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Abstract

This paper studies how the strategic interaction between a specialized communication platform and two firms,
competing in prices and advertising efforts, determines the equilibrium advertising fee and the pattern of competition
between sellers. We show that the link between information and price competition in the product market leads the
platform to ask for high prices for its advertising services, in the sense that the resulting product prices rise to the level
where the marginal potential consumer achieves zero utility, so firms can exercise a high degree of market power and
consumers achieve a low surplus.
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1. Introduction

An important question regarding the functioning of differentiated product markets is how pro-
motional (advertising) competition relates to price competition. The usual approach to this issue
(see e.g., Grossman and Shapiro, 1984) considers that the product market and the media market
are isolated, so firms compete in the product market with exogenous advertising fees. This pa-
per studies oligopolistic interaction in a new framework, where advertising fees are endogenously
determined, so we can analyze how the connection between product sellers and the advertising
media determines the market outcome. To that end, we begin by noting that the current enormous
proliferation of highly specialized communication media has brought about the progressive frag-
mentation of audiences so, nowadays, many communication channels are highly orientated to one
particular segment of consumers. In particular, we observe that, to reach a set of potential clients
in a local market with a high degree of precision, firms frequently have either one local free-to-air
radio (or TV) station or a small number of media, but one of them dominates the advertising mar-
ket. Within this framework of progressive advertising specialization, it is interesting to study how
the strategic interaction between a subscription-free specialized (dominant) communication plat-
form and a horizontally-differentiated product market, with firms supplying goods and demanding
advertising space, can affect the pricing strategy of the platform and the intensity of competition

between sellers.!

2. The Model

Let us consider two firms launching a new product and competing in prices, (p1, p2), for a unit
mass of potential consumers distributed uniformly on the segment [0,1] who demand, at most,
one unit of a good. The two firms are located at the extremes of the linear potential market,
so a consumer located at 1 > x > 0 achieves a utility U = v — T'(z) — p1 from buying firm 1’s
product, where v denotes the consumers’ common valuation of the goods and T'(z) represents
the transportation cost, with 7”(z) > 0. Similarly, this consumer will achieve a utility U =
v—=T(1—x)—py from buying firm’s 2 product, and the location of the fully informed consumer who is
indifferent between the two firms is defined by the following condition v—T'(x)—p; = v—T(1—x)—pa.
Solving out this equation for z, we obtain firm 1’s full-information demand function, x(ps — p1, ).

Consumers are unaware of the existence of the goods, so a potential customer cannot be an

actual buyer unless sellers invest in advertising. We assume that there is a single subscription-

!The relationship between platform pricing and competition in the product market has also been addressed by
Dukes (2004), who emphasizes competition between radio or TV stations by modeling both the product market and

the media market with the circle framework of Grossman and Shapiro (1984).
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free local TV (or radio) station that provides advertising space for firms and denote by n;(¢;)
the number of ads that firm ¢ has to insert in the TV in order to randomly reach a fraction ¢;
of the potential demand [0,1]. Following the standard assumption in the advertising literature,

we consider n' (¢) > 0, n” (¢) > 0. Further, we can characterize different advertising technologies

based on the following property of the advertising elasticity, E,, 4 = %:
Definition 1 We say that n (¢) is increasingly elastic (IE) if dg;’¢ > 0.

An advertising technology is IE if a decrease in the advertising reach reduces (or does not
change) the sensitivity of the number of ads (n) to variations in the advertising reach (¢). We note
that (i) the set of advertising technologies more used in the literature n (¢) € {—Log(1 — ¢); ¢}
satisfy this definition, so this property seems plausible in real-life advertising technologies, and (ii)
if n(¢) is IE, then n” (¢) > 0, but the reverse implication does not hold, which means that the IE
property is more restrictive that the convexity of n (¢).

