The Impact of the Internet on Advertising Markets for News Media

by

Susan Athey, Emilio Calvanand Joshua S. Gans
First Draft: October,2009
This Version: July 2011

In this paper, we explore the hypothesis that an important force behind the collagsertising
revenue experienced by newspapers in the past decade is the greater consumer switching
facilitated by online consumption of newd/e introducea model of the market for advertising on
news media outletesherebynewsoutlets are modeled asmpeting twesided platforms bringing
together heterogeneous, partialy mhkiming consumers with advertisers with heterogeneous
valuations for reaching consumers key feature of our model is théhe multthoming behavior

of the advertises is determiied endogenoushfhe presence of switching consumers means that,

in the absence gferfect technologies for trackinge ads seen bgonsumes, advertiserpurchag

wasted impressionsheyreach the same consumer too many times. This has subtle effetite o
equilibriumoutcomes in the advertising mark€mne consequencé that multthoming on the part

of advertisers is heterogeneous: higdlue advertisers mutiome, while lowvalue advertisers
singlehome.We characterize the impact of greater consuswitching on outlet profitssawell as

the impact of technologies that track consumers both within and across outlets on those profits.
Somewhat surprisingly, superior tracking technologies may aheays increase outlet profits

even when they increasefficiency. In extensions to the baseline model, we show thagnwv
outlets(e.g. blogs}hat show few or ineffective ads steal readers fromtraditional outletibgbes

are at least partially offset by a&rcrease in ad pricetntroducing a paywall des not just diminish
readership, but it furthermore reduce advertising prices (and lendhcreases in advertising
prices on competing outlets).
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1 Introduction

The issue of whether the Internet wil destroy the news media is currently a big news
topic. The news industry as a whole has seen large declines in advertising rewditeie
traditonal media has simultaneously facedreased competition for attention from new media
(including webonly news, blogs and news aggregatoR)licy-makers have express concerns
that declining revenue per consumas well as fragmentation in the media might undermine
incentives to invest in qualty journalism.

Whie new technologies and competition can often explain wéyenue may be
redistributed among industry plage the adverseimpact of the Internet on the news media is
widespread industrywide revenue has declinédThis represents an economic puzzle becgause
in many respectshe fundamental drivers of supply and demapgear to be afvorable for the
indudry if not more favorablethan before We argue that this is true despite assertions to the
contrary in the popular pres#at advertising revenues are being destroyed by the Internet
because of the flood of available advertising space. FroiNéleYork imes

€ online ads sell at rates that are a fraction of those for print, for simple reasons

of competition. Aln a print world you hact
inventoryd pages in a magazine, 0 says Domenic Vi
theoninemak et ing firm Razorfi sh. Aln the onli

i nf i (Ricet, 20109
While there may be space for every advertiser on the Internet, thoseuadstil be viewed by

an actual consumer. The attention of those consumers is stid,inaited scarcity limg the

! According to the Newspaper Association of Amerigaviv.naa.org, since 2000 total advertising revenue earmned

by its member US newspapers declined by 57% in real terms to be around $27 hillion in 2009. Much of this decline
was in revenue from classifieds but total display advertising revenue fell around 40%. In contrast, circulation over
the same period declined by 18%. Ad revenue as a share of GDP also declined by 60%. According to ComScore,
total US display advertising reveawnline was around $10 billion in 2010 which includes all sites and not just
newspapers.
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available advertising capacitySince advertiserscompete for scarce consumer attention, it is
unikely that the price of ads wil go to zero.

It has been observed that interpedvided services (such as classified ads and movie
listings) have displaced revenue streams from services that previously were provided by
newspapers. However, the decline in advertising revenue is much larger than the loss due to
classiieds’ Another change brought on by the internet that could bedmsesi as a problem for
newspaper advertising revenues is tibeé Internet hadcreated new types of advertising
opportunities(e.g., internet search ajisHowever,observers and regulators have noted that these
new forms of advertising are complements eatithan substitutes for the kinds of advertising
typically used by the news media

On the positve side of the equation, the internet dwabledimproved measurement of
advertising performancand createchew opportunites tamprove thetargeing of adsertising to
consumers (Evans, 2009)Another change in fundamentals is that the delivery of content and
advertising has become less cosffthough cost reductions are favorable for a fixed industry
structure, they may lead to entry. Howevas, we exg@lin below,the benchmark model of media
economics predicts that advertising prices should noinfaésponse to entry

The benchmark models of media economiEsg., Anderson and Coate, 2005)véha
media outlets competing for consumdrg showing fewerads (a force that wil nobe the focus
of our analysis).Consumers are assumed ginglehome (view just one outlet in a relevant time

period), and so once an outlet has attracted consumers, it acts as a monopolist on the advertising

2 According to the Newspaper Association of Amerigayv.naa.ory , since 2000, newspaper 0
revenue independenf classified ads, has declined almost 40 percent in real terms.

% Evans (2008, 2009).

4 Some hypothesize that online or digital ads are far less effective than ads that are on paper. However, to date, the
evidence is not consistent with that hypothesise(Preze and Hussherr, 2003; Lewis and Reiley, 2009; Goldfarb

and Tucker, 2010).
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side of the market vém seling advertisersaaccess to those consumer$ius, advertising revenue
reflects monopoly pricesindependent of the number of outletdndeed, competition amongst
media outletsin this model would lead tdigher ad pricesas those outlets scale balekels of
annoying advertisingas they compete to attracbnsumersin contrast to the predictions of the
model, however there is evidence that competition is associated with faling ad prices including
mergers that increase them (Anderson, Foros ardl, Rif10).

Another prediction of the benchmark model is tlaat revenue per consumer should
equalize across outlets (that is, attention is worth the same regardless of where it is allacated)
contrast, there is evidence that larger outlets command anipne® Finally, rather than welcome
polcy moves to require public broadcasters to raise revenue from ads rather than be subsidized,
existing media outlets have typicaly opposed the liting of advertising restrittiddisof these
factors suggest thatompetition in advertisihg markets is not working the manner that
traditional media economics predicts.

This paper presesta formal analysis of the prospects for advertifimgled content on
the Internet.Our analysis is grounded by carefully accognfior the fundamentalsf supply and
deman: our model seup (in Section2) holds fixed the total supply afonsumer attention as
well as the constant demand from advertisers for that attein.then derive advertising
revenue from a market equilibrium

We demonstrate that there are two model elenientsperfect consumer trackingnd
increased consumer switchiiigthat can together lead to outcomes that match the stylized facts

described aboveFirst, consider the problem of consumer switching.

*Recently, this has been referred to as the Al TV Premi!
relationship has been noticed previously by Fisher et.al. (1880)Chwe (1988).

® Ambrus and Reisinger (2006) document the opposition of German broadcasters to allowing public television
broadcasters to show advertisements after 8pm.



Newgpaper readers arefibetteo than Web visitors. Online readers are a
notoriously fickle bunch, and apparently are getting more so by the day. Web
visitors barely stickaround yet they are counted in broad traffic statistics as if
they were the same as theader wholingers over his Sunday paper. (Farhi,
2009)

This reflects the proposition that the web enables consumers to more readily switch between
outlets. In the offine world, consumers of print and other media would face some constraints in
accessing mes and other content from multiple sources. This is not to say cthagumers
literally allocated all of their attention to one outlet, but just that their abiity to switch between
outlets and bundle a variety of content was lmited in comparison to apsans today. Thus,
whie consumers may have spent 25 minutes reading the morning print newspaper, they may
spend on average 90 seconds on a news website (Varian, 2010). This is not a reduction in the
amount of consumptionb u t instead walrteyduoodt dutietaNely browsels o
make it easy for consumers to move between outlets whie free access removes other constraints.
But, going beyond this, intermediaries such as search engines, aggregators and social networks
faciitate switching. Inded, we examined empirically the news consumption patterns of several
milion internet users, and found that among users who consumed at least 10 news articles per
we e k , the concentration of a userb6s comasumpt.i
news consumption Her findahl i ndex, wa s stron
frequency of sing Google news and Bing neWs.

Second, consider the problem of imperfect tracking. We postulate that outlets have a
superior abiity to track the bavior of consumers within their outlets rather than between&hem.

When consumers are each loyal to a single outigterfect trackingwould not be an issue for

" See also Chiou and Tucker (2010) for additional evidence that news aggregaiibesefaonsumer switching
between outlets.
® This is consistent with current practice (Edelman, 2010).



advertisers.To reach many consumeradvertiserscould purchase impressions on a wide number
of outlets (i.e., muithome) and achieve those goals. However, when consumers switch between
outlets, advertisers have a harder task. An advertiser whehowiés will find thatit impresses

the same consumer more than once, potentisdging expensie advertising Maximizing the
freacld of a dnove catrieéss then gdditional cost of paying for wasted impressions. In
contrast, an advertiser who singflemes wil miss some proportion of consumersirely.

We show that @ensumer switching and impecketracking together interact to generate
outcome whereby an increase in consumer switchthglding fixed the number of outlets and
their market shareslpads to a reduction in impression prices advertisers are not wiling to
pay as mucldue to thepotential wasteFor simiar reasons, increasing the numbkoutletsalso
reduce total advertising revenuesiowever, in the absence of switching, our model reduces to
the standard media economics model, whereby outlets set monopoly prices to eslvertise
irrespective of the competition among outlets

With only a few exceptions, the literature on tgsided markets assumes that each side of
the market either fuly singlomes or fuly mukhomes® Whie most models in the media
economics literature asme that consumers singleme i that is, choose to allocate attention to
only one outleti there are some that have considered what happens when consumers muli
home. Gabszewicz and Wauthy (2004nd Anderson and Coate (2005) considered bus
demonstated that advertisers would all sintjeme in this case resulting in no change in overall

advertising revenués. Recently, Ambrus and Reisinger (2006) considered a model of

° Some advertisers target an optimal number of impressions per consumer that is greater than one. Imperfect
tracking makes it difficult to target thaptimal number of impressions, however, for concreteness in our model we
study the case where the optimal number of impressions is equal to one.

10 Although it has received less attention in the economics literature, fixed costs of engaging with altetrttetise

are important in practice in the advertising industry. We do not consider such fixed costs in this paper.

1 Ashlagi, Edelman & Lee (2010) examine competing ad auctions for search engines where consumérsrsingle

but advertisers face costs thatka multthoming costly.



horizontally differentiated outlets whereby only some share cohsumers mutihoned;
specifialy, consumers who are on the margin of choosing one outlet or the other. They then
posited that those consumers were less valuable to outlets than consumers wimrsedjle
Anderson, Foyos and Kind (2010) endogenizbd value of mukhomng consumers,and
demonstrated that outlets would receive lower prices for ads shown tehomiiig consumers

than loyal ones.Consequently, outlets adjust their advertising levels (creating more annoying
ads) to reduce consumer mbuiiming. The overalimpact on prices is ambiguqudut
competition does reduce outlet profts in their model.

As noted earler, we move away from the notion that consumers come to outlets with an
associated revenue stream and instead model revenue as arising from the eéfipotissions
advertisers are able to procure. This involves constructing a model whereby consumers may
switch outletswithin the time period advertisers want to place impressions in front of them.
Importantly, this means that an outlet can place moreoads loyal consumers (who consume
more content on an outlet) than they can over switching conswviessonly visit the output for
some fraction of the relevant time periddThis requires us to consider the mixed single and
mult-homing consumer outcomeand to solve for the resulting equilbrium in the advertising
market. The modeling challenge arises because the price that clears the market also impacts on
the mualityd of likely matches between consumers and adverti@beg is, the lkelhood of a
wasted impression) We demonstrate that a sorting equilbrium existgherdoy high value
advertisers mulhome and, in some cases, increase the frequency of impressions so as not to

miss consumers, whie lower value advertisers simgiee. As the share oSwitching consumers

12 Both Ambrus and Reisinger (2006) and Anderson, Foyos and Kind (2010) assume thatapecity associated

with single and multhoming consumers are identical. As is demonstrated below, the fact that loyal{sinutey)
consumers will allocate more attention to an outlet and hence, view more ads, than switchinehdmmirigy)
consumers has a significant impact on the resulting equilbrium and the set of strategies outlets may pursue to
maximize profits.



rises, advertisers prefer to singleme rather than muithone. This frees up ad capacity on each
outlet for lower valued advertisersvho set the price in the market. Consequently, prices and
total ad revenue decline.

Interestingly, veé demonstrate that this resigdt not straightforward It depends critically
on the total available ad capacity. When capacity is very high, while -bowgiag advertisers
are always the margnal advertiser in the market, high value advertisers haveerneinto
purchase multiple impressions and absorb inframarginal capacity. The balance between the
marginal and inframarginal means that, in some cases, for fixed (and large) ad capacitty,
increased consumer switchifgetween outlets may be associated \iher, not lower, outlet
profts. Indeed, profts may exceed levels that can be achieved when either switching or
imperfect tracking is not a problem.

