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A Theory

We modify the benchmark model in two ways. In Section we treat journalistic-intensive
content as a “vertical” attribute. In Section we extend [AI]s framework to allow the

newspaper to sell both subscriptions and individual issues to readers.

A.1 A simple model of quality provision

Suppose a monopoly newspaper, a mass 1 of readers, and a mass 1 of advertisers exist.
The advertisers’ willingness to pay for an advertisement in the newspaper increases with the
latter’s readership. For simplicity, we assume readers are indifferent regarding the quantity of
advertising in the newspaper. The newspaper chooses the price p® charged to readers and the
price p4 charged to advertisers, as well as the quality ¢ of the content it produces to attract
readers[1]

This model is related to previous work that investigates the relationship between media
bias and advertising revenues (e.g. |Gentzkow et al., [2006; Ellman and Germano, [2009; Pe-
troval, 2012). In these models, readers dislike media bias and a reduction in bias can thus be
interpreted as an increase in quality. Unlike these models, however, quality in our setting is

costly to produce and only indirectly enters advertisers’ payoffs.

A.1.1 Set-up

Readers Suppose the payoff to reader i from purchasing the newspaper is U; = yq + é — p¥,
where v > 0 captures readers’ sensitivity to quality, and where é > 0 captures readers’ quality-
independent taste for the newspaperﬂ For simplicity, we assume readers are indifferent about
the newspaper’s quantity of advertisements. Finally, readers are heterogeneous in their outside
option: each reader ¢ has an outside option w; uniformly and independently distributed on
[0, 1].

Advertisers Suppose the payoff to advertiser j from purchasing an ad is V; = adlt — pA,
where dt represents the number of readers who make a purchase (see below). The parameter
a > 0 captures the advertisers’ willingness to pay for the readers’ attention, and allows us
to carry out comparative statics related to the newspaper’s reliance on advertising revenues.
For instance, a decrease in « can represent the arrival of a new (or the improvement of an

existing) advertising platform (e.g., a social media site). Finally, advertisers are heterogeneous

! Although our leading application is the newspaper industry, our model applies more generally to any
two-sided market in which quality provision matters to attract consumers on one side of the market.

2One can interpret é as the expected value of a random shock that affects readers’ willingness to pay for
the newspaper (common to all readers and unknown prior to the purchase). In section the newspaper
exploits such uncertainty to price discriminate between readers.



in their outside option: each advertiser j has an outside option v; uniformly and independently
distributed on [0, 1].

Newspaper The newspaper incurs a fixed cost %qQ to produce content of quality q. Holding
prices constant, all readers are better off when ¢ increases (i.e., ¢ is a “vertical” attribute,
e.g., better printing paper, better coverage of news, etc.)E| The newspaper also incurs a (zero)
marginal cost c¢f* = 0 to serve readers and a (zero) marginal cost ¢ = 0 to serve advertisers.
The newspaper chooses the reader price pft, the advertising price p#, and the quality of its
content ¢ to maximize its expected profit:
1
)

11 (p%, p?, q) = p™a® (", q) +p*a* (.0 ¢) — =4

; 1)

where dft (pR, q) and d4 (pR, pA, q) represent the demand from readers and the demand from

advertisers (computed below), respectively.

Assumptions In Section we show the newspaper’s objective function is strictly concave
in (pR,pA, q) if and only if o < 2, v < v/2, and 4 — o® — 272 > 0. Moreover, to ensure neither

side of the market is covered, we impose the stricter condition 2¢ < 4 — a? — 242,

A.1.2 The newspaper’s problem

We begin by computing the demand functions. Reader ¢ purchases the newspaper if and only if
U; = yq+é—pf > u,. Tt follows the demand from readers is d* (pR, q) = yq+é—pf. Similarly,
advertiser j places an ad in the newspaper if and only if V; = « (Vq +é— pR) —pA > v;. It
follows the demand from advertisers is d* (pR, pA, q) =« ('yq +é— pR) —pA. As a result, the

newspaper chooses p’t, p?, and ¢ to maximize its expected profits:

1

11 (p%, p?, q) = p™a® (", q) + p*a* (T, p?.q) - 50 (2)
1

=p" (vg+é—p") +p? (a (vg + ¢ —p%) —pA)—§q2- (3)

The associated system of first-order conditions is given by

3In other words, ¢ does not capture the newspaper’s positioning or ideology/bias for which readers would
hold heterogeneous tastes.
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il Pt a) =0 <« 2 =qq+é—pla, (4)
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a?ﬂ (P ptq) =0 = 2p*=a(yg+e-ph), (5)
0
a—qH (P ptg) =0 = q=70"+wp?). (6)

Solving the system of equations , , and @ for p®, pA, and ¢ yields the solution
to the newspaper’s problem, which we state in the next proposition together with the main

comparative statics of interest.

Proposition 1 It is optimal for the newspaper to set

R_ (2—a?)e A aé 2¢y

P 4 —a?—292 P  4—a?— 22 q:4—a2—272'

A decrease in a—that is, a decrease in the advertisers’ willingness to pay for the newspapers’

readers— (i) always lowers the quality q of content, (ii) always lowers the price p* charged
to advertisers, and (iii) lowers the price pf charged to readers if and only if readers are

sufficiently sensitive to quality (i.e., v > 1).

Proof. See Appendix Section [ |

A decrease in the advertisers’ willingness to pay « lowers the price p the newspaper
charges advertisers. A decrease in « also induces the newspaper to lower the quality of its
content. Quality serves to attract readers, and the newspaper has lower incentives to attract
readers when advertising revenues decline. Further, a decrease in « may either increase or
decrease the price charged to readers depending on readers’ sensitivity to quality. On the
one hand, holding quality constant, a decline in the advertisers’ willingness to pay induces
the newspaper to increase the price it charges readers. This result is the standard “waterbed
effect” whereby the newspaper has lower incentives to attract readers through low prices
when advertising revenues declineﬁ On the other hand, the decline in quality that follows
the drop in advertising revenues reduces the demand from readers in a way that pushes pf
downward. Intuitively, the latter effect dominates—and p® decreases—if the demand from
readers decreases sharply enough, that is, if readers are sufficiently sensitive to quality (i.e.,
v >1).

