that

T

0<e<L —
T+af

we have that V (-) satisfies the decreasing differences condition. To see this, consider any j and any
S J\{Jj}. Note that

V(SU{j}) = V(S) > (1 - &)Elaidi, jBxssli € T

> (1— &) (Elalis;Bx . 11 € Z)+7)

> (1-&)ElailijBx,, ,y+1li € I] + €ap

(1 S)E[aili—)jﬁXj\{j}+l |i - I] -+ EE[ailHjBXj\{j}H |i g I]
=V(J)=V(I\ D),

where the second inequality follows from the construction of 7 and the third inequality follows
from0 <e < ]

+aﬁ

Proposition 14. Consider a special case of Exampled|with a; = a for all i, and further impose the
structure in Section 2.1} where for each group g, there are at least L many outlets (denoted by set
L) such that Ng; = 1 for all j € Ly. Then the conclusions of Propositions|l|and @ hold.

Proof. We follow the same arguments and notation as in the proofs of Propositions [T[jand 2] By
Propositions 4| and |12 we have the equilibrium prices equal to the incremental values.

For the conclusion of Proposition I} recall that we use a monotone coupling. Under that
coupling we have X¢ < X" pointwise. Recall that X4 counts the random number of outlets viewed
by viewer g that are not in {j,k} and hence X¢,X" > L —2. Hence X8 +1,X" +1 > L — 1. Since
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Br < minj<<r B < Br—1 and B, is non-increasing in m for m > L, f3, is non-increasing in
mform>L—1. Since X8+1<X"+1 pointwise, we have Byxs| > Bxh+1 pointwise and so
E[Bxs+1] > E[Byn, 1], which concludes the proof as before.

For the conclusion of Proposition recall that X,f counts the random number of outlets viewed
by viewer g that are not k. So X,f +1>X8+1>L—1. Because 3, is non-increasing in m for
m > L—1, we have Bxs 1 > ﬁX,f—i—l pointwise and so E[Bxs1] > E[ﬁx,f’ﬂ]’ which concludes the
proof as before. 0

Existence of unbundled pricing equilibrium.

Proposition 15. Consider the setting of Section with G = 1, Fz being the finest partition (i.e.,
the owners are not allowed to bundle), and B, = [3’"—1 for some constant B > 0. Then, there exists

a SPEPS satisfying the tie-breaking rule, and the conclusion of Proposition 2] holds.

Proof. We construct the set of outlets S that all advertisers buy slots on. Let i denote a viewer
uniformly drawn from the population. Let X7 denote the random number of outlets in 7" viewed

by viewer i. Since B, = B!, forany T C J we can write

V(T)=dE

m=1

where the sum is interpreted as zero when X7 = 0. Fix an owner Z. Let F' C Z denote the menu Z
offers. Since we assume no owner can bundle any outlets, every outlet j in F is sold individually

at some price. Let Z solve

I}lggJ;V(F)—V(F\{j})-

Let F; be a maximizer of the above problem. For any 7 C [7\Z, we claim that F also solves

glg;jEFV(TUF) —VI(TUF)\{j})

Indeed, for any F C Z and any j € F,

Xrur X(rur)\(j}
VITUR)=V(TUP\D =a2| 3 B =

=aB ;B4 ]
—aE[1;.,;fXr ]
=aE[B*TE[L;-,; B ]
=E[B*7)(V(F) = V(F\{j}))
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where we have used the fact that viewing probabilities are independent across outlets. Therefore,

max }, V(TUF) =V((TUF)\{j}) = E[p*"]max }, V(F) =V (F\{j})
JEF JEF
and thus is also solved by F;. Now let S = |Jzcz F;. We can then construct a SPEPS using the
set S and equipping outlets in S with the prices identified in Proposition @ pj= v? forall j€S§
and p; = oo for all j € S. By the proof of Proposition |§], we know that with the proposed bundles
and prices, it is optimal for any advertiser to buy slots on all outlets in S. We also know that given
these prices, for any owner Z, regardless of what owner Z does, the advertisers buy slots on outlets
in S\Z (in this construction, for any advertiser n, we may let the tie-breaking ordering O, be any

complete ordering over the owners). Therefore, owner Z simply solves the problem

max ) V((S\Z)UF) =V((S\Z)UF\{j})
FCZ !
JEF
which has a maximizer F; as shown earlier. So it is optimal for owner Z to offer menu £ in which
each outlet j € F; has a price v? . Since this holds for any owner, the construction is a SPEPS.

