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Abstract

This paper considers how news aggregators affect the quality choices of newspapers com-
peting on the Internet. To provide a microfoundation for the role of the aggregator, we build
a model of multiple issues where newspapers choose their quality on each issue. The model
captures both “business-stealing” and “readership-expansion” effects of the aggregator. We
find that the aggregator leads newspapers to specialize their news coverage, and changes
quality choices from strategic substitutes to strategic complements. Overall, the aggregator
tends to increase the quality of newspapers and social welfare, but affects newspapers’ profits
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1 Introduction

Newspapers are in stiff competition with new online media. Online media is the only media
form which has experienced audience growth in the past decade, as can been seen from Figure
1. Among online media sources, news aggregators are the most important. According to Outsell
report (2009), 57 percent of news media users now go to digital sources, and they are also more
likely to turn to an aggregator (31 percent) than to a newspaper site (8 percent) or other news
site (18 percent). Indeed, Pew Research Center (2012) shows that aggregators (Yahoo! News,
Google News, MSN, AOL News and Huffington Post) attract more than half of the online news
traffic in the US. In South Korea, 85% of the total traffic to newspaper sites originated from the
news aggregators of top two domestic search engines; NAVER, the number one search engine,
accounts for 70% alone. !

The success of news aggregators has generated a heated debate about the effects of news
aggregators on newspapers. At the heart of the debate is the effect on newspapers’ incentives
to produce high-quality content. The debate has already attracted the attention of governments
and regulatory bodies. During 2009 to 2010, the FTC hosted three workshops on the Future of
Journalism and has published a controversial “discussion draft” that hints at copyright reform
and the protection of newspapers from aggregators. In Europe, the German government recently
adopted a project to introduce “Lex Google,” a law intended to make Google pay for indexing
the content of German news sites.? A similar law was proposed in Italy?® and French newspapers
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wanted the same.” Recently, France President Frangois Hollande revealed the settlement that

Google would create a €60 million fund to help the French newspapers develop their Internet
presence.’

In the debate on news aggregators, on the one hand, content producers argue that news
aggregators make money by stealing high-quality content. Since this money is pulled out of con-
tent producers’ pockets, they have less incentive to produce high-quality content. For instance,

according to Rupert Murdoch (2009), chairman of News Corp.:

When this work is misappropriated without regard to the investment made, it
destroys the economics of producing high-quality content. The truth is that the

‘aggregators’ need news organizations. Without content to transmit, all our flat-

!See http://www.rankey.com/blog/blog.php?type=columnézsub_type=all&writer= &no=327&page=9&
search type=subject&search wd=

24Polémique sur la "Lex Google’ en Allemagne,” Le Monde, 30 Aug. 2012

3«Taxing times,” The Economist, 10 Nov. 2012

4Le Figaro, les Echos and le Nouvel Observateur are in favor of Google tax:
“Taxe Google : Le Figaro, les Echos et le Nouvel Obs veulent étre payés,” ZDNet, 11 Sep. 2012

5“Google Settles Dispute with French Newspapers,” Wall Street Journal, 1 Feb. 2013
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Figure 1: Where People Got News Yesterday

screen T'Vs, computers, cell phones, iPhones and blackberries, would be blank slates.
(p-13).

On the other hand, news aggregators argue that aggregation drives profitable traffic to the
news sites themselves. In a response to the FTC report (2010), Google (2010) claimed to send
more than four billion clicks per month to news publishers via Google Search, Google News,
and other products. Google’s claim is that each click — each visit — provides publishers with an
opportunity to show ads, register users, charge for access to content, and so forth.

In this paper, we study how the presence of a news aggregator affects competition between
newspapers on the Internet and their quality choice. In our model, we allow each newspaper
to choose quality for each separate issue. Hence, each newspaper’s strategy has both a verti-
cal dimension (through quality choice) and a horizontal dimension (through choice of issues to
cover with high quality). Our multi-issue model provides a microfoundation for the role of the
aggregator. We embed this multiple-issue feature into the classic Hotelling model where product
differentiation can be interpreted as ideological differentiation as in Gabszewicz, Laussel, and
Sonnac (2001) and Mullainathan and Shleifer (2005).

We have in mind a sequential reading process in which a reader first reads a homepage (i.e.,
an index page) and then click on the issues that she wants to read more about. More precisely,
a reader spends a mass one of attention on the homepage by reading titles and abstracts, and
spends additional § > 0 units of attention per article by clicking through to the original article if
it has high-quality content. We model the aggregator to resemble Google News: it has no original

articles and its homepage provides a link to the highest quality article on each issue. Therefore,



when a reader switches from her preferred newspaper to the aggregator, she benefits from better
quality articles but suffers from worse preference (ideological) match. This microfoundation
allows to capture two opposite effects at the core of the debate on news aggregators: the business-
stealing effect and the readership-expansion effect. The former occurs in terms of homepage
consumption as long as some readers switch from a newspaper to the aggregator. The latter
arises at each article level: since the aggregator improves the match between readers’ attention
and high-quality content, it expands the readership for high-quality articles even if the total mass
of readers is assumed to be constant.b

In the baseline model, we consider two symmetric newspapers. We find that the presence of
an aggregator would lead each newspaper to specialize in a different set of issues (i.e., maximum
differentiation) when advertising revenue increases substantially with increase in quality (i.e., §
high) and would lead both newspapers to invest in the same issues (i.e., minimum differentiation)
otherwise. When both newspapers use the maximum differentiation strategy, the presence of
the aggregator changes the strategic interactions of quality choices from strategic substitutes
to strategic complements. As a consequence, the aggregator increases the average quality of
newspapers, which in turn increases consumer surplus and social welfare. However, the effect on
the newspapers’ profits is ambiguous.

The intuition for the change in the strategic interactions is the following. Without the aggre-
gator, if newspaper 2 chooses a higher quality, this decreases the market share of newspaper 1 and
hence reduces 1’s marginal advertising revenue from increase in quality. On the contrary, when
both newspapers use the maximum differentiation strategy in the presence of the aggregator, if
newspaper 2 increases its quality, surprisingly, this expands the market share of the aggregator.
This in turn implies that the high-quality content of newspaper 1 can reach a larger number
of readers. Therefore, 2’s quality increase raises 1’s marginal advertising revenue from quality
increase.

When the aggregator induces minimum differentiation, it has zero market share and we find
that there is a continuum of symmetric equilibria. However, when we allow each newspaper to
choose to opt out (i.e., to break the hyperlink to the aggregator’s site), only the equilibrium
quality without the aggregator survives. Therefore, the introduction of an opt-out option leads
to a sharp prediction: the aggregator leads either to no change or to the maximum differentiation
equilibrium.

Section 6 studies various extensions to make the model closer to the real world and to show

the robustness of our main results: asymmetric issues, imperfect certification technology, third-

5In reality, many news aggregators are run by search engines and facilitate news consumption of search engine
users. This suggests that news aggregators increase the total mass of readers. Since we shut down this channel
by assuming that the mass of readers is constant, the readership-expansion effect we capture is a lower bound.



party content, paywall. In particular, the extension involving third-party content in Section
6.3 allows for asymmetry among newspapers. In reality, there are many small news sites which
would receive negligible traffic without aggregator. Therefore, these sites have strong incentives
to use “the maximum differentiation and opt-in strategy” to attract traffic from the aggregator.
In order to capture this scenario, we assume that by using the aggregator, consumers can get
additional utility, up, where T' represents third-party content. When ur is important enough,
we find that it is a dominant strategy for each newspaper to adopt the maximum differentiation
and that quality choices are strategic complements. We find a unique symmetric equilibrium
in which quality increases with . To obtain a lower bound on J, we rely on empirical findings
of Athey and Mobius (2012) and Chiou and Tucker (2012) (explained below) and find that the
aggregator increases the quality of newspapers and that no newspaper has an incentive to opt
out. In addition, Section 6.4 shows that our main results are robust to allowing for paywalls if
competition among newspapers is fierce enough.

The rest of the paper is organized as follows. After reviewing the related literature in Section
1.1, we present the model in Section 2. In Section 3, we study newspaper competition without
aggregator as a benchmark. Section 4 studies how an aggregator affects newspaper competition.
Section 5 compares the outcome without the aggregator to the one with the aggregator in terms
of quality, consumer surplus, profit and social welfare. Section 6 provides various extensions.
Section 7 concludes. All the proofs except for the short proof of Lemma 2 are gathered in the

Appendix A or in the Supplementary materials.

1.1 Literature review

The closest papers to ours among theoretical papers on news aggregators are Dellarocas, Katona,
and Rand (2012) and Rutt (2011). Dellarocas, Katona, and Rand (2012) consider a single-issue
model with focus on interactions between quality choice and link decisions (i.e., every newspaper
can provide a link to a rival’s content). The aggregator benefits consumers by providing links
to the highest quality content. They show that the presence of an aggregator might decrease
(increase) competition among content providers if content providers can (can not) link to each
other. Rutt (2011) uses an all-pay auction model to study newspapers’ choice of quality and
price when there are two types of consumers (loyal ones and searchers). A loyal consumer reads
only her preferred newspaper while a searcher uses an aggregator to read the highest quality
one among free newspapers. He finds that as the fraction of searchers increases, free newspapers
choose higher quality while the rest choose lower quality. The major difference between our
paper and these is that we consider a model of multiple issues with endogenous quality and

coverage. This together with sequential reading process (from homepage to articles) allows us to



provide a microfoundation for the role of the aggregator and capture the business-stealing and
readership-expansion effects. Furthermore, our result that the aggregator changes the strategic
interactions of quality choices from strategic substitutes to strategic complements does not exist
in these previous papers.”

There are three empirical papers on news aggregators (Athey and Mobius, 2012, and Chiou
and Tucker, 2012). These papers provide evidence for the dominance of the readership-expansion
effect over the business-stealing effect. Chiou and Tucker (2012) study a natural experiment
where Google News had a dispute with the Associated Press and hence did not show Associated
Press content for some period. They find that after the removal of Associated Press content,
users of Google News subsequently visited other news sites less often than users of Yahoo! News,
which did not remove Associated Press content. They conclude that users of aggregators are more
likely to seek additional sources and read further rather than being satisfied with the summary.
Athey and Mobius (2012) study a case where Google News added local content to its homepage
for those users who chose to enter their location. By comparing the consumers who use this
feature with controlled users, they find that users who adopted the feature increased their usage
of Google News, which in turn led to additional consumption of local news. They conclude that
their results support the view that news aggregators are complementary to local news outlets.
George and Hogendorn (2013) use a major redesign of Google News on June 30, 2010 placing a
permanent strip of geo-targeted local news headlines and links onto the Google News front page
and find that adding geo-targeted links increases both the level and share of local news consumed
online.

More generally, since we model the aggregator as a multilateral platform for interconnection
that provides certification service, our work builds a connection between two important litera-
tures in industrial organization: the one on interconnection and/or compatibility (Farrell and
Saloner, 1985, 1986, Katz and Shapiro, 1985, Crémer, Rey, and Tirole, 2000 etc.) and the one
on information intermediary (Biglaiser, 1993, Lizzeri, 1999, Baye and Morgan, 2001 ). In partic-
ular, Jeon and Menicucci (2011) study interconnection among academic journal websites, either
through a multilateral platform (such as CrossRef) or through bilateral arrangements. CrossRef
is similar to news aggregator in the sense that it allows a reader to seamlessly move from one
article to another by clicking on a link. However, the news aggregator in our model performs

quality certification while this function is absent in CrossRef.®

"Calzada and Ordoiiez (2012) study a newspaper’s reaction to the aggregator in terms of versioning (and
linking) decisions in the framework of a monopolist’s second-degree price discrimination. George and Hogendorn
(2012) consider a model of two-sided market in which news aggregators increase multi-homing viewers. They find
that the switching of a given mass of viewers from single-homing to multi-homing is likely to reduce (increase) a
news outlet’s advertising revenue if the outlet initially has a high (small) share of exclusive viewers.

8In addition, our paper differs from Jeon and Menicucci (2011) in terms of the strategic variables considered:



Our paper also builds on the literature on two-sided markets (Caillaud and Jullien, 2001,
2003, Rochet and Tirole, 2003, 2006, Anderson and Coate, 2005, Armstrong, 2006, Hagiu, 2006,
Weyl, 2010). Two-sided markets can be roughly defined as industries where platforms provide
intermediation services between two (or several) kinds of users. Typical examples include dat-
ing agencies, payment cards (Rochet and Tirole, 2002), media, operating systems (Parker and
Van Alstyne, 2005), video games (Hagiu, 2006) and academic journals (Rochet and Jeon, 2010).
In such industries, it is vital for platforms to find a price structure that attracts sufficient num-
bers of users on each side of the market. In the application to media (Gabszewicz, Laussel, and
Sonnac, 2001, Anderson and Coate, 2005, Armstrong, 2006, Peitz and Valletti, 2008, Crampes,
Haritchabalet, and Jullien, 2009), the two sides refer to readers and advertisers. Since we model
the aggregator as a technology and study how the technology affects media competition, our
paper is related to Anderson and Gans (2011) and Athey, Calvano, and Gans (2012).° Instead
of explicitly modeling competition in the market for advertising, we describe this market with a
reduced-form (like Gabszewicz, Laussel, and Sonnac, 2001)!° in order to focus on rich strategic
interactions in the newspaper content market. In addition, with this approach, we intend to cap-
ture the fact that newspapers compete with other media and non-media firms such as Craigslist

in the advertising market.

2 Model

We consider two newspapers and one aggregator and study their competition on the Internet. To
provide a microfoundation for the role of the aggregator, we introduce into the classic Hotelling
model (Hotelling, 1929, Tirole, 1988, p. 279) some novel features - multiple issues and endogenous

choice of quality and coverage - as is explained below.

we study how a news aggregator affects newspapers’ choice of content (when content is free) whereas Jeon and
Menicucci (2011) study how interconnections interact with pricing of academic journals for given content.