“More generally, the newspaper’s incentives to cater to the marginal advertisers’ preferences decrease when
their willingness to pay declines. In our model, the assumption whereby advertisers care exclusively about the
number of readers straightforwardly implies the newspaper is better off reducing its readership (through lower
quality and/or higher prices).




A.2 Proof of Proposition 1

We first derive the conditions stated in the main body that ensure 0 < d¥ (pR, q) < 1 and

It follows d% (pR,q) < 1 if and only if 2¢ < 4 — a? — 292. Moreover, if 2¢ < 4 — a® — 22,
df (pR, q) > 0 necessarily.
Substituting the solution stated in Proposition [1| into d4 (pR, pA, q) yields

A( R A \ _ o€
d* (p"™,p"%q) = pR—
It follows d* (pR,pA, q) < 1if and only if aé < 4 — a? — 242, Moreover, if aé < 4 — a? — 2v2,
d4 (pR, P4, q) > ( necessarily.
We conclude the proof by verifying that the objective function is strictly concave in
(pR, pA, q). The Hessian matrix H associated to is given by
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We verify H is negative definite. Because H is real and symmetric, it has three real
eigenvalues. To compute these eigenvalues, we solve for the polynomial P (\) representing the

determinant of

2= —« 0%
—a —2—-A ry
¥ ay —1-=A

We obtain P(\) = —A3 — 5)\? + (ozz'y2 +a?+42% - 8) A+ (a2 + 292 — 4). Let A1, Mg,
and A3 denote the three real solutions of P (A) = 0. By definition, these solutions are the
three eigenvalues of H. If all three eigenvalues of H are positive, all coefficients in P (A) must
either be positive or negative. One obtains that all coefficients are non-positive if and only if
a?y? +a? ++% < 8 and a? + 27% < 4. Pairs of a > 0 and v > 0 that satisfy both inequalities
exist if and only if @ < 2 and v < /2. Under these restrictions, inequality a? + 272 < 4
implies inequality a?y2+a?+~2 < 8. To conclude, therefore, expression (3)) is strictly concave
if and only if a < 2, v < v/2, and a? + 292 < 4.



A.3 Price Discrimination

Our paper also contributes to a small but growing literature on price discrimination in two-
sided markets. For instance, Liu and Serfes| (2013)) analyze first-degree price discrimination in
a duopoly setting, and |Carroni (2015) provides a model of past-behavior-based price discri-
mination. Instead, we extend |Glazer and Hassin| (1982)’s model of subscriptions as a means
to engage in second-degree price discrimination to two-sided markets (with, moreover, en-
dogenous quality provision)E] Our paper is thus also related to the growing literature that
examines empirically the determinants of price discrimination. A number of papers investigate
the role of competition. Seminal contributions include Borenstein (1991) on retail gasoline
markets and Borenstein and Rose| (1994) on airline tickets. More recent articles include
Busse and Rysman| (2005), who investigate pricing in Yellow Pages advertising, |Gerardi and
Shapiro (2009)), who reexamine air ticket price discrimination, Dai et al. (2012]), who study
the non-monotonicity of competition on price discrimination using data from the US airline
industry, and Seim and Viard (2011)), who study nonlinear pricing in cellular telecommuni-
cation markets. With the exception of |Gil and Riera-Crichton (2011)), who empirically test
the relationship between price discrimination and competition in the Spanish local television
industry, all theses articles study one-sided marketsﬁ

We modify the model outlined in Section to allow the newspaper to sell subscriptions
as well as individual issues. This generalization allows us to formulate additional predictions
regarding the relationship between newspapers’ reliance on advertising revenues and their in-
centives to charge subscribers and occasional readers different prices. The main modifications
are as follows. A newspaper and a mass 1 of readers exist. The game is finitely repeated in
discrete time t = 0, ..., n. The newspaper publishes an issue in every period ¢ > 1. Moreover,
in period 0, the newspaper chooses the subscription and unit prices it charges readers, as well
as the quality ¢ of its content. Readers are (i) uncertain about their willingness to pay for
future issues and (ii) heterogeneous in their expected willingness to pay. In period 0, each
reader can either purchase a subscription at price np®, which provides her with all n issues,
or choose to make n separate purchasing decisions. The price of each individual issue is p©.
As we show below, the newspaper exploits readers’ uncertainty and heterogeneity by selling
subscriptions at an average price lower than the price it charges occasional buyers; that is,
the newspaper price discriminates among readers. Finally, for simplicity, we no longer let

the newspaper choose the price p4 of advertising. Instead, we assume a constant marginal

50On the economics of subscriptions, see also |Gabszewicz and Sonnac| (1997); Morton and Oster| (2003);
Resende and Ferioli| (2014). Further, the logic behind providing subscribers with several issues of the newspaper
is related to the economics of bundling, (see, e.g.,|/Adams and Yellen, [1976)).

5Using evidence from Swedish newspapers, [Asplund et al.](2008) show that more competitive markets have
a higher incidence on third-degree price discrimination. However, they do not take into account the advertising
side of the industry.



advertising benefit of each additional readerm

In what follows, we focus on the case of empirical interest in which the newspaper sells
both subscriptions and individual issues (as opposed to subscriptions only or individual issues
only). Below, we provide sufficient conditions which ensure this policy is profit-maximizing
for the newspaper. For the sake of brevity, we do not analyze the case in which it is profit-
maximizing to sell individual issues only, nor the case in which it is profit-maximizing to sell

subscriptions only.

A.3.1 Set-up

Readers The gross payoff to reader ¢ from purchasing the newspaper in period ¢ is
Uit = 7q + €, (7)

where €; represents a period-specific and quality-independent shock common to all readers.
We suppose €; € {¢,€}, with Pr(e =¢) = % Vt. We denote by € the expected value of ¢,
where ¢ = %g + %E, and by Ae = € — € the spread of uncertainty. As before, v > 0 captures
readers’ sensitivity to quality and, moreover, each reader ¢ has a time-invariant per-period
outside option u; uniformly and independently distributed on [0, 1]. We refer to yq+e; —u; as
reader i’s realized willingness to pay for period t’s issue, and yq + € — u; as reader ’s expected
willingness to pay for a single issue.