To see how the conclusion of Proposition holds, note that
Py =V(8) = V(S\ (/D) = a LBl By ]
- .

where we use the notations in the proof of Proposition [2, except that X J‘.g now counts the number of

outlets in S\ {/} that are viewed by g. The rest follows verbatim. O

Auctioning of scarce advertising slots to heterogeneous advertisers. Each owner owns one
outlet, and each outlet has K slots, where K < N (so ad slots are scarce). The advertisers are
heterogeneous, with value functions given by a,V (-) (with V(0) normalized to 0). We order the
advertisers so that a; > ap > --- > ay > 0. We assume that ag . is sufficiently smaller than ag in

the sense that for all j,
ax1V({j}) <ak(V(T) =V(I\{j}))- (A1)

Each owner runs a uniform price auction (i.e., the K slots are sold at the (K + 1)-th highest
bid) with ties broken in favor of advertisers with higher a,. The auctions happen simultaneously.
Each advertiser simultaneously submits bids to every auction. We take an equilibrium to be a
Nash equilibrium in pure strategies. We say an equilibrium is owner-optimal if there is no other
equilibrium that gives weakly higher payoffs to all owners and strictly higher payoffs to at least

one owner. We say an equilibrium is efficient if the equilibrium allocation maximizes total surplus
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among all possible allocations.

Proposition 16. Suppose that (i) V(-) is monotone and submodular; and (ii) Assumption (AT)
holds. Then, there exists an efficient owner-optimal equilibrium, and in every efficient owner-

optimal equilibrium, for every owner j, the clearing price of auction j is ax(V(J) —V(I\{Jj}))

Proof. Consider the following strategy profile: in every auction j, each advertiser n with n < K
bids a,(V(J) —V(J\{j})); advertiser K 4 1 bids ax(V(J) —V(TJ\{j})); and advertiser n with
n> K+ 1 bids 0.

We show that this is an equilibrium. Fix any j and any advertiser n with n < K. Because this is
a (K + 1)-th price auction, the advertiser cannot influence the price it pays conditional on winning.
Note that regardless of the choices the advertiser makes on other auctions, the advertiser weakly
prefers to win auction j at the price of ax(V(J)—V(J\{j})) because for any S C 7\ {j}, we

have

an(V(SU{j}) =V (8)) Z ak(V(SU{j}) = V() Z ax (V(T) = V(T\{j})),

where we have used submodularity of V(-). Therefore, advertiser n has no profitable deviation, for
any n < K.

Next, fix any j and any advertiser n with n > K. Note that advertiser n loses every auc-
tion under the proposed strategy profile. Also note that to win auction j, advertiser n has to pay
ag(V(J) =V (J\{Jj}))- However, regardless of the choices the advertiser makes on other auc-
tions, the advertiser strictly prefers not to win auction j at this price, because for any S C 7\ {},

we have

an(V(SU{j}) = V(9)) <aV({j}) < akr1V({j}) <ax(V(T)—-V(I\{i}),

where we have used submodularity of V(-) and Assumption (AI). Therefore, advertiser n has no
profitable deviation, for any n > K.

Now, we show that this equilibrium is owner-optimal. Suppose toward contradiction that there
is another equilibrium that gives some owner j a strictly higher payoff and all other owners weakly
higher payoffs. Fix any such equilibrium &’. By the argument above, no advertiser n with n > K
would want to win auction j at a price strictly higher than agx(V(7) —V(J\{j})). Therefore, the
K winning bidders in auction j must be advertisers 1,...,K. However, at a price strictly higher
than ag(V(J) —V(J\{j})) for auction j, advertiser K must lose some auction j' # j, because
otherwise the advertiser can profitably deviate to losing auction j. Then, since there are K winners
in auction j’, there must be an advertiser n’ with n’ > K who wins auction j’. For owner j' to
have a weakly higher payoff in equilibrium £’ than in the original equilibrium, the clearing price
in auction j' must be weakly higher than agx(V(J) —V(J\{/'})). But then advertiser n’ can
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profitably deviate to losing auction j' by the argument above. A contradiction.