To investigate the interaction between the platform and the firms, we first need to determine
the relationship between advertising efforts and the firms’ demands. To that end, we note that, for
example, firm 1’s demand is comprised of two parts: a fragment of consumers ¢; (1 — ¢,) only know
firm 1’s product, so the firm can monopolize this segment of the market. The demand corresponding
to these consumers can be obtained from the condition U = v — T'(z) — p; = 0, which yields a
monopolistic demand function ,,(p1,t). Differentiating this expression we obtain ], (p1,t) =
—ﬁ <0, 2 (p1,t) = W 2 0, so the curvature of z,,(p1,t) depends on the properties
(concavity or convexity) of the transportation cost function. We denote by p™ the monopoly
price over the segment [0, 1], that is, if p* = argmax {p z,,(p,t)}, then p™ = Max [v —T(1);p*],
™ = Min[l; z,(p*,t)], and 2™ = 1if v > T(1)+7"(1).? The second fragment of firm 1’s demand,
©1¢4, is comprised of consumers who knows both firms’ products, so firm 1 will compete for these
potential buyers according to the demand function z(ps —p1,t). Accordingly, firm 1 faces a demand
Dy =¢1{(1 = ¢2) Min[l,zn(p1,t)] + ¢ x(p2 — p1,1)}-

The timing of the game is as follows. In the first period, the platform sets the advertising fee,
a. Later, the firms simultaneously decide their pricing strategy, p;, and their advertising effort, ¢,.
Finally, the informed consumers make a decision about which product to purchase. To find the
equilibrium of the game, we first analyze the competition between the firms in the second period, for

a given advertising fee. Let us assume that, at the equilibrium prices, all the informed consumers

buy a product, i.e. py <v—T(1), 1 = 1,2, which implies x,,(p;,t) > 1. Under this condition, firm

?We normalize production costs to zero and assume that =™ > %, so firms compete for the fully informed potential

demand.
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1 faces the following problem:

Mazp, ¢, Th = p1¢1 [(1 = da) + b 2(p2 = p1,1)] — a 11(1) (1)

Let us denote the symmetric solution of (1) as p®(a), ¢°(a), with dp;(la) > 0, dd);éa) < 0 (see the

Appendix). Then, in the first period, the platform sets the value of a so as to maximize profits:®

Maz, V¢ =2 an(¢(a)) (2)
st. pla) <v-T(1),
ave ;o det(a)]
= 2 In(¢) +an'(9) | = 2n(0)[1 — Epg Egpal, (3)
where Ey, = —ﬁ((z))a. The following proposition states that the properties of the advertising

technology determine, to a great extent, the pattern of price competition in the product market.

Proposition 1 Ifn(¢) is IE, then % > 0 and product prices have a lower bound at the level in

which the marginal potential consumer achieves zero utility, i.e. py >v—"T(1), l =1,2.

A fundamental feature of the product market is that there is a linkage between the level of
information and the degree of price competition between firms, and the question is how this link
affects the behaviour of the TV operator. Clearly, a higher advertising fee increases the platform’s
advertising margin but, at the same time, it directly decreases the firms’ demand for advertising and,
therefore, their supply of information to potential consumers. However, low levels of information
in the product market soften the degree of price competition between the firms, and the resulting
higher potential profits lead sellers to demand more advertisements. As a result of this indirect
"informational differentiation effect", an increase in the advertising fee only moderately decreases
the firms advertising efforts, ¢. The interesting point is that, under a simple property of the
advertising technology, increasing elasticity of n(¢), for any p < v—T(1), the platform will exploit
the linkage information-price competition to charge a higher advertising fee, which yields high
prices in the product market. The intuition of this results is as follows. Under the IE property,
a lower ¢ decreases (or leaves constant) the sensitivity of the demand for ads to a change in the
advertising reach. This decreasing elasticity provokes that, as long as all the informed consumers

buy a product, p(a) < v — T(1), the increase in the platform’s profits obtained from a higher