Readers decide whether to subscribe (at time 0) before knowing their willingness to pay

for any single issue. The expected payoff to reader ¢ from subscribing is equal to

n (vq+é—p°) if u; < vq+ e
ElU] =% (va+€) + Ju; —np¥ ifyg+e<u; <vq+F, (8)
nu; — np° if v¢ +€ <.

Expression takes into account the expected frequency with which reader ¢ reads the news-
paper when subscribing (as a function of the time-invariant per-period outside option gl)ﬁ
Readers who choose not to subscribe make n separate purchasing decisions. In particular,

Vt > 1, readers observe €; before making their purchasing decision. As a result, the expected

"Micro-founding the advertising demand as in Section would give the newspaper four choice variables,
thereby significantly complicating the analysis. Solving the associated system of first-order conditions suggests
our results hold in this more general model. However, verifying the global concavity of the newspaper’s profit
function becomes rather cumbersome. Finally, we choose to model advertising revenues in a reduced-form
because we believe our most interesting empirical findings concern the reader side of the market. For a survey
of papers on media markets in which advertising revenues are modeled in a similar fashion, see |/Anderson and
Jullien| (2015)).

8The subscription price p° is irrelevant to a subscriber’s decision regarding whether to read a given issue,
because it is sunk by the time the decision is made.



payoff to reader ¢ from not subscribing to the newspaper is equal to

n(yq+é—p°) if u; < vq+e—pY,
ElU] =% (vqg+e—1p°) + 5y ifyg+e—p° <u; <yg+e—p°, (9)
nu; if yq +€—p° < u,.

Readers with a high willingness to pay are willing to purchase every issue at price p°. By
contrast, readers with an intermediate willingness to pay purchase on average half the issues.
In particular, they make a purchase only when ¢ = €. Finally, readers with a low willingness
to pay never make a purchase. We refer to the non-subscribers who make a purchase with
positive probability as the “occasional buyers.”

Recall our focus on the case in which the newspaper sells both subscriptions and individual
issues. By comparing and @, we note the newspaper must necessarily set %po <p¥<
p© to achieve this outcome. When p® > p©, no reader chooses to subscribe because the
subscription price np® is higher than the total price np® paid when buying all n issues
separately. Therefore, p°® < p© necessarily, and all the readers who would be willing to
purchase all n issues separately absent subscriptions are better off subscribing. It follows
the only readers left to become occasional buyers are a subset of those willing to purchase
only half the individual issues on average. To prevent these potential occasional buyers from
subscribing, the newspaper must set the average subscription price at least as high as half
the unit price, that is, %po < p° necessarily. If the newspaper were to set %po > p°, all
occasional readers would be better off subscribing because the subscription price np® would
be lower than the expected newsstand expense %pO.

The condition %po < p¥ < p© thus also determines the expected frequency with which
subscribers and occasional buyers read. Specifically, readers who subscribe read all n issues
(for otherwise they would be better off not subscribing) and readers who do not subscribe
(i.e., occasional buyers) read only half the issues on average (for otherwise they would be
better off subscribing). It therefore follows from that p® < vq + € must necessarily hold if
some readers are to become subscribers, and from @ that p© < vq + € must necessarily hold
if some readers are to become occasional buyers (i.e., if some readers are to make a purchase
when € = €). To summarize, the newspaper must necessarily set %po < p¥ < min [po, vq + é]
and p© < ~vq + € if it wishes to sell both subscriptions and individual issues.

Finally, we note that, because np® > %po, it is the readers with a relatively high expected
willingness to pay (i.e., a relatively low outside option) who become subscribers, and the
readers with an intermediate expected willingness to pay (i.e., an intermediate outside option)

who become occasional buyers.



Advertising revenues We suppose the newspaper enjoys per-period advertising profits

equal to
4 =« (bdR +(1-0) CZR) , (10)

where (i) d denotes the total number of subscribers and occasional buyers and (ii) d* de-
notes the per-period expected total number of readers. These two quantities do not coincide,
because subscribers and occasional buyers read with different frequencies on averageﬂ This
specification assumes advertisers care both about the number of readers who read the newspa-
per with positive probability—for instance, if they place an ad in more than one issue and/or
value a diverse readershiplT_UFand the frequency with which subscribers and occasional buyers
read. The parameter b € [0, 1] represents the weight advertisers attach to d. As before, the
parameter o > 0 allows us to do comparative statics related to the newspaper’s reliance on
advertising revenues. In particular, a decrease in « can be interpreted as a decrease in the

advertisers’ willingness to pay for the newspaper’s readers.

Newspaper We maintain the assumption whereby producing content of quality g costs %qQ,

B — ¢4 = 0 for simplicity.

and again set ¢
Scope for price discrimination In practice, several factors may induce a newspaper to
sell subscriptions in addition to individual issues, and to do so at different average prices;
for instance, transaction costs, delivery costs, risk management, advertisers’ preferences for
subscribers versus occasional buyers, and so on. Selling subscriptions also allows the newspa-
per to price discriminate among readersE On the one hand, if p® < p©, readers are offered
a reduced average price p° for the purchase of a “bundle” of n issues before knowing their
willingness to pay for it. On the other hand, they may delay their purchasing decisions to
later (once they have discovered their willingness to pay) but then have to pay a higher price
p®. Whether selling subscriptions at a lower average price than the price of individual issues
(as opposed to either selling them at the same price, selling only subscriptions, or selling only
individual issues) is profit-maximizing for the newspaper is a priori ambiguous. A drawback of
this pricing policy, for instance, is that the consumers with the highest willingness to pay enjoy
a lower total price than what they would pay if subscriptions were not availableE Ultimately,
whether the newspaper is better off selling subscriptions at a lower average price than the

price of individual issues depends on the price it is able to charge the occasional buyers, that

9Recall subscribers choose to read every issue of the newspaper, whereas occasional buyers read only half
the issues on average.