9 Anderson and Gans (2011) study content providers’ reaction to ad avoidance technologies and find that their
adoption increases advertising clutter and may reduce total welfare and content quality. Athey, Calvano, and
Gans (2012) study how applying consumer tracking technology to advertising affects competition between online
news media.

10 A5 in Gabszewicz, Laussel, and Sonnac, 2001, we can add a last stage after readers made choices among media
outlets. Since each newspaper has monopoly power to sell access to its readers, it can charge a monopoly price
to advertisers. Our assumption is that this monopoly price is proportional to the total attention of readers.



2.1 Newspapers and Consumers

Throughout the paper, we assume that consumers single-home, which means that without the

11

aggregator, a consumer consumes only one of the two newspapers.”* In the presence of the

aggregator, a consumer chooses one among newspaper 1, newspaper 2 and the aggregator.

2.1.1 Product Differentiation

The two newspapers are located at the extreme points of a line of length 1:'2 newspaper 1
on the left extreme point and newspaper 2 on the right extreme point. Mass 1 of consumers
are uniformly distributed on the line. A location in the line represents the ideological view of a
consumer or a newspaper (Mullainathan and Shleifer, 2005, and Gentzkow and Shapiro, 2011). If
a consumer located at x consumes an article from a newspaper located at y, the consumer incurs
a transportation cost of ¢ |z —y| with ¢ > 0. The transportation cost represents utility losses
due to imperfect preference matching. At long-term, the presence of news aggregators might
affect ideological positions of newspapers. For our analysis, we take a mid-term perspective and

assume that the ideological positions are given.

2.1.2 Multiple Issues and Choice of Quality and Coverage

There are multiple issues which each newspaper covers. For tractability, we assume that there is
a continuum of issues. Let S be the set of issues. On each given issue, a newspaper can provide
either high or low-quality content. Even if ideological position might compromise the quality,
each newspaper still can choose different levels of quality for given ideological position. So the
strategy of newspaper i, with ¢ € {1,2}, is a subset of issues s; C S which it covers with high-
quality content; for the remaining S — s; issues, the quality of content is low. We interpret issues
broadly such that they include not only breaking events such as earthquake, airline disaster,
election but also some broad topics of social concern such as climate change, income inequality,
genetically modified organism etc. An article has high-quality if it is accurate, complete, timely,
original, engaging etc. Writing a high-quality article typically requires in-depth investigation. On
the contrary, a low-quality article is based on the information obtained from some intermediaries

such as Associated Press.

1This assumption is made to capture the main technological difference between the aggregator and newspapers
in that the former allows consumers to have access to content from all newspapers. Since we consider only two
newspapers, the assumption is needed. However, if we consider a large number of newspapers, we can allow
consumers to read two or three newspapers without using the aggregator and still capture the technological
difference.

12We follow here the maximum differentiation result in the Hotelling model. Mullainathan and Shleifer (2005)
rediscover the maximum differentiation result in the context of media bias. Our results would hold for any
symmetric locations of the newspapers.



Let p(s) represent the measure of any set s C .S. Without loss of generality, assume p(S) = 1.
Then, pu(s;) represents the average quality of newspaper i. Therefore, the strategy s; has a
vertical dimension in terms of average quality: from now on, we will refer to u(s;) as the quality
of newspaper i. Furthermore, even when both newspapers choose the same quality, the strategy
has a horizontal dimension: each newspaper can cover, with high-quality content, either an
identical or a different subset of issues. Given 0 < p(s1), u(s2) < 1/2, for newspaper i € {1, 2},
if 4 chooses s; such that s; N's; = (), we say that ¢ uses the mazimum differentiation strategy
(equivalently, the specialization strategy). If ¢ chooses s; such that p(s1Ns2) = min (u(s1), p(s2)),
then we say that ¢ uses the minimum differentiation strategy (equivalently, the no-specialization

strategy).

2.1.3 Consumer Preferences

We have in mind a sequential reading process in which a reader first reads a homepage (i.e.,
an index page) and then clicks on the issues that she wants to read more about. A homepage
provides the title, a summary and a link to the original article on each issue. After reading
the homepage, each reader decides whether to click on the links to read the original articles.
In the baseline model, we assume that all issues have the same probability of click and that
this probability only depends on the quality of the article covering a given issue. If an article
has high quality, the probability of clicking on its link is normalized at one; if an article has
low quality, readers do not click on its link.'> A reader spends a mass one of attention on the
homepage and spends § > 0 additional units of attention at each original article only if it is of
high-quality.'® In Section 6.1, we discuss the more realistic case in which some major issues have
a higher probability of click than the other issues.

Let ug represent a consumer’s utility net of attention cost from reading the homepage of a
newspaper. By reading a homepage, a consumer has a rough understanding about the major
events of the day, which gives her a large benefit. Therefore, we assume ug > t, which implies that
each consumer consumes one of the newspapers’ homepages. It is a standard full participation
assumption in the Hotelling model. In the case of asymmetric issues, ug can be interpreted as
the utility from reading both homepage and high-quality articles on major events (see Section
6.1). Let Au > 0 represent the utility increase net of attention cost that a consumer experiences
from clicking on the link and reading an original article of high-quality. Then, the utility that a

consumer located at z obtains from consuming newspaper 1 or 2 is given by

Ul(z) = up + p(s1)Au — t; (1)

13 Alternatively, after clicking on the link to a low-quality article, a reader immediately stops reading it.
11f it is of low-quality, a reader does not find it worthwhile to spend extra attention on it.



U?(x) = up + pu(s2)Au — (1 — x)t. (2)

Define § as § = Au/t. We can interpret 5 as a measure of disloyalty, in the sense that the
smaller (3 is, the more loyal are consumers to their newspapers. To ensure that each newspaper

has a positive market share in the presence of the aggregator, we assume:!”

Al: < 1.

2.1.4 Advertising Revenues and Content Production Technology

We consider a business model based on advertising in which newspapers’ Internet content is free.
Each unit of attention brings an advertising revenue of @w > 0. In Section 6.4, we allow each
newspaper to charge a price and show that the main results are robust.

For tractability, we model the cost of investing in news quality by a quadratic function.
Furthermore, we are interested in a situation in which the two strategic decisions are taken
separately: the choice of (average) quality, on the one hand, and the choice of differentiation -
in terms of issues covered with high-quality - on the other hand. Therefore, we assume that the

cost of investing in a subset s; of measure u(s;) for newspaper ¢ € {1,2} is given by

A2:
00 1(si)

C (u(si)) = )
cp(si) p(si)

IN V
M= D=

where ¢ > 0 is a positive constant. Given that writing high-quality articles requires in-depth
investigation, the cost of covering all issues with high quality for a single newspaper must be
prohibitive. A2 means that it is too costly for one newspaper to cover more than half of all issues
with high quality. A milder assumption suffices in the more realistic case in which issues are
heterogenous in terms of probability of click (see Section 6.1). Limiting 4’s choice to p(s;) < 3 also
serves the purpose of allowing each newspaper to make the two decisions separately. Without this
assumption, the two choices cannot be made independently: for instance, when u(s; U sg) = 1,
increasing i’s quality implies an increase in u(s; N s2). In general, when there is no upper
bound on the quality of an article on an issue, each newspaper is able to make the two decisions
separately. We introduce the restriction u(s;) < % to capture this situation in our simple model

with an exogenous upper bound on the quality of an article.!6

'5In the absence of the aggregator, it is sufficient to have 8 < 2 to discard the cornering equilibrium.

16 A model of continuous quality choice with no upper bound would be far less tractable without delivering
much new insight. Even our simple model becomes technically involved because of the challenges arising from
providing a microfoundation for the utility that a consumer obtains from the aggregator. As is shown in Lemma



Thus, in the absence of the aggregator, the profit of newspaper i € {1,2} is
mi(si) = wa [1+ p(s:)d] — C (u(si)), (3)

where «; is the market share of newspaper 1.

In what follows, without loss of generality, we normalize w to one since what matters is only
¢/w. However, the interpretation of our results will be done in terms of ¢/w (see the end of
Section 5).

2.2 Aggregator
2.2.1 Benefit and cost of using the aggregator

The value-added of an aggregator consists in recognizing high-quality content ex post. In the real
world, some aggregators, like Huffington Post, use editorial staff, while others, like Google News,
use an algorithm to find high-quality content. After finding high-quality articles, each aggregator
posts them on its site. This, however, can be done in different ways. Some, like Yahoo! News,
post the whole article on their site, with no link to the original content. Usually, this is because
the aggregator pays the newspaper for that content and hence has the right to publish it. In
2006, Yahoo! signed an agreement with Newspaper Consortium!” to use their content. Others,
like Google News, show the title and a short summary and provide a link to the original article.
The first pages and sample articles of Google News can be seen in Figures 7 and 8. These two
types of aggregators bring revenue to newspapers in different ways: the first by buying a content
license, and the second by sending traffic to newspaper sites.

We model an aggregator along the lines of Google News and relegate the licensing issue to
future work. Hence, the aggregator in our model provides only a homepage without having its own
original articles. It benefits consumers by improving the match between their attention and high-
quality content. More precisely, for each issue, the aggregator chooses one article and publishes
its title and summary with a link to the original article. In the baseline model, we assume that the
aggregator chooses the highest quality article for each issue and that if both newspapers produce
the same quality articles on a given issue, it chooses one of them with an equal probability.
Section 6.2 considers the more realistic case of imperfect certification technology and shows that

the main results are robust to introducing this imperfection. Providing one link per issue is a

3, in the presence of the aggregator, the denominator in the expression for a given newspaper’s market share is a
function of the strategies (u(s1), p(s2)), which makes the analysis complex. This is why we consider a quadratic
cost function.

"http:/ /www.npconsortium.com/
“Is Yahoo a Better Friend to Newspapers Than Google?,”"New York Times, 8 Apr. 2009
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realistic assumption. For instance, Google News provides one link per issue for all issues except
for the top story, for which it shows multiple links (see Figure 8).!8

A consumer who goes to the aggregator’s homepage spends a mass one of attention on the
homepage. In addition, the consumer clicks on the link of each high-quality article and spends ¢
units of attention (per article) on the newspaper site to which she is directed. The consumer does
not click on the links to low-quality articles.!® Therefore, using the aggregator over her preferred
newspaper allows a consumer to access more high-quality content, at a higher cost of preference
mismatch. The business-stealing effect captures the reduction in the traffic to the homepages of
the newspapers since some readers switch to the homepage of the aggregator. However, there is
also a readership-expansion effect since high-quality articles of a given newspaper can reach not
only its loyal readers, but also those using the aggregator. The latter includes consumers who

would read the rival newspaper if there were no news aggregator.

2.3 Timing

In what follows, we analyze the following two-stage game.

e Stage 1: each newspaper ¢ simultaneously chooses s;.

e Stage 2: if there is no aggregator, each consumer chooses one of the two newspapers

(otherwise, one among the two newspapers and the aggregator).

3 No Aggregator

In this section, we analyze the two-stage game without the aggregator. Then, what matters is
only pu(s;) = p; for i = 1,2, because of our single-homing assumption. As usual we use backward
induction and start from Stage 2.
Let x denote the location of the consumer who is indifferent between 1 and 2, which is
determined by:
i Au —te = peAu — t(1 — ).

Equivalently, we have

1 B
$—§+§(M1—M2)-

181n reality, Google News indexes content from 25000 news outlets and hence it does not make sense to assume
that the aggregator provides links to all newspapers on every issue even if it seems plausible to provide two links
per article in our simple model.

19 Alternatively, she might click the link of a low-quality article but quickly stop reading the article upon realizing
that the quality is low.

11



From Al, we have 0 < x < 1. Therefore, each newspaper’s market share is positive: 0 < a; < 1
fori=1,2.
Newspaper i’s profit is given by

= g4 e )| [ ] = e for (i) € [0.1/2°

If ¢ < $4/2, the profit function is convex. As 7}(0) = 8+ 8§ — Bdp; > 0 for any u; € [0,1/2],
newspaper i’s best response is 1/2 for any p; € [0,1/2]. If ¢ > 36/2, the profit function is strictly

concave. The best reply function of ¢ is given by

i \H3) =\ B+3—pBop; 2c—(849) .
Toops. iy >1-— : B

where the superscript N means ‘no aggregator’. In this case, the slope of the best reply function

is either zero or —(0/(4c — 2/39). Therefore, we can conclude:

Lemma 1. In the absence of the aggregator, newspapers’ quality choices (u1,u2) are strategic

substitutes.

If newspaper j increases its quality, this reduces newspaper i’s market share and thereby i’s
marginal revenue from an increase in quality. This is why quality choices are strategic substi-
tutes.?’ Figure 2 describes newspaper 1’s best reply function when ¢ > 34/2.

Let (u3,u5) denote the equilibrium quality in the absence of the aggregator. The next

proposition shows that there is a unique equilibrium.

Proposition 1. Under A1 and A2, in the absence of the aggregator, there is a unique equilibrium,
which is symmetric. In the equilibrium,
(i) the average quality of each newspaper is
Wr=pi=ps=3 i 0<e<¥4i40,
W=l = s = gy if e> P+ 5+ 5
(ii) the profit of each newspaper is 7 = —c,u*2 + %,u* + %
One can easily check that u* and 7* are increasing in § and decreasing in ¢. p* is increasing

in 8 but 7* is decreasing in 5. This implies that newspapers benefit from customer loyalty but

that their quality decreases with loyalty.