We claim that the allocation of ad slots to advertisers under this equilibrium is the unique
efficient allocation. To see this, fix any efficient allocation x. Suppose toward contradiction that
x is not the equilibrium allocation (i.e., the ad slots are not all allocated to advertisers 1,...,K).
Then, it must be that some advertiser n < K is not allocated to an ad slot on some outlet j, which
means that some advertiser n’ > K is allocated to an ad slot on outlet j. Consider an allocation X
that is the same as x except that it allocates the ad slot on outlet j to n instead of n’. We claim that
this change strictly increases the total surplus. Indeed, let S be the set of outlets whose slots are

assigned to advertiser n under allocation x, and similarly define S’ for advertiser n’. Then,
an (V(SU{j}) = V() 2 ak (V(T) = V(I\{/}))

> ag1V({j}) = aw (V(S)=V(S\{j})),

where we have used submodularity of V(-) and Assumption (AT)). Therefore,
anV(SU{j}) +ayV(S\{j}) > anV (S) +ayV(5'),

and hence X gives a strictly higher total surplus than x. But x is assumed to be an efficient allocation.
A contradiction.

Finally, fix any efficient owner-optimal equilibrium. By efficiency and the argument above,
the winning bidders in every auction must be advertisers 1,..., K. If there is any auction j in which
the clearing price is strictly higher than ax(V(J) —V(J\{Jj})), then advertiser K can profitably
deviate to losing auction j. Therefore, in every auction j, the clearing price must be weakly lower
than ag(V(J) —V(J\{j}))- Now, if there is any auction ;' in which the clearing price is strictly
lower than ax (V(J) —V(J\{j'})), the equilibrium cannot be owner-optimal, because we have
just shown an equilibrium that has clearing prices equal to ax(V(J) —V(J\{j})) for all j. Thus,
in every efficient owner-optimal equilibrium, the clearing price in every auction j must be exactly

ax(V(T) =V (I\{j})- -

Competitors’ ad effect. We consider a setting in which each owner owns a single outlet, and
modify the value function V(-) as follows. Let advertiser n’s value for buying ads on the set of
outlets §,, be V(Sn,g,n), where §,n is the vector of outlets bought by other advertisers. We say
S.<S . 1f each entry of the vector is smaller in the set-inclusion order. Since all owners are
single-outlet owners, we use j to denote both an outlet and the owner associated with the outlet.
Let j be the vector of length N — 1 with 7 in each entry, and m be the vector of length N — 1
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with 7\{/} in each entry. We impose two assumptions:

V(jvs:*n) _V<‘-7\{.]}7§*Vl) Z V(jvs:/—n) - V(j\{.]}as:/—n> for any S‘Ln S §l—n and j; (A2)

V(T INGD - VNGL NG < (14 3) (VI3.5) -V\GLD)) forany j. - (A3)

Letv;=V(J, T) =V (TI\{j},J) denote the modified incremental value of outlet j in this setting.

Proposition 17. Suppose V(- ,S) is monotone and submodular for any S, and V (-,-) satisfies (AZ))
and (A3)). Then there exists a SPEPS in which all advertisers buy slots on all outlets, and the price

for outlet j is p}f =7

Proof. We construct a SPEPS as follows. Let each owner j announce price V;. For each profile of
prices p announced (including off-the-equilibrium-path histories), the subgame in the second stage
is a finite extensive-form game and hence admits a SPEPS by backward induction. When doing the
backward induction, if an advertiser is indifferent between different sets of outlets to buy slots on,
we pick one with the largest cardinality. Now we verify that no owner has a profitable deviation.

Observe that if p; = V; is offered by an owner, then any advertiser will buy a slot on outlet
J regardless of p_; and what other advertisers do. This is because for any S C J\{,} and any
S-n<J,

V(SU{]'},S:,") —V(S,S:,n) > V(jﬂgtn) _V<~7\{]}’§*n) > V(jaj) _V(j\{]}aj)

where we have used submodularity of V(-,5_,) and Assumption (AZ). Further, when all other
advertisers buy slots on all outlets, the incremental value for an advertiser to buy a slot on some
outlet j is exactly V(7,7 ) —V(J\{j},J). Therefore, at the proposed price profile, for any outlet
J» each advertiser is indifferent between buying and not buying a slot on outlet j holding everything
else fixed (including other advertisers’ decisions).