However, this result relies on levels of ad capacity on each outlet that are higher than the
equiibrum levels that would be chosen in a Coulket ad capacity gameln our baseline
model, we assume that ad capacity on each outlet is fixed and exogenous. This captures a world
where outlets stick to a #Ast andaewd pagef and doa t fo
not vary it as consumer switching increases. Incorporating endogenous ad capacity would
potentialy raise two effects. One effect is the standard Cournot effect: higher advertising
capacity leads to lower prices, and increased competidimong outlets leads to higher
equiibrium capacity. A second effect is the one identified in the prior lterature on media
economics: users dislke ads, and so outlets compete for users by providing fewer ads. Most of
our results are qualitatively robudb incorporating Cournestyle competition in capactty;
however, specific functional forms play a role in deriving comparative statics on the role of

switching, for the wusual reason that capacties are strategic substitutes, whie exogenous



parameters mighshift the returns to capacity in simiar directions for all outlets, leading to
competing effects in the equilbrium analysis. Incorporating the negative effect of competition on
ad capacity due to competition for users would moderate some of oursfin@hng choice to

leave this out of the model reflects the desire to focus on the novel effects in our model, together
with our observation that, whie internet advertising does impact the user expetlienoentent

of the sites rather thathe level of dvertising is the driving force behind onlineews media
market shares.

In our baselne model with exogenous capacite demonstrate that a reduction in
competition (say through a mergeaways results in higher industry ad revenuddext, we
consider seeral applications of the model. We demonstrate that when some outlets cannot sell
ads (as they might if they are regulated public broadcasters or smaller blogs) ad prices wil be
higher. When outlets capture consumer attention without seling ads, disesethe supply of
capacity that can be sold to advertisers in the market. Further, because movements to and from
such outlets do not created wasted impressions, efficiency and prices go up. Thus, our model
provides a rationalization of private media eutbbjections against public broadcasters being
allowed to sel ads.

Our baselne model assumed that outlets were symmetric. In Section 6 we relax this and
derive conditions under whichoutlets earn higher advertising revenue per consumer than their
rivals. This happens when one outlet has a lower ad capacity than the aitti@rgh it may not
increase their total profits. Significantly, an outlet with a higher readership can, in the face of
consumer switching, command a higher impression price thanvis fihis is because the
marginal advertiser who is a sindglemer in that case wil prefer to purchase impressions on the

outlet with the higher readership share and is wiling to pay a premum to do so. Consequently,
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higher valued single homing advertisrs sort onto the high readership outlet,figiting them a
fposttional advantage.We demonstrate that the extent of this positional advantage can drive
competition for those consumers and, indeed, may cause outlets to invest more in quality than
they would under benchmark cases or perfect trackiftus result is consistent with the stylized
fact that media outlets that provide greater
We also demonstrate that an outlet can gain a postional advantabavibg limited
contenf but content that consumers visit relialily something we term magnet content. If outlets
can ensure that a high share of consumers wil at some point allocate attention to them, those
outlets can command a premium in advertisingrkats. This suggests that outlets may focus
their efforts on producing offerings that regularly attract the attention of many consumers rather
than the focused attention of fewer consurhérdRelatedly, we demonstrate that paywals
unilaterally imposed byan outlet can have the effect of reducing their positional advantage or
gving their rivals a postional advantage in advertisihg markets. As a result, we identify

additional competitive costs to outlets from introducing paywals.

2 Model SetUp

We begin bysettng out the fundamentals of consumed avertiser demand and
behavig that drive our model. These are the core elements that do not chacgesasers face

lower costs of switching between outlets

2.1  Consumer Attention and Advertiser Value
Consumers dve scarce attention that they devote to consuming various bits of media. In

addition, consumers are potential purchasers of products and can be matched with firms through

13 A counterveiling effet outside our model is that with more data about consumers, outlets can sell more targeted
advertising. See Athey and Gans (2010) for an analysis of the impact of targeting technology on ad prices.
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advertising. We assume that consumepsirchase products at a slower rate than tl@sume

media. For example, a consumer might purchase one soda in a day but have numerous
opportunitiesto consume mediaver that same period of timé& sodamaker is concerned about

putting an impression in front of a consumer sometime during the dagcam indifferent as to

which period of the day that occur®hat matters for advertisingupply is thus the total

attention a consumeievotesto viewing media over the course of a dayt depending on how

well consumers can be tracked within and acosst | et s, a consumer o0s SsSw
effect the extent to which advertising impressions are wasted

Formally, supposethere are T periods where the defining feature of a period is that a
consumer can only read one unit of content per period (ouid correspond to something like
a view of an oniine web pagey. [0,1]

We let a be the quantityof advertising thatoutlet i presents to consumers per unit of
time. We assume that all advertising is equaly effective regardiesseoquantity, and our base
model ignores consumer difity of ads for simplicity. We assume that ad capaciy is
exogenous (atthough we explore the robustness of our results to relaxing this assumption below)
In each period that a consumer visits outle, a consumer is impressed By ads and if that
happens in all periods, the consumer is impressetdabyds. Tg is the total (maximum possible)
amount ofadvertising inventoryintroduced to the market by outlet as well asthe maximum
quantity of adertisers who could possbleachan individual consumerthat stays with outlet
for all periods(if each advertiser purchased at most one ad per consumer

An advertiserwho pus an impression in front of a consumer in a period receive ue val

(strictly, value of a leadyi [0,1] for al consumers, independent of the number of consumers.

The value to the advertiser does not increase if the same consumer sees more than one ad
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impression from a given advertiser. Advertisers are heteeogs in their valuationsand the

cumulative distribution function of advertiser valuations Fgv).}*

If Ta is the total supply of
consumer attentipnand advertisers are ranked by value in terms of rationing of access to

consumer attentionthen the maginal advertiserv;, is defined byl- F(v) =Ta. We restrict

attention therefore,to cases wherenax a < 1/T so there is an interior solution.

2.2  Outlet Demandand Advettising Inventory
How do consumers allocate attention thiferent media outletsVe assume that
whenever a consumer has an opportunity to choose, ouitbe chosen with probability;.
Thus,xii s a measure of a (n ow basdline Médsl it is eXogenowss butcin g u a |
Section 6.3 we endenize the quality)lf a consumer cluses an outlet il {i,...,I}, and ha no
opportunity to switch thereafter, outld s adver ti si ngxagTnventory woul c
We assume, however, that an opportunity for a consumeswitch outles arrives
(independently) each periodith probabiity, 7.*®> For convenience, throughout this paper we
assume thal = 2 so, in effect, there,ist most,a single opportunity to switcli. Thus, the total

expected amount of attention goingi e:
X+x(@-r) 4x) @ x)-x 2 2
We let D' denotethe share of consumers loyalitgi.e., singlehomers)and D; denotethe share

consumers who switch betweeutletsi andj (i.e., mutithomers) in any given periodhen:

4 An alternative specification might have advertisersirites to reach a specific number of consumers (Athey and
Gans, 2010) or a specific consumer type (Athey and Gans, 2010; Bergemann and Bonatti, 2010).

15 Here we treat this probability as independent of history (i.e., outlets a consumer may have vikstgaetre

future (i.e., outlets that they may visit later). In Section 6.5, belwav,explore the implications of relaxing this
assumption

18 If there are more than two periods, then there are many opportunities to switch, and there will be many differe
types of switchers, e.g. those who spend different fractions of their time with different outlets. This complicates the
modeling substantially without changing the basic economic tradeoffs.
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D'=x %@ x)r @)
Dy =2rxx (3)

When there are no switching opportunties (ie50), D' =x and D; =0 for all {i, j} .
We observe that for much of our analysidpecausewe take outlet sizex( to be

exogenous, the key variables are the proportion of switchers and the proportion of loyal

consumers for each outlet; the speciic model of consumdéchavg does not affect the results.
I n t his model , i f outl ets have asymmetric

typeso wildl generate different a d viewnll genesaten g C a |
2a in advertising inventory while a consumer switching between outledsd j wil generate

a +4a in advertising inventory. As there aileoutlets, this means that there are-31(1 )

different consumer types (i.el loyas and the remainder switchers between two different

outlets).

3 Benchmarks

To begin, it is useful to examinévo benchmarks for the aditising market:efficient
allocation of advertisers to consumees)d pure singlehoming consumers. This will allow u®

examine the impact of possible tracking technologies as well as the impact of the Internet when

such technologies are not available.
3.1  First Best Allocation
23 a+a | +31(1 1)To achieve eficient allocation of advertisers to consumeifse

highest value advertisers should be allocated first to advertising inventory generated by each

consumerswitching type Let v, denote the marginal advertiser allocated to consumges to
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outlet i and let v,; denotethe marginal advertiser allocated to consumers who switch between

outletsi andj (in most of the analysis that follows we wil consider only two outlets so it
only two periods,we can dropthe ij subscript on switchers)An efficient allocation of

advertisers to consumergivolves allocating all advertisers withv2 v to outlet i0 s |l oy al

consumers and those with2 v

S,ij

to those who switch betwednandj. {i, j} i, j Thus, the

marginal advertisers wil be determined 8a =1 -F(y)anda +a 4 F(y;).

3.2  Pure SingleHoming Consumers

Another benchmark comes from traditional mediaonemics that assumes that
consumers pay attention to only a single outlet (e.g., Anderson and Coate, 2005);irthtueis,
language of the twsided markets literatureall consumers singlbome. In our model, that is
formalized asr = 0 (say, correspondg to a world where consumers read one newspaper per
day. We term this environment NSn effect, this environmentgives outlets a monopoly over
access to a share of consumers and wil set advertising pricing terms to refiétt that.

To see this recall ou assumption thatdvertisers place the same margmalue per
consumer on reaching anynumber of consumes. Given that there are no fixed costs of
advertising with different outletsadvertisers wil mult-home, advertiing on any outlet whose
impressionprice, p;, is less thamw.

There is an issue, however, in that when an outlet has many consumers, it needs to track
when an ad is placed in front of a given consumer. This is an issue we wil return to below. The
common assumption is thatitlets can trak consumers within their own outlets and so to access

al | an outletds consumers an adverti®wesrf need

17 Note that this is the usual assumption in many models ofameatipetition. For example, Anderson and Coate
(2005) assume that broadcasters compete for viewers and then are able to earn an advertisingR(aygeue,
consumer contingent upon the number of ads shown to them.
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it has advertising inventory af per period,the market clearing price fooutlet i is the p; that
satsfies 1- F(p) =2a. If P(* F'(1 -2 then p=P(2a). Outlet i6s profits wi
p. =xP(2a)2a. Note that, contingent upon the assumption that 0, this is a efficient

allocation of advertises to consumerslf (in an extension to our baselne modaflvertising
capacity were endogenously chosen by each outlet, then the capacity chosen wil be less than
what would be chosen by a social planneThis is just a standard monopoly output problem,
since each outlet acts as a monopolist over its loyal consuimensich of our analysis we wil

consider the special case of advertiser val#s a uniform distribution F(v) =v. Then, as is

standard,the monopoly problem fooutlet i is to choosea to maximize p; resulting in & =1

and a profit level ofp™ =x (1 -23)2a x1.This is invariant to the number of outiefs.

3.3  No tracking:

Another benchmark is to consider what happens when oatetsinableto internally (or
externally) track impressions and to control matching between advertisers and consumers. This is
the assumption made by Butters (1977) and Bergemann and Bonatti (2010). In the early days of
the Internet, websites had no abiity to track comers even within outleteand even today with
privacy settings such tracking may not be possidlide models of Butters (1977) and
Bergemann and Bonatti (201@ssume that advertisers choose the intensity of their advertising
on an outlet, but that advsihg messages (impressions) are distributed independently (across
messages) and uniformly across consumgve wi || refer to this as

assumptions, 06 and we will mai nt dhisnmeanshthat a a s s u I

18 As discussed in the introduction, ssume that the readership shardoes not depend on the number of ads.
The standard models of media economics focus on this effect, and show that competition for users reduces the
equilibrium output of ads. We do not formally model this effect aadt bheen wektudied in the existing literature.
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gven caisumer might see the same advertisement muliple times, which involves waste. In their

models, the expected number of unique impressions received by an advertiser with advertising
intensity n in a market of sizex is gven by x(1- @ —%)”) @ e*), where 1 is the

probabilty that a giverconsumer is selected for a given ad impresSion.

In our model, we can consider the efficiency of an ddves er 6 s | mpr es si on:¢
outlets in an environment with switchinginder the assumptions of the BBB modeln the
Appendix, we show thaf n; is the number of impressions purchased on oytlabder the BBB

no-tracking assumptionsan advertiseiwith value v solves
MaX,.op o f =0 L€V B (@1 e™*)v D 2™ ™)y np-ny (4
Let n(vp,p)=(N(v R R, D(v p p) denote the solution this problenlotice that if
r >0, then impressionson different outlets are (imperfect) substt e s from the ad
perspective as they alothemto reach the shared customers. The higher, the higheris the
degree of substitutability.
We also see that since a particular loyal user is twice as likely to be selected as a switcher

(in our two period model, there is twice as much ad inventory for each loyal user on a given

outlet), impressiox on a given outlet are more efficient, the higher the share of switchers

qupz_mp:e-nl/xl (Dg )_L;lq( %) (2_%&_) _%D;O %) g2(m 5 A/ %)
:e-nlfxl (bf@- @) gl 653/2)(_%/&+F&/>a) 8

Thus, sign[mszp]:sign[nl Ix -n,/x]. This has several implications. First,aih advertiser for

some reason does not purchase many impressionseonutiat (e.g. very high impression prices

19 Bergemann and Bonnati (2010) have a model with a continuum of advertisers and consumers, much like our

- n/x

model, but take the functiox(1- €
outlet.

) as a primitive describing the number of urégeonsumers impressed on an
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there) then its advertising on the remaining outlet is an increasing function of the degree of
switching. Intuitively, the more switchers, the more unique users there are per ad impression on
an outlet, and thuthe more efficient advertising wil be.