3Obviously, the specialized medium could also advertise some goods of firms operating in other industries. For
the sake of simplicity, in this paper we consider that the product market is dominant in the advertising business
and any other advertising income is normalized to zero. However, as we later note, the intuition behind our basic
results extends to the case where the operator sets the advertising fee considering advertising incomes from several

industries.
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margin always compensates for the loss suffered by the lower advertising demand induced by a
higher a, so the platform always finds it optimal to raise the advertising fee. Therefore, problem
(2) yields a corner solution where the operator sets the maximum fee which is consistent with a
fully covered product market, a = a® = p;l(v —T(1)). This high advertising fee also reduces the
degree of price competition in the product market, in such a way that firms can appropriate all
the surplus of the marginal potential consumer (z = 0,1) by charging a high price, p; > v — T'(1).
It is worth noting that these results also apply to the case of a product market with more than
two competitors. Further, the intuition behind Proposition 1 also extends to the case that the
operator advertises products from a number £ > 1 of industries. To see this point, we note that,
as long as the condition p“(a) < v — ¢ holds in all of them, the function V¢ is still monotonic, so
the platform will find it optimal to charge a higher advertising fee, which implies that firms will
set pi. > v —t in, at least, one of the k industries, whereas, if the model is symmetric, all the firms
in the k£ markets will set a price p;rz > v — t. Therefore, our analysis suggests that, under quite
general conditions, the strategic interaction between the platform and the firms yields high prices
in the product market.

Having shed some light on the firms’ optimal pricing strategies, we next study how the plat-
form chooses the advertising fee, and the resulting optimal advertising efforts. To address this
task, we consider that consumers have a sufficiently high valuation of the product so, in equilib-
rium, the market is always covered (all the informed consumers buy a product), i.e. v > v =
Moax {T(1)+T'(1); T(1) + T (1)}, that is, we focus the analysis on the most interesting market
scenario, where the degree of product differentiation is low, relative to consumers’ valuation of the
product, so, in the full-information benchmark, the degree of price competition between firms is

strong.

Proposition 2 Let us consider that the advertising technology is IE, and that v is sufficiently high,
v >7T. Then, pp =v —T(1), the optimal advertising efforts, ¢, are implicitly determined by

-] (1-%) - n(@) =0 @

where a = Max {ac, ak}, with a¢ = p~'(v — T(1)) and a* is implicitly determined by
n(@)[v—T(]+2a |n(9) n"(6) ~n' (6)°] =0. (5)

Equation (4) simply states that, given the rival strategy and the optimal advertising fee, a

firm will advertise up to the point where the marginal benefit of an ad equals the marginal cost.

1We can replicate the results of Proposition 1 for the circular model of Grossman and Shapiro (1984) with m > 2

firms and linear transportation costs, T'(z) = tx.
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To understand how the platform decides the optimal advertising fee, we first note that, whenever
Tm(p,t) < 1, if v > T, the firms’ optimal pricing strategy, for any a > 0, yields p'(a) < v — T(1)
(see the Appendix), which implies that, in equilibrium, it holds that x,,(p;,t) > 1. Further, if
Tm(p1,t) > 1, from Proposition 1 it follows that, under an IE advertising technology, V' (a) is always
increasing, so problem (2) yields a corner solution, a = a°, and p®(a®) = v — T(1). Therefore,
if v > 7, the optimal advertising fee has a lower bound at a = a® and the issue is under which
conditions the equilibrium is at this corner, a = a®, or when the platform will set a higher fee. If
a > a°, we have that p(a) > v — T'(1), i.e. zp(p;,t) < 1 and, at the same time, it holds that
pl(a) <v—T(1),ie. xm(p;,t) > 1, so the model generates a "kinked equilibrium" where firms do
not compete in prices, p; = v — T'(1). This provokes that ¢(a) is more elastic® and V(a) strictly
concave, so the platform’s maximization problem generates an interior solution, a = a¥, which is
described by equation (5). In order to compare the corner solution with the interior solution, let
us denote by V¢(a) the platform’s profits when a < a® = p~!(v — T(1)), and by V¥(a) the profits
when a > p~!(v — T(1)). The key point is that, when a = a¢, the equilibrium prices in the corner
solution and the interior solution are identical, p; = v — T'(1), and the optimal advertising efforts
also coincide, ¢°(a®) = ¢'(a®), so we have that Ve(¢°(a%)) = V(¢! (a®)). Taking into account the
concavity of V*(a), this explains that, if a® > a* (a® < a¥), the platform maximizes profits by
making a = a° (a = ak), that is, a = Max {ac,ak}, and the solution to the game depends on
both the advertising technology properties and the product market conditions. In particular, it can
be proved that, if n(¢) = ¢%, then a = a¢, whereas, if n(¢) = —Log(1 — ¢), then, for v — T'(1)
sufficiently low (high), the optimal advertising fee is @ = a* > a¢ (a = a¢ > a¥). It is worth
noting, that, regardless of whether a = a° or a = aF, the equilibrium advertising fee is always
sufficiently high so as to leave the marginal potential buyer in the product market with zero utility,