Now fix any owner j. Suppose all other players follow the proposed strategy. Note that
owner j is selling N slots by announcing price ¥; and clearly has no incentive to decrease the
price. Consider the deviation of raising the price. By the earlier observation, all advertisers would
continue buying slots on outlets in 7 \{j}. Therefore, by (A2)), the maximal amount owner j can
extract from an advertiser is at most V(7,7\{j}) —V(JI\{j},T\{j}). Further, we claim that
at least one advertiser would stop buying the slot on outlet j after the price increase. Suppose
not. Then all advertisers buy slots on all outlets. But the last advertiser moving in sequence has
a profitable deviation of buying only the slots on outlets in 7\{j}. Thus there are at most N — 1

advertisers buying a slot on outlet j. Hence owner j’s revenue is at most

N=1) (VT NGH - VGLAGH) < -1+ (V7. ) -V T\h ) <,
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where the first inequality is due to (A3]). So there is no profitable deviation for owner j. Since this

holds for any owner, the construction is a SPEPS. O]

Incentive to invest in content. For a given investment profile {(iz)icz} .z, a viewer i, and an
owner Z, let VZZ( -;a) denote the value function induced by the viewing probabilities of viewer i

conditional on viewer i being attracted to owner Z.

Proposition 18. Suppose the investment profile {(0iz)icz } ;¢ z is an equilibrium. Then,
Cizloiz) =V (Ts0) =VH(IT\Z: ),
which, under perfect diminishing returns, is equivalent to

Ciz(aiz) =amiz [] (1 —aizniz).
7147

Proof. For a given investment profile ¢, by Theorem (I} the equilibrium prices in the subgame are
given by
pz(a) = Z%‘Z (VA(T;) —VA(IT\Z; @)) .
l

So the payoff to owner Z when making investment choices is given by
Y oz (VA(T;0) - VA(T\Z; @) = Y Ciz(0tiz),
i i

which is a continuous and strictly concave function in (04z);cz (note that VZ(J; ) — VA (T \Z; @)

does not depend on ¢;z). For owner Z, the first order condition for ¢z is given by
Ciz(aiz) = VAT ) =VE(T\Z: ).

Since Cl,(1) > a; > VA(J; &) — VA(J\Z; @) for all a, i, and Z, in any equilibrium no owner Z
will choose oz = 1 for any viewer i. Then, since C.,(0) = 0, in any equilibrium no owner Z will
choose a;z = 0 for any viewer i. Hence, in any equilibrium, the above first order condition must
hold for all i and all Z. O
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Appendix Figure 1: Sensitivity to Alternative Outlet Definitions

Price per impression vs.
audience activity audience size
Baseline (repeated)

-4.5

!
o
5
1
L
w

!
a
o

I

o

@

L]

I
o
o

log(price per impression)
L]
log(price per impression)
|
L]

|
o
@

3 3.8 4.0 4.2 12

4 3.6 14 16
log(weekly viewing time of audience) log(impressions per hour)

Alternative definition of outlet

Network

|
a
5}
1
I
S

|
o
o

log(price per impression)
&
|

log(price per impression)

|
o
5Y

-6.5 -6.0

3.6 3.7 3.8 39 4.0 14 15 16 17
log(weekly viewing time of audience) log(impressions per hour)

Broadcast program

-3.5

!
IS

-4.0

log(price per impression)
o

log(price per impression)
\
&

|
3

O Audience Survey
® Full

31 32 33 34 35 12 15 18 21 24
log(weekly viewing time of audience) log(impressions per hour)