There is also a second consequence of this, howeydoar lany reasonan advertiser
purchasesthe same fraction of available impressions on each detlein as the probabiity of
switching changes)the o u tsl demabd for impressions isdependentof the probabilty of
switching. This happens because the likelhood of wasting impressions on switchers (by catching
them at both outlets) is equal to the lkelhood of wasting impressions on loyals (by catching
them twice on the same outlet).

Formaly, we have

Proposition X. For all valuesv,p,p,20, a solution to the advert:
unigue. Suppose’ , (0,0). Then%2 % if and only if p,2 p,. Moreover%2 0 and%d:o if

and only if p,2 p,.

The proofs of all propositions are in the appendibe first part of the proposition says that if an
advertiseris active (i.e. buys any impression), then the number of impressions purchased per unit
of attention captured must be higher on the cheaper olliletsecond parsays that the relative

price pins down the comparative statics.

Observe thatf p,, p,, then switching mattersThe advertiser buys fewer impressions

per unit of attention on the more expensive outlet, causing the fraction of impressions wasted on
switchers to be lower thathe fracton wasted on loyalsThen, increasing €& proportion of
switchers makes the less expensive outlet even more attractive, since the fraction of impressions
that is wasted goes down with the number of switchers. This impliesighat kypes who have

a higher opportunity cost of missing usemsuti-home, whereas lower types witlalue greater

than the price of the less expensive ouilét p, single home.
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An interesting, and a priori surprising, consequence of the above analysis abdbkat
supplyside asymmetries to acadufor gaps in market prices, equiibrium total advertising
revenues wil be constant iboth the market shares of the outlets and the probabiity of
switching.

Proposition 1b Suppose that, =a, =a. Then outle Pfits areindependendf r and total
industry reveue per consumeris equal to 2ap where p'is the unique solution to

2a= fjln(v/ p) dF(\).

Thus, when the ad capacity per consumer on each oigtleéxogenously assumed to be
symmetric, an increasing share of switchendl not account for declining ad revenue in the no
tracking case despite asymmetries in readership shares. Asymmetry is something Bergemann and
Bonatti (2010) assumeand they demobsite that adding more outlets with increasing
asymmetric readership shares cantrease total advertising revenue by virtue of faciltating
improved targeting. They assume, however, that all consumers read one outlet whie some also
switch to other outlst Thus,in their casethere is a hierarchy in readership preferences.

In Appendix B, we analyze endogenous ad capacity for several alternative technological
assumptions about tracking. In general, ad capacities wil not be symmetric across firms unless
the readership shares are symmeffibe insight from our analysis that is robust, is that if the
outlets have simiar (per consumer) ad capacity in equiibrium, then switching wil have a small

effect on profts.
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4 Perfect Tracking

41 The Advertiserds Dil emma

When there are no switching consumers, an advertiser who places an ad on one outlet
impresses those consumers only and one that places ads on muliple outlets, impresses all of the
consumers of those outletdone of those impressions is wasted and nswoar on an outlet is
missed. Consequentlgave for any shortfalls in ad capacigl, advertisers muithome?°

When consumers switch between outlets, advertisers, in general, face a didmma.
mult-homing advertiselaccesss all of the loyal consumersnoeach outletbut it may only reach
a fraction of the switchers. Whie some switchers may see distinct ads when they traverse
between outlets, others may see the same ad from ahomitig advertiser twiceand others,
not at all The advertiser then fagea tradeoff. It may prefer to singidiome sacrificing loyals
on another outlet but not wasting any impressidda. the other hand, inay decide tomulti-
home, and even go furtheincreagg the number of impressions across al outlets. This
increasestheir number of wasted impressions in return for impressing a greater proportion of
switchers.

Given the two period structure of attention, one might think that this diemma could be
resolved bycoordinating on a time period~or instance, an advertiserultb pay for impressions
only in the first period across all outlets and none in the second. However, this would require that
consumers were overlapping completely in time in terms of the reading ¥\abfiere is nothing

in the two period structure that qures such synchronizatiorand we find it unrealistic for

201t ad capacities differ between outlets, then, by definition, there must exst some advertisers who do -not multi
home.

21 |n the context of coordinating attention, the Superbowl commands such a large share of atentjmmen period

of time that advertisers can be assured of impressing that share of consumers. Consequently, the coordination
opportunity afforded by this may be a reason why ad space commands such high payments per viewer during that
event. We explore similar effect below.
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online browsing Consequently, we assume that coordination of impressions in a given period of
time is not possiblé?
The advertiseroés dilemma ari s e asthdyenave out | e
across outletsWe begin byconsideng cases where there are switching consumers but where
the missed/wasted impressions problem does not arise. This affow consider the impact of a

technological 0 benchmar kg dnarketsrand dorapetiioh fwithio therm c y o

4.2  Perfect adtracking

In this sectionwe imagine a technology the elements of which currently exist (at least
online) but the implementation is far from achievitg ideal T whereby consumers can be
tracked both with and across outlets with information kept as to the ads they havelrséas.
situation, a consumer could be impressed by an ad at most once and advertisers could, with
certainty, pay for an impression to a consumer and receweTlus, there are riber wasted
impressions nor missed impressions. We term fesfect adtracking as the advertising
platiorm (or broker or exchange) is able to track consumers acrossiteland control the ads
they see in a given period of time. Heregvassume thathis service is provided competitively
and we assume that advertisers pay only for an impreSgimtoo is a heroic assumptidot it
allows us to separate the efficiency impact of perfect tracking from possible issues of platform

market power.

22 One might wonder whether a pagrc | i ¢k mo d e | of advertising would all e\
answer is no: whatever the payment model, displaying one advertisement necessarily displaces another. For this
reason, met payperclick advertising networks charge advertisers a price per click that is inversely proportional to
theclckt hrough rate of the ad. Thus, t he odvae adaHatisnptay men't
clicked on often (perhaps bacse it is wasted, if the advertiser miimes) has to pay a proportionally higher price

er click to justify displacing another advertiser.

3 Of course, some advertisers may have an optimal number of impressions per consumer other than one. The
technology could ensure that optimum so, without loss in generality, we restrict that optimum to one here.
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As notedearlier, there ard +11(1 -1) types of consumet; who singiehome on a given

outlet and the remainder who switch between two out#fs.assume in this subsection tiiae
platiorm canprice discriminatebased on consumgype (the platiom can do this, because it
sees behavior of consumers on all outle®e assume that the outldtave a single level of ad

capacity for all consumers and sell those impressions using the ad pftidrm
A consumer singiloming on outleti, wil generate 2a in advertising inventory.

Advertisers will chose to advertise to a consumer so long as their value exceeds the impression

price. Consequently, the price per impression to a diagieer on outlet, p;, wil be determined

by 1- F(p) =2a. In contrast, a muithoming consumerswitching between outlets and j,

generatesa +a units of advertising inventory and so the price per impression on them is
determined byl- F(p,) =8 &. Note that thisis an efficient alocation of advertisers to
consumer Note also that ifa =a ,thenp = p = . Incontrast, ifa >a ,thenp <p <p.

In a gven period, outlei receives all of its loyal consumerd)', and half of the

switchers between it and a given oufletD; . Given this specification, outléb s profits are

24 To see how this would work, consider the allocation and pricing problem faced by the ad platform. Consumers
who end up loyalto the highesapacity outlesee ads fromthe largest interval of advertisers, while consumers who
end up loyal to the lowestapacity outlet see ads from the smallest interval of advertisers, but allocative efficiency
requires that all consumers see ads fromthe higledae adverers. The challenge is that before the resolution of
switching behavior, the total set of advertisers a consumer should see and theclmarkeg price cannot be
determined. In a stable environment, the ad platform can offer a set of prices for eaaf tgmsumer, such that
supply equals demand for each type. In the first period, the platform allocates thefhestdvertisers first to

each consumer (as revealed by their wilingness to place an order for the most expensive consumer tyfres). Then
the second period, the ad platform knows the total supply of ad space for each consumer and allocates the remainder
of the advertisers who place an order for those types of consumers.

25 An alternative (but probably less realistic) assumption would bettie ad platform shares information with the
outlet about the consumer type, so that the outlet can set different capacities for differei Hifpissadditional

flexibility would lead to a scenario with essentially distinct markets, so that firms ¢enfipeswitchers and but

have a monopoly over access to loyal users. It is a bit more complicated to think how this would work in practice,
since consumer types would only be fuly determined in the second period, after the consumer had already
experienced first-period ad capacity. We omit the formal analysis of this case.
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p=4P@ 9)alf R2@)2ap (5)

An increase inr causes a greater share of consumers to become switchers. Ani auilet

beneft from this change if they earn more, on average, from sksitctien from loyal

consumers; ie., if and only i

a(P(a+a) -R2a) x © (6)

N
In particular, an outlet with a high capacity relative diher outletsthat have a relatively large
readership share wil become more proftable as a greater number of consumers beceme muli
homers. The opposite is the case for an outlet with relatively low advertising capacity. This

insight leads to the folloimg result.

Proposition 2. For an outlet i witha 2 max g (a ¢min; 8 ), p, is nondecreasing (non

increasing)in r. If all outlets have equal advertising capacities, therndoes not change with
for all i.

The result I's due to an externality that t he

through p;. As r increases, the low capacity outlets loserthaast valuable readers in favof

the high capacity ones and vice ver§ince the only impact of switching is to change the total
capacity of ads a consumer sees, if all outlets have the same capacty, clearly switching has no
impact when capacity is exogenous.

It is then straightforard to compare the profts achieved under perfecttradking with

those that arise in the benchmark case with simgi@ing consumers.

Proposition 3. If r = 0 and/or g =a for all i, then expected outlet profits under perfect ad

tracking is the same as the benchmark cagth singlehoming consumertherwise, there
exists, under perfect adacking, at least one outlet whose profitgl be higher and one whose
profits will be lower than the benchmark casigh r = 0.
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Note that whenr =0, there are no switchers and profts (5 equal p, =xP(2a)2a, the

profts in the benchmark case. Simiarly, 1ia=a, then (5 becomes

P :P(2a)a(éj o +2D') x P(28)2¢. Intuitively, when there is no switchihg and no ad

tracking, an outlet earns revenue for each reader it attracts and can divide that revenue between
the two attention periods. When there is perfectracking, the same can be achieved fas t
outlet is paid per reader attracted per period. As the expected attention the outlet received is the
same in both cases (that ix; @nits), their profits are the same.

Importantly, relative profitsper readerare not driven by differences of relativearket
shares. That is, with symmetric ad capacttes, profits are proportional Tthus, acquisiton of
an additional unit of readership share by an outlet transfers the profits associated with that reader
directly from another outletand the marginal acquistion value of a reader i$(2a)2a
regardless of how many readers an outlet already has. Assuming an exogenous level of ad
capacity, this is precisely the same acquisition incentive that outlets in the case where consumers
single home?®

It is useful to emphasize here that competition between outlets over advertisers for muli
homing consumers is limited by the number of attention periods. In this respect, when the
advertising platform distinguishes between switchers moving betveesiats, the number of
advertising impressions it can sell is limited to the capacities of those two outlets. If there were
more attention periods, then for some switchers who traverse more outlets advertising capacity
wil be suppled by a greater numbef outlets. When advertising capacity is endogenous, this

wil drive more competiton between outlets in the provision of such capacitty.

2% |n the appendix, we examine the case where ad capacity is endogenous. It is demonstrated there th#iteCournot
competitive outcomes result and become more intengeb@somes higer, decreasing profits.
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5 Imperfect Tracking

As argued in the introduction, outlets do not currently operate either at an extreme of not
being &le to track consumers nor are they able to track consumers across outlets. Instead,
tracking is imperfecti being avaiable to varying degrees internally to an outlet and unavailable
externaly. Here we examine the equilbrium in the advertisihng marketattises when tracking
is imperfect. We first demonstrate that in a model of imperfect trackiognsumers switching
among outletscan explain declining total advertising revenue in the news indusigcond, as
noted earlier one of the primary benefitsf the Internet for the news media industry is to utiize
tracking technology to ensure that there is a tighter match between advertisers and Byaders.
providing a model of advertising markets under imperfect tracking we can compare those
outcomes to @b generated with the benchmark and perfect tracking cases allovs us to
understand both the costs to the industry from increased consumer switching as well as the

incentives to adopt tracking technologies.

5.1 Tracking technologies

Above we considered twtypes of offers that might be put to advertisdgsder no
tracking t hoger tlef tivee attentiara [geriod8ye wil place a giwven number of
impressions on our outlet for a price pfp e r i mpression. 0 Under per fe
fover thetwo attention periodswe wil impress a given set of consumers just once regardless of
where their attention is alocated at a price pofp e r consumer /i mpression.
tracking, it is assumed that outlets have the technology to offer a tghteection between
impressions and consumers than no trackingcause they have some capabiity of tracking

consumers within their own outlet. However, outlets cannot offer-auiet arrangementésuch
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as different prices for different switching categs of consumerjhat would be possible under
perfect tracking because they cannot track consumers across outlets.
One case we consider [erfect intemal tracking, wherebyno consumer recegamore
than one impression from an advertiger a given ouit In this situation, one possible offer an
outl et mi ght make is fAover the two attoanti on

the outlet once at a price qf per impressioisonsumer 6 Thus, an advertiser
deal and purchase imgssions onD' +D° consumers on outlet However, this creates a

capacity management issuettie outletcannot distinguish loyal from switching consumers. If an
outl et does not i mpress all C o rnpnessethers nthen t he
second period. However, unless it can distinguish between loyals and switchers in the first
period, some consumers may move to the other outlet and it wil be unable to fulfil its contract.
Altternatively, it could impress all consers in the first period and perhaps identify the new
switchers as unique consumers to impress in the second period. However, even in that case,
loyals who remain through the second period wil have additional capacity that can bén sold.
principle thatc apacity could not @lel suonlidyuanderns ameiri an
this would mearthat the outlet would have to offer range of distincproducts to advertisers.