20The reasoning behind this is similar to that of quantities being strategic substitutes in Cournot competition:
an increase in firm j’s quantity reduces the price of firm #’s good and hence the latter’s marginal revenue from
production. This intuition still holds if we allow newspapers to charge for subscriptions: for any given prices,
quality choices are strategic substitutes.
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1
2
Figure 2: Best reply function of newspaper 1 when there is no aggregator

From now on, we assume that the equilibrium quality without the aggregator is interior (i.e.,
p € (0,1/2)):

) B8, 8
If A3 does not hold, each newspaper i’s best reply is u; = % for any p; € [0,1/2], which is
not interesting.
4 Aggregator
In this section, the two newspapers compete in the presence of an aggregator.

4.1 Market shares for given qualities

Given (s1, s2), the utility that a consumer with location z obtains from using the aggregator is

given by:
U499 () = ug + p(s1 U s2)Au

= (o =+ (o 52) + (1 oy U )

—(m@—sn+§«Mam@wu1—mﬁu@»)u—mu (4)
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where s; — s2 means s; N s§. ug + p(s; U s2)Au represents utility from reading gross of the
transportation cost. The transportation cost depends on the composition of the articles covered
by the aggregator, and is equal to the measure of articles from newspaper 1 multiplied by xt plus
the measure of articles from 2 multiplied by (1 — z)t.

Using pu(s1 U s2) = p(s1) + p(s2) — p(s1 Ns2) and p(si — s5) = p(si) — p(s1 N s2), we can
rewrite U499 (x), U'(x) and U?(x) as follows:

UA99(2) = g — &+ sy U sa)Aut o — 2)(uls2) — puls1));

2 2
t 1
Ulz) = u0—§+u(51)Au+t(§—x);
t 1
U(x) = u0—§+,u(32)Au+t(a:—§).

Hence, it is clear that a consumer located at x = 1/2 loses nothing by choosing the aggregator;
U499(1/2) > max {U'(1/2),U%(1/2)} . Consider now a consumer with location = < 1/2. We

have

UA99(a) = UM (z) = (u(s1 U s2) — pu(s1)) Au — t(% — ) (1+ p(s2) — p(s1)) - (5)

Benefit from higher quality

~
Cost from higher preference mismatch

The benefit of using the aggregator instead of newspaper 1 is captured by the term (u(s1 U s2) — pu(s1)) Au,
which represents surplus increase from consuming more high-quality content. This benefit comes
with the cost of greater preference mismatch since, for a consumer with location < 1/2, the fa-
vorite newspaper is 1. More precisely, the last term in (5) always has a negative sign for x < 1/2
and represents the cost of using the aggregator.
More generally, the following lemma shows that newspapers are not directly in competition

with each other.

Lemma 2. Newspapers are not directly in competition with each other: For any given (s1,$2),
there exists no x € [0,1] such that min {U(z),U?(z)} > UA99(z).

Proof. To prove the lemma we consider two cases.
1) If # < 3, then UA99(z) > U?(x) since p(s2) — p(s1) <
2) If 2 > 1, then UA99(2) > U(z) since pu(s1) — p(s2) <

N D=

O

Let x; denote the location of the consumer who is indifferent between newspaper i (i = 1,2)
and the aggregator. Then, for any = < z1, we have U'(z) > U499(x). This, together with Lemma
2, implies U!(z) > U?(x) for any = < x1. Therefore, 1’s market share is given by x;. Similarly,
2’s market share is given by 1 — z. Furthermore, U499(1/2) > max {U'(1/2),U%(1/2)} means

14



that 1 < 1/2 < x9. Therefore, the aggregator’s market share is x9 — 1. The next lemma shows

that each newspaper has a positive market share under Al.

Lemma 3. Under Al, for any given (si1,s2) satisfying u(s;) < 1/2 for i = 1,2, the market
shares of 1 and 2 are:

0<ag = 1 5“(32) — p(s1 M s2)

21— p(s1) + p(s2)

1
< 5? (6)

1 psi) —p(siNsy) 1
<= =P ) — () = 2

The aggregator decreases the market share of the newspapers. Lemma 3 shows that for any

(7)

(s1,s2) satisfying u(s;) < 1/2, the market share of a newspaper cannot be larger than 1/2,
whereas without the aggregator it is possible for a newspaper to have a market share larger
than 1/2 (although not in equilibrium). This result holds even when the quality of newspaper 1,
say, is maximal, i.e., 1/2; and the quality of 2 is zero: in such a case the consumers located at
x € (1/2,1] prefer the aggregator to newspaper 1. By using the aggregator, they consume all the
high-quality content of 1, and, in the absence of high-quality content, they consume low-quality
content from 2 half of the time.

The market share of each newspaper decreases in 3, which means that the more loyal con-
sumers are, the greater the newspapers’ market shares. Holding (u(s1), u(s2)) constant, increas-
ing s1MNso reduces the high-quality content available from the aggregator and increases the market
share of both newspapers. In the extreme case of s; = s, there is no room for the aggregator
and each newspaper shares the whole market equally.

From Lemma 3, we can see the effect of quality, u(s;) with ¢ = 1,2, on the market share of,

for instance, newspaper 1:

e « increases if newspaper i (= 1,2) increases its quality, p(s;), by investing in those issues

which are also covered by j(# i) too, i.e., by increasing p(s; N s2).

e « decreases if newspaper i@ (= 1, 2) increases its quality, u(s;), by investing in those issues

which are not covered by j(# i), i.e., by increasing p(s; — s;).

In the subsequent analysis, it is important to understand the above effects of changes in
quality p(s;) on 1’s market share. If newspaper 1 increases its quality by investing in those
issues covered by 2, this increases 1’s market share, which seems to be standard. In contrast, if
newspaper 1 increases its quality by investing in those issues not covered by 2, this reduces 1’s

market share, which looks puzzling. To explain it, let us suppose that newspaper 1 increases its
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quality on an issue which 2 covers with low-quality and examine how this affects the utility of the
consumer indifferent between newspaper 1 and the aggregator. Note first that the consumer can
enjoy this quality increase regardless of whether she chooses newspaper 1 or the aggregator. But
the quality increase reduces the consumer’s transportation cost from choosing the aggregator
while it does not affect the transportation cost from reading newspaper 1. The reason is that on
the issue, the probability for the aggregator to direct the consumer to the article of 1 is one after
the quality increase while the probability was a half before the quality increase. This together
with the fact the indifferent consumer is located at = < 1/2 implies that newspaper 1’s market

share decreases after the quality increase.

4.2 Business-stealing vs. readership-expansion for given qualities

Given (s1, s2), newspaper i’s profit is given by:
1
mi(si) = i [1+ p(s:)0] +6(1 — i — o) (M(Si = i)+ gulsin Sj)) — cp(si); (8)

where j € {1,2}, j # i. The term in the middle of the R.H.S. represents the revenue from the
consumers directed by the aggregator.
The following proposition states that there exists no equilibrium in which the set of the

common issues covered by 1 and 2, s; N s, is neither the maximum nor the minimum.

Proposition 2. Given u(s;) satisfying 0 < u(s;) < 1/2 for newspaper i € {1,2}, choosing
si such that 0 < p(s; N s2) < min (u(s1), u(s2)) is strictly dominated by choosing s; such that
p(s1Ns2) =0 or u(syNsz) = min (u(s1), u(s2)). In other words, each newspaper is always better

off choosing mazximum or minimum differentiation.

The proof of Proposition 2 reveals that newspaper i’s profit is convex with respect to u(s; N
S9): profit is therefore maximized at the corners. This result does not depend on A2 and
holds for any arbitrary cost function. From Lemma 3 and the discussions following it we know
that the aggregator’s market share is minimized under minimum differentiation and maximized
under maximum differentiation. Proposition 2 implies that newspaper 4 finds it optimal either
to “accommodate” the aggregator by maximum differentiation or to “fight” it with minimum
differentiation.

Consider a given symmetric quality p(s1) = p(s2) = p € (0,1/2) < 1/2. If newspaper i
uses the minimum differentiation strategy, the aggregator gets zero market share and hence each
newspaper’s profit is not affected by the presence of the aggregator. If 7 uses instead the maximum
differentiation strategy, each newspaper has the same market share (a1 = ag = a = 1/2 — )

and obtains identical profits (a[1 + pd] + 0(1 — 2a)p). The difference between a newspaper’s
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Figure 3: Business-stealing effect and readership-expansion effect from 1’s point of view

profit under maximum differentiation and its profit in the absence of the aggregator (which is

equal to the profit under minimum differentiation) is given by:
(= Bp(6p —1)).
(9)

The first term on the R.H.S. of the above equation shows the business-stealing effect of the

Wi(u, M | maX)_ Wi(ﬂ’ ,U)|no aggregator ‘_B'u * 1, + w

Business-stealing effect readership-expansion effect

aggregator: the aggregator reduces the attention spent on the homepages of each newspaper by
Bu = 1. The second term on the R.H.S. shows the readership-expansion effect of the aggre-
gator: the aggregator improves the match between attention and high-quality content, allowing
each newspaper’s high-quality content to reach more customers. Note that this readership expan-
sion includes some customers who, without the aggregator, would read only the rival newspaper
(See Figure 3). [u * 0pu measures this increase in attention. From the previous discussion, we

have:

Lemma 4. Consider any symmetric equilibrium candidate u(s1) = p(s2) = p satisfying 0 < p <
1/2. The newspapers will use the mazimum differentiation strategy (respectively, the minimum

differentiation strategy) if o > 1 (respectively, if du < 1).

Although we have only considered the case of symmetric quality, the trade-off between the
business-stealing effect and the readership-expansion effect is quite general. All other things being
equal, as f1; increases, the aggregator has a larger market share under maximal differentiation,
and hence the readership-expansion effect is likely to dominate the business-stealing effect from
i’s point of view. As ¢ increases, the profit from high-quality content is more important relative
to the profit from low-quality content, which likewise makes the readership-expansion effect

more likely to dominate the business-stealing effect. More generally, Figure 4 describes, given
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Figure 4: Best reply function of newspaper 1 given u1, and us

(p1, p2) € (0,1/2]2, under what conditions minimum or maximum differentiation is the optimal
strategy for newspaper 1.

Remark: The previous discussion shows that the presence of the aggregator can never
decrease a newspaper’s profit, given symmetric quality: each newspaper can always reduce the
aggregator’s market share to zero by using the minimum differentiation strategy and thereby
obtain the profit it received without the aggregator. This is a consequence of the fact that
we consider only two newspapers. On the contrary, if there are many newspapers and some of
them use maximum differentiation, a single newspaper cannot reduce the market share of the
aggregator to zero. After completely characterizing the outcomes for two newspapers, we extend
the model to allow the aggregator to provide content from third-party news sites different from
the two newspapers (see Section 6.3).

As a consequence of Proposition 2, there are two equilibrium candidates, one with minimum
differentiation and the other with maximum differentiation. The following subsections address

each one in turn.

4.3 Minimum differentiation (no specialization) equilibrium

In this subsection, we study the existence of the equilibrium in which the newspapers choose
minimum differentiation, or equivalently s; = s2. Let (u]?, #5") denote the equilibrium qualities

under the minimum differentiation strategy. We have:

Proposition 3. Under A1-A3, there are (ém,gm) satisfying 0 < 6™ < 6™ such that for any

§ > 0™ there exists no symmetric equilibrium in which newspapers invest in the same set of
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Figure 5: Best reply function of newspaper 1 given min differentiation

issues: for any 0 < O™ there exist multiple symmetric equilibria in which newspapers invest in
the same set of issues:

(i)MTZMTZMmG[ﬁa%} i3+ F+y<c<i+F+5
(ii)MTZMTZMWE[ﬁv%} if c> 5+ Y+ 8

Corollary 1. pu™ = u* (where p* is the quality which arises in the equilibrium without the

aggregator) is one of the minimum differentiation equilibria.

The intuition behind this result is simple. If the revenue from high-quality content is high
enough, each newspaper has an incentive to use the maximum differentiation strategy: the
readership-expansion effect dominates the business-stealing effect. On the contrary, when the
revenue from high quality content is low enough, the business-stealing effect dominates the
readership-expansion effect and each newspaper uses the minimum differentiation strategy. Since
any equilibrium quality p* is a best response to p5* for the interval of equilibrium qualities
described in Proposition 3, the best reply curve has a slope of 45 degree (see also Figure 5 ).
Hence, quality choices are strategic complements over this interval. The reason is that given
p(s2) = pb, newspaper 1 finds it optimal to “fight” the aggregator by choosing s; = sg, which
leaves zero market share to the aggregator. More precisely, conditional on using the minimum
differentiation strategy, newspaper 1’s profit increases when y; increases up to p5' and decreases
when when f11 increases beyond p5'. Figure 5 also shows that the equilibrium quality without the
aggregator, u*, belongs to the interval of equilibrium qualities under the minimum differentiation

strategy.
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4.4 Maximum differentiation (specialization) equilibrium

In this subsection, we study the equilibrium candidate with maximum differentiation. The profit
of newspaper i € {1,2} conditional on maximum differentiation is given by:

1
mi(s; | max) = = + —p; — +0 — Cp; -
i(si | ) 9 Q,Uz Bl"‘ﬂj_Ui [Eay—y Hy

Let (M, ud") denote the equilibrium qualities under the maximum differentiation strategy.
Figure 6(a) shows the best reply conditional on both newspapers’ using the maximum differen-
tiation strategy. It shows that the curve crosses the 45 degree line only once and has a positive

slope when (and after) crossing it. More precisely, we have

o 1 — i — pi(1 = py)
T e L
OO (1 — pi + p5)? (L4 i — py)3

which is positive for 6u; > 1/2. Since 6u™ > 1 holds from Lemma 4, quality choices are strategic

complements for quality above ™ and for quality just below (and close to) .

Lemma 5. In the presence of the aggregator, suppose that a symmetric equilibrium with max-

imum differentiation strategy u{\/[ = ,ué\/[ = uM

exists. Then, there exists some u' satisfying
1 < M, such that conditional on newspaper i using the mazimum differentiation strategy, an
increase in fi; induces an increase in p; for any p; > @' Therefore, newspapers’ quality choices

(p1, p2) are strategic complements for p; > 1.