10A large readership implies a diverse readership if readers’ outside option is correlated with other reader
characteristics.

'Gee |Glazer and Hassin| (1982) (whose model’s logic we incorporate in our framework) for a detailed discus-
sion on the scope for subscriptions to be used as a means to price discriminate between readers.

12Such an outcome is common under second-degree price discrimination.



is, the readers with a low expected but high realized willingness to pay. As mentioned earlier,
we focus on the case of empirical interest, namely that in which selling both subscriptions and
individual issues is profit-maximizing. Below, we prove that imposing € —2ab > € > a (1 — b)
ensures this outcome, and provide the intuition behind these conditions when commenting on
Proposition 2.

Because the incentives to price discriminate are independent of the number of issues n, we
proceed by setting n = 1 to save on notation. The proof covers the more general case with

n > 1.

A.3.2 The newspaper’s problem

Above, we identified that it was the readers with a low outside option who choose to subscribe,
and those with an intermediate outside option who become occasional buyers. Moreover, we
also determined that occasional buyers purchase only half the issues on average: they make
a purchase only when ¢ = €. In what follows, we therefore refer to the marginal subscriber as
the reader indifferent between subscribing and being an occasional buyer, and the marginal
occasional buyer as the occasional buyer indifferent regarding whether to make a purchase

when € = €.

Demand Functions We first compute the demand for subscriptions d° (pS 0°, q). To com-
pute d° (ps ., q), it is enough to identify the marginal subscriber and exploit the fact that
all readers with an outside option lower than that of the marginal subscriber will choose to
subscribe. Because p® > p°, we know the marginal subscriber cannot belong to the (possibly
empty) interval [O, Yq + € — pO] of readers who would be willing to purchase every issue at
a price p© absent subscriptions. Also, because p° > %po, we know the marginal subscriber
belongs to the interval [0, vq + €] of subscribers who read all n issues. Therefore, the marginal
subscriber is necessarily indifferent between subscribing (and reading all n issues) and pur-
chasing on average half the issues. To compute the demand d° (pS ., q), we thus equate
(for the case in which u < vg+¢) to @ (for the case in which u € [’yq +e—p9,vq+eE— po] )

and rearrange for u, which yields
d® (p%,p°, q) = max [yq + e+ p° — 2p%,0] . (11)

Because we focus on the case in which selling subscriptions (in addition to individual issues)
is optimal, we anticipate p° < % (7q + e+ pO) and thus d° (pS,pO, q) =g +e+p° —2p°.
As we would expect, note from that the demand for subscriptions is decreasing in the

subscription price p°, increasing in the quality ¢, and increasing in the price p©.

We now compute the demand from occasional buyers d° (pS .., q). Because all readers

10



whose outside option u < vq + € + p© — 2p° prefer to subscribe, where vq + € + p© — 2p° >
vq+ €—p@, the newspaper faces no demand from occasional buyers when ¢, = € (see equation
@)) When ¢; = &, all readers whose outside option u; € hq +e+p° —2p% yg+E— po]

purchase an individual issue. As a result, the demand d© (pS .p°, q), when ¢; =€, is equal to
d° (pS,pO, q) = max [Ae + 2p% — 2p°, 0] . (12)

Because we focus on the case in which selling individual issues (in addition to subscriptions)
is optimal, we anticipate p@ < p° + %, and thus d° (pS,pO, q) = NAe+2p° —2p°. Intuitively,
d° (ps ,p°, q) is decreasing in p© and increasing in p°. Further, the demand from occasional
readers is increasing in Ae because occasional readers make a purchase only when € = EH
Notice also that d° (pS ,pO,q) is independent of quality. On the one hand, an increase in
q increases d° (pS ., q) because it induces more readers to become occasional buyers (i.e.,
it induces more readers to make a purchase when ¢, = €). On the other hand, an increase
in ¢ decreases d° (pS .2, q) because it induces some occasional buyers to subscribe. Under
the uniform distribution assumption, both effects cancel each other outE Finally, because
occasional buyers make a purchase only when € = €, the per-period expected demand from

occasional buyers is d° (pS,pO, q) = % +p° —p°.

We conclude by computing the newspaper’s total number of readers. When ¢, = €, the

total number is equal to
d® (p°,p°,q) = d° (p°, %, q) +d° (»°,0°,q) = vq +—p°. (13)

When €; = ¢, the total number of readers coincides with the number of subscribers. Finally,

the per-period expected number of readers is equal to
d® (p°,p°,9) = d° (p°,p%,q) +d° (p°,0°,q) = vq + & - p°. (14)

Assumptions We suppose € < 1 — a to focus on the case in which the market is not
covered. We show in the appendix that this restriction on the readers’ willingness to pay
implies d® (ps,pO,q) < 1. Further, we suppose v € [0, 2—(e+ a)] to limit the number
of cases to consider. In Proposition 3, we show this interval is large enough to generate the
three possible predictions the model can produce regarding the relationship between reader
prices and advertising revenues. We show in the appendix that this restriction also ensures

the strict concavity of the newspaper’s objective function in (pS p°, q). Finally, recall our

3The demand d° (ps,po,q) is decreasing in € because a higher ¢ makes it more tempting for readers to
subscribe (given that p° < po). Indeed, the demand d° (ps,po, q) is increasing in e.

MHowever, the feature whereby the demand from occasional buyers is less affected by quality than the
demand for subscriptions should continue to hold under more general distributions.