This is an interesting and potentially realistic scenario, however, due tddisral compleky

we do not explore that here and leave the analysis to Section 7 below.

Instead, we consider here tracking technologiere outletso f f e r a single O0r
contract type to advertiserne possi bl e cont r &asdociate arf asl with eni g h't
gven piece of content and you wil pay a pricepfeach time t hat ad IS
effectively the offer made for offine content and, so long as consumers read a piece of content at

most once, it hag natural form of trddng embedded within .itIf an advertiser purchased ads
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alongside a single piece of content on a single outlet they would expect to injressD®
customers. If they purchased an ad alongside content on both outlets theyexoelt ©
impress D} + D, £D° unique customers. Note that an advertiser placing ads on both outlets
would be able to impress all loyal consumers but may miss some switching consumers whie
impressing other consumers more than orfdee more switchs an advertiser would want to
target, the more pieces of content they would have to place ads alongside. Thus, they would be
paying for muliple impressions on loyalbbnsumes which, under our assumptions, would not
generate additional value for them. Thetion that to impress more switchers, advertisers need
to pay for more wasted impressions is a common feature of imperfect traékamg.advertiser
pays forn contentbasedads, it wil impress (1- 2—1n)DS switchers.That said, the wastinvolved
is imited if advertisers singldome and confine their ads to one outlet.

An alternative of fer, available t o online
periods, we wil place at most impressions per consumer at a pricepgber impresson. 0 For
instance, if an advertiser chose a rate of at most one impression per consumer over the two

periods, the outlet could show an ad to all consumers in the frst or to all consumers in the second
period for a total ofD] +1D° impressions. If the advertiser chose a rate of two impressions, the
outlet would impress all consumers in each period resultigDh+ D° impressions. Of course,

ke ads associated with content, if an advertiser were to accept thisctomir both outlet$

say, at a rate of one ad each, it would imprés+D, £D° consumers with a total of

D, +D, 4D° impressions. There would be missed switchers as they moved between outlets and

for the same reason somested impressions on switchers. If the advertiser increased the ad rate

to two on just one of the outlets, say outlet 1, it would impress all consumers but pay for
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2D, +D, £D° impressions. Table 1 lists the expected advertiser surplusciasso with

various advertising purchases.

Table 1

Advertiser Choice

Expected Advertiser Surplus

Single home om (Rate = 1)

(D' +3D°)(v -p)

Single home om, 2 impressions

(D' +D°)v {20 B°)p

Multi-home, rate = 1 on each

(D, +D, #D°)v p

Multi-home, rate =2 oni andrate = 1onj

v- (20 4D #D°)p

Multi-home, rate = 2on each

v- (2D, ®D, 2D°)p

We will fregseecy ¢capi s péci fication for

internal

represents thesimplest form of imperfect tracking that does not create a capacity management

issue for outlets. Its key feature is that there are diminishing returns to increasing the rate of

impressions placed both within and across outlets. For this redwwomargial advertiserin the

market wil singlehome and multhomers, if they exist, wil be high value advertisefhis fact

tels us something about the resulting market equilbrium. First, as the next result demonstrates,

imperfect tracking allows a greatquantity of advertisers to access outlets.

Proposition 4. Suppose there is (i) exogencarsd symmetriadvertising capacity; (i) >0;

and (iii) there is imperfect tracking. If, in equilibrium, advertise~1, purchases no more than
one impressiorper consumer, the equilibrium number of advertisers active in the market is

greater than wherr =0.

The proof is straightforward.Due to diminishing returns to melioming that arise whenr >0,

the margnal advertiser in any wifprium is a singlehomer. As no advertiser singi®mes

when r =0, and by the assumption that the highest value advertiser ishomitig with only

one impression peroosumer (as they would do when there are no switchers), the total number
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of advertisers purchasing ad space necessarily increases mwheh. Since the number of
impressions are fixed (as supply is fixed), this implies that impregsicas wil be lower.

When the highest value advertiser purchases more than one impression per consumer, the
result in Propositon 4 may not holds wil be demonstrated below, this has implications for
impression pricing.Becauseit is inframarginal adertisers who are most likely to buy multiple
impressions per cousier on one or more outletsnarginal advertisers deteine the market
clearing price. Thereforeas the number of switchers becomes large, inframarginal demand
becomes large enough that tmarginal advertiser may have higher value than when there are no

switchers. Consequently, impression prices may rise.

5.2  Market Equilibrium with Imperfect Tracking

Because the market equiibria under each type of imperfect tracking is driven by simiar
factors, we wil concentrate here on the equilbrium unfiequency cappingas this corresponds
to what many online outlets are able to provide at the present time.

There are several important things to observe about expected advertiser surplus as listed
in Table 1. First, having 2 impressions @oth outles is purely wasteful and can be ruled out.
Consequently, thdargest number of impressions any advertiser wil purchase is 3. Second, if
outlets are symmetric (i.e.p] =D, D' and a =a, =a), mult-homing with one impression on

each outlet is preferable to singleming with tweimpressions asD' >1D® which is true as

D®¢ 1. Finally, multthoming (2 and 1) advertisers wil, al othéhings equal, purchase their

third impression on the outlet with the fewest number of loyal consumers.
Under symmetry, therefore, there is a clear ranking of options based on advertiser value.

Low value advertisers prefer sindleming, then there is riushoming (1 impression on each)
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and then there is mutioming (2 and 1) that may be chosen by the highest value advertisers.
Assuming a single price for impressions across outlets (which arises under symmetry), the

D'+iD®

marginal mulihoming (2 and 1) advéser is v, =—=—p = p whie the marginal muki

homing (1 and 1) advertiser ig, :% P =55 p. The marginal advertiser in the market is a

singlehomer, v = p. Note thatv,,. >v, YD° 4 (under symrmtry). There are therefore, three
regimes of equilbrium possible: () ifv,21, both outlets wil only have singleoming
advertisers on them; (i) ifv, 21 >,,, there wil be mukihoming advertisers on each outlet
and (ii) f 1>v,, there wil be multhoming advertisers (with additional impressions) on each

outlet.
To solve for the market equilibrium, each
outlet, its total supply of advertsy inventory is given by:
23D +3D° (7)
It wil often be convenient in what folows to express variables in a per custoass. In this
case, total advertising inventory on outlas 2a;.
On the demand side, for each consumer it expects to attract, an outlet receives a share of

singehomers  F(v,)- F(v)), an impression from each mukomer (- F(v,) or
F(v,)- F(v,) as the case may be) and a further half (under symmetry) ohowigrs (if any)

who have 2 impressions on one outlét £ (v,,.)). Thus, outlet demand is:

(D +13D°)(s,(F(4)- F(W)) €1- F(4,) 4@ F(4,)) . 3D*>p

(0 +2D% (s, (o) - FO))+@ F(s) " 2D%ep ®

where
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e e 28 - (F(vp) F(Wp) HL F{(w,)) o
s _ImaXéZa-(F(vu-) F(v) ML F(w)) 23 (F(wz) F(vp) 3L R(vip)) 0 Lilf iD*>p ©
i =1
" max & 28~ F () 0.0 iD°¢p
|

€23- LT F (W) 28 (FF (1) ()
That is, s, isoutletids spar e cap ac i-loying advertisers ansl awé assumetthat mu |

singlehomers are allocated in equilbrium to each outlet according to their spare capaciy (if

any). Under symmetry, if 8se are positve for both outlets thep=1.

5.3 Symmetric outlets

In this subsection & consider the symmetric case whéde=D, D' and a =a, =a.
I n this case, each o ctibnede dndasfirst pncex basim Aheemarginal p a ¢ i
singlehoming advertiser on outlet, v;, wil have a wilingness to pay for an impression
determined by their expected surplus (@' +1D°)(v, -p) whie the marginal muithoming
advertiser in the miet, vio, wil have a wilingness to pay for an impression on outlet
determined by:
(2D' +3D%), -2(D' ¥D°)p (B' D)%, P) (10)
The marginal mukthoming (2 and 1) advertiser is determined by
(2D' +D*)v,, 3(D' #D°)p (20 2DF)y,, 2D iD%)p (11)
These equations holding with equalty determine the threshdiéswhat sort advertisers in the

market: V. = p, V,, :_1.%108 p,andVv,, = %és p.

We now consider possible equiibrium allocations of advertisers to outlets. First, is it

possible thats, = 5 # and there are only mulioming advertisers in the market? For this to

be an equilbrium, the wilingness to pay of a whiliming advertiser for an impression on an
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outlet must exceed the wilingness to pay of a sihgling advertiser for an impssion on an
outlet. That is, the following two inequalities (derived fr¢f®)) must hold:
(D, +3D°)v;, D} #D°)p, (BL $D¥)(v, p) (12
(D;+45D°)vy, D, #D°)p, (B, 3DF)(v, p) 13
Note that the marginal adrtiser on each outlet would have to be a +holther and so/ =v,.

Note also that because t hev,6¢) usud be wilingl taighe d
that for a single impression on an outlgg,>\v,, -e for each outlet. It is clear that @sgoes to

zero, the wilingness to pay of the just excluded advertiser to -fioge exceeds the
wilingness to pay of the marginal mdttoming advertiser for its marginal impression. That is,
the LHS of(12) and (13) becomes negative while the RHS is zer@#>0. If D°* >0, at least
one outlet must, in equiibrium, sell to sindgleming advertisers. That advertiser sets the
marginal price in the market. ID°*=0, (12) and (13) hold with equalty and so a pure muli
homing equiibrium can arise.

Second, is an equilbrium where each outlet has both-moating and singldhoming

advertisers possible? That is, an equiibrium invoh#g>0 for all i. For this to arise, demand
from (8) must equal supply from(7) with symmetry implying thats, =3. Wihout a
distributional assumption, this does not yield a clefeech solution for price. However,
assuming thatF(v)=v (i.e., a uniform distribution), we can sole for the market clearing
impression prices:

eDS(zD)(?> 48.) 1Ds>p

|4+D(ZD) if 2

f 2201 9q)  3D°¢p

4- D®

p= (14

adyv
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Note that under symmetryD®=2rx*> <. Thus, the number of switchers cannot exceed that

level.

Importantly, when there are no advertisers purchasing mulple impressions on a single
outlet, pricedeclines withD®. However, asD® rises, there comes a point at which price is low
enough that advertisers do purchase multiple impressions. The ones that do so are the

inframarginal advertiseysand so asD® rises beyond this point, price, and hence, pyti®fs,
p(D'2a+ D°a) =pg, rise?’

Finally, is it possible that there are only sirgleming advertisers in equilibrium? This
would arise if for the highest value advertisar=(1), its wilingness to pay for an additidna

impression on an additional outlet were negative; thatjss —— p 3. Using(14), it is easy to

1DS
determine that this wil arise iRa<Z-. In this case, al advertisers on each outlet would be
singehoning so that2a=s,(1 -p) Yp (@ 4a). To confirm that thiscan bean equiibrium

note that whera<?®-, v, = (1 -4a) >1.(1 Z-) Iwhich aways blds.

1- lDS 1 lDS

The following proposition summarizes how equilibrium profits depen®®on

Proposition 5. Assume that F(.) is uniform and there are two symmetric outlets. Suppose also
thata =a, aaThen an outletds eqows:|librium profits

() ForD°¢ min{8a, 40- a) -2/2(1 2a) 4&2} L p =12ZD(1 gy

i T2 4p°

(i)  For D°>4(1- a) -2/2(1 2a) 4& and D°<8a, p —;43322(2'30))(3 4a)2a
(i) For D°28a, p =1(1 -4a)2a.

27 It is useful to check whether multiple equilibria are possible. To rule this out as a concern note that market
clearing prices in both cases above are equal if:

e (3-40) 22200 2) & far-a) (20 2a)y4d). At this  level  of DY
p=2(1 -a) \7‘2(1 2a) 4a%;ie., D°/2. So, for given ad capacities, there is no issue of multiple equilibria.
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This characterization of equilom profts provides some insight into the impact of the Internet

on the news media. To the extent that the Internet has faciitated switching, these results suggest
that profits wil decline but wil eventualy rise as switching becomes easier (see Egee

When the share of switchers is low, competition for the marginal advertiser pushes down total
outlet ad revenue. However, as the switcher share becomes large, the comparative static changes
sign and profits rise with the number of switchers. Thibesause high value advertisers begin to
purchase multiple impressions on individual outlets. This takes up scarce capacity and excludes
lower valued advertisers who were setting the impression price. The end result is that more

switchers drive higher impssion prices and profis.

Figure One: Outlet Profits as a function ofD®(a=0.4)

Imperfect
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It is important to note, however, that the result that profits wil rise Withelies on ad
capacity being high enough. If ad capacty is scaimpression prices never fall to a level that
makes it worthwhile for infranarginal advertisers to purchase multiple impressions on

individual outlets.
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Importantly, when there are no advertisers purchasing multiple impressions on a single
outlet, price e@clines withD®. However, asD® rises, there comes a point at which price is low
enough that advertisers do purchase multiple impressions. The ones that do so are the

inframarginal advertisers and so BS rises beyond this point, price, and hence, outefits,

p(D'2a+ D’a) =pa, rise

5.4 Incentives to adopt perfect tracking

Having characterized the equibrium outcomes under imperfect tracking, we can now
examine incentives to adopt perfect tracking under the assumption that advertising capacity
be adjusted prior to and following such adoptidime following proposition compares profis
here with profits under perfect tracking.