When newspaper 1 uses the maximum differentiation strategy, an increase in uo expands
the market share of the aggregator and hence increases the readership-expansion effect. This
increased readership-expansion effect in turn increases the marginal revenue from an increase in
(1, which makes quality choices strategic complements. Figure 6(b) shows that this property
holds even when a newspaper is not restricted to the maximum differentiation strategy, since it

is optimal for ¢ to use this strategy for p1; larger than some threshold (see Figure 4 ).

Proposition 4. Under A1-A3, there exists a threshold 6™ > 0 such that for any § > 6™ there
18 a unique symmetric equilibrium, u{\/[ = uy = M, in which newspapers invest in disjoint sets
of issues. This ™ is

(i) 3 if c<i—0436p;

(i) (—B+25ﬁ—2c)+\/§gg+255—2c)2+2525 if e g B g n %(w :

Moreover, there exists another threshold 8™ € (O7 gM) such that, for any & < &M, there exists no

equilibrium with mazimum differentiation.
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Figure 6: Best reply functions of newspaper 1

It follows from Lemma 4 that é > 2 is a necessary condition for the existence of the maximum
differentiation equilibrium (equivalently called, the specialization equilibrium). One can check
that ™ is increasing in d: as the revenue from high-quality content increases, newspapers have
more incentive to invest in quality. Moreover, if consumers are less loyal (i.e., as /8 increases),

competition becomes tougher and hence the newspapers invest more in quality.

4.5 Equilibrium refinement with opt-out option

In this subsection we analyze the following two-stage game to refine the equilibria obtained in

the previous analysis:

e Stage 1: each newspaper ¢ simultaneously decides whether to opt out or not and chooses

Si.
e Stage 2: each consumer chooses one among the two newspapers and the aggregator.

Note that if newspaper ¢ opts out, it breaks the link with the aggregator and hence the
aggregator has content only from j: in this case we break the tie by assuming that consumers

prefer using newspaper j to the aggregator.?! Then, we always have an equilibrium in which

21This tie-breaking makes sense since the navigation between the aggregator’s site and newspaper j’s site is less
seamless than the navigation within newspaper j’s site.
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all newspapers opt out. In this opting out equilibrium, each newspaper chooses the quality p*.
This equilibrium trivially exists regardless of the number of competing newspapers.

We now check how the opt-out option affects the equilibria under minimum differentiation.
Given pu(s;) = p™, does the possibility to opt out induce newspaper i to deviate from choosing
s; = s;7 The answer is yes for any p'™ different from p*. Note first that in the minimum
differentiation equilibrium candidate, each newspaper gets the profit it would obtain without the
aggregator from symmetric quality u™. Therefore, as long as u'™ is different from B RZN (u™), i.e.,
newspaper i’s best response to pu(s;) = p™ without the aggregator, newspaper ¢ has an incentive
to opt out and to choose BRZN (™). Since we have a unique equilibrium without the aggregator,
p™ = BRYN(u™) holds if and only if u™ = p*. This implies that only u™ = p* survives the
introduction of an opt-out option.

In the maximum differentiation equilibrium, this does not necessarily hold. For a given
p(s1) = p(se) = u™, from (9), each firm gets a higher profit in the specialization equilibrium
than without the aggregator. If i opts out for given u(s;) = pM satisfying su™ > 1, its
best response is BRZN (,uM ). It is possible that the profit from this deviation is lower than the
equilibrium profit. To see this, note that without the aggregator, an increase in p; reduces the
marginal profit of i and that u™ > p* (see Proposition 6).

Therefore, the introduction of an opt-out option leads to a sharp prediction: the presence of

the aggregator either leads to no change or to the specialization equilibrium. In summary:

Proposition 5. When newspapers can opt out,

(i) There always exists an equilibrium in which every newspaper opts out and chooses the equi-
librium quality without the aggregator (py = pa = u*).

(i) Among all equilibria with minimum differentiation, only the equilibrium quality without the
aggregator survives the introduction of an opt-out option.

(i1i) The mazimum differentiation equilibrium survives the introduction of an opt-out option if

the deviation to “opting out and choosing p; = BRZN(,uM)” is not profitable.

5 Comparison: quality, consumer surplus, profit and welfare

In this section, we study how the aggregator affects quality, consumer surplus, profits and welfare.
From Proposition 5, we compare the equilibrium without the aggregator with the specialization

equilibrium. We first address quality:

Proposition 6. Under A1-A3, the quality of newspapers is higher in the mazimum differentiation

equilibrium than in the equilibrium without the aggregator, i.e., p™ > p*.
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Note that the existence of the maximum differentiation equilibrium requires d large enough
(ie., 6™ > 1). In the presence of the aggregator, for § large enough, u1 = po = p* is not
an equilibrium. This is because the readership-expansion effect dominates the business-stealing
effect and hence each newspaper finds it optimal to respond by increasing quality above u*
and using maximum differentiation. Furthermore, quality choices are strategic complements.
Therefore, newspapers choose p1 = pg = ™M > p*.

We now study how the aggregator affects consumer surplus and newspapers’ profits. Con-

sumer surplus and the profit of each newspaper in the absence of the aggregator are given by:

1

2 1
cS* = / (i Au+ug — xt) de + / (W Au+ug — (1 —2)t)de = p* Au+ up — 2; (10)
0 1

2
™ = —cu*? + gu* + % (11)
Since the aggregator induces each newspaper to choose a higher quality, this increases every
consumer’s surplus. Even if a consumer continues to use her preferred newspaper, she benefits
from the quality increase. In addition, she has the option of using the aggregator.
The profit of each newspaper in the specialization equilibrium is 7" = oM [1 4+ 6pM] + (1 —
2aM)5uM — c,uMQ, where o™ is the share of each newspaper and, from (6) and (7), is equal to
% — B, Thus, each newspaper’s profit is

T N (12)

The presence of the aggregator increases each newspaper’s profit if and only if

s 1.1 6,
WM =)+ M (B )+ = S G e (13)

Proposition 7. Suppose that the presence of the aggregator leads to the mazximum differentiation
equilibrium. Then, in the presence of the aggregator:

(i) Every consumer gets a higher surplus.

(ii) The profits of newspapers increase if the cost is low enough, and decrease otherwise. More
precisely, there exists ¢ such that ™ < 7 for all ¢ > ¢ and 7™ > 7* for all c < é.

(i1i) Social welfare is higher.

The profits of the newspapers can be lower in the specialization equilibrium than in the
equilibrium without the aggregator. More generally, Proposition 7 shows that whether the profits

increase or decrease depends on the cost level c. As we noted in Section 4.2, for a given quality, the
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aggregator cannot decrease each newspaper’s profit. Furthermore, from equation (9), the profit
in the maximum differentiation equilibrium (gross of the investment cost) strictly increases with
™. This implies that the aggregator increases each newspaper’s profit if the investment cost
does not increase too much (i.e., if ¢ is low enough).

Note that the relevant cost to consider is actually ¢/w where w is advertising revenue per
unit of attention, previously normalized to one. If the Internet creates advertising congestion
(Anderson, Foros, Kind, and Peitz, 2012) by expanding advertising possibilities and thereby
reduces w, this increases ¢/w. This suggests that the aggregator is likely to reduce the profits
of newspapers, which may explain why the current debate on news aggregators is so heated.

Finally, we show that the presence of the aggregator increases social welfare. We proceed in
two steps. First, for given symmetric quality (for instance, u*), the presence of the aggregator
increases social welfare. This is because both consumer surplus increases, and total traffic to the
newspapers and the aggregator increases. The total traffic increases since traffic to the homepages
is constant, while traffic to high-quality articles increases thanks to the aggregator. Second, we
can show that, in the presence of the aggregator, the newspapers choose too low-quality from a
social point of view, which implies that the increase in quality from p* to ™ (while maintaining
maximum differentiation) is welfare-improving. To see this, consider a marginal change in py for

any given puo. We have

oSw  om . Omy Oma  0CS

+ +
Oy Owr Op  Opr - Om
where w4 is the profit of the aggregator. %CTIS > 0 is obvious and we can show
0 0
omy | Oma
opr O

From Lemma 3, as pp increases, newspaper 1’s market share decreases under maximum differ-
entiation. This implies that as p1 increases, total traffic to the homepages of newspaper 2 and
the aggregator increases. Furthermore, it also implies that the traffic to the high-quality articles
of 2 increases. Therefore, an increase in p; generates positive externalities on the joint profit of

newspaper 2 and the aggregator, and on consumers. Hence, if g—ﬁ =0, then %STVIV > 0.

6 Extensions

In this section, we provide results for four extensions: asymmetric issues, imperfect certification
technology, third-party content and paywall. These extensions make the model closer to the real

world and show the robustness of our main results.
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6.1 Asymmetric issues

In the baseline model, we assumed that all issues are of equal importance in terms of probability
of click, which is not realistic. We discuss here what happens if we assume that some issues
(such as those covering major events) have a higher probability of click than the other issues.
Let S = S4 U Sp where S4 N Sp = @. Given that an article has high-quality, the probability
for a reader to click its link is pa (pp) if the issue belongs to Sa (Sp), with pa > pp. The
probability of click is zero for low-quality articles. If the difference between p4 and pp is large
enough and the measure of S, is not too large, regardless of the presence of the aggregator,
both newspapers will cover all issues in Sy with high-quality (i.e., both newspapers cover major
events with high-quality articles). Therefore, we can interpret uy as the utility from reading a
home page and high-quality articles covering major events, which makes the assumption ug > ¢

more easily satisfied. In addition, assumption A2 is relaxed as follows:

s ulss) > p(Sa) + u(Ss)/2

C(u(si)) =
cu(si)®  p(si) < p(Sa) + p(Sp)/2-

Since this extension is isomorphic to the baseline model, we can conclude that the aggregator
induces newspapers to specialize in the coverage of the issues belonging to Sg (i.e., those which
are not major events of the day but have important social concerns such as climate change,

income inequality etc.) and to increase the quality of the articles on these issues.

6.2 Imperfect certification technology

When each newspaper provides an article of different quality on a given issue, let (1 + AP)/2
(respectively, (1 — AP)/2) represent the probability for the aggregator to provide the link to
the high-quality article (respectively, to the low-quality article) where AP € [0,1]. AP =1
corresponds to the case of perfect certification technology in the baseline model. We below briefly
present the most interesting results; the detailed analysis can be found in the supplementary
materials.

In this extension of the baseline model, there exists a unique threshold P in (0,1) such that
Oay /01 < 0 if and only if AP > P22 What is even more interesting is that the aggregator’s
market share always increases with p; (for i = 1,2): 9(1 — a3 — ag) /Ou; > 0 (the inequality
is strict for AP > 0). For instance, for AP > 0 small, even if the aggregator loses consumers

to newspaper 1 after the latter’s quality increase, the aggregator steals more consumers from

22For instance, suppose AP = 0 and that newspaper 1 replaces a low-quality article with a high-quality one.
Then, a consumer can enjoy this quality increase with probability equal to one by choosing newspaper 1 but only
with probability equal to 1/2 by choosing the aggregator. So 1’s market share increases with its quality.
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newspaper 2. This is because a consumer cannot enjoy the quality increase by reading 2 but can
enjoy it by choosing the aggregator.

Proposition 2 extends to the imperfect certification technology since the profit of a newspaper
is convex in p12. Lemma 4 also extends such that in a symmetric equilibrium with pu; = us = p,
both newspapers use the maximum differentiation strategy (respectively, the minimum differen-
tiation strategy) if APdu > 1 (respectively, if AP§u < 1). Proposition 5 on equilibrium selection
based on opting out still applies to AP € [0,1]. When we compare the maximum differentia-
tion equilibrium with the equilibrium without the aggregator by using the necessary condition
APSpM > 1, we find again that the presence of the aggregator increases the quality (Proposi-
tion 6). Moreover, the equilibrium quality increases with AP as noisier certification weakens the
readership-expansion effect.

Finally, we find that the effect of AP on newspapers’ profits in the maximum differentiation
equilibrium is ambiguous. However, as the aggregator’s certification technology becomes more
accurate, the readership-expansion effect is more likely to dominate the business-stealing effect
and this tends to increase newspapers’ profits. This finding offers a possible explanation for
newspapers’ complaint against Google News: they may find Google’s algorithm to select news

articles too noisy, resulting in low profits for them.

6.3 Content from third-party providers

We believe what is happening in the online world can be represented by the specialization equi-
librium. However, one may argue that the model does not reflect the real world since each
newspaper has so much market power that it can unilaterally eliminate the aggregator by opt-
ing out. In the real world, a single newspaper has very little effect on the aggregator since the
aggregator contains content from many news outlets.?3 In particular, there are many small news
sites which would receive very negligible traffic in the absence of the aggregator. Therefore, these
sites have strong incentives to use “the maximum differentiation and opt-in strategy” in order to
attract traffic from the aggregator. In order to capture this heterogeneity among news sites in
our model, and to show the robustness of our main results, we introduce one important modifi-
cation: by using the aggregator, consumers can get utility up generated from the aggregation of
content from numerous small third party providers;?4 but we maintain the assumption of perfect
certification. Therefore, even if the two newspapers opt out, a consumer can get a utility equal
to up from using the aggregator. However, in the absence of the aggregator, it is impossible for
a consumer to obtain ur from the numerous small third-party providers. This implies that the

introduction of up does not affect the analysis of the case without aggregator.

2Google News indexes content from 25000 news outlets.
24 Although ur can depend on a consumer’s ideological taste, we abstract from this dimension for simplicity.
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In the presence of the aggregator, the utility that a consumer located at x obtains from the

aggregator is given by:

t

U299 (@) = (1 U s2) A+ g — topls1) — (1 = 2)pu(s2) — (1= pu(s1) — pu(s2) +up. (14)

The market shares of the newspapers are given as follows:

1 1(u(s2) — p(s1Ns2)) Au+ur
R R 7O RN .