p=v-—T(1).
3. Conclusion

This paper shows that the strategic relationship between a group of sellers and a subscription-
free specialized communication media leads the platform to ask for high prices for its advertising
services, which mitigates price competition between firms, in the sense that the potential marginal

consumer will obtain zero utility, thus yielding a low surplus to consumers.

n'(¢) 2 wh s wh cC B, = n(¢) a
(B’ (- T52 = Gopw )] &7 oo WO A > @ Boa = Frani @) 6

When a = a°, we obtain Fy , =
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Appendix

Proof of Proposition 1: We first note that consumers can achieve a positive utility only if
Tm(p1,t) > 1. However, we next prove that, for any x,,(p;,t) > 1, firms find it optimal to set a
price p; > v —T(1), so the marginal potential consumer, x = 1, cannot achieve positive utility. Let
us assume that x,,(p;,t) > 1, so given the platform’s strategy, a, in the second period firm 1 faces

problem (1). The first order conditions (FOC’s) are:

(1= @) + ¢2 x(p2 — p1,t)] +p1¢gg—; = 0, (6)
pr(1 = ¢o) + ¢y z(p2 — p1,t)] —an'(¢;) = 0, (7)

whereas the second order conditions require that the corresponding Hessian matrix, H, be negative

semidefinite. Applying the symmetry condition, p; = p2 = p, ¢; = ¢ = ¢, we obtain:

Q—%)—p¢fw _ ®)

p<1_§>_anx@ _ )

Let us denote by p°(a) and ¢°(a) the solution of (8) and (9). From this system of equations we

do° _ 6 2/ (1) () dp _ [P ()—3] age :
have that i = o[ E—a ()] -(1—-2) e -] <0, and & = ST da > 0. Going back

to the first stage of the game, the platform faces problem (2) and the FOC is 4= = 2n(¢°) + 2 a

n' (gb)%. Considering that H > 0, the sign of % equals

sign {w'(t) [—n(d)p —a ¢ n(d) n"() +a d(n'(¢))*] + @ (1 - g) } :
Taking into account that, from (9) we have that p = LEln_lf)), we obtain:
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Therefore, if the advertising technology is IE, it follows that sign {%} > 0, so the solution of
problem (2) is to charge the maximum advertising fee which is consistent with the restriction,
p°(a) <v—T(1). Taking into account that % > 0, this corner solution is a = a® = p~*(v — T(1)),

so firms charge a price p; > v — T'(1).

Proof of Proposition 2: We first prove that, given py = v — T'(1), if n(¢) is IE and v > 7,
the best response of firm 1 is to charge py = v — T'(1). If n(¢) is IE, Proposition 1 states that, in
equilibrium, it holds that p; > v — T'(1), i.e. &y, (p1,t) < 1. Under this condition, firm 1 faces the

problem:

Mazp, ¢, Tl = p19y [(1 = ¢2) Tm(p1,t) + do z(p2 — p1,t)] —a ni1(¢) (10)
s.t. pm>v—T(1), =12

and the FOC corresponding to the price is:

61'[1 6xm ox
— =1~ m (D1, - - p1, - 11
oy~ L %2) [:c (p1, 1) +p1 %} + ¢y [w(pg p1t) +p1 8p1] (11)

From the definition of z(p2 — p1,t), we obtain g—; = Further, if v > T(1) +T"(1), we

1 (
T (z)+T"(1—x) "
1

have that =" = 1. If we evaluate equation (11) in p; = ps = v — T'(1), then z(p2 — p1,t) = 5, so:
oIl ox 1 v-T(1
- — (1 63) [omlin,t) + 52 vo |3 -0 )
P p1=pe=v-T(1) LI EP—EY (2