Proposition 6. Assume that F(.) is uniform and there are two symmetric outlets. Suppose also
that a ° a,. For low levels of B outlet profits under perfect tracking exceed profits without

tracking. For high levels of Dprofits under perfect tracking may be lower than profits without
tracking.

This result is depicted in Figure On@ur earlier angsis identified that outlets with symmetric
capactes, perfect tracking yields the benchmark proft outcome. Nonetheless, here we have
demonstrated that when ad capacites are sufficiently high, profits for both outlets may be higher
under no tracking #n under perfect tracking. The reason is that higher value advertisers are
induced to purcha&s more impressions. This crowdst lower value advertisers who are setting
price at the margin and consequently, impression prices are higher. This suggeptrfdioht
tracking technology might not be adopted despite their abiity to generate effiatenimes in

advertising market&

28 Of course, this also highlights the importance of how ad capacities are chosen; something we analyze in the
appendix. That analysis demstrates that it is, in fact, an inability to commit to not selling advertisements when ad
capacity is relatively high that permits the outcome that perfect tracking may lead to lower profits than imperfect
tracking.
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It is useful to note that outlets do not have a uniateral incentive to adopt perfect tracking
as it has no value unless the otlmatlet is on board. This fact also makes it challenging for a
provider of perfect tracking services to appropriate the rents from that activity as we would

expect each outlet to have some hold power.

5.5 The Impact of Prohibiting Tracking

In 2010, the Ederal Trade Commission was exploring a policy that would give
consumers the right to Odopt out 6 of tracking
would eliminate tracking options for media outlets. The analysis here allows us to examine the
impact of that on advertising markets.

Figure Two demonstrates that, for the most part, removing tracking options lowers outlet
profts?® Moreover, as tracking eliminated wasted impressions, its removal also reduces
allocative efficiency in advertising market3hat said, from Proposition 6, we know that, in

some cases, when tracking technologies are not available, outlet profts rise. Nonetheless, a

prohibition only prevents tracking from being used and thus, weakly reduces profts.

2 Wwith a uniform, F(), under no tradkg, equilbrium impression prices are given by
-1 2a -

p= -ProductLog[ &



36

Figure Two: Outlet Profits as a Function ofa (D°= %)
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5.6 The Impact of Mergers

The evaluation of mergers between media outlets has always posed some difficult issues
for policy-makers. On the one hand, if it is accepted that outlets have a monopoly over access to
their consumes, then such mergers are unlikely to reduce to competitive outcomes in advertising
markets. On the other hand, it is argued that a merger may indeed reduce competitive outcomes
I n advertising mar ket s, i ncr easi nvgs toadttractr e ve nu
consumers. While a full delineation of these views is not possible here, the analyfis twas
speak to the question of whether a merger between outlets would reduce competitive outcomes
(Le., increase total revenue) on the advertisitg of the media industry.

To begin, suppose that a merger between two outlets allows them to improvautieter
tracking. In this case, this wil reduce the number of wasted and missed impressions in the
advertising market. Whie impression prices idotise, so would allocative efficiency. As noted
earler, a move to perfect trackingil generate, for a fixed ad capacity, the first best outcome.

Interestingly, by Proposttion 6, it is not clear that outlets would choose to merge in order to



37

faciitate this. While allocative efficiency may rise, total advertising profits could fal in cases
where D® and a are sufficiently high.

Alternatively, it may be that the technology is not readiy avaiable to improve inter
outlet tracking(even with common owndmi). In this case, if thenergedoutlet charges a single
price to advertisers on each outlet, the total ad revenue generated wil be the same as the case
where both outlets are separately ownélat follows because we have assumed that ad capacity
is exayenous, so there is (by assumption) no mechanism for exercising market power: the
number of outlets affects equibrium outcomes only through the impact on tracking and thus the
eficiency of advertising on muliple outlets. A full analysis of mergers dvablus need to
consider the extension of our model to endogenous cagsegythe Appendix)

Even within the context of the exogena&pacity model however, we can consider
anothe potential impact of mergerdVhat if the merger allowed the commonly reed outlet to
price discriminate in a novel way, specifically, to identify and charge differential prices to single

and multhoming advertisersThat is, suppose thabn each outletthe monopoly owner can

commit to an ad capacity allocated to riuimes, a,, and an ad capacity alocated to single

homers, a,. Price discriminations achieved by charging all advertisers the same price for their

first impression on one of the outlets and a different piocetheir second impressioBuppose
also that no advertiser wants to purchase multiple impressions on one outlet and that outlet
readership qualty is symmetricThe price the outlet can charge mutthomers, p, for their
second impressioand singlehomess, ps, for their single impressioare determined by:

a,=1 -y, anda, =3(\%, -v) (15

where v. = p, and v12:2_—2DS p, gven the symmetric readership assumption. Solving for prices

and substituting inteeach outleds per readeprofit function, 2 (p, + p,)a, +p.a, gves:
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Ha- 22 -a)a, &) a2 (1 ap) (16

Maximizing with respect tqa,,, a,) and subject ta_ +a, =2a yields:

a, :—Zlfj_g) and a, = Z(EDS) @ -4a) (17)

64a(2 D°)(1-2a) B¥

1 1 ~s 30 .
0 long as :>a >LD°." Profts are: 520+ 0°)

which are greater than profts in the

absene of price discrimination.

5.7 The Impact of Blogs and Public Broadcasting

One of the factors that traditional newspapers have argued are contributing to their
decline is the rise of blogs and also competition from governsudrsidized mediaBoth of
those ypes of outlets have in common that they either do not accept advertising or accept very
ltte of it. Somewhat in contradiction to this position, newspapers and television broadcasters
have objected to plans to alow publc broadcasters to sel advertisemather than rely on
subsidies. This latter objection remains a puzzle from the perspective of traditonal media
economics becauserequiring competing publc broadcasters to sel ads wil cause more
annoyance for therr consumers and beneft othereteutiHere we explore the impact of
competition from noradvertising media outlets.

We do this by assuming that the probabilty that consumers visit such outlets if given the

choice is x,. We also assume that the two mainstreanvefdiding) outlets have symmetric
readership shares witlh, =%, 21 ). This implies that:
D'=3@ %)(1 $@ %) (18)

DL =r3@ %) (19

30 this condition does not hold, the outlet would not choose to price discriminate.
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D = %@ -x,) (20)

Given this, the advertiser expected surplus frovargiadvertising strategies are:

Advertiser Frequency-Based Tracking
Choice
Single home om, (D' +iD;, 4DV p)
1 impression

Sigle home oM | (D' +D}, ;v D' Df DYp
2 impressions

Muti-nome, 1 | (D[ +D} #D}, #Dj D§)v
impression each | | S 1 ams s
-p(Dy D, B, 364Dy, D)
Muiti-home, 2on| (p' + D D}, By 1BV
iand 1 Orj I | s 1M
- (2Di -le %'Dlz Du't? 2 D}'b )p
Multi-home, 2 (D) +D; D5, By Df)v

impressions on | | . .
each - (2D, #D; 2Dy, Dt DiHp

The main difference between this case arel jinevious two outlet model is that some
advertisers may choose to mblime with two impressions on each outlet so as to impress a
greater share of those switching between blogs and mainstream outlets. Indeed, under symmetry,

the threshold advertiser emtbecome (under symmetric ad capacitties):

v, =p 21)
v, =225 % 22)
v, =220 %0 p 23)
Vig 2 +_§1|;2 % p (24)

where v,, is the threshold between mui#bming with 2 on one outlet and miibming with 2

impressions onaeh outlet. It is clear that, under symmetwy, >Vv,, »,, % when s >0. This

I mplies t hat ther e are t hree demand 6case
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D,2a +D,2a, +D,,(a, &) [ka, Dja. So long as ad capacites are symmettie market

clearing price is given by:

X (1+3% )7 (4 -(1 %) 1) 4(1- a) a2 a"

T4-r (3L 27 r3g 2rxbt28 2 +74)r

3 1- 4a
=l s aan o/ do%) @ & @9
- +3% )7 (4-1 %) 7,
T Tera@mr @2 %7 (3 4a) a-ta <
|

L 32716 @8 ) ¥ ) H _3(47) %20 ¥( 10 54 (+19 2 3F) )
where a- = 60 16( %, T a = IO . It can be seen here that as

the number of blog readers increases and/or the probabilty of switching rises, that inframarginal
advertisers wil demand more impressions.
Given this, we can prove the following:

Proposition7. For r >0 and exogenousy, ° a,, equilibrium impression prices are increasing
in the popularity of the afree outlety, .

The proof of the proposition requires a simple examinatio(29)f and is omitted. Intuitively, an
increase inx, has two effects. First, it decreases the effective supply of advertising capacity in

the market. Because blog readers ribt see advertisements, as attention is diverted to blogs, less
attention is avaiable for ads to be placed in front of. Second, unlke switchers between
mainstream outlets, switchers between blogs and mainstream outlets do not contribute to the
wasted mpressions problem. Consequently, a greater share of blog readers increases the share of
blog mainstream switchers as well and so improves the efficiency of matching. This increases
the demand for advertisements. These two effecs decrease in supply ciran increase in
demandi combine to raise equilbrium impression prices. It is instructive to note that, even
under perfect tracking, the supglide effect remains and so impression prices would be

expected to rise with blog readership share in that toase
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Nonetheless, in terms of the impact on overall outlet profts, the price effect of an
increased blog share may not outweigh the quantity effect (in terms of lost redfdér® the
case that we are comparing a situation where one output sedigtistaty to one where it does
not (absent any quantity changes in readership), then it is clear that ad\sstispgoutlets
prefer the situation where its rival is prohibited from seling. ad$is resohes the puzzleposed

by traditonal media ecomoics.

6 Asymmetric Outlets and Outlet Profitability

Thus far, in analyzing imperfect tracking, we have focused on a situation where outlets
are symmetric along various dimensions and, consequently, have a simiar competiive position
in advertising marketsHere we now consider the impact of different types of asymmetries
between outlets in order to understand whether positional advantages are possible and what
drives them in advertising markets. This is important because, as noted in the introduction, it has
been observed that display advertisements both across media types but, most interestingly, within
media types have considerable variation in their revenue earned per impression. By examining

asymmetries we can hypothesize what factors might drive suefogeteity.

6.1 Asymmetric ad capacities

Whie the above analysis alowed for some differences between outlets in ad capacities,
the main resudt on imperfect trackinggssumed symmetry. Here we consider what happens when
ad capacites can be asymmetit/e stuly whether asymmetry can permit a single market
clearing price for advertising and, if not, what do prices look like? Importatdlgs an outlet
have an incentive to reduce ad capacity in order to exercise market power in advertising

market®
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The following proposition summarizes the equilbrium outcomes.

Proposition 8.Suppose that outlets are symmetric in readership B(g = v but thata, <a, . If
al [0,22] and a,i [4(2a(2 -D°) ©°1], then, n equilibrium, p, > p,. Otherwise,

2(2- D%)

=P

The proof (in the appendix) demonstrates that profits are:

p=@1 3D 2a)2a (26)

p,=F (- 28,)28, . 8 ¢ 2>
Dl (%), a >y

(27)
Here it is clear that having a smaller ad capacity is not necessadglvantage for outlets even
if it does result in a higher impression price.

What does this imply for the incentive of an outlet to use capaciy to exercise market
power? When ad capacities are symmetric, the analysis of endogenous ad capacity in the
appeudix demonstrates that outlets have incentves akin to those of quantity duopolists in
choosing their ad capacities. However, while locally this may be the case, each can uniaterally
generate an asymmetric equilbrium of the form described in Proposition 8hen it s
capacity is low, an outlet has an incentive to expand capacity so that there are rlwosinge

on the rival outlet. In contrast, when a rival outlet has very high capacity, an outlet may choose a
low capacity so as to only sel to titloming advertisers. The appendix demonstrates that, over

a nontrivial range of D®, no pure strategy equilbrium exists. However, if outlets choose
capacites sequentially, the resulting equiibrium is asymmetric with one alieising a low

and the other a high ad capacity converging to symmetrip‘asecomes smalNonetheless, if

each ad capacty is constrained to be no greater than ¥4, then that is the resulting equiibrium and

no asymmetric outcomeccurs.
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6.2 Asymmetric outlets

Asymmetric capacity choices can lead to differential prices but do not confer absolute
positional advantages on outlets. Here we now consider what happens when outlets have
different content quality with one outlet being ablegenerate a higher readership share than the
other; in particular, when x >x, YD, >D,. In this case, we demonstrate that outlet 1
commands a positional advantage in the advertising market that leads to it being able to earn
higher impression nees than outlet alongside having a higher readership share.

To see this, observe thaf there is sufficient capacity on both outlets, single homing
advertisers wil sort on to outlet 1 first. This is because, for a giyahimpression prices were

the same on each outlet (equalfp then (D} +1D°)(v -p) €D, 1P°)(v p. However, as
impression prices will differ in equiibrium (specifically, t must be the case fhat p, if there
are single homers on outlet 2), the margnal sihglmer on outlet 1 wil be gven by

— 2(D;p,- Dipy) B (p, i — v S 31
vy = AR L ) whie v, = p,. Note thaty, >v, Y(2D, +°)(p, p,) O.