_ 1 1 (u(s1) —p(s1Ns2)) Au+ur
N e ESTE 1o

We focus on the case in which the utility form third-party content is sufficiently important:
A4: up > %max{l,% )

To avoid corner solutions under A4 (i.e., to guarantee a positive market share for each news-

paper), we should modify A1l as follows.

A1 dur <t
A1’ puts an upper bound on up. Hence, under A1’ and A4, depending on the parameter
values, the equilibrium market share of the aggregator can vary from (close to) zero to (close to)

one.

Proposition 8. Suppose that the utility from third-party content is high enough (i.e., A4 holds).
Under A1°, A2, AS3;

(i) For any (u(s1), 1(s2)) € [0,1/2]2, mazimum differentiation, u(sy N s2) = 0, is a dominant
strategy for each newspaper.

(ii) For any § > 0, newspapers’ quality choices (j1(s1), u(s2)) are strategic complements.

(iii) For any § > 0, there is a unique symmetric equilibrium, u(s1) = u(s2) = p’, where
newspapers invest on disjoint set of issues, u(s1 N s2) = 0. There are two thresholds of § such
that = = 0 for all 6 < 67 and p7 = % for all 5 > 67 (> 6T). Foré e [QT,ST], ul strictly

mcreases with J.

When the utility from third-party content is high enough, the aggregator already has a non-
negligible market share, independent of what a single newspaper does. Therefore, this induces
each newspaper to accommodate the aggregator by adopting the maximum differentiation strat-
egy, such that the minimum differentiation equilibrium does not exist whereas the maximum
differentiation equilibrium exists for all 4 > 0. As we have seen before, this implies that news-

papers’ quality choices (u(s1), p1(s2)) are strategic complements for all § > 0. Furthermore, the
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equilibrium quality is increasing in ¢ such that the presence of the aggregator can increase or de-
crease quality with respect to the case without the aggregator. If ¢ is small (respectively, large),
the business-stealing effect is large (respectively, small) relative to the readership-expansion ef-
fect.

Therefore, the value of ¢ is the key parameter determining whether the aggregator increases
or reduces the quality of newspapers. Even if there have not been any empirical studies directly
estimating 0, we think that the studies by Athey and Mobius (2012) and Chiou and Tucker (2012)
allow us to pin down a lower bound of §. Athey and Mobius (2012) study a natural experiment
in which Google News introduces news from local outlets for readers who enter their zip code.
They find that after adding content from new local outlets to Google News, traffic increases not
only to these new outlets but also to the old (local and non-local) outlets that have been indexed
by Google News. Chiou and Tucker (2012) exploit a contract dispute which led Google News to
remove the content from Associated Press (AP). They show that the presence of the AP content
on Google News would have increased traffic to the news sites indexed by Google News, which
are not necessarily members of the AP network. Therefore, we can infer from these papers that
an increase in the third-party content up would increase traffic to the two newspapers, for a
given equilibrium quality of the newspapers, implying

onT

Fu Inr=est> 0eoul >1

"

where 77 is the profit of each newspaper and is given by:

1 6 1
nl = 5 + §MT + ;(MTAU +up)(6p” — 1) — CMT2

This means that the readership-expansion effect is larger than the business-stealing effect at

equilibrium:
T ur ur
¥ (Ma:u ‘ maX) - 7Ti(lufa M)’no aggregator _(B:U’ + 7) *1 + (ﬁ,u + 7) * O
—_———— —_——
Business-stealing effect ~ Readership-expansion effect

= (Bt =) Gu—1) >0,

where Bu + “F is the market share lost by each newspaper to the aggregator. For ot > 1, we
can show that the aggregator increases quality and that each newspaper has no incentive to opt

out in equilibrium.

Proposition 9. Consider the model with the third-party content and assume A1’, A2-A4. If
ol >1:
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(i) The presence of the aggregator increases the quality of newspapers, u’ > u*;
(ii) When the aggregator is present, each newspaper has no incentive to opt out;

(iii) The presence of the aggregator increases consumer surplus and social welfare.

The result that each newspaper has no incentive to opt out is proved in the Appendix. To
obtain the result on consumer surplus and social welfare, we can apply the same logic used in

Section 5.

6.4 Paywall

So far we assumed that advertising is the only source of revenue for newspapers. In this subsec-
tion, we take the model of Section 6.3 and allow each newspaper to charge a price. The reason
we choose the model of Section 6.3 is to provide a more realistic scenario in which consumers
can still enjoy some content through the aggregator even if the two newspapers erect paywalls.
We assume that prices cannot be strictly negative.

In the presence of the aggregator, we find a sufficient condition for each newspaper to find

zero price profit-maximizing. For this purpose, we analyze the following three-stage game:
e Stage 1: each newspaper ¢ simultaneously chooses s;.
e Stage 2: each newspaper i simultaneously chooses the price, p;.
e Stage 3: each consumer chooses one among the two newspapers and the aggregator.

We assume that upon choosing a positive price, a newspaper blocks any incoming traffic from

the aggregator. We have:

Proposition 10. Consider the model with the third-party content. In the presence of the ag-
gregator, for any given pair of quality, (u(s1),p(s2)) € Ri, it 15 a dominant strategy for each
newspaper i (i =1,2) to choose p; =0 if t < %.

The proposition shows a very intuitive result: if competition among newspapers is strong
enough, each newspaper finds zero price profit-maximizing. It also explains why newspapers
with market power such as Financial Times or Wall Street Journal want to erect paywall.

In the case of the three-stage game without the aggregator, we study the symmetric equilib-
rium in which both newspapers choose the same quality u” and charge a strictly positive price
pP. We have:

Proposition 11. Suppose that there is no aggregator.

(i) There exists a symmetric equilibrium in which both newspapers choose the same quality

= Agzﬂs and charge a strictly positive price p* if p =t —1 —6u? > 0.
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(i) If t < %, the newspapers choose a higher quality without paywall than with paywall (i.e.,
pe > pb).

(117) If t < % and 2Au > §, then the newspapers’ profits are higher with paywall than without
paywall.

The two propositions show that the aggregator may make the existence of paywall equilibrium
more difficult in the sense that the equilibrium with paywalls can exist without the aggregator but
does not exist with the aggregator. This happens if t < %. In addition, the last proposition shows
that without the aggregator, paywalls soften quality competition such that newspapers choose
lower quality and earn higher profits than without paywalls under the reasonable assumption
2Au > § (explained below). Therefore, our result that the aggregator increases newspapers’
quality is robust to allowing for paywalls as long as competition between the newspapers is fierce
enough. Our finding also provides another explanation for why newspapers complain about
Google News: news aggregator intensifies competition among newspapers such that it is more
difficult to erect paywalls.

We below provide an intuition for why paywalls soften quality competition. We have:

71 = oy(146py + p1) — cus
1 (1 — p2)Au+ (p2 — p1)
M o= 5t ot
Au 20p; O
pi = t+?(ﬂz’—ﬂj)—1— 31—?]~

When we isolate how a change in p; affects 1’s profit through changes in (p1, p2) at the symmetric

equilibrium, we find:
op1 1 i Op2—p1) 1
8#1 2 aul 2t

(1+6p1 +p1), (17)

where 8(p5;1p1) < 0 if and only if 2Au > 4. In particular, ¢t < % and 2Au > § imply that
the sum of the two terms in (17) has a negative sign. Basically, if 1’s quality increases, 1 can
appropriate it by increasing its price p; but the price gap ps — p1 decreases, which reduces 1’s
market share. When competition is strong enough, the second effect dominates the first effect

such that paywalls soften quality competition.

7 Conclusion

In this paper, we studied the impact of a news aggregator on the quality choices of newspapers by
considering two scenarios: symmetric newspapers and asymmetric newspapers. In both scenarios

we find that the presence of the news aggregator induces each newspaper to specialize, in order to
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boost its traffic from the aggregator. When newspapers are symmetric, the aggregator induces
them to choose higher quality, which increases consumer surplus and social welfare. When
newspapers are asymmetric such that small newspapers prefer their content to be indexed by
the aggregator, the aggregator can increase or decrease the quality chosen by large newspapers
depending on how sensitively time spent on news sites responds to quality increase. We found
that if adding content indexed by the aggregator increases the traffic to all the newspapers that
have been indexed by the aggregator (as in the empirical findings of Athey and Mobius (2012)
and Chiou and Tucker (2012)), then the aggregator increases the quality (and thereby consumer
surplus and welfare).

Our model is a first step to study the role of news aggregators, opening many avenues for
future research. We described consumer behavior in a highly-stylized way. It would be nice to
enrich consumer behavior by enabling multi-homing without aggregator (Kim and Serfes, 2006),
allowing each consumer to read a subset of articles depending on her types or introducing richer
interactions between utility from reading and ideological slant. It would be also interesting to
analyze the (long-term) impact of the aggregators on news slanting by making each newspa-
per’s position endogenous, as in Gabszewicz, Laussel, and Sonnac (2001) and Mullainathan and
Shleifer (2005).

References

ANDERSON, S. P., AND S. COATE (2005): “Market Provision of Broadcasting: A Welfare Anal-
ysis,” The Review of Economic Studies, 72(4), pp. 947-972.

ANDERSON, S. P., @. Foros, H. J. KIND, axND M. PEITZ (2012): “Media market concentration,

advertising levels, and ad prices,” International Journal of Industrial Organization, 30(3), 321
- 325.

ANDERSON, S. P., anp J. S. GANs (2011): “Platform Siphoning: Ad-Avoidance and Media

Content,” American Economic Journal: Microeconomics, 3(4), pp. 1-34.

ARMSTRONG, M. (2006): “Competition in Two-Sided Markets,” The RAND Journal of Eco-
nomics, 37(3), pp. 668-691.

ATHEY, S., E. CALVANO, AND J. S. GANs (2012): “The Impact of the Internet on Advertising
Markets for News Media,” Working paper.

ATHEY, S., AND M. MoOBIUS (2012): “The Impact of News Aggregators on Internet News Con-

sumption: The Case of Localization,” Working paper.

31



BAYeE, M. R., anp J. MORGAN (2001): “Information Gatekeepers on the Internet and the

Competitiveness of Homogeneous Product Markets,” The American Economic Review, 91(3),
pp. 454-474.

BIGLAISER, G. (1993): “Middlemen as Experts,” The RAND Journal of Economics, 24(2), pp.
212-223.

CAILLAUD, B., anp B. JULLIEN (2001): “Competing cybermediaries,” European Economic Re-
view, 45(4-6), 797-808.

(2003): “Chicken and Egg: Competition among Intermediation Service Providers,” The
RAND Journal of Economics, 34(2), pp. 309-328.

CALZADA, J., AND G. ORDONEZ (2012): “Competition in the news industry: fighting aggregators
with versions and links,” Working Papers 12-22, NET Institute.

CHiou, L., anp C. TUCKER (2012): “Copyright, Digitization, and Aggregation,” Discussion
paper, NET Institute Working Paper No. 11-18.

CrAMPES, C., C. HARITCHABALET, AND B. JULLIEN (2009): “Advertising, Competition and
Entry in Media Industries,” The Journal of Industrial Economics, 57(1), pp. 7-31.

CREMER, J., P. REY, anDp J. TIROLE (2000): “Connectivity in the Commercial Internet,” The
Journal of Industrial Economics, 48(4), pp. 433-472.

DELLAROCAS, C., Z. KATONA, AND W. RAND (2012): “Media, Aggregators and the Link
Economy: Strategic Hyperlink Formation in Content Networks,” Working Papers 10-13, NET

Institute.

FARRELL, J., AND G. SALONER (1985): “Standardization, Compatibility, and Innovation,” The
RAND Journal of Economics, 16(1), pp. 70-83.

(1986): “Installed Base and Compatibility: Innovation, Product Preannouncements,
and Predation,” The American Economic Review, 76(5), pp. 940-955.

FTC (2010): “Potential Policy Recommendations To Support The Reinvention Of Journalism,”

Discussion draft, Federal Trade Commission.

GABSZEWICZ, J. J., D. LAUSSEL, AND N. SONNAC (2001): “Press advertising and the ascent of
the "Pensée Unique’,” Furopean Economic Review, 45(4-6), 641 — 651.

GENTZKOW, M., aAND J. M. SHAPIRO (2011): “Ideological Segregation Online and Offline,” The
Quarterly Journal of Economics, 126(4), 1799-1839.

32



GEORGE, L., AND C. HOGENDORN (2012): “Aggregators, search and the economics of new media

institutions,” Information Economics and Policy, 24(1), 40 — 51.

(2013): “Local News Online: Aggregators, Geo-Targeting and the Market for Local
News,” Working paper.

GOOGLE (2010): “Comments on Federal Trade Commission’s News Media Workshop and Staff
Discussion Draft on “Potential Policy Recommendations to Support the Reinvention of Jour-

nalism”,” Discussion paper.

Haciu, A. (2006): “Pricing and Commitment by Two-Sided Platforms,” The RAND Journal of
Economics, 37(3), pp. 720-737.

HoTELLING, H. (1929): “Stability in Competition,” The Economic Journal, 39(153), pp. 41-57.

JEON, D.-S., anp D. MENIcUCCI (2011): “Interconnection among academic journal websites:
multilateral versus bilateral interconnection,” The RAND Journal of Economics, 42(2), 363—
386.

Karz, M. L., axnp C. SHAPIRO (1985): “Network Externalities, Competition, and Compatibil-
ity,” The American Economic Review, 75(3), pp. 424-440.

Kim, H., anp K. SERFES (2006): “A Location Model with Preference for Variety,” The Journal
of Industrial Economics, 54(4), pp. 569-595.

L1zzeRI, A. (1999): “Information Revelation and Certification Intermediaries,” The RAND Jour-
nal of Economics, 30(2), pp. 214-231.