Notes: Within a given row, both plots are based on the same regression specification. The row labeled “Baseline” corresponds to the main
specification in the paper, with the plot “Price per impression vs. audience activity” corresponding to Panel B of Figuremand the plot “Price per
impression vs. audience size” corresponding to Panel B of FigureEI The rows under the header “Alternative definition of outlet” consider different
outlet definitions. In the row labeled “Network™ an outlet j is a network. In the “Network™ row, the “Price per impression vs. audience activity”
specification includes controls for the share of total impressions that are to adults and for indicators of deciles of audience size, and the “Price per
impression vs. audience size” specification includes controls for the share of total impressions that are to adults and for indicators of deciles of
audience activity. In the row labeled “Broadcast program” an outlet j is a broadcast program, with bins corresponding to 15 quantiles of the full
sample of broadcast programs (3060 programs) colored black and bins corresponding to deciles of the subsample of broadcast programs included
in the audience survey (173 programs) colored gray. In the “Broadcast program” row, the “Price per impression vs. audience activity” specification
includes controls for the share of total impressions that are to adults and for indicators of deciles of audience size, and the “Price per impression vs.
audience size” specification includes a control for the share of total impressions that are to adults.
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Appendix Figure 2: Sensitivity to Alternative Samples
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Notes: Within a given row, both plots are based on the same regression specification. The row labeled “Baseline” corresponds to the main
specification in the paper, with the plot “Price per impression vs. audience activity” corresponding to Panel B of Figuremand the plot “Price per
impression vs. audience size” corresponding to Panel B of Figure El The rows under the header “Alternative Sample Years” present results for
alternative sample years.
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Appendix Figure 3: Sensitivity to Alternative Controls
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Notes: Within a given row, both plots are based on the same regression specification. The row labeled “Baseline” corresponds to the main
specification in the paper, with the plot “Price per impression vs. audience activity” corresponding to Panel B of Figuremand the plot “Price per
impression vs. audience size” corresponding to Panel B of Figure EI The rows under the header “Alternative controls” consider different sets of
control variables. The row labeled “Income” adds controls for indicators for deciles of the average household income of adult impressions. The row
labeled “Attentiveness’ adds controls for indicators for deciles of the time-weighted average attentiveness of the outlet’s viewers, where a viewer’s
attentiveness is the viewer’s average self-reported attentiveness across broadcast and cable programs, coded as some (0.5), most (0.75), or full (1),
and measured for each program relative to the mean among all respondents who rate the program. The row labeled “Attitude” adds controls for
indicators for deciles of the time-weighted average of viewers’ attitudes toward television advertising, where a viewer’s attitude toward advertising
is measured as the first principal component of the viewer’s responses (on a five-point scale) to a series of eight questions about TV advertising.
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Appendix Figure 3: Sensitivity to Alternative Controls (continued)
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Notes: Within a given row, both plots are based on the same regression specification. The row labeled “Baseline” corresponds to the main
specification in the paper, with the plot “Price per impression vs. audience activity” corresponding to Panel B of Figuremand the plot “Price per
impression vs. audience size” corresponding to Panel B of Figure EI The rows under the header “Alternative controls” consider different sets of
control variables. The row labeled “Industry” adds controls for the share of the outlet’s adult impressions that are to ads whose advertisers are in
each of 11 industry categories: automotive; business and consumer services; business supplies; drugs and remedies; entertainment; food and drink;
home and garden; insurance and real estate; retail; travel; and other.
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Appendix Figure 4: Average Television Viewing Hours Per Day by Age and Gender
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Notes: The figure shows the average daily viewing hours spent on television across age groups by gender.
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Appendix Figure 5: Measures of Online Activity by Age and Gender

Panel A: Average internet hours per day
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Panel B: Share of social media sites visited in the past 30 days

0.6
Gender

BF
M

0.4
0.0 l

18-24 25-34 35-44 45-54 55-64

N

Share of social websites visited in past 30 days

Age

Notes: Panel A shows average daily hours spent on the internet across age groups by gender. Panel B shows
the average share of five social media sites (Facebook, Instagram, Reddit, Twitter and YouTube) visited in
the past 30 days across age groups by gender.
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Appendix Figure 6: Demographic Premia (Per Click) and Viewing Time on Facebook
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The plot shows the log(price per click) for advertisement sets targeted to a given gender and age
In Panel A, the data are taken from our own experiment, and the groups are {Men, Women} x
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{18-24, 25-34, 35-44, 45-54, 55-64, 65+}. In Panel B, the the data are taken from Allcott et al. (2020b), and the
groups are {Men, Women} x {18-24, 25-44, 45-64, 65+}. In both panels, the y-axis value is the log(price per click)

for advertisement sets targeting the given group, and the x-axis value is the midpoint of the age range for the given
group, treating 70 as the midpoint for ages 65+.