It is important to emphasize that it is the existence of switching consumersD(i.e.Q)
that generates this sorting. If there are no switchers, then the marginal advertiser on each outlet is
competing with a muithoming advertiser for their marginal impression. In this case, as there are
no diminishing returns to additional impressions, a highaluev multihoming advertiser wil
outbid a smaller value singllming advertiser for that slot. It is only when there are switchers
that singlehoming advertiser§ competing against one anothierdetermine the impression price
on an outlet.

Some set of @vertisers wil mutihome with one impression on each outlet. The

marginal multihoming advertiser wil be determined by:

31 Of course, there may be no singlemers on outlet 2 which will alter this intuition as discuss below.
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(D +D; #D°);, (D $8)p, (D; $D%p, 29
:maxg(Di '%DS )(Vlz pl)a(Dlz %'DS )(V12 pz)
Of course, it is also possible that some advertisers wil-harkie with 2 impressns on one
outlet. Note that, in this case, the outlet receiving the additional impression wil be outlet 2 as it

2(2Dy+D°)

has the smallest number of loyal consumers. Hevlgie,—m p,.

Given this, so long asv, >v,, market clearing implies that the following equasio(for

each outlet) be simultaneously satisfied:

1- F(v)=2a (29
2(1- F(min{v,, 1)) #(min{v,,1}) Hv) KV Ka) 2e (30*

Demand for 2

The following proposition characterizes the equiibrium outcome when ad capacties are
symmetric The derived profts are found by solin(9) and (30) for outlet prices and
substituting them into outlet profits whie chegkito see what allocations of advertising choices
these imply (in the same manner as those derived in Proposttion 5).

Proposition 9. Assume that F(.) is uniformg, =a, =a and x>x,. Then each out/l
equilibrium prdits are as follows:

i 8%r@8% 1 2% @ x) 2x%r@xn o

@  For 8Enr) & ST Azn or FEv ey Ry
— 4(3 4a)1%) - %r(2-% 1) .
—(2(1' a) -% W)Za and p, =X, 7% 5 (3 -42)28;

. s % ABHY 5 oy AT _y 22%r)

(i) For 2 <a éﬁ Py =% 757 (- 2a)2a and p, = x, 554 (1 -2a)2a

(i) For %2 a, p=x(1- 2)2a and p, =x,(1- 4a)2a.

The asymmetric outlet case operates simiarly to the symmetric outlet case but with an important
difference:in generalt he 61l arger & outl et i n  taedramsemiuonf rea

for ts ad space. This ia known puzzle in traditonal media economics as it is usualy thought

21f v, <v,, then this expression becom@§ 1 F vif ) # v, , (F v) i=a.
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that consumers are equally valuable regardless of the outlet they are on. Here, because ads are
tracked more effectively internally, placing ads the larger outlet only involves less expected
waste than when you place ads on the other outlet or spread them across outlets. Hence, the

larger outlet can command a premium.

However, we also find one exception to this pattern wierr) are large (Proposition 9

() when %<a <4). In this case, outlet 2 is a more attractive outlet for high value

advertisers who muttiome with an additional impression on eoroutlet. These advertisers

outbid single homing advertisers on outlet 2. Hence, the lowase \advertisers reside, in that
case, on outlet 1 which, in turn, implies that, in equilibrium,< p,. Thus, outlet 1

reack r ma y be | o we roverttirding rthe iotuitidn| pravided2id she discussion

preceding Proposition 9.

6.3 Incentives to compete for readers
We now turn to examine a simpgame designed to ilustrate the incentives to compete

for readers under imperfect tracking versus perfect trackifg.suppose that prior to consumers

and advertisers making any choices, outlets can invest an amafgt=< § which geneates

a probabiity s, I (0,1) of being a high rather than a low quality outlet. The probabiities are
independent across outlets. Therefore, if outlets ch@sses) then with probabiitys,(1- S)

only outlet 1 has high qualty and sg > x, whie with probabiity s,(1- §) the reverse is true.
With probabiity s, s+(@ - 31 -,¥ both outlets have the same quality (high or low as the

case may be) and, = x, .

(@}

The outl et ds choose their 6qualitieséo S i

qualiies, the high quality outlet earps’ whie the low quality outlet earng". If they have he
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same qualty an outlet earms. The profits here are as given in Propositbrend 9 when there

is imperfect tracking and5) if there is perfect trackingrhus, in each casgp™ > p> 4 It is
@ pP=1

straightforward to determine that the unique

. _ pt-p
5= 8 1+pH +b 2 | (31)

The following proposition characterizes the intensity of investments in qualty as a function of

the tracking technology adopted.

Proposition D. For a givenx achieved by a uniquglhigh quality outlgtthe equilibrium level
of s, is higher underimperfect tracking than under imperfect trackirgp long as

32+r(8(4-1) %(32 r20 2-% (16 (4 +)7))r
64+r(12(4-f) *.L( 32 (r24 2-x @6 (4 +)r»)l.

The proof involves a simple comparison of equilbrium qualty choices and is oniited cost

of being a low competing against a high qualty outlet rises with the number of switthisrs.
differential creates a strong incentive to compete for a quality postitvena becomes high, as

we saw in Proposition 9, the smaller outlet can command a price premium. In thisthease,
incentives to invest in qualty under imperfect tracking wil diminish and, indeed, become

negative.

6.4 Magnet content

The analysis thudar has assumed that outlets have sifficcontent to attract attention
of loyal consumers throughout the relevant attention period. Of course, on the Internet, much
content is provided on a smaller scale. For providers of that content, there is no possibiity of
attracting loyal consumers. kever, here we demonstrateow such providersmay have a
positional agtantage in advertising markets; that is, what they lose in their inabiity to attract
frequent visits from consumers, thegn make up in terms of their reach across all consuiners

actng as a magnet for attention in the relevant advertising period
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Suppose that outlet 2, in our current formulation, hay dmited content; i.e.,that
consumers visiting that outlet wil stay at most one peribal.assist in identifying it notationaly,

l et 6s r e n & @atlet iL is unohangdd.elh this situation, the total expected trafic (over
both periods) to outlet 1 ix, +(1 -r)x #X # and to outlet 2 isx, + 7 x x . Using, this we

can identify loyal and switching ocsumers in this context for any given period:

Dl =X %X
D*=rx (1 )
D, =X, -rX
Of cour se, there is an importantfd siesnsa mins nvohme

consumers can consumene period of content. Consequently, this is more appropriately

described as dexcNaosevéeelteossoutti@t focus on the
wil confine ourselves here to the case where=1. In this situation, D} =0 and outletf only
has consumers who are switcheféws, while outlet 1 supplies ad capacity Df2a+ D°a into

the market, outlef only supplies D®a.

The following table identifies theugplus to an advertiser with value from pursuing

different choices.

Advertiser Choice Frequency-Based Tracking
Single home on 1, 1 impressior (D} +31D°)(v -p)

Single home on 1, 2 impressior| (D} + D*)v (2D B®)p,
Single home o, 1impression iD%(v- p;)

Single home o, 2 impressions | Ds(v- p,)
Multi-home, 1 impression each (D} +2D°)v D] iD%)p, iD°p
Muti-home, 2 orfand 1onl | (D! +D%)v (D, #D%)p, D°p
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Muti-home, 2onland 1dn | (D/+D%)v 2D, B%)p, 1D°p

Notice that there are now three options for an advertiser to cover the entire consumefi market
single homing on 1 with 2 impressions, and nmdming with two impressions on at least one
outlet. Of course, it is clear that muidbming with 2 impressiaon outlet 1 is dominated by
singlehoming on outlet 1 (as the former involves paying for impressionsf evthout any
beneftt). In addition, note that any advertiser who wants to single homing on fowileprefer
to do so with wo impressions as there is no waste from the additional impression. More subtly,
we can always rule out melioming with one impression on each outlet. For this to be preferred
to singlehoming on outlet 1 (with one impression) it must be the case ihdv>1D°®p, .
However, this conditon also means that by moving from +moitning with single impressions
to multthoming on outletf with 2 impressions is preferable. Consequeiftign advertiser wants
to capture an additionaj D* by purchasing an impression on oufiett will also want to do this
by purchasing two additional impressions on ottlet

This stil leaves four choices that might be undertaken by advertisers. Importantly, as a
means of covering the estirmarket, singidvoming on outlet 1 with 2 impressions and muli
homing with 2 impressions oh are substitutes. Indeed, miivming wil only be chosen if
(DlI +1D%)p, >D°p;; a condition that must hold iD° is very smdl Importantly, at any point
in time, we wil only observe one of these strategies being chdsesach case, it wil be the
highest value advertisers who pursue them.

For the remaining choicesadvertisers single homing dn(with 2 impressions) or on 1

(with 1 impression) are candidates to be the marginal advertiser in the mérkdd®>D,,

higher value advertisers prefer (holding prices constant) purchasing impressibn&tber than
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1. Under this condition, the marginal advemswith value p,, would earn D*(p,- p;) by

switching to outletf which is negative ifp, < p,. Simiarly, if the marginal advertiser has value

p,, it wil earn (D} +1D°%)(p;, -p,) by switching to outlet 1This reduces its surplis p, < p .

Hence, themarginal advertiser wil be othe lowest priced outlet.
Given this, we can prove the following proposition.

Proposition11. Suppose thatr =1. Equilibrium profits for outlets 1 and f are:
—(n! sy 6D} (1 2a) ©° s
pl_(D1+%D )WZa andpf =D (% a)a If %DS¢D]!
p,=(D! +1D%)(aD! +D°(1- 2a))2aandp, :DS( 12 20 a%‘é) a 3D°>D|
The structure of the equibrium is interesting. WHéns s h ar €D°< ) ahdobegins(to

rise, outlet 1, who was exclusively sgjito singlehoming advertisers (1 impression) continues
to do so but high valued advertisers also purchase 2 impressions orf.olitlet same is true of

low valued purchasers who now become the marginal advertisers in the market at a jptice of

Conseqgantly, p, <p butasx, ri ses outl et 16s profit falls

in the industry. This changes when reaches a critical level.d., 0.42265s0 thatiD® > D).

At that point, marginal advertisers prefer to bid for 2 impressions on dutield so single

homing advertisers with a single impression on outlet 1 become the marginal advertisers at a
price of p,. This inplies that p; > p,.. In addition, the high valued advertisers no &mnghoose
to multthome and become exclusive to outlet 1 with 2 impressibiggetheless, as; rises

outl et 16s p r o f ihis scasec bowever,nindestry profts rse aghin andl indeed,

when X, - 1 they approach the same level as when=0. In this case, the profits are split

evenly between the two outlets rather than held entrely Igtdl Intuitively, at this point, all

a
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consumers are switchers and so there is no longer any inefficiency resulng from wasted
impressions.
Where there is inefficiency at this |imit i

too much as the sh content outlet can earn exactly the same profts as it can with content

sufficient to capture attention for only a single attention period. Indeed, wheis such that

iD°*>D/, outlet f earns more than hab f out | et 16s profits. Thu

providing that additional content is lower for outlet 1 than for ofilet

6.5 Paywalls

Paywalls have been proposed as a means by which outlets with faling advertising
revenue may restore profitabiityOf course, there are several different types of paywals that
may be employed. One possibiity is a paywalk o met i mes t er meidwhetlyi cr op a
consumers pay whenever they visit a website; simiar to payments for physical newspapers at the
newstand.Another type is a subscription whereby consumers pay once and can access a site for a
length of time. Finally, some outlets have experimented with limited paywalls that permit limited
reading on websites but if consumers want to consume more they haubstribe. Here we
analyze each of these types of strategies focusing on what it does to advertising revenue for each
outlet. In so doing, we focus on a situation where one outlet, in this case outlet 1, introduces a
paywall whie the other outlet remairiee.

The exploration here wil be conducted within the context of the model thusfar to gain
some insight on these issues. A full exploraton would embed a proper model of consumer
behavior in the consumer choice side of the market. Instead, we argumd¢hmbportant effect
of paywals is to impact on swiching behavior and through that on advertising markets.

Specificaly, we now propose that outlets are asymmetric in the probabilties that a consumer
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might have an opportunity to switcway from them. hat is, we defner; as the probabiity

that a consumer who has visted outlehas an opportunity to switch from €onsequently, the

three consumer classes are now determined by:

D =% %@ %), (32
Dlz =X 'Xz(l Xz)rzj (33)
DlsZ = (r21 + rlZ)XlXE (34)

A higher r; may resut from the consumer having a higher cost associatedewiining wth

outleti. Of course, a paywal may impact uprin However, for the most part, we wil hold that
effect fixed and comment on the impact of such movements below.
We begin by consideringnicropaymentswhereby outlet 1 charges consumers for each

period thg visit its website. Holding the impact oq fixed, a micropayment makes i less likely

that visitors to outlet 1 wil stay on that outlet another period (increasiny whie making it
less likely visitors to outlet 2 wil switcho outlet 1 (decreasing,,). This has two impacts on
advertising markets. FirstD;, could rise or fal depending upon what happensrip+ £,. If it

falls, thenthis wil put upward presure on advertising prices if ad capaciy is relatively low.
Second, recall that when readership shares were asymmetric, an outlet commanded a postional
advantage if its expected share of loyal consumers was relatively high. However, Relding

fixed and starting from a symmetric postion prior to the paywall, micropayments on outlet 1 wil
cause D, >D,. Consequently, outlet 2 wil be given a positional advantage in the advertising
market so thatp,>p. Addtottat t he | ikelihood wjhaadthskfed payw

is only reinforced. Outlet 1 would have to not only make up for lost advertising revenues as a
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loss in visitors but also from the loss in positional advantage while outlet 2 clearly benefits
both of these dimensions from the paywall.

