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Abstract

Media platforms face the choice between lump-sum and proportional fees when they
charge advertisers. This paper builds a two-stage dynamic game model to solve an endogenous
choice problem with regard to the advertising pricing instruments of two media platforms. If
either the proportional fee or the lump-sum fee is feasible, the dominant strategy for both
platforms is to charge advertisers a proportional fee. This explains why online media platforms
prefer to charge advertisers the proportional fee. We also examine the asymmetric pricing
between two platforms that adopt different advertising schemes, which sheds light on the
competition between online media and traditional media.
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1.  Introduction

Media platforms create value by connecting media consumers and advertisers. Examples
include newspapers, magazines, and online news feeds. Although these media platforms usually
generate revenues from consumers by subscription fees (lump-sum fee), they differ in their
pricing schemes to advertisers, charging either a lump-sum or proportional fee. The online
media platforms, such as online news feeds and search engines, charge advertisers based on the
“cost-per-click” (CPC) rule or cost per thousand views (CPM), although these platforms can
also charge advertisers a fixed amount of fee (lump-sum fee) (Evans, 2009). This gives rise to
the following question: why do the online platforms prefer to charge advertisers a proportional
fee when they can choose between a lump-sum fee and a proportional fee? On the other hand,
unlike the online platforms, traditional media platforms, such as newspapers and magazines,
find it difficult to adjust advertising fees in accordance to the fluctuating circulation because of

* 1 thank the co-editor, Motohiro Sato, an anonymous referee, Makoto Hanazono, Hikaru Ogawa, and Maria Martin-
Rodriguez, for valuable comments and suggestions. The usual disclaimer applies.
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contract restrictions. Hence, they can only charge advertisers a lump-sum fee'. Since the online
media platforms and the traditional media firms usually coexist in the same media market and
face similar targeted consumers, how do these two types of media platforms that adopt different
price instruments influence each other’s prices and market shares? As empirically shown by
Evans (2009), traditional media firms represented by newspapers are losing readers and
advertisers to online media.

The above-mentioned questions motivate us to study how the pricing structure to
advertisers affects the price competition among platforms, and to explore the platform’s strategic
choice of advertising fee. Specifically, this paper solves an endogenous choice problem with
regard to the advertising pricing instruments of two platforms, provided that they both charge
consumers a lump-sum fee. In the context of price competition with single-homing agents on
both sides, we consider a two-stage game in which each platform decides whether to charge
advertisers a lump-sum fee or a proportional fee in the first stage, and sets the prices to
maximize their profits in the second stage. We find that in the subgame perfect Nash
equilibrium, choosing to charge advertisers a proportional fee is the dominant strategy for both
platforms. Hence, if both charging advertisers a proportional fee and a lump-sum fee are
available to online platforms, they will choose the proportional fee. The economic intuition is
as follows: switching from a lump-sum fee to a proportional fee affects both marginal and
infra-marginal effects on the benefits from the consumers to the platform. On the one hand, the
marginal benefit from an extra consumer is shared between the platform and the advertisers
through the proportional fee. This implies that the benefit of an extra consumer on the marginal
advertiser becomes lower, thereby reducing the number of new comers of advertiser. As a
result, the marginal benefits from an additional consumer to the platform decline. On the other
hand, this loss of marginal benefits is partly offset by a gain in the infra-marginal effect from
the consumers to the platform. That is because the participation of an extra consumer enables
the platform to extract from all of its advertisers an additional proportional fee. However, the
loss of marginal effects outweigh the gain in the infra-marginal effects in equilibrium, so the
total benefits brought by each consumer are reduced. This shows that, if they charge advertisers
a proportional fee, the price competition between the platforms is weaker and the platforms
make more profits. The above analysis explains the first question mentioned in the first
paragraph.

Since choosing the proportional fee is always a dominant strategy for the media platform,
when we consider the market where both the traditional media platforms and the online media
platforms coexist, we can conclude that the online media platforms prefer to charge the
advertisers the proportional fee. Nevertheless, to the traditional media platforms, only charging
a lump-sum fee is available. To address the second question, we also investigate the
asymmetric case when one platform (the traditional media platform) charges advertisers a lump-
sum fee while the other (the online media platform) charges a proportional fee. We find that the
online platform enjoys an advantage over the traditional platform in the market shares of both
consumers and advertisers. This result theoretically verifies the empirical finding of Evans
(2009). Furthermore, which platform charges each advertiser a higher price depends on the
comparison of externalities. If the externality of consumers is higher than that of advertisers,

! Kaiser and Wright (2006) and Argentesi and Filistrucchi (2007) empirically find that magazines and newspapers
charge advertisers a lump-sum fee.
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the rival platform will utilize its market share advantage of consumers to exploit advertisers
with a higher price. These findings provide answers to the second question mentioned in the
beginning.