MULLAINATHAN, S., AND A. SHLEIFER (2005): “The Market for News,” The American Economic
Review, 95(4), pp. 1031-1053.

MUuURDOCH, R. (2009): “From Town Crier to Bloggers: How Will Journalism Survive the Internet

Age?)” Before the federal trade commission’s workshop.
OUTSELL (2009): “News Users,” Discussion paper.

PARKER, G. G., AND M. W. VAN ALSTYNE (2005): “Two-Sided Network Effects: A Theory of
Information Product Design,” Manage. Sci., 51(10), 1494-1504.

PEITz, M., aND T. M. VALLETTI (2008): “Content and advertising in the media: Pay-tv versus

free-to-air,” International Journal of Industrial Organization, 26(4), 949 — 965.

33



PEW RESEARCH CENTER (2012): “Trends in News Consumption: 1991-2012: In Changing News
Landscape, Even Television is Vulnerable,” Discussion paper, Pew Research Center For The

People and The Press.

RocHET, J.-C., anp D.-S. JEON (2010): “The Pricing of Academic Journals: A Two-Sided

Market Perspective,” American Economic Journal: Microeconomics, 2(2), 222-55.

RocHET, J.-C., anp J. TIROLE (2002): “Cooperation among Competitors: Some Economics of
Payment Card Associations,” The RAND Journal of Economics, 33(4), pp. 549-570.

——— (2003): “Platform Competition in Two-sided Markets,” Journal of the European Eco-
nomic Association, 1(4), pp. 990-1029.

(2006): “Two-Sided Markets: A Progress Report,” The RAND Journal of Economics,
37(3), pp. 645-667.

Rutt, J. (2011): “Aggregators and the News Industry: Charging for Access to Content,” Work-
ing Papers 11-19, NET Institute.

THE STATE OF THE NEWS MEDIA (2013): “Project for Excellence in Journalism,” Discussion

paper, Pew Research Center.
TIROLE, J. (1988): The theory of industrial organization. Massachusetts Institute of Technology.

WEYL, E. G. (2010): “A Price Theory of Multi-sided Platforms,” American Economic Review,
100(4), 1642-72.

34



Appendix A
7.1 Proof of Lemma 3
Proof. We prove it for newspaper 1. Ul(z1) = U499(z1) is equivalent to

_ 1 p(s1Usz) — p(s1)
Tl — =

2 T 1—p(s1)+p(s)

Using u(s1 U sa) = u(s1) + p(s2) — p(s1 N s2), we get

_ 1 p(s2) — pls1Nosg)
T = =

2 U1 p(s1) +pls2)

We now show 0 < z1 < 1/2, which is equivalent to

0 < 5#(82) — p(s1Ns2) -

1
U= p(s1) +plsa) 2

The first inequality is straightforward. The second comes from

p(s2) — pis1N s2) pi(s2) M) 1
1—p(s1) +pls2) — 1—plst) +p(s2) = 1/2+ p(s2) 2
O
7.2 Proof of Proposition 1
Proof. There are four equilibrium candidates.
1) (%, %) This is an equilibrium if and only if % <1- 20_665_ﬁ’ or equivalently ¢ < % + % + g

_ _3B
2 & 3) (;, % and (TC'B%E, %) To have an equilibrium of this kind, the following
conditions should hold

5+5-2 2c—6-8 5 s 3
4c—25§ <1- 655 ‘:)(C_ﬁ_g_fﬁ) (6_155)30

el1-2F B cloc>i+ 0+ 80> 368

As these conditions can not satisfy simultaneously, there exists no equilibrium of this kind.

4) ( 4?_“? 5 4‘21“5’8 ﬁ>: This is an equilibrium if and only if % > 4?:? 5> 1= 25_665_/8 , or equivalently

c>%+g+g.
0
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7.3 Proof of Proposition 2

Proof. We prove the proposition for newspaper 1. We decompose the profit of the newspaper 1,
(8), using (6), (7), u(s1 U s2) = p(s1) + p(s2) — p(s1 N s2), p(s1 — s2) = p(s1) — p(s1 N sz) and
sz = s1) = p(s2) — pls1 N s2).

7 (s1) = daqpu(s1) + a1 +6(1 —a; —az) <u(51) - %u(sl N 82)> — cu(sy)?

dpu(s1 N s2)
1= (u(s1) = pls2))?

= h(p(s1),pu(s2)) + [1(s1Ms2) — g (u(s1), u(s2))], (18)

where

S S 2
llon)lsa)) = 5 + gulsn) — B P g IS i) ()

9 ). o)) = = s o) (2m(s2) — 5+ 3 )+ (1= ton)) (Guton) = ) 20

?mri(s1) 208 0
?ou(s1Ns2)? T 1—(p(s1)—p(s2))?
Therefore, it is maximized at the corners, p(s; N s2) =0 or pu(s; N s2) = min (u(s1), u(s2))

The profit function is convex with respect to u(s; N s2)

7.4 Proof of Proposition 3

Proof. We do the proof in two steps. First we compute symmetric equilibria, given minimum
differentiation, p(s; N s2) = min (p(s1), u(s2)). Second, we find under which condition minimum
differentiation equilibria exist.

1) Under minimum differentiation, the newspaper 1’s profit and its derivative is:

(n1—p2)(p1—5p
wy_ [ o8OI ad g
m1 (s1 | min) = 68 (p2—p1)p (p2—pu1) 2 <
21“1 7_71#”2 1 51+,u2 p CHT O H1 S M2
1
5 Hi—p (p1—3p2)
71 (s1 | min) = 2 08 ”Ll 3‘2 * M(H‘“EW)Q 2 HL = He
5§ _ 08 (p2—p1) B p1 B _
2 2 1+p2—m 2 (I+p2—p1)? + (4p2—p1)? 2epn i < i

Any symmetric equilibrium candidate,(u, i), can be seen in three cases:
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1.1) p< ﬁ: In this case, there is always a deviation.

. 5§ 83 4c — 0B B
Wi(sl!mln,u1=u2=u)+=§+7u—2w: 5 (40—55_“>>0

Thus, newspaper 1 benefits from investing more on quality.

. 5 . 5+2
1.2) ﬁ <p< mln{4ct25%,%}: We show for any ﬁ < o < mln{4ct5%,%} the best

response of newspaper 1 is ug, BRy(u2) = pa.

) 1 (p1 — p2) (1 — Su2) el

w1 (s1 | min, gy > p) = §Nl+§+5ﬁ 1+ 1 — o !
1 6
= gtohe - cpy + (i — p2)k(p, p2)

=y (s1 | min, py = p2) + (n1 — p2)k(p1, p2)

where

k(pi, p2) = g + 55% —c(pm + p2)
= g + 66% — (1 — p2) — 2cpz
< g+6ﬁm—0(m —p2) = g —%m
= (11— p2) (WM - C>
< =) (8500 gm) )
< ) (850 570 )
< (Zé__g‘;) <—4c2 + 563¢c — 63 (55 + g))
< (’i; - (‘;;) (-48 +568c — 68 (55 + 526))
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Therefore, 71 (s1 | min, g1 = o) > m (51 | min, g > pe).

) 5 1 68 (pu2 — p1)pr po — f1
my (51| min, py < p2) = 2M1+2_2(1+M2—)M1_ 1(+M2—/11_CM%
19 ,
= 5 Tk — eyt (i = p2)z(p, p2)

= m (81| min, py = po2) + (1 — p2)z(p1, p2),

where 5 58 5
M1
Z(p1s p2) = 5+ — + —c(ur + p2).
(i, o2) 2 21+4pp—m l+p—m (b2 + o)
The derivative of z with respect to py is
Ox(pa,pe) 0B 1tpa B .
o 2 (I+pp—m)* (A+pe—m)?
Since z is convex with respect to juy, it achieves its minimum at u, where %}:2) =0, or
equivalently:
0B 1+
B ey,
T+pue—p 2 14+pe—p
Hence,
21, p2) = 2(p, p2)
6  oB P B
st —c(p+
2T S T T et
o, 08 p 0 1+ pe
= -+t +e(l+ pe—p) —clp+
9 2 1+ ps—p 2 1+ ps—p ( 2 ﬁ) (E H2)
o 4p
= - 4c(1-2u)>0.
5~ 5 + ¢( ) >

As a result, m (s1 | min, ug = pe) > m (s1 | min, uy < p2). We can conclude BRj(u2) = po.

Therefore, any (u, 1), such that p € [ 4Cf 55, min { f:f;%, %}], is an equilibrium under minimum

differentiation.
1.3) g > min {f:f;%, %} Thanks to A2, we only focus on the case where fct%% <p< % There
is always a deviation in this case.
. _ 6 dp de—908 [ 6426
T (81| min, gy = p2 = p) =5t outf—2em=— <4C_55—u <0

Therefore, newspaper 1 benefits from reducing its investment on quality.
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2) So far, we pin down all symmetric equilibria under minimum differentiation. This means
there is no deviation given p(sy N s2) = min (u(s1), u(s2)). However, we should check for any
deviations with p(s1 N s2) < min{u(s1), u(s2)}. According to Proposition 2, the most profitable
deviation for newspaper 1 is s N sy = (). For any equilibrium candidate (u, u), the maximum

gain of newspaper 1 from deviation to pq is:

) 1
d(p, . 0,8,) = Su+ 5 —cp® = (doapn + o1 +6(1 — a1 — a)u — cprf)
1) 30
= oy — (2+55+20M> pi+ (2H+55(1+H)—C> I

5 36 5 5
+ (2—2u2—6u+2cu3> = it i = Bt B + e’ — ep.

Approaching ¢ to zero, § — 0, implies pu < % Therefore,
Yim d(pur, 1,0, 8,0) = epy — (2ep) i + (=) i + (=Bp+ 204°) = B+ Bp® + e — ey
p
< opt — ep) il + (=) + (=B + Bu®) i — B+ Bu® + Sp — e
1
= —epi (1= pd) = (2ep) i} = Bu(l = ) = Bl — ) — ep* <0,

This implies that there exists a §"* > 0, such that for all § < ™ the gain from deviation is
negative, d(u1, i, ,0,3,¢) < 0, due to continuity of d. This means (u, p) is an equilibrium.
(1, 1) can not be sustained as an equilibrium, if d(u, u, , 4, 5,¢) > 0.

d(p 1,0, B,¢) = 6Bp* — >0 op>1

0+28
= 5<4c—6ﬁ)>1
=

62 +308—4c>0=6>0m,

where 6™ is the positive solution of §% 4+ 363 — 4c. Therefore, for all § > §™ there exists no

minimum differentiation equilibrium. O

7.5 Proof of Proposition 4

Proof. First, we compute the equilibrium candidate, and then we find the condition under which
the equilibrium sustained.
Under maximum differentiation, p(s; N s2) = 0, the newspaper 1’s profit and its derivatives

are:
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1 6 2
mi(s1 | max) = 5 + Sy — By o

+ 08— —
2 2 14 pe — 1 ﬁl-l-,ul—MQ H

9
H2 M1 H1

— 12 -9

(14 po — p1)? 614-#1—#2 (1 + g1 — p2)?

S (21)

12 206(1 — p2)?
(Lt pe —pm)? (1 +pn — p2)?

7 (51 | max) = -2 —2c

2
7' (s1 | max) = —6.3 K2 _ 605(1 — o)

L+ p2 —p)t (L4 — p2)?

From Lemma 4, we know § > 2 is a necessary condition. Therefore,

) 149 1 2
Fi(sl‘maxvﬂlzo):i_,@mzi—ﬂ§>o.

This and the negativity of 7} imply that 7 achieves its maximum at either % or the solution

of 7} (s1 | max) = 0. As we are looking for symmetric equilibrium, there are not more than two
possibilities:

1) (%, %) is an equilibrium, if 7} (s1 | max, p1 = p2 = %) > 0, or equivalently ¢ < g — g + %5,8.
2) (f1, fr), where [ is the solution of

Qi) = [(~08) + i~ + 250 — 2) 4§ =0, (22)

which is obtained from putting g1 = p2 = 4 in (21). And g < % if and only if ¢ > g - g + %5B.
So far we have shown that there is no deviation given the maximum differentiation. However,

we should check for any deviation with p(s; N s2) > 0. According to the Proposition 2, the most

profitable deviation is choosing the minimum differentiation, p(s1 N s2) = min (p(s1), pu(s2)).
Suppose (u, pt) is the equilibrium candidate. We consider two deviations:

a) p1 < p: There is no profitable deviation, if:

N Y N e e
2 14+p—m ltp—m OV

1 4§ 1 4§

5 T gt = Butopu” —cu” 25+ 5m
where the LHS represent the profit in equilibrium, (p, 1), and RHS shows the profit of newspaper
1 when she deviates from the equilibrium, (u, i), to (g1, ) with minimum differentiation. The

inequality is equivalent to
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(M—ﬁu)<5<—1 5M1>-%du+ﬂﬂ)—ﬂ

- = —6Bu? <0.
SR Ea— >+5u Bu” <

L+p—m

As the coefficient of § in the inequality is negative, there exist a 6; > 0 such that for all § > §;
the left term takes negative values. The negativity of right term, i.e. du > 1, is a necessary
condition to have maximum differentiation equilibrium (Lemma 4). Because newspaper 1 can
deviate by keeping the quality the same, p; = u, but choosing minimum differentiation. du > 1
if and only if:

1 _
Q(g)>0@52+455—4C—45>0@5>52,

where 0y is the positive solution of §2 + 463 — 4c — 4.
b) w1 > p: In this case p(sy N s2) = p. According to the proof of Proposition 2, this deviation
is profitable if u > g (p1, ). From (20), we know % =3(3 —m)+2n—% >0, and
g(p, ) = 2p — 5 > p. Therefore, p < g (pu1, p) for all pg > p. This means there is no profitable
deviation, such that p; > pu.