11



focus on a scenario in which the newspaper sells both subscriptions and individual issues. As

we show in the appendix, imposing € — 2ab > € > a (1 — b) ensures this outcomeﬁ

When selling subscriptions and individual issues—that is, when setting p©, p®, and ¢ such
that d° (pS,pO,q) > 0 and d° (ps,po,q) > the newspaper chooses p©, p°, and ¢ to

maximize its expected profits:

1
11 (p°,p%,q) =1° (»°,p°, q) + 11¥ (p°,p°, q) + T (p°,p°,q) — §q2 (15)

Ae - 1
= p© <2+p5p0) +p° (7q+§+po—2ps) +oz(bdR+(1—b)dR> - §q2. (16)

The associated system of first-order conditions is given by

0
75511 (P°,p%q) =0 = 4p°=2p° +yg+e—a(1-0) (17)
0 Ne ab

(050 a) — o_,s Le_ab 1
9p0 (7 0% 0) =0 = pU=p"+ -3 (18)
0
gL (707 0) =0 = q=7("+a). (19)

Analyzing the direct effect of changes in parameter values and choice variables is instructive.
From ([17)), we see that an increase in p©—because it raises the demand for subscriptions—
tends to increase the subscription price p°, all else equal. Similarly, equation shows that
an increase in p°—because it increases the demand from occasional buyers—tends to increase
the price p°, again holding everything else equal. The prices on the reader side therefore
have a tendency to co-move. To continue, an increase in ¢ tends to increase p® but has no
direct effect on p©. This asymmetric effect on prices occurs because a change in ¢ has a direct
effect on the demand for subscriptions, but not on the demand from occasional buyers. As
we show below, this asymmetry can sometimes break the tendency for reader prices to co-
move. To continue, the direct effect of an increase in advertising revenues (through a higher
«) is to decrease both reader prices. As in the baseline model, the newspaper has stronger
incentives to attract readers when advertisers’ willingness to pay increases (the “waterbed”
effect). Finally, and again as in the baseline model, shows that an increase in advertisers’

willingness to pay induces the newspaper to raise the quality of its content.

150ne can verify the set of parameter values for which these constraints jointly hold is nonempty if and only
ifa< 2%“)

From the construction of the demand functions, we found that the conditions p®, p°®, and ¢ must
satisfy for d° (ps,po,q) > 0 and d° (ps,po,q) > 0 to hold are p° < min [’yq—i—é,ps—k %,Zps] and
p° < min [% (fyq —|—§+po) , g + é,po]. We anticipate these conditions hold, and show below that they do
when € — 2ab > € > a (1 —b).

12



Solving the system of equations , , and for p©, p°, and ¢ yields the solution

to the newspaper’s problem, which we state in the next proposition.

Proposition 2 Suppose € — 2ab > € > «a (1 —b). Then, it is optimal for the newspaper to

sell both subscriptions and individual issues by setting

Oié—i_a a+g Osz>57€+a o
Pr=5"p 4 2 TP T 2T
andq:’y;irwo‘g. The “price gap” is then given by p© — p° = % — %b.

Proof. See Appendix Section [A.4 W

In the Appendix, we show that selling both subscriptions and individual issues (as opposed
to either subscriptions only, or individual issues only) is optimal for the newspaper whenever
e—2ab>e>a(l— b)ﬂ To gain intuition for these conditions, note we can rewrite €—2ab > €
as € > €+ ab, and recall that selling both subscriptions and individual issues is optimal to the
extent that doing so allows the newspaper to charge a relative high price p© to the occasional
buyers, that is, to the readers with a low expected willingness to pay vq+ € but a high realized
willingness to pay yq + € for the issues with an associated shock € = €. Similarly, recall a
drawback of using subscriptions as a means to price discriminate is that readers with a high
willingness to pay end up paying a subscription price lower than the total price they would
be willing to pay absent the subscription. The condition € > « (1 — b) limits this drawback
by ensuring the expected willingness to pay vq + ¢ = vq + EJQF—E of subscribers is high enough
that the newspaper can charge a relatively high subscription price np°.

Also, much like in the baseline model, notice the newspaper’s quality is increasing in both
(i) the parameter  capturing readers’ sensitivity to quality and (ii) the parameter o capturing
the advertisers’ willingness to pay. The newspaper reacts to a drop in advertising revenues by

2 é4ta
2_72 )

the demand for subscriptions (11]) decreases as a diminishes, where this decrease is larger the

lowering the quality of its content. Further, because vq = ~ notice that, all else equal,
larger ~ is. This observation is key to understanding the consequences on reader prices of
changes in the newspaper’s advertising revenues, which we analyze in the next proposition.
Finally, notice the price gap p® — p° is increasing in Ae — because Ae = 2(€ — &) di-
rectly determines how high a price the newspaper is able to charge occasional readers versus
subscribers, and thus the scope for price discrimination — and decreasing in advertising reve-

nues. To see the latter comparative static, note that higher advertising revenues increase the

'"The condition € — 2ab > ¢ > « (1 — b) is sufficient to ensure it is profit-maximizing to sell both individual
issues and subscriptions, but may not be necessary. Computing the weakest conditions under which it is
profit-maximizing to sell both individual issues and subscriptions would require comparing the newspaper’s
expected profits when selling both subscriptions and individual issues to the newspaper’s expected profits when
(i) selling only individual issues and (ii) selling only subscriptions. Given our desire to focus on the case of
empirical interest (in which the newspaper sells subscriptions and individual issues), we omit these tedious
computations and suppose € — 2ab > ¢ > a (1 —b).
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newspapers incentives to attract a large readership dt (po, q), and recall that the size of the
readership is decreasing in p© (but independent of P ).

2(21::), 2—(e+ a)}, where ¥ > 1.

In what follows, let ¥ = min [

Proposition 3 A decline in advertising revenues (a decrease in «) induces the newspaper to:
1. increase both prices if the readers’ sensitivity to quality is low (i.e., if v < 1),

2. increase p@ but decrease p° if the readers’ sensitivity to quality is intermediate (i.e., if
v € [1,7]), and

2(1+b)
240

3. decrease both prices if the readers’ sensitivity to quality is high (i.e., if v € [
V2—(e+a)l])

Moreover, a decline in advertising revenues (a decrease in «) always increases the price gap

p© —p°, that is, always increases the extent of price discrimination.