In contrast to a micropayment systemsubscriptionsystem wil have a more directed
impact. In such a system, a visitor to outlet 1 only pays on their first visit and not thereatfter. This
means that a subgmer to outlet 1 may be just as likdélyshould the opportunity and desire arise
i to swich to outlet 2 (ie.,r,, wil not change). However, a nesubscriber who had visited
outlet 2 previously would be less likely to then sulbecrio outlet 1 for what remained of the

attention period (i.e.,r,, would fal). Once again, starting from a position of symmetry, this

implies that D, > D} and so the paywall would not only lead to relativelyrengisitors to outlet

2 but a positonal advantage for it in advertising markets. This is an interesting result as one of
the claims associated with subscription paywalls is that they wil increase consumer loyalty to an
outlet. Whie it is true that suchoyal t vy, i f generated, woul d
revenues per consumer, here a subscription generates increased loyalty for the rival outlet rather

than the outlet imposing the paywal. Of course, this effect could be miigated if, say because

they are subscribers, consumers are more inclned to be loyal to outlet 1 thereby inargasing

The point here is that that outcome is not straightforward.

Finaly, some outlets have proposediraited paywall®® In this case, oldts allow access
to some content for free and then charge should a consumer wish to consume more. In the
context of the model here, such a paywall would only be imposed, say, if a consumer chose to
stay on outlet 1 for both attention periods. This typepajwall would be unlikely to have any
impact on those who had previously visited outlet 2 as they could stil freely switch to outlet 1

(.e., r,, would be unchanged). However, this paywal would impose a penalty for staying on

%3 This has been implemented by thi@ancial Timesand, more recently, thdew York Times



53

outet 1 making consumers there more inclned to switch (rg,, would rise). It is clear again,
that other things being equal, the paywal would resubjr D;.

The analysis here demonstrates that putting jpaywall may give an outlet a positional
disadvantage in advertisihg markets. Of course if an outlet already has a positonal advantage,
the likelihood that this occurs is lower. Nonetheless, the impact of a paywal does confer benefits
on rivals in advdising markets as well as increasing their readership. These consequences may

explain the low use of paywalls for onine news media.

7 First Look versus Last Look Advertising

Thus far, we have modeled advertising markets with outlets offering a single and
common product to all advertisers. While different tracking technologies altered the nature of the
product offering, we did not consider multiple product offerings that would allow outlets to
engage in price discrimination.

In this section, we explore one paet of alternative products that might be offered;
specifically, t hat advertisers bid separately
ad for a consumer is an ad placed in front of the consumer when they first visit an outlet. In
contrest, a last look ad is one placed in front of consumers at the end of the relevant attention
period. In the context of our model, a first look ad would be one consumers see in period 1
whereas a last look ad is one consumers see in period 2. It assumgdaherdlets can track
consumers perfecty and so distinguish, at any point of time, frst and last (second) look
consumer s. Outlets offer advertisers the foll
an impression in front of first look comsarsat a price ofpis; per impression and an impression

in front of last look consumers at a price mfq per impressiod. In practice, this might be
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implemented by associating advertising with particular content that is lkely to be viewed

sequentially

Wh a t is advertiser demand for these altern
|l ook ads on, say D/ubD’ eobsumets, Nofice thatyigeh thid, mp r e s s
advertiser wil not find it optimal to also purckeas 6| a st looké ads on the
f pge? Ppg» @an advertiser would not find it optima

If it did this, their expected surplus would he (D} +D°)p, (D, D% p, as it impessed al
consumers. However, the alternative would be to purchase impressions on last look consumers
on outlet 2. This would generate surpluswef(D, 4D°)p., B,p,, as no switcher on an outlet
could be considered a last look consumer.

This insigh leads to the following resuit:
Proposition 12.Assume that there are two symmetric outlets. Suppose alse,that, =a. If

outlets offer distinct first and last look products, then outlet profits are the same as under perfect
tracking

Consider the following allocaton of advertisers to outlets. Al advertisers above a certain
threshold,v, pay for first look consumers on one outlet and last look consumers on thelrother.
this case, both outlets sep, = p,,y =V. Notice that the marginal advertisey, earns zero
expected surplus on each outlet. Hence, no advertiser with lower value wil bid for their

consumers on either outle€Consequently, each outlet can accommodate a distinct advertisers

A

with each of its products sdhat p,=p,, (29). Thus, an outl etods

P(2a)(D + D’)a +P2a)Da K29 -
Significantly, for the symmetric outlet case, this outcomallieesn allocative efficiency.

Quality dfferences between outlets wilot change this outcomeFor instance, ifx, > X,, then
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high value advertisers wil bisnore for a bundle of first and lask look consumers. However, as
each component of the bundle is set by a different outlets, the abilty to substitute between them
wil cause prices to be bid to equality. Hence, no sorting wil occur.

What wil change the outcome is if there are differences in ad capacities between outlets.
In this case, the bundle across outlets could only be offered up to the minimum ad capacity.
Beyond hat point, additional capacity could not be sold as a part of the bundle and so the higher
capacity outlet would sell the excess consumers to gioging advertisers. This outcome is
stil allocatively efficient, however but sorting means that the prdfifer from the outcome
under perfect tracking.

Finaly, if there are more than two outlets (or specificaly if the number of outlets is
greater than the number of attention period#)en mulihoming advertisers wil face
diminishing returns to expaimgy impressions across outlets. Consequently, the same issues that
arise under imperfect tracking wil emerge. However, if the number of outlets is less than the
number of attention periods (say, if the latter is a continuum) then it is possible that price

discrimination could restore eficiency. We leave an exploration of this for future research.

8 Conclusions and Directions for Future Research

This paper resolves lorglanding puzzles in media economics regarding the impact of
competition by constructing anodel where consumers can switch between media outlets and
those outlets can only imperfectly track those consumers across outlets. This model generates a
number of predictions including that as consumer switching increases total advertising revenue
falls, that outlets with a larger readership share command premiums for advertisements, that

greater switching may lead advertisers to increase the frequency of impressions purchased on
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outlets, that an increase in attention from -adnertising sources wil amease advertising
prices, that mergers may alow outlets to price discriminate in advertising markets, that ad
platiorms may not increase outlet profits, that investments in content quality wil be associated
with the frequency with which advertisers phase impressions and that outlets that supply
magnet content may be more profitable than outlets offering a deeper set of content. These
predictions await thoughtful empirical testing but are thusfar consistent with stylzed facts
associated with the impaof the Internet on the newspaper industry.

Whie the model here has a wide set of predictions, extensions could deepen our
understanding furtherFirstly, the model involves two outlets usualy modeled as symmetric with
a distribution of advertisers witpecific qualties. Generalizing these could assist in developing
more nuanced predictions for empirical analysis; specifically, understanding the impact of outlet
heterogeneity on advertising prices, incentives to invest in qualty and incentives 4o imve
tracking technology.

Related, in this paper, we focused on frequérased tracking noting that other forms of
tracking have been part of the news industry. An open question is what the incentives are for
frms to unilaterally improve their internafracking of consumers. As noted throughout this
paper, the adoption of more efficient matching may increase margnal demand but reduce
inramarginal demand from advertisers. When ad capacity is scarce, it is not clear that such
moves wil prove profitablefor outlets.

Finally, throughout this paper we have assumed that advertisements were equaly
effective on both outlets. However, in some situations, it may be that the expected value from
impressing a consumer on one outlet is higher than that from gmgresonsumers on another.

For instance, consider (as in Athey and Gans, 2010), a situation where all advertisers are in a
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gven local area. One outlet publshes in that local area only whie the other is general and
publishes across local aredsAbsent he abiity to identify consumers based on their location, a
consumer impressed on the local outlet wil stil generate an expected value advertiserv
whereas one impressed on the general outlet will only generate an expect \alusvidt g <1

. In this situation, even if there are no switching consumers, advertisers on the general outlet wil
be paying for wasted impressions.

Whie this situation may be expected to generate outcomes simiar to wieerstdp
shares are asymmetric, the effects can be subtle. A general outlet may have fewer consumers
who are of value to advertisers but also may have a larger read@rélo, when consumers
switch between outlets, the switching behavior is information those hidden characteristics.
Thus, switching behavior may actualy increase match efficiency. Consequently, the effects of
tailored content, sefielection and incentives to adopt targeting technologies that overcome these

are not clear and likely toeban area where future developments can be fruitful.

34 Location is only one aspect upon which consumers and advertisers might sort according to common interests. Any
specialized media content can perfaims function and give an outlet a matching advantage over more general
outlets.

35 Milgrom and Levin (2010) argue that targeting may be limited because it conflicts with goals of achieving market
thickness (see also Athey and Gans, 2010).
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9 Appendix

9.1  Proof of Proposition 1a,b and related results

Consider the folowing programmax,.q , o £, Where

2n 2n, ) N

p=Di(L ™) B ™)y D e® ™ ® %)y np-py

Let n":=(n, n,) denote its solutin, which depends, among other things, von

Resultl: -2 ¢ —* ifandonlyf p,2 p,.

2D} +D% 2D B°

In what follows we wil use the above observation to derive a number of results. First, suppose
that aitlets are equaly expensivep, = p, =p with p>0.

_ 2Dj+D° _ 2Dy+D®

Result 2:n, =222 In(v/ p) and n, ==2>-In(v/ p).

It folows that all active advertisers mitbome. Now supposewithout loss of generalifythat
p, ¢ p,, i.e. outlet two is the expensive one.

Result 3: If p, > p anduo/ m| . Gthenn >0.

Result 4:n, >0 implies n, >0 (i.e. all advertisers active on theone expensive outlet multi
home).

Result 5:m, =0and yo/ m| _. Gimply n >0.

Result 4 says thatin equilbrium a sorting condition holds. High value advertisevil multi-
home, intermediate value advertisers wil sikiglene on the cheaper website. Note that the

result holds regardless of the value xf and r . This means that the equiibrium strategy of is
pinned down by the relative price, not by asymmetries in readership share.

Result 6 -2 Oand {2 ¢ O if and only if p, ¢ p,.

We shall now prove these results in turn.

2n 2n, M N

Setp=Di(L ) B e®™°)v DL e P )y np- pny
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Note that p is continuous andlirrz) p=0,limp= -, so there exists a solution. Moreover
- n- e

n- 0

n- =m

p:R?- R is strictly concave in(n, nz),36 and since the seteihed by the constraints is convex
the soluton denoted(n’,n,) is unique and characterized by the following necessary and

suficient conditions for maxima:

o . .
MGEO U 2|D1| . _2D{niDS |S Se$$
pn 2D, 2D, B
2n2* S *;

£¢0 UZDZIDIiDs " 2D}+D° 2D|D = 2D?1+35 202295
Hn, 2 2

» 4o
n 2o

Hy
nZ*M:O

Hn,

§

<73

Note thatn =n, ®© Unin{ p,p} % so in whatfolows we shal assume>min{ p, p,}

to consider nottrivial solutions.

We have to consider three cases:

Wl _ W fe ~ ,
1. — =— D ULy,n, B(the Ainterior
unln—n pzn:ﬁ
Ko K b -
2. ¢ D W 6&n O
H'nln:n' pzn:ﬁ
Wo [ ‘
3.— ¢— D Wb 6n O
Iann:n* ;ﬁ}n:n*

Let us considr case 1 first. Subtracting side by side and rearranging

% Since O is twice differentiable and the Hessian matrix

8 e .2 JRL S S _nh

‘; 4D1 2D} +D® D® 2D} B° 2D} B° D*® ZDPD; 23‘2n2|35+

@ (2D, +D°) (2b; D°y (2D; B*)(D; D*)

@® n 1’} e 2 —
2] ) D°® [ 2D[+D° 2D} ©° 4D, e 2D'2nE|3S D°® e ZDI‘nlD-i z:)':fDS
& (2D} +D*)(2D; ©°) (D, By (D, D#Y

is definite negative.

solutiono

the FOCs we get

case)



60

o é. | A n n 0 . an n 0 | 0
e 2Di+D° ge 2D, eZQ%D'2+D5 20! B° g_g- D® D*® g?@F ol s 8 +2D1 6 Pz P,
& 2D} +D° ¢2D, D° D) B D DFO v

¢

Note that the sign of the left hand side is always equal to the siggéeDf- ﬁ It follows
thatp,=p, iff -2 _-_"_ 9 p<p #F -2 _-_"_ @9 and p>p,

2D,+D°  2D] B° 2D,+D®  2D] B°

P )

2D,+D°  2D] B°

Consider case 2 wherp, < p,. FOCs yield

.
117}

2D, + D* e_ 2D} +D° ¢&

2D, +D°* 2D, D° v
| - 2n2* s L
2D, 20[+D° D g 205 ©° _P2
2D, +D? 2D, D° v

Note that this should hold for all values of prices such that p,and @rameters on which,’
depends. But ifn, © 0 we get p,2 v =p, which is a contradiction. Thus case 2 cannot occur if

<P

Finally, consider case 3 whep<p,. As long asn 20,n, =0, it is stil true that

n 2 n, T i
o $. Conversely if p,>p,, Case 3 cannot occur and in Case 2 as long as

n’ =0,n; 20itis stil true that2-2 " .