Appendix Figure 7: Advertising Prices and Demographics of Digital Platforms
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Notes: Each plot is a scatterplot of the log(price per impression) of display advertising on a platform against the de-
mographic characteristics of the platform’s viewers. We construct the price per impression by computing the ratio of
total revenue to total impressions across all display ads on the platform reported in AdIntel 2017 (The Nielsen Com-
pany 2022). The sample of platforms is the set of platforms that AdIntel 2017 (The Nielsen Company 2022) classifies
as Entertainment, Finance, Information/Reference, News/Commentary, Spanish, Sports, Technology, or Weather, ex-
cluding some platforms such as those that focus primarily on direct sales of products or services. The x-axis shows

the average age (Panel A) or share female (Panel B) of those who report visiting the platform in the previous 30 days
in GfK MRI’s 2017 Survey of the American Consumer (GfK Mediamark Research and Intelligence 2019).
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Appendix Figure 8: Marginal Willingness to Pay to Attract Older vs. Younger Viewer Under Alterna-
tive Levels of Investment Decision-Making
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Notes: In each plot, the y-axis value corresponds to the average log(total marginal willingness to pay per impression),
In (iy;), as described in Section for viewers in the age bin listed on the x-axis, under models in which the content
investment decision is made at different levels. Panel A uses the baseline model in which advertisers’ value of a first
impression is homogeneous across viewers. Panel B uses the model in which advertisers’ value of a first impression
is proportional to a viewer’s income. In both plots, “market (concentrated)” corresponds to the model in which
investment is made by a single entity owning all television networks, “owner (baseline)” corresponds to the model in
which investment is made by each owner of the observed partition Z, “network™ corresponds to the model in which
investment is made by each individual network, and “outlet” corresponds to the model in which investment is made by
each individual outlet (network-daypart). In both plots, and for each level of investment, the y-axis value is normalized
by adding a scalar so that its average value is zero in the youngest age group.
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Appendix Figure 9: Marginal Willingness to Pay to Attract Older vs. Younger Viewers Under Alter-
native Values of o
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Notes: The plots show the calculations described in Section when using different values of @; for Z' # Z when calculating ;. Each row
corresponds to a different value of ¢z, with the first row corresponding to the baseline case of ;7 = 1 depicted in in Figure@ The left column
uses the baseline model in which advertisers’ value of a first impression a; is homogeneous across viewers, whereas the right column uses the model
in which g; is proportional to a viewer i’s income. In each plot, the y-axis value corresponds to the average log(total marginal willingness to pay per
impression), In (%), as described in Section for viewers in the age bin listed on the x-axis, under different ownership scenarios. These scenarios
include: the “baseline” ownership corresponding to the observed partition Z; the “concentrated” ownership corresponding to the counterfactual
scenario in which one entity owns all television networks; and three counterfactual ownership partitions in between, in which the top two, three,
or four owners by audience are merged. In all plots, and for each ownership scenario, the y-axis value is normalized by adding a scalar so that its
average value is zero in the youngest age group.
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Appendix Table 1: Overlap in Advertising Spending, TV vs. Online

Share of TV advertising Share of online advertising

Top 50 TV advertisers 44 17
Top 50 online advertisers 27 36

Notes: Each column shows the share of advertising spending on the given medium (TV or online) in 2015
coming from the top 50 television advertisers by spending and the top 50 online advertisers by spending.
Each advertiser is a parent company that can advertise for multiple brands. Online advertising includes
non-mobile display advertising. Television advertising includes cable and broadcast. These values were
computed using data from Media Intelligence and Kantar Media (2021).
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Appendix Figure 10: Observed and Predicted Television Advertising Revenues, Alternate Estimates of
Impressions
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Measure

* Price per impression
4 Total impressions
= Total revenue

1.2

N
[N

Normalized value
=
o

0.9
0.8

2014 2015 2016 2017 2018 2019

Year
Panel B: Predicted trends
Measure
) * Price per impression

L 4 Total impressions

= Total revenue
11

Normalized value
=
o

o
©

0.8

2014 2015 2016 2017 2018 2019
Year

Notes: Each plot depicts trends in the television advertising market over the sample period. We plot trends in total
revenue, total impressions, and price per impression (total revenues divided by total impressions), all normalized
relative to their 2015 value. In Panel A, all series are as observed in the data, as described in Section @ and
revenue is deflated to 2015 dollars using the US Consumer Price Index (Organization for Economic Co-operation and
Development 2022). In Panel B, the trends in revenue and impressions are predicted by the baseline model in which
advertisers’ value of a first impression is homogeneous across viewers, as described in Section 3]
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