Proof. These results immediately follow from differentiating the expressions stated in

Proposition [2] with respect to o. W

Whether the average subscription price p° and the unit price p© increase or decrease
following a drop in advertising revenues depends on readers’ sensitivity to quality. On the
one hand, holding quality constant, the newspaper has an incentive to increase both prices
following a drop in advertising revenues (the “waterbed effect”). As in the baseline model,
this phenomenon occurs because the newspaper finds it less profitable to achieve a large
readership. On the other hand, we know from Proposition 2 that the newspaper also reacts to
lower advertising revenues by decreasing the quality of its content. This decrease in quality,
all else equal, lowers the demand for subscriptions but leaves the demand from occasional
readers unchanged. Moreover, the decrease in the demand for subscriptions is larger the
larger 7 is. As a result, when v is low (i.e., 7 < 1), the decrease in quality only slightly lowers
the demand for subscriptions, so that the “waterbed effect” dominates and the newspaper
raises both reader prices. For intermediate values of v (i.e., if v € [1,4]), the decrease in the
demand for subscriptions is sufficiently large that the net effect on the subscription price p°
is negative. However, the decrease in p° has only a moderate negative effect on the demand
from occasional readers, so that the net change in p© is positive. Finally, when ~ is high
(i.e., v € [Q(Hb) 2—(e+ oz)} the decrease in quality significantly lowers the demand

24D
for subscriptions, thereby calling for a large decrease in the subscription price p®. In turn,

the large decrease in p° makes the demand from occasional readers fall sharply, inducing the

newspaper to also lower the unit price p©.

8Note this third case may not exist if parameters are such that the interval [2(217_‘1[’)7 2—(e+ a)} is empty.
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Finally, the extent of second-degree price discrimination — as measured by the “price gap”
p® — p° — increases following a drop in advertising revenues. When advertising revenues
decline, the newspaper has lower incentives to attract a large readership df (po, q) and it is

then profit-maximizing to extract a higher price p© from occasional readers.

A.4 Proof of Proposition 2

We begin by solving the newspaper’s problem, assuming it wishes to sell subscriptions and
individual issues (Section . In Section we verify the newspaper is better off
selling subscriptions and individual issues rather than individual issues only. In Section
we verify the newspaper is better off selling subscriptions and individual issues rather than

subscriptions only. Throughout, we maintain the assumptions listed in Section (replacing
v € [0, 2— (€—|—0z)} with v € [0, 2(?0‘)})

A.4.1 Subscriptions and individual issues

We state the newspaper’s problem using expressions , , and . In what follows, we

consider the general case with n > 1. The newspaper chooses p©, p°, and ¢ to maximize

. 1
1T (p°,p°, q) = nI1° (p°,p°, q) + n11% (p°,p°, q) + nIT* (p°,1°, q) — 5 (20)

. 1
= np? <A€+p5—po> +np® (vq + e+ p° —2ps)+n(a (bdR+(1—b)dR)) - 54" (21)

2
subject to
. Ne
p? < min [vq +ep" + o 2p5} , (22)
1
p° < min [7q+€,2 (va+e+1°) ,pO} : (23)

As argued when constructing the demand functions, constraints and must necessarily
hold for the newspaper to potentially sell both subscriptions and individual issues (i.e., for
d® (ps,po,q) > 0 and d° (pS,pO,q) > 0). We proceed by ignoring and and show
below that the solution to the unconstrained problem satisfies these constraints whenever
€ —2ab > € > a(l—10). Expression also assumes d° (ps,po,q) <1,d° (ps,po,q) <1,
and d? (pS ,p°, q) < 1. We show below these conditions are necessarily met when € + o < 1.

Similarly, we postpone the proof that is strictly concave in (pS ., q).
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The associated system of first-order conditions is given by

51! (P°.p%q) =0 = 4" =2%+7q+e—a(1-1), (24)
0 Ne ab

10 (0°.9°.q) = — = - 2
5p0 (»°,p%.q) =0 PO =0+ -5 (25)
0

o1 0%0) =0 = a=ny (" +a). (26)

Solving the system of equations — for p°, p© , and ¢ yields

= — - 2

A (27)

o e+ Ne ab

= — - - 2

=y et o (28)

€+ «

=ny—. 2

1=y s (29)

We now Verify the constraints and indeed hold. To see p© < p¥ + E, note p© =

p® 4+ L _ La = - % < %. Further, one immediately derives that p® < p© if and
only 1f Ne 2 2ah. To verify that p° < vq + ¢ note vqg — p° = n(y? — 1)(2622 ) + a.

S

When v = 0, p° = % < €. Because yq — p° is increasing in v, it follows p° < yq + é

always. To verify p© < vqg + € note vq¢ — p© = n(7? — 1)(55%;) + o — (% - O‘—b) is also

2—nry
increasing in . Suppose ¥ = 0 and recall p° < é when v = 0. Because p® = p° 4+ L %,
it follows that p© < € + (% - %b) < €+ % = & Because vq — p© is increasing in 7,

it follows that p©® < ~q + € always holds. Moreover, to see p° < i (’yq—i- e+p ), note

(Tw

vq+e+p° —2p° ) (e +a)tetat+ Be_ a—b Suppose v = 0. One immediately verifies

vq+e+p° —2p° > 0 necessarlly. Because the left—hand side is increasing in «, it follows that
pS <1 (’yq +e+p ) always. One can also verify that p© < 2p° V’y whenever € > a (1 — ).
To conclude, the solution to the unconstrained problem satisfies and if and only if
€ —2ab>e€> a(l—0b), where the two inequalities can jointly hold if and only ifa < 1+b

e_a} together

n

imply dft (ps,po,q) < 1, which, in turn, implies d° (psij,q) < 1 and d° (ps,po,q) <1

Finally, by following similar steps, one can show v +€ < 1 and v € [0,

One verifies the set of parameter values such that all conditions hold is nonempty if and only
ifa <5 +b

We conclude the analysis of the case in which the newspaper sells subscriptions and indi-
vidual issues, by verifying the objective function is strictly concave in (pS p°, q). The
Hessian matrix H associated to is given by