We note that, if v > 7, then x,, = 1 and equation (12) has a non-positive sign. This proves
that, given py = v — T'(1), when x,,(p1,t) < 1, firm 1’s best response is to set p'(a) < v — T(1)
which, in turn, implies z,,(p1,t) > 1. However, Proposition 1 states that, for any z,,(p1,t) > 1,
the optimal price is p®(a) > v — T'(1), which implies x,,(p1,t) < 1. This means that we obtain a
kinked equilibrium in which the optimal price is p1 = v — T'(1). In sum, if n(¢) is IE and v > v,
then (i) price competition between the sellers yields a kinked equilibrium in which both firms set a
price p; = v—"T(1) and compete only in advertising efforts, and (ii) according to Proposition 1, the
advertising fee has a lower bound at a = a® = p~!(v — T(1)). The issue is whether the equilibrium
is at this corner, a = a®, or whether the platform will set a higher fee. If a > a°, firm 1’s optimal

advertising effort is obtained from the following optimization problem:

Mazg, Il = p1¢ [(1 = ¢y) + 3 z(p2 — p1,1)] — a n1(éy) (13)
s.t. p=v-—T(1), [=1,2
G == 7] (1-2) ~ anifen) 0. (1)
8
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Applying the symmetry condition, ¢; = ¢y = ¢, we obtain equation (4), which implicitly defines
#*(a), with

da —  [v—T(1)] +2an"(¢)
Going back to the first stage of the game, the platform maximizes profits:
Maz, VF =2 a n(¢*(a)) (16)

st. a>p tv—T(1))
To solve this problem, we formulate the corresponding Khun-Tucker conditions (with p > 0):

]\Jcmfa,“1 L=2a n(¢k(a)) + u [ a— pfl(v - T(l))]

2—5 = 2n(¢k) 4 2 an'((ﬁ)% +p=0, (17)
oL _
n(5e) =0l a=vto-T)] =0 (18)

We consider two cases: a) let us consider that p > 0, which implies a = p~*(v — T(1)). Under
this condition, equation (17) yields 2n(¢) + 2 a n’(qﬁ)%‘%k < 0, which, taking into account (15),
yields a sufficient condition under which the optimal solution is at the corner, a = a®: n(¢)n’(¢) +
(2 — &) [n(&n"(8) — (W(9)?] <0,

b) an interior solution, a > p~!(v—T(1)), implies that u = 0, so the optimal advertising fee is

determined by equation (17):

—an 2n'(¢) _
o) = an O T+ 2amig) O (19)
o =T n(9) 20)

2 (W(9)* —n(o)n"(¢)

The second order condition of this problem states that V*(a) is concave.

k K\ 2 k
V) _ ot () 4 an(9) (cizi) +an(0)20

da da a da?

From equation (15) we obtain:

P¢Fa) _ 20"(9) % [[v — T(1)] + 2an"(g)] — 4n" (§)n'(9) — dan" (9) %1/ (9)
da? [[o = T(1)] + 2an”(9)]?

i

and some algebra yields:

®VF(a) _ 2[n($)n"(¢) — (n'(9))*] [2(n'(¢))* — 3n(d)n'(9)n"(¢) + (n(¢))*n" (¢)]

da (n(¢))? [v—T(1)]
It is straightforward to check that, for the regular advertising technologies, n (¢) € {—Log(1 — ¢); ¢“},

this derivative has a negative sign, so it seems reasonable to assume that V*(a) is concave. The
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key point is that, when a = a€, the optimal prices in the corner solution and in the kinked so-
lution are the same, p; = v — T'(1), so equations (9) and (14) coincide, which implies that the
optimal advertising levels also coincide, ¢°(a®) = ¢*(a¢). This means that, when a = a¢, it holds
that V¢(a®) = V¥(a®). Given the concavity of V¥(a), this implies that, if a® > a”, the optimal
advertising fee is a = a¢, whilst, if a® < a*, the platform maximizes profits by making a = a¥, so

)
a= Mazx {ac,ak}.

10
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