Therefore, for all § > 6™ = max{gl,gg} there exists an equilibrium in which newspapers
invest on different sets of issues.

Moreover, we can set 7 = §, which implies for all § < 6™ there exists no maximum

differentiation equilibrium. O

7.6 Proof of Proposition 6
Proof. In terms of ¢, we have two cases:
1) e> % - g + 353: From (22), we have
4]
QM) = M (=88) + M (=5 + 288 — 2¢) + 5 =0
From Proposition 1, we know 2cu* — g — %ﬁu* — g = 0. By adding this to the Q(u™), we get

2 — (e~ )

i (08 + (L — gy D
:

1 )
= 0B (G — M)+ M (G - 1)+ (s - 1)
> 0,

where we have uM¢§ > 1 from Lemma 4 to prove the inequality. Hence, u™ > p*.
2) c< g — g + %55: In this case, p™ = %, and therefore ™ > p*. O
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7.7 Proof of Proposition 7

Proof. (ii) First, we show 7 — 7* is decreasing with c. We consider two cases:
a)c > g - g + 358: In this case, p* < M < 1. From (13), we have

Mt = o) = (M — ) (—cmM )+ g) T B (5™ — 1),

8(71'M —7)

M _ 7% is decreasing in ¢, we write =5, as

To show =
! M’ M M 4 * * d M? %2
h'(c)=p —2cp™ + 208 +§,5 + p 20u—§ —(,u — )
From proposition 1, we know cu* = g + g + %ﬂ w*. Moreover, the derivation of (22) gives us
/ ! 2 2
pM (=2ep™ +26ppM) = pM (5,uM +268uM ) + 2uM”. (23)

Hence,

/ 5 %! (5 % %
W(c)=u" (25ﬁuM2+BuM+2—B> + <§+25u ) + M

—ouM

; M _ —4p”
Since 1™ = g5z s r2c 208

and p* = To 550 We get

a —20BuM 4 M (=B 42— 268) —6+28  ,—28—28Bu*+5+ 8
268uM + B+ 2¢ — 208 a dc— 63
2 =308 —2BuM — S+ 28 B — 288" + 6
206 + B +2c—208 M T 4c—op

where for the second equality, we use (22). The left term on the R.H.S. of the equality is always

negative since

2 ) 1\? 1 9

1 52
- <5> (_2+255—55> <0,

where the first and last inequalities are implied by 6™ > 1 from Lemma 4. By the way, we often

use 0 > T}” > % Therefore, we assume the right term, u*%, is positive; otherwise h(c)
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is decreasing in ¢, and the proof is done. Hence,

W (c) < uM —308uM* — 28uM — § + 28 b M —B—20Bp* +6
26B8uM + B+ 2¢ — 2003 4c — 63 ’

or equivalently
2
W (c) B —36BuM" —28M — S 428 5 —268u* +6
uM 208uM + B+ 2¢ — 263 4c — 6f3
We also know the left term on the R.H.S. of the inequality is decreasing in u* (see the online

appendix at the end of the manuscript for the proof). Therefore, we can write

Wie)  —308(3)°-28(3)—5+28  —p—208u" +3
M 268 (5) + B+ 2c — 268 de— 63
(1) % 426858 —B—268u*+5
N (5> 38 +2c— 2683 de— 65

Hence,

Oh'(c) _ —0° 440 — 108  —3p — 20°6u" + 4

uM 65+ 4c— 4683 4c — 68
—0%2 4468 — 108  —6B — 26%Bu* + 62
4ec— 64 de — 60

_ 1 _ _ 2 *
— <4c—66> (303 — 108 — 26°Bu*) .

To show 363 — 108 — 26%26u* is negative, we first prove 6u* > % if opM > 1.

5M>1:>Q(})>O = <5—2+56—B— 5—2+165 + —6—2+365—5
a 5 ©S7 “\3 712 12712 '

The last term in the equality is negative for all §. Therefore,

&2 7 3

—+ =0 o’ > —.

c < 3 + B B=ou" > 1

ou* > % implies 363 — 108 — 26%u* is decreasing with 6. As a result 363 — 108 — 28%8u* <

3(2)8 — 108 — 2(2)?Bu* < 0. This implies h/(c) is negative, or equivalently h(c) is decreasing in
c.

b)g + g + % <c< % - g + 253: In this case, 4‘?:?5 = p* < pM =1 We can write (13) as:
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0
h(c) = i(dﬁ—C)—F% (—ﬁ) —*,u + e
Hence,

1 6§ . / 2 1 2 0
/ - ok * ok * - * * e *
h(c)——4—2,u + 2euFput +pt = —4—|—u + i (—2+20u>
1 2 o (B 6B
= —+p’ + = 0
g THOTH (2 1) <0

where the inequality is obtained from —3 —|— u < 0, and p* < 0. So far we have shown

M — 7* is strictly decreasing with c. To prove (ii) it is sufﬁc1ent to show 7 — 7* gets both

positive and negative values for some values of ¢. For ¢ = 2 + 5 + 5 M = = % Thus,
R :§(§,1) > 0. We also know, forc:ZqLéﬁ—ﬁ,,u <,u —%,and

M —r = (M=) (—C(uM + ) + g)

<y (2 )
= (e ) <o

7.8 Proof of Proposition 8

Proof. (1) We prove newspaper 1 is always better off to invest on disjoint set of issues (maximum

differentiation) for any given (u1, p2). Because of the introduction of ur, we should modify (18):

7 (s1) = daqpu(s1) + a1 +6(1 —a; —asz) <u(51) - %u(sl N 52)> — cu(sy)?

dpu(s1 N s2)
1= (u(s1) = uls2))?

= h(u(s1), u(s2)) + [(s1 M s2) — g (u(s1), u(s2))],  (24)

where

h(palsn), p(s2)) = % + éu(sl) RO ) * 5M§581) 1 /—T—(Zl(l?)u—+NTEZQ) —cu(s1)? (25)
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3 1 3 1 1
9 1), o)) = (on) o) (o) = 55 ) 0= ls2) (uton) = 5 ) + 5 (20
There are two cases:
a) pu1 < p2: Max differentiation is a dominant strategy if and only if py < g(p1, pu2), or equiva-
lently:

3 11 11\ | up
a(p, p2) = =54 + i (2u2 -5t 2) + (1= p2) (2M2 - 5) +xg 2O

The right term, a(0,p2) = (1 —p2) (3p2 — 3) + XL, is positive, as long as XL > 1. And

a(pa, pa) > 0, if po — % + & > 0. Therefore, if 3L > % maximum differentiation is a dominant
strategy for any given (1, pe) satisfying 1 < po.
b) p1 > pa: Newspaper 1 prefers maximum differentiation if and only if pua < g(u1, u2). This is

equivalent to:

3 1 3 1 1 ur
b(pa, pi2) = _§'U% + H1 (2M2 3 + 2) + (1 — p2) (2,“2 - 5) + Au p2 = 0.

b, p2) > 0, as long as pp — 3+ %L > 0. Thus, b(p1, p2) > 0 for any given (u1, po) satisfying
p > g, if (5, pa) > 0.
1 1 1 3 3 ur

L o
b(§,ﬂ2) *—§M2+M2(5+5)+§—%+E

% > 3 implies b(%, ) > 0.
To conclude, 3= > % is the sufficient condition for the dominance of maximum differentia-
tion for any given (u1, 12).

821y
Op10p2

(ii) In this part, we will show > 0.

0%m 1 [—(1—p — p2)Au+ 2ur n ser( = p2 — ) + 28um (1 — ) (27)
Omuz  t (1= 1 + p2)? (1 +p1 — p2)?

The right term is positive. Since 2ur > Awu, the left term is also positive.
(iii) First, we show the best response of newspaper 1 to newspaper 2’s quality, g, is unique.
Second, we compute the symmetric equilibrium. Finally we show the equilibrium quality, u”, is

increasing in 4.
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1) From (25), we can compute the derivatives of newspaper 1’s profit.

! 2t (14 p2—pm)? Lt —pe  t (14 pn— p2)?
! t (14 p2 —p1)? t (1 + p1 — p2)?
sy = 6 peAutur  66(1— p2) (1 — 1 — p2)Au—ur (30)
! t(1+p2 —m)? ¢ (L4 1 — p2)?

There are two cases:
1.1) wp > Aw: In this case, the profit function is concave regardless of I
1.2) ur < Au: The profit function might be convex for some p;. Since the third derivative is
negative, 7'(s1 | u1 = 0) > 0 would be sufficient to prove that there exists a unique best response.
Yoy —0) = O LlmAutur 5 ur
2t (14 pg)? t1— 2
lwAu+ur 1 up

T T rmeE i1om

- t(1+ m)l2(1 — 12 [ur(1+ p2)? = up(1 — p2) — paAu(l — po)]
RETEE M2)12(1 — p2) [ur(p2 + 13) + po(2ur — Au(l — pio))]

> 0.

2) Depending on the value of d, the best response could take three values, 0, % or the solution of

7' (p1, pe) = 0. Therefore, the symmetric equilibrium candidates are:

2.1) (0,0): This is as an equilibrium, if 7/(s; | p; = p; = 0) < 0 for 4,5 € {1,2}. This is
ug [t

UT/?;Fl/Q' _

2.2) (f1, 1) € (0, %) For all § satisfying 67 < & < 67, we have m}(s; | pi = pj = 3) <0 < mi(s; |

pi = pj = 0). Therefore, (fi, ft) is an equilibrium, where f is the positive solution of Q:

equivalent to § < 67 =

o, 0
Q) = '(s1 | 1 = pz = ) = p*(=3B) + p(—B + 268 — 2c — =) + 3

ur
. +=LE-D. (8D

23) (%, %) This is an equilibrium, if Wg(si | s = 1 = %) > 0 for 7,5 € {1,2}. This is equivalent
ST c+Au/2ttur/t
tod >0 = UT/2t+1/2+3£u/4t'

3) Now, we prove that p” is increasing in 6. For § < 87, p” is zero, and for 6 < 67, T is 1/2.
So it is sufficient to prove that u” is increasing in & for 6 € [67,67]. If 6 € [6T,07], u” is the
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positive solution of

T2 T
u(=08) + uT (=B + 208 —2c— — =)+ 5 +

Hence,
uT' 20768 — B+ 268 — 2¢ —upd /] — BuT + uT (28 — ur/t) +1/2 + up/t =0

As —2uT68 — B+ 208 — 2¢ — upd/t < 0, and —Bu’™ + pT(28 — up/t) + 1/2 + up/t > 0, p" is
positive. 0

7.9 Proof of Proposition 9

Proof. (i) From the proof of Proposition 6, we can write

4] 2 34 0
2 Yo~ ) = W (-00) + (O 5= Tt - Dy M
= BTy i) BT (S 1)+ TS - 1)+ L5 1~ )

> 0,

where we have § > -~ > 2, to prove the inequality.
o
(ii) Please see the online appendix at the end of the manuscript.

(iii) The proof is the same as Proposition 7 (iii). O

7.10 Proofs of Propositions 10 and 11

Please see the online appendix at the end of the manuscript.
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Appendix B

Google news

| Top Stories.
Tory Award

Search News = Search the Web
Advarcoc s snarch

Top Stories »
Olcar Gnm i ful and d

Ammmumnmmdmmmmm
mmnmmmkummmmmmmm-m
of the destruction and contention that marked .
thlbmnhfﬂOthNmHamhh

& 3]

WASHNGTONW) rmmmwm-ywmw-mm
4 President Barack Obama in New Hampshire on Monday, countering criticism at a
Republican presidential debate in the nation's first primary state.

Syrhnl pour lernu d\o bovd« after crackdown

M(N’lv &mmmmmmbmmem
fleaing a miltary crackdown that sent elite forces backed by helicopters and tanks into
a rorthen town that was spenning out of govemmant control

Am-mrnmmmm

ayvah- VMWWW 10 minutes ago As the season uncfficially
began with a certain player's gaudy, televised announcement that he was taking his
—Mnmm.n-mwmmn-mmnahm

mum Mnull‘l'm Awards
Jdlcn-m:nsummwmw-n-ld “Anything Goes* perform on stage
during the B5th Anrual Tony Awards at the Beacon Theatrs in New York City.

* ::;wn-Vlneeuwr Stanley Cup final comes in both official
- s

Figure 7: The Google News
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S, edition v
Recommended Sections "

Add 3 section »

Tony Award »
Winners at e 65N Tony Awards
Tony Awards: ‘Anything Goes. Sut.

Add secton

Loarn more
Recent
m \'wmln!mulrﬁl

m!”mmmy led by ENRC
mnmtmmmn-uxm
of S&P losses

Midi-Pyréndes., France » - Edit

J"AM YW‘IM

MTM mmnmm.mz

BM!WW<MVWW
centre, Boulogre sur Gesse

Spotlight »

nuwn-m-

Getting Divorced or Separated? 7 Financial
Mistakes Not to Make



h Prinl ﬁ'lbtlr Erdogan Turkey's new strongman?

l
llnammmmmm leaders are being turfed out in Europe and when dictators
and autocrats are facing popular resistance across North Africa and the Middle East.

]

Fresh quakes weigh on New Zealand dollar Y

The New Zealand dollar retreated on Monday after a series of tremors rocked
Christchurch, the country's second-largest city. The news followed a destructive
- earthquake which hit the city in February that left the country with an ...

Powerful quakes again hit New Zealand's Christchurch | Routors Related
Shaken Christchurch spends night without power A5C Oniee Earthquake »
Christchurch »

Intermational: More significant quakes hit Canterbury Aftershock »

In quh Summhaldmp fall in latest NZ quakes 5y oy Morming Hork
Wikipedia: June 2011 Christchurch eanthquake

B

Vlﬂnun holds live-fire navy drill amid China spat

See all 627 sources »

Eu-unn.nl N-u from AP Entertainment News from AP AP National Video More>>
By MARGIE MASON AP HANOI, Vietnam (AP) - Vietnam fired artillery rounds off its
central coast Monday in naval drills announced during a maritime spat with Beijing, ...