9211 9211 %11
OpS op® Op*® Op© Op°dq —4n 2n ny
9211 9211 911 _
opPopS  9p9Sop°  9p©0q o 2n —2n 0
9211 9211 9211 _
dqop® dqOp? 9q9q vy 0 1
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We verify H is negative definite. Because H is real and symmetric, it has three real
eigenvalues. To compute these eigenvalues, we solve for the polynomial P (\) representing the

determinant of

—4n — A 2n n-y
2n —2n — A 0
ny 0 —1-A

We obtain P (\) = (—4n — A\)(—2n — \)(—=1 = X) — 2n(2n)(—1 — A) + ny(—ny)(—2n — ).
Let A1, A2, and A3 denote the three real solutions of P (A\) = 0. By definition, these solutions
are the three eigenvalues of H. If all three eigenvalues of H are positive, all coefficients in
P (\) must either be positive or negative. Rewrite P (\) as P(\) = —A3 + (=1 — 6n)\% +
(—6n — 4n? + n242)\ + (—4n? + 2n34?). Because the coefficients associated with A2 and \3

are negative, we verify the other two coefficients are also negative. One immediately shows

2—e—
they are Vv € [O, \/%]

A.4.2 Individual issues only

We now show the newspaper is strictly better off selling both subscriptions and individual
issues rather than individual issues only.

To begin with, note that in the problem analyzed in Section the newspaper could
have replicated the same expected profits as when selling individual issues only, by setting p° =
p@. To see this, note that when p® = p©, the readers whose outside option u; < yqg+e€— p©
are payoff-indifferent regarding whether to subscribe or purchase every issue separately (so
that they generate the same expected revenue np® independently of their decision regarding
whether to subscribe). Thus, if the newspaper sets p© > p° in the problem analyzed in Section
(which occurs whenever Ae > 2ab), it must be better off selling both subscriptions and

individual issues rather than selling individual issues only.

A.4.3 Subscriptions only

We now show the newspaper is strictly better off selling both subscriptions and individual
issues rather than subscriptions only. To begin with, note the newspaper can sell subscriptions
by either (i) setting p° high enough that only the readers willing to read all n issues subscribe
or (ii) setting p° low enough that it is also optimal for some readers willing to read only half
the issues on average to subscribe. Specifically, the threshold on p° that determines which of
the two cases is the relevant one is %.

Suppose first p° < %, so that some subscribers read all n issues, whereas others read

only half the issues on average. Denote by p°* the solution to the associated optimization

17



problem. By an argument similar to that developed in Section we note the newspaper
could have replicated the same outcome by setting p° = p© = p* in the problem analyzed
in Section but chose not to. It follows that the newspaper is strictly better off selling
both subscriptions and individual issues (at different prices), rather than selling subscriptions
only by setting p® < %.

Suppose now p° > %. The demand for subscriptions is then equal to d° (pS ,q) =

vq + € — p°, and the newspaper chooses p° and ¢ to maximize its expected profits:
S S S ¢
II(p°,q) =n(p +a)(7q+€—p)—§, (30)

subject to 0 < d° (pS ,q) < 1 and p® > %. One verifies objective function is strictly

concave in (pS , q) if and only if v < %, which must necessarily hold given that v < Q_ET_O‘
Solving the unconstrained problem yields p® = % and ¢ = n’y(;;r;).

It follows that the newspaper is strictly better off selling both subscriptions and individual

Ne

issues rather than subscriptions only (by setting pS > 5°) because, in the unconstrained

version of the problem analyzed in Section it could have set the objective function
1) equal to the objective function (evaluated at p° = % and ¢ = n’y(ﬁjﬁg))
by setting p° = %7;12)%7 q= n’y(zf;‘;), and p@ = p° + %, but chose not to. Because
the solution to the unconstrained problem analyzed in Section was feasible (i.e., it
satisfied all the constraints), it follows that the objective function (evaluated at the
solution (29)-(30)-(31)) must be strictly higher than the objective function (evaluated at

2_1)4e .
pS = % and q = n’y(ﬁj;;))
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B Data sources

B.1 Newspaper data
B.1.1 List of the newspapers included in our dataset

We construct an annual panel dataset on local and national newspapers in France between

1960 and 1974. Our dataset includes data for 12 national newspapers and 68 local newspapers.

National newspapers L’Aurore; Combat; La Croix; Les Echos; Le Figaro; France Soir,

L’Humanité; Le Monde; Paris Jour; Paris Presse; Le Parisien Libéré.

Local newspapers L’Alsace; L’Ardennais; Le Berry Républicain; Le Bien Public; Centre
Presse; La Charente Libre; Le Courrier De Bayonne; Le Courrier De L’Quest; Le Courrier
De Saone Et Loire; Le Courrier Picard; Le Dauphiné Libéré; La Dépéche Du Midi; Les
Dépéches Du Doubs; Les Dernieres Nouvelles D’Alsace; La Dordogne Libre; L’Echo De La
Corréze; L’Echo Du Centre; L’Echo Républicain; L’Eclair De Nantes; L’Eclair Des Pyrénées;
L’Espoir ; L’Espoir De Nice Et De La Cote D’Azur; L’Est Eclair; L’Est Républicain; L’Eveil
De La Haute Loire; France La Nouvelle République; La Haute Marne Libérée; Le Havre Libre;
Le Havre Presse; L’Indépendant; Le Journal Du Centre; Libération Champagne; La Liberté;
La Liberté De L’Est; La Liberté De Normandie; La Liberté Du Morbihan; Le Maine Libre;
La Marseillaise; Le Méridional La France; Le Midi Libre; La Montagne; La Montagne Noire;
Nice Matin; Nord Eclair; Nord Littoral; Nord Matin; Le Nouvel Alsacien; La Nouvelle Gazette
De Biarritz; La Nouvelle République Des Pyrénées; La Nouvelle République Du Centre Quest;
Ouest France; Paris Normandie; Le Petit Bleu De L’Agenais; Le Populaire Du Centre; La
Presse De La Manche; Presse Océan; Le Progrés De Lyon; Le Provencal; Le Républicain
Lorrain; La République; La République Des Pyrénées; La République Du Centre Independant
De L’Eure; Sud Ouest; Le Télégramme; La Tribune Le Progrés; L’Union; La Voiz Du Nord;

L’Yonne Républicaine.