2D,+D° 2D B°

2D} +D°

Now suppose, =p, =p Vv. Suppose (nf,n;):( 2 In(v/ 9,252 In(vi p). Substituting
into the FOCs:
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.2 LW
Ho _ 2D, 2D} +D° b* g 201 ©° 20; BF b

[ s | s
un, 2D, 4D 2b, B v

éZDI DS 5 s S
__ 2D b e oo wiet P
2D +D* 2D, D v

|

— 2D1 E + D® _p _p 0=
2D, +D°v 2D, D°v v
| _2n, o

Ho _ 2D, @ 20040 D_s g 201 ©° 20, B° p

I s | s
un, 2D, 4D 2D, B v

42D! +DS 0 s °
_ 2D, e  200° | g D 20; B° P
~ 2Dl +D° 2D, D° v
> 2
|
2, p_ D pp 0=

" 2DL+D°v 2D, D°v v

And, therefore in this particular c:ase(nf,nz*):(ZDtTDs In(v/ 9,222 In(v/ p) is the unique
solution to the problem.

Proof of result 3, 4 and 5
If p,>p, ,supposeup/ p2|n:n* G and n, =0. Then FOCs become

.
N

20, , D° i Py

| s | s @
2D, +D 2D, \%
2n, s n,
2|D|2 . o 205D° 4 |D _e o) o¢ P e
2D, +D 2D, \Y
Which can be rewritten as
S _L 2ﬂ; S ﬂ;
2|D1I . |D e 2Db+D° ¢& & _ZIDZ e 2D} B° P oD% B°
2D, +D 2D, D Vv v 2D, B 2D, D¢

Note that the right hand side decreasing im,”, and so the above inequality, which has to hold
for all values of parameters and prices such ihat p, , is more easily satisfied for low values
of n, . But if n, °© 0 we get

2, , b _ 20, , D°
2D, +D° 2D, ° 2D, B® D, D*#
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which is a contradiction.
In particular, it must be that; >0 both whenn, >0,and whenm, =0 andyp/ | . G

Proof of result 6

The Jacobian of the functiog(n,n,,s):R*- R? defined by the first order conditions with

respect tay andn, corresponds to the Hessian matrix @f which is definite negative and hence
nonsingular. Therefe by the inverse function theorem the functian defines implicity a

functon n(r):R - R?* around the point(n’,n, ). Using the functional form oD,, D, and D®
we get

. 1o o }ig
b, _ @ ey @Y e 9
W EPLL 1n n
rxy@- f1-x)) @ K (2 (if 0@ 2)
i, . @€ "*)2 FQL %) A% $)8 % )L X%
1”1 ng 1“1 nz

IR LX) €4 e & @t 2)

Note that if 2 - 1";1 9, then “”1 = ff, © and therefore——% 9 if and only if p = p,; on
the other handf Z' % 0, then%>0 and %<0, which implies thatt: >0 and £z <0 if

and only if p, < p,. Conversely,%<0 and%>0 if and only if p, > p,.

Proof of proposition 1b

We have two separate markets for impressions, one per outlet. An equiibrium price vector
(p;, p,) solves:

a2D,+D°) =[{ (v, B, B, %) F()

v (p)

a(2D,+D°) =fn(v B, B, %7 ) f(V

V2 (p)

where (v, p, p) is typevds demand of i mpat mies(po)andté out |

indifferent types are left unspecified but clearly depend on the priciervéeNe want to show
that a solution to the above system exists and is unique under our assumptions.

Here 1 wil just prove that a symmetric solution with = p, exists and is unique.
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The candidate price vectors e iA>. Let 6s restrict oum=geprch on
From the above analysis we know what the aggregate demand is on the diagonal for both outlets:

| S | s
n =22 D g and =%m(v/ 0.

Furthermore w know that all advertisers miftome when prices are equakv, =p. Hence
we can rewrite the market clearing conditions as:

° 2D, +D?
N

a(2D| + D) In(v/ p) (V) dv

p

° 2D, +D°
n——-

a(2D, + D°) In(v/ p) f(V) dv

p

And hence:
2a=pjn(v/ p) f(v) dv
p

2a= rJﬁn(v/ p) f(V) dv

It follows that if there is a price that lges 2a= ﬁ In(v/ p) f(V) d\, it must be a market clearing
price. Since the right hand side is strictly decreasing inand satisfies the following boundary
conditions Iimolog(v/ p)= glim r“SIn(v/ p f(y dv 6, then a solution to
p- p- =
2a:'r‘j In(v/ p) f(\) dv exists and is unique. Call i and notice that such price does not
depend onx or on r . Plugging this into total advertising revenues (that is, the strtiheo
outletso ppeofpia(dD BWYe a0t DYp 2ap
To exclude asymmetric market clearing vectors we shall use the folowing resul:

Claim 1 define v,(p) ::{v IR":n(py 6 pt g q and

vu(p={vIiR":n(py 6 ph gdu G .If p>p thenv(P<w(pP,and i p<p,
then v,(p) > w(P.

PROOF consider the casep, > p,. We have already shown thatt o/ pl|n:n* G thenn, >0.
Two corollaries 6this are:

1.f wo/ p| _. Gandn =0, thenn, >0.
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2.f wo/ m|_. Gandn’ =0thenn =0, since =2 _%_ holds.

2D,+D° 2D} P°

Note thatuo/ m| . G andn (p v) =0 definev,(p) whie po/ | _. Gandn, (p, V=0
define v,(p). Now suppose thay,(p) < v( P . Ths implies that there exists a range of values of
vi [vl( P, % ( Q] in which po/ p1|n:n* G and n, =0, which is a contradiction. Converself,

p, < p,, then it must be the case tha{p) > v(p .

Moreover note that whenp, > p,, by resut 2 we also know fronuo/ m|_. G that
v,(p) = p,, whie v,(p) depends onn which in turn depersl on both prices. Viegersa, if

<P
v,(p) = pwhie v,(p)wil depend on both prices.

Claim 2. The system

a(2D,+D°) = (v B, B, %.7) f(Y dy

vi(p)

a(2D,+D%) = (v, B, B, %7 ) f(Y) o

v, (p)
has no solution in whichp, , p,.

. n, nl* . . . * 2D{+Ds *
PrROOF. Suppose p, > p,. Then we know thatZD.;Ds <ml o which implies n, < oo

Substituting into the system

a(2D; +D°) <fj(2D! B°)

v (p)

0
Fi[)s(% P, Ry %) F(V)d

a(2D,+D%) = n(v B, B, %.7) f(Y dv

V2 (p)

Now, since v,(p, p,)> V( p, p) the interval over whichn, (v, p, B, %.7) f(V) is integrated is
such that

A B %) f(Wde  @(vp p x) tyc

V2(p) v(p

Therefore plugging into the system we get

a(2D +D°) <fjn; (v p, R, %r) f(Vdv < f(vp p ¥ (ydv €D °B

v (p) %( P
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which is a contradiction. Simiarly, suppose, < p,. Then TS <2D1 = and the system

becomes

a(2D; +D°) > (2D, B°)

v (p)

.
Fi-DS(V’ P, Ry X% ) (V) A

a(2D,+D°) = (v R, B, %7 ) f(Y dv
v2(p)
Since v,(p, p) > %( B, p) the interval over whichn, (v, g, p,, %,7) f(V) is integrated is such
that

AmM B R %) f(Wds  @(vp p xn fyc

Vo (p) v(p

and therefore

a@D,+D°) =AMV, A, B %) f(Wdv < @(vp pxn) (ydv @D °B

v2(P) w(p
A contradiction. Theefore, it must bep, = p, =p.

9.2  Proof of Proposition 6

WhenD®i's low, outlet 16s pB%d@-i(a sa,))qwteeeas no t

outl et 106s profits Anad eay)aD’p @ r 25 g M. Profis aunderi n g a
peffect tracking exceed those under no tracking if
(a, - 8)D°(4- D°) «1- 23)(4 D°)>2(2 BP°X1- (&, a}). With a=a, this becomes:
D®>0.
WhenD°i's high, outlet 16s pr-3%LB-s2a ua)dher no

4+D°(2 D)
Comparing ltese to the profts under perfect tracking and imposinga, =a, perfect tracking

wil yield higher profts i 222 >D%2 -D®). Examining the case wher®®=1, note that

these profits wil be an eqbiium if the equilbrium price they are based éfﬁ'Dl(l- 2a) is

4 DS
less than Ya. That is, £(1- 2a) < Ya £. At D°=1, we have 22 >3 ya < so for

al [4,5], perfect tracking iglds superior profts but fora>=, profts are higher under no

tracking.
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9.3  Proof of Proposition 8

Suppose thata, <a, and thats, =0. Also, assume for the moment that >1. In this
case, the condttions for outlet supply to equal outlet demand become:

2a, =1 -V, (39
232 =1 Mo Y, V5 (36)

as outlet 1 only sels to mdiiomers whie outlet 2 sells to all of the sirbemers. For this to
be an equilbrium, prices in el outlet (which may be different) must be at a level where the
marginal muitihomer is indifferent between mulioming and singkhoming on outlet 3’

(D, +1D)v;, D) #D°)p, (B, $0¥)(v, p) (37)
(D;+5D%)vp, D, $D)p, (B, $D¥)(v, p) (39)

Note, first, that this requires thap, 2 p,, otherwise, as we demonstrated ab(®@ could not
hold, as singkdhomers would successful bid for impressions on 1. Insteadp, K p,,

(D, +iD%)v, {D, ¥D%)p, 0 as muthomer s will bid wup 106s impr
and (35), we can determine that in any equilbrium of this kind,
P= g (@ -23) (39

Hence, v, =1 -2a,. Note also, that singlkomers wil set the impression price on outle{s®
that p, =Vv,) and hence, the RHS @8) wil equal zero. Substituting i, =1 -2a, on the LHS
we have:

p, ¢ 2% (1 23) (40)

Dy+1D®

Note, however, we also have fro(86) that p,=1 -2a,. Thus, for this to be an equiibrium
outcome requires:

1- 23, G (L 2) (41)
Note that if 8 °a, and D°>0 t hi s cannot hol d. Thus, 20s ad
greater than 10s. Thus, with symmetric reade

i [0 ad & [4(23(2 -D°) ©°1]. Note that ifa; =4, al [0,3] whie i g =3,
then ajl' [3,1]. Thus, if each outlet has capacity éf any asymmetry Wigenerate the

asymmetric equilibrium.
This derivation assumes that, >1. If this was not the case and i, > p, then the
market clearing conditions for the asymmetric equiibrium would become:

37 With symmetric readership shares, the marginal rhalther would not choose to singi®me on outlet 1 if
P, = P, which will turn out to be the case.
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2a, =1 -v, (42
28, =21 Vip) My, Vs (43
as only outlet 2 sells additional impressions to some-mdtime r s . Thus, outl et
remain asi39 whi | e o uind eonditio? wasld gatisfy ¢substituting,,, into (43)):
p, =221 -a) (44)

This would be an equiibrium so long as,(p,) <1 or a, >%2in additon to the ad capacity
asymmetries as identified earlier. It is easy to aonin this case thap, > p,.

9.4  Proof of Proposition 11

Case 1:1D°>D/. Suppose that(D}+3D°)p, <D°p,. Then consider a candidate

equilbrium where high value advertisers sort as shgiers (2 impressionson 1, then single
homers (2 impressions) oh and finally as singldomers (1 impression) on 1. In this case,
equilibrium prices wil be the solution to:

Dj2a+D'a A0 #D°)(2(L v;) 4+ R)) (45
3D°2a=3D°2(1 -y, ) (46)
where v, :(2D1+Di+ﬁpf and v, :—ZDsp‘E;f_zifs)pl. Soling this gives:
_aD; +D*(1- 2a) 47
D, +D°
p=1-2a 201 AL (48)

(recaling that we assume thaa¢ ). It is easy to demonstrate thap, > p and that
(D} +1D%)p, <D°p,. This confrms the equiibrium.

Is it possible that(Dl' +1D%)p, >D°p, ? In this case, a candidate equiibrium would have

high value advertisers sort as mbtimers (2 impressions) oh and then singdomers (2
impressions) orf. In this case, no advertiser wil choose sitgleing on 1. Thus, equilbrium
prices wil be the solution to:

Di2a+D’a {0 #D°)1 ) (49
3D°2a=3D°2(1 -p; ) (50)
where v, = (D“ffs)”l . Solving this gives:
_Di(l- 2a) 51)
2D, +D?

p, =1 -a (52
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It is easy to demonstrate that p, >p but that
(D|+iD%)p, -D°p, E&-a)D -D’QL a O >%f\’(§_’—: which cannot hold as the LHS is
greater than 2 while the RHS is less than 2. Thus, this cannot be an equilbrium.

Case 2:1D°<D/. Suppose that(D+3D°)p, >D°p,. Then consider a candigat

equiibrium where high value advertisers sort as +halners (2 impressions) dn then single
homers (1 impression) on 1 and finaly sifgEmers (2 impressions) ofi In this case,
equiibrium prices wil be the solution to:

Di2a+D'a {0 #D7)L ) (53
1D2a=1D2(L 4, % R) (54
where v;; =2p; and v, =m“;;f—_“Dfm. Solving this gives:
_6D;(1- 22) D° 55
3(2D; +D®)
p; =% -a (56)

(recaling that we assume thaa¢Z). It is easy to demonstrate thap, <p and that

(D, +1D®%)p, >D°p,. This confrms the equilbrium.