Figure 8: An article from Financial Times in the Google
News. There is a short abstract of the article in the two or
three lines, and a link to the original article.
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Supplementary materials: not for publication

7.11 Proof of Proposition 7 (ii)

2
—388uM" —28M —$ 42

Claim 1. f(u™) = ST

is decreasing in pM.

Proof.

—66282p M — 666%™ — 1268cu™M +126282uM — 282 — 4Bc + 52

1o M _
) = (2081 + B+ 2c — 263)2
7 —26%8 — 2% — 4¢P 0
T (28 + B+ 2ec—208)2 "

where the last equality is implied by (22), 2cu™ = uM2(—5B) + M (=B +288) + %

7.12 Extension to imperfect certification technology
The reader’s utility from aggregator is:

1+AP(Au+u0—xt)+1_AP

U(a) = lsr =) (w0 = (1 =)0

1+ AP 1-AP
+ ot = o) (PR ut = 1=+ 255 (o at))
t t
+ p(s2Nsy) <Au+uo - 2) + (1 — p(s2Us1)) (uo - 2>
1+ AP 1-AP
= UO+Au< + p(s2Usy) + 5 M(82ﬂ81)>

t
+ AP(ug — pa)rt — 5 (1+AP(u2 — 1))

Au
= o+ — (1 + p2 + AP(p1 + p2 — 2p12))

+ AP(ug — p)at — % (L+AP(u2 — 1))
The utility form newspaper 1 is not affected by AP.
Ul(x) = up + pu(s1)Au — xt
Therefore, market share of newspaper 1 is given by:

O0<a; =

_ B =+ AP+ p2 = 2p2) _
5 <

1
L+ AP(u2 — 1) 2’

N
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and by computing day/du1, we can show there exists a unique threshold Pin (0,1) such that
da1/Ouy < 0 if and only if AP > p.

dar _ B —2(AP)*(n2 — puz) — AP +1
o 2 (1+AP(uz — p1))?

The profit of newspaper 1 is:

1
m = (14+du)ar+6(1—a; —as) (PHM(SI —59) + 5/1/(32 N 81)> — o}

1)
= (I+op1)on + 5(1 — a1 — o) (1 + AP(uy — ) — epd

= h(u1, p2) + pi2g(pr, pe, pi2),

where

1.9 Bz —pn + AP(u1 + p2) 6B pe — 1 + AP (1 + po)
h(pi,pe) = 5+ g1 — 5 -
2 2 2 1+AP(p2—m) 4 1+ AP(p2 — )

0B 1 — p2 + AP(u1 + p2)

(1-AP)m

+ 1+ AP)uy — cp?,
4 1+ AP(,U,l _ MQ) ( ):ul Cl1
and
BAP
9k, p2, pi12) NI _m)( + 0p1)
_ 0BAP <M2 —p1 + AP+ p2) | pa — pe+ AP(pu + Hz))
4 1+ AP(p2 — ) 1+ AP(u1 — p2)
SBAP 1
- + + AP(puy —
2 <1+AP(u2—u1) 1+AP(M1—M2)) (s (bt = pinz))
SBAP? ( ! + ! > + cst
2 1+AP(,U,2—/L1) 1+AP(H1_M2) H12 .
Therefore, gi@” > 0. This extends Proposition 2.
12

To extend Lemma 4, we first note g(p, u, ) = SAP(1 — APop). Therefore, if (p, ) is the

maximum differentiation equilibrium, then

Tijmaz = Mt 1) > Tijmin = B, ) + pg(p, g p) = g(p, pp) <0 = APSu > 1.

Similarly, if (p, ) is the minimum differentiation equilibrium, then

T fmin = Mt 1) + g (s s 1) > Tjmae = b, ) = glp, pp) >0 = APSu < 1.
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Proposition 4 extends as follows. The equilibrium quality in the maximum differentiation
equilibrium is g™ = 3 for ¢ < 5’BAP ( BAP? + ( + 3AP2)> (1 AP). Otherwise,

pM is the positive solution of

op
2

(1+3AP%) — 2c> w+ 0 + é(l —AP)=0. (33)

Qi) = (~65AP?)? + (—BAPQ T '8

In the maximum differentiation equilibrium, the profit of each newspaper is given by

1 9
5+ 5 = BAPEM 458 (APEM)" — ¢ (uM)” (34)

On the other hand, we know 2cu* — g — %u* — % = 0. By adding this to (33), we get

2 — e~ °) =

BAP

——(APo M = 1) + AP (6 — 1 = o) > 0,

where we use APSu™ > 1 to prove that the first term is positive. For the second term to
be positive it is sufficient to have 6 > 2 since 6 — 1 — suM > é — 1. And 0 > 2 is implied
by § > AP NI S
differentiation, u™ > p*.

> 2. As a result, the aggregator improves the quahty in the case of maximum

We now show how quality is affected by AP in the maximum differentiation equilibrium. We

have:

0Q oM 1 . ) 0B
2AP = PAP <—26ﬁAP —BAP? + - — 2
M B

5
+ 2BAP(—6pM -1+ QU (AP(SM —1)=0.
The second term in the first line is negative since ¢ > %ﬁ. The term in the second line is positive
since APSpM > 1, and —6uM — 1 + %5 > % — 1 > 0. This implies % > 0.
We find that the effect of AP on newspapers’ profits in the maximum differentiation equilib-

rium is ambiguous. Using the envelope theorem, we find:

dmy omy (‘M{V[ omy 8;15‘/1 omy om 8,u§w omy
dAP ~ 8,u1 OAP 8/,%” OAP  OAP 8%‘/1 OAP  OAP’

The direct effect for given quality of newspapers is positive (i.e., 38 Ap > 0) since newspapers

benefit more from readership-expansion effect. However, the indirect effect through the rival’s
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quality increase has an ambiguous sign due to Om; /0ud!. We can write

) Oag
—(1+ AP 99

5 o
T (14 o)+
2

oust Op

The aggregator’s market share increases with the quality of newspaper 2 (i.e., % > 0) while
2

1’s market share decreases with the rival’s quality (i.e., g}f‘ﬁf < 0). As AP increases, the former
2

is more likely to dominate the latter such that for large AP, 38:1\14 is positive.
2

7.13 Proof of Proposition 9 (ii)
6+ﬁ7 5(uTAu+uT)
Proof. If newspaper i opts out its best deviation quality would be p; = W. And its

T_p)A
market share changes from ap = 1 — gu” — “Lto a; = % — %

5 . As a result, the gain

from deviation is

U
d(pi, 1) = i1+ Spai) = epif — ar(L+ 6" = 26(=F + B )"+ e

5
(i —ar)(1+0ps) — (u" — i) [—e(u” + ) + dar] —2- (UT + p Au)”
Sur 6 5
(s —ar) + 5 -pi+ gum + gu? =) [=e(u" + pi) + Sar] = 22 (ur + i Au)p
5 Sur 88 35
(i — ar) + ;M‘NT = (" = ) [e(u” + ) + dag + -+ 7(#& + )| = 5 (w4t Au)pt

1
o7 (! Autur + pilu) + o L (G Ay %MT(MTAu + ur)

ST — i) Au _ dur
2t 2t

(" = p) | —elpa + ") +6/2 —

By adding —3Q(uT) (from (32)), and cpt; = 6+ B — w + 626,112 to the last term, we get:

2)d(pi, p") = (0" Au+ ur + pidu) + Spip” Au — 36u" (" Au+ ur)
—(ut - ui)[uTQ(SAu + pF (A + Sup) — guTéAu - guTé + up — Au/2].

We can rearrange it to

(26)d(pi, pb) = up + 2T Au — 25,uT2Au — 36 up
—(pt - ,ui)[,uT25Au + 1 (Au + dur — géAu) - guTé +ur + Au/2|.
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From (32), we know —u” (4 — 208) = u”" (268) + 2uT (8 — 68 + “I%) — § — 20(5 — 1). Also
wi(de —268) =6+ 5 — w. Adding them up gives us

(s — ") (de — 256) =

2uT25Au + 2uT(Au — ;5Au + upd) — 3urd + 2ur + Au| . (35)

Hence, the gain? is

ur 4 2uT Au — 26MT2Au — 36 up + %(4@ —268)(pt — )2, (36)

or equivalently

u’’ <;(4C —263) — 25Au) + 1 (28w — 36ur — tpi(4c — 208)) + ur + %(46 — 268 3

We first show the gain is decreasing in p”, and then it is negative for u” = p*. Therefore,

opt-out is not profitable for pu? > p*.
Claim 2. The gain from opt-out is decreasing in pu’ :

The derivative of the gain with respect to u” is
t(4e — 208) (uT — ps) — 46 Aup® 4 2Au — 36up — tu” (4e — 268) il + tui(4e — 266) .
We can replace (4c — 268)p; by =68 and t(4e — 263)(u” — p;) from (35). Hence,
—2,uT25Au - 2uTAu +36Aup” — 20urp” + 3upd — 2up — Au— 35Au,uT + 2Au — 30ur — §Aupy,

or equivalently
—2,uT25Au —2uT Au — 20urp” — 2ur + Au — §Aup;,
which is negative since 2ur > Au. O

*

Claim 3. The gain from opt-out is negative for u' = p*:

. . . . d(p;,put
25Gince t is a constant, we can consider the gain as %
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We know:

T 1 82 Stur
Z i
o >1:>Q(5)>0 = c< + o

—i—%(Au—uT)—ﬁ
2

5 52UT (5UT
= C<Z+(55—B+ o —T

2
= c<<3g—l-5685>+<(52<—;+1;€)+f<3A8u—uT)>—ﬁ>

The last term is negative, according to A4, and Al’. Therefore,

<352+56B:>5*>2
o< 307 598 2
s % =3

*

If u7 = p*, then t(4c—268)(p* — pi) = dup. Using (36), the gain from opt-out when p? =
is
dur

5 Mis

3
—op* (ur + 2p* Au + iuT) +ur +2u" Au — 5

which is less than

2 4 ou 2 ou
—Zup — S Au — up + up + 20 A — Ly = —=(ur — p*Au) — L <0,
3 3 2 3 2
O
Therefore, the gain from opt-out is negative for all 47 > p*. And since 6’ > 1 implies
T > p* opt-out is not beneficial if 6u” > 1.
O

7.14 Proof of Proposition 10

Proof. Assume for the moment that newspaper 2 chooses po = 0 and does not block the traffic

from the aggregator. Then, the market share of newspaper 1 is

1 1 — A
o=t 1 (p(s2) — p(s1)) Au+ur Jr2017 (37)
2 t 1+ M(SQ)
and its profit is given by
m = o1(1+ 0y + p1) — epi. (38)

Since the profit function is concave with respect to price, it is sufficient to show g—g lpr=0< 0.

We have
om

t
— <0 —(14p2) —0pug — 1+ (u1 — p2)Au —up < 0.
op1 |, 2
p p1=0
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This is satisfied for any (u1,u2) € [0,1/2)?, if t < 4/3. Since t < 4/3 implies

t
5(1+M2)_1<07

we have ;
5(1 +p2) —op1 — 1+ (1 — p2 — 1/2)Au < 0.
Hence, from A4 we can conclude g—; o < 0. This shows that if ¢ < 4/3, py = 0 is a best
p1=

response to po = 0. In addition, our proof proves that p; = 0 is best response for py > 0 since
p2 > 0 (and hence blocking the traffic from the aggregator) corresponds to the special case of
o = 0 and the proof works for this case. O

7.15 Proof of Proposition 11

(i) When both newspapers charge prices, the market share of newspaper 1 is

1 - A —
ay = 5 I (1 — p2) ;Lt+ (p2 pl)' (39)

Newspaper’s 1 profit is

m = o1 (1 +0py + p1) — g

Given u1, and peo, from the first-order condition with respect to p1, we find 1’s best response
price as follows.
t  Au p2 1 0w
BR ==+ —(u — —_= = -
1(p1, 1, p2) 51T 5 (t1 — p2) + 5 "5 9

BRy() is similarly obtained. Therefore, the equilibrium price of 1 for given qualities is

Au 25#1 (5#2
p1 + (11 — p2) 3 5 (40)
implying
1
p2—p1 = g(m — 1) (2Au — 6),
1 (1 — p2)(Au+6))
1 1 2
m= g (14 300 - i) (du+0)) - et (12)
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From the first order condition with respect to p1, we obtain the equilibrium quality under

paywall, 1, in the symmetric equilibrium, p; = us, as follows.

Au+06
P
= ) 43
Iz oo (43)
The equilibrium profit under paywall is

t

af = 3~ ept ’
(ii) We have
o< pt e
Au+ St
< —_
6c 4c — 6 %

de(Au+9) —5%(Au+5) < 60% + 6¢6 <
A A
c(4Au — 25 — GT“) < 57“(Au + )

Since the RHS is always positive, it is sufficient to show that the LHS is negative. We show
(4—-6/t) Au < 0.

4 1 3 6 18 1
t<- -t <-Sed--<d- =", 44
<ge-s<- ed-s< . 5 (44)
(iii)
> e
t CP2 > 1+5* C*<:>
D) H 5 2“ 1
t 1 6
(=) (e +ep”)+ (5 —5—5 pro> 0
2 2 2
1

Vv
i3

) t )
x P % p_° A =
(W —n )(cu +op 2>+<2 5~ )

We know t —1 —dpP is the equilibrium price and therefore is positive. We also know p* > u?.
Therefore, 78 > 7%, if cp* + cut” — g > 0. We have:
d Au+é 0 2Au—6

)
c,u*—l—cup—§ >20[LP—§ 3 3= "6 > 0. (45)
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