B.1.2 Newspapers’ prices and revenues

We collect for national and local daily newspapers between 1960 and 1974 a number of impor-
tant economic indicators, namely sales, profits, and operating revenues (revenues from sales
and revenues from advertising).

The data is from the French Ministry of Information’s non-publicly available records in the
National archives: newspapers were asked by the Ministry of Information to report annually
on revenues and circulation. For local daily newspapers, the data is from Cagé| (2017). We

collect additional data for national daily newspapers.
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B.1.3 Newspapers’ content and advertising

We collect data on the number of pages and on the amount of advertising per newspaper issue
directly from the paper version of the newspapers available in the French National Library.
For each year and each newspaper, we select two weeks — the third week of March (the choice of
this week was dictated by the fact that this is the week used by the French National Institute
of Statistics and Economic Studies to run its surveys) and the third week of December. We
measure the quantity of advertising on each page. We thus have information on the total
amount of advertising in newspapers, as well as the share of the newspaper that is devoted

to advertising.

B.1.4 Newspapers’ circulation

We collect information on aggregate newspaper circulation at the newspaper level. The cir-
culation data is from the French Ministry of Information’s non-publicly available records in

the National archives described above.

B.1.5 Number of journalists

We have annual information on the number of journalists working for each newspaper. This

data is from Cagé| (2016]).

B.1.6 Readership survey

For a subset of the newspapers included in our sample, we obtain information on readers’
characteristics. The readership data were compiled by the Centre d’Etude des Supports de
Publicité (CESP), a French interprofessional association composed of all the main companies
operating in the advertising industry. The CESP has published a study of French newspaper
readers (Etude sur les lecteurs de la presse frangaise) every five years between 1957 and 1967
and annually starting in 1968. The representative sample used in the survey is drawn from
all French citizens aged 18 or more living in metropolitan France. It is a random sample
which includes between 250,000 and 300,000 individuals depending on the year. The survey
is conducted using a questionnaire whose main objective is to collect information regarding
readership habits (whether one or more newspapers were read and, if so, which) of French
citizens at the time of the survey. The survey is available in paper format in the CESP. We

digitized it for the following years: 1957, 1962, 1967, 1968, 1969, 1970, 1972, 1974.

B.1.7 ORTF reports

We collect information on the quality of television content from the annual ORTF reports,

and in particular the first and third volumes of the Rapport d’activité ORTF. These reports
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were available in the French National Library (BNF) and in the national archives. They cover
the 1962-1975 period, with two missing years (1967 and 1975). (In 1972 and 1973, the reports
are called Rapport annuel sur les moyens ORTF.)

B.1.8 Postage and Train Rates

We collect information on postage and train subsidized rates from an annual industry publi-
cation called Cahiers de la presse franeaise published by an association of national and local
newspapers (Fédération nationale de la presse hebdomadaire et périodique). These reports
were available in the French National Library (BNF) in Paris. They cover the 1963-1974
period.
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C Additional figures

% GDP

o

T T T
1980 1990 2000 2010

Notes: The figure represents the evolution of newspaper advertising revenues as a share of GDP in the United States
between 1980 and 2013. Data on newspaper revenues are from the Newspaper Association of America (NAA). GDP
data are from the World Development Indicators (WDI).

Figure C.1: Newspaper advertising revenues as a share of GDP in the United States, 1980-2103
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—————— Local content (hours) (left axis)

———=——— Local content (hours) (left axis)

Local content (%) (right axis)

Local content (%) (right axis)

Share of total hours broadcast (%)

Notes: The figure shows the evolution of the local content broadcast on French television from 1962 to 1971.

Figure C.2: Local content broadcast on French television
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Notes: The figure represents the evolution of television penetration in France between 1960-1974. Data on television
equipment is from studies conducted for the advertising market (PROSCOP).

Figure C.3: Number of television sets in France, 1960-1974
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Notes: The figure shows for each year between 1967 and 1974 the evolution of advertising revenues in France
by media outlets (television, local and national daily newspapers). Advertising revenues are in (constant 2014)

million euros. Data are from the IREP.

Figure C.4: Advertising Revenues, 1967-1974, by Media Outlets, (Constant 2014) Million

Euros
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Notes: The figure shows the total number of new advertisements broadcast every year on French Television between
1968 and 1974.

Figure C.5: Number of new advertisements broadcasted on Television, 1968-1974
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Food and non-alcoholic drink Household products

Body care Clothing
Household electrical goods Automobile
Electronic devices and computer hardware Leisure activities

Notes: The figure illustrates the diversity of advertisements on French television.

Figure C.6: Television advertisements by category, 1967
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(c) Local newspapers — 1966
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(b) National newspapers — 1971
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(d) Local newspapers — 1971

Notes: The figure illustrates the diversity of advertisements on national and local dally newspapers. Upper
Flgures @ and show the prevalence of the various categories of advertisements in national newspapers
in 1966 1971, respectlvely Bottom Figures[C.7d and [C.7d] show this prevalence for local daily newspapers.

Figure C.7: Newspaper advertisements by category, 1966 & 1971
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[ Other general information media

Notes: The figure shows the professional origin of the 1,120 journalists working for the ORTF in 1974.

Figure C.8: Professional origin of the 1,120 journalists working for the ORTF in 1974
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Notes: The figure shows the evolution of the subsidized postage and train rates. The postage rate is defined as the
rate charged by “La Poste” to a newspaper company for the delivery anywhere in metropolitan France of one newspaper
unit weighting between 60 to 100 grams. The train rate is defined as the rate charged by the “SNCF” to a newspaper
company for transportation anywhere in metropolitan France of one newspaper unit. Data are from the “Cahiers de la
presse francaise” published by the “Fédération nationale de la presse hebdomadaire et périodique.”

Figure C.9: Evolution of postage and train rates, 1960-1974
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D Robustness checks
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