The present paper relates to two strands of literature. First, it builds upon the works on the
pricing behavior of firms in two-sided markets. Caillaud and Jullien (2003) analyze the case of
non-differentiated platforms that provide pure intermediation service to homogenous users and
charge both a lump-sum fee and a proportional fee, arguing that proportional fees act as a form
of risk sharing between the platform and the agents. However, they do not consider the case
when consumers are heterogeneous in their preferences, which is prevalent in the media market.
Rochet and Tirole (2003) and Armstrong (2006) investigate the pricing behavior of two-sided
platforms with heterogeneous consumers. The former focuses on the case of pure usage
(proportional) fees and provide the classical argument on two-sided markets that one group’s
agents may subsidize the other group, while the latter places an emphasis on lump-sum fees.
Following these two works, Gabszewicz et al. (2001), Crampes et al. (2009), and Reisinger
(2011) assume that the advertisers are charged a lump-sum fee in their analysis on the media
market, while Anderson and Coate (2005) and Peitz and Valletti (2008) assume that media
platforms impose a proportional fee on advertisers. However, these works mainly assume one
type of fee structure as exogenously given without looking into the effects of varying the price
instruments. Rochet and Tirole (2006) build a canonical monopoly model that considers both a
lump-sum fee and a proportional fee and obtain that the optimal pricing obeys the Lerner
formula in both pricing regimes. However, they do not introduce the competition among
platforms. In general, the above literature provides pioneering analyses of the properties of two-
sided markets, but does not consider the impacts of different pricing structures in the context of
oligopolistic competition and heterogeneous agents. The present paper contributes to the first
strand of literature by filling this research gap.

Second, this paper is also linked to a few works that compare the impacts of different
pricing regimes on two-sided media markets. Dietl et al. (2013) compare the profit and welfare
effects of a lump-sum fee versus a proportional fee to advertisers based on the competition
between an ad-free (one-sided) pay media platform and a free media platform with
advertisements, showing that the free (pay) media platform generates higher (lower) profits
when the free media platform adopts a lump-sum fee than when it charges a proportional fee to
advertisers. However, they do not consider a more general framework in which both platforms
are two-sided and charge both sides a fee. In general, they still take different price instruments
as exogenously given and compare them separately.” This paper extends this strand of literature
by endogenizing the choices on advertising pricing, and our results provide a new perspective
of understanding the pricing behaviors of media platform.

Complementary to the above literature, this paper investigates media platforms’ endoge-
nous choice on different price instruments in an oligopolistic market with heterogeneous agents.
In particular, the present paper is related to the single-homing two-part tariff model in
Armstrong (2006). Both Armstrong (2006) and the present paper share the framework of a
single-homing duopoly, and both consider the endogenous choice over price instruments.
However, this paper deviates from that paper in three respects. First, it differs with respect to

2 There are also several studies on the pricing structure of payment card systems, such as Wright (2011)and Bedre-
Defolie and Calvano (2013), etc.
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the adoption of price instruments. Armstrong (2006) assumes that both platforms charge a two-
part tariff consisting of both lump-sum fees and proportional fees, while this paper considers a
binary choice model in which platforms choose between a lump-sum fee and a proportional fee
to advertisers and charge consumers a subscription (lump-sum) fee. Second, this paper is
distinct in terms of the timing of the game. Armstrong (2006) provides a one-shot game in
which platforms decide on the price instruments and prices simultancously. However, media
platforms may first choose the price instruments, which are more difficult to adjust, and then set
the optimal prices, as considered in this paper. Third, Armstrong (2006) analyzes the symmetric
case when both platforms adopt the same pricing structure, but we also discuss the asymmetric
case when platforms adopt different price instruments here.

The rest of this paper proceeds as follows. In Section II, we establish the duopoly model
with two single-homing groups. In Section III, we derive the optimal prices and profits of the
platforms regarding different price instruments to advertisers in the second stage, and obtain the
optimal decision on the pricing to advertisers in the first stage. In Section IV, we discuss the
prices, market shares and profits when a platform charges advertisers a lump-sum fee because it
is too costly to adopt proportional charge, while the rival platform charges advertisers a
proportional fee. Section V concludes.

II. The Model

Suppose there are two groups of agents, consumers and advertisers, who are connected by
two competing platforms, 4 and B. Group 1 and group 2 represent consumers and advertisers,
respectively. Each consumer and advertiser choose to register on a single platform. The
assumption that both groups single-home is widely employed in existing literature on two-
sided markets, such as Belleflamme and Toulemonde (2009) and Kotsogiannis and Serfes
(2010). The reasons for both groups to single-home include the strong differentiation of the
platform and limited resources of the agents. For instance, several empirical works on the
media market, such as Kaiser and Wright (2006) and Argentesi and Filistrucchi (2007), show
that few firms advertise on more than one newspaper or magazine at the same time.> Groups 1
and 2 obtain utilities of u} and u5, respectively, if they join platform i, where i=4, B. The
utility of one group consists of the intrinsic value of the platform and the external benefits
brought by the other group. A consumer obtains an intrinsic benefit of v; by joining either
platform, and an advertiser obtains an intrinsic value of v,. In addition, both consumers and
advertisers care about the number of agents in the other group on the same platform. a;
measures the benefit a consumer brings to each advertiser, and @ measures the benefit a
consumer enjoys from each advertiser on the same platform. Here we assume @, and @, are
both positive to cover most cases in the media market." To ensure full market coverage, we

3 For the case when consumers single-home and advertisers multi-home, see Armstrong (2006). He finds that the
equilibrium consumer price and the platforms’ profit are higher (lower) when both platforms charge advertisers a
proportional fee than when a lump-sum fee is levied to advertisers if readers like (dislike) ads. Yet he only considers
the symmetric case when both platforms adopt the same price instruments, but does not investigate the asymmetric case
when the platforms adopt different price instruments.

41t is controversial over the sign of the advertisement's externality to the consumers in the media market. There may
be positive externality for the informative function of advertisement, and negative externality may also exist because of
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assume v; and v, are sufficiently large so that all consumers and advertisers participate.

Following the Hotelling specification, we assume the agents of each group are of mass
one, and are uniformly distributed along a unit interval of [0,1]. The two platforms are located
at the two endpoints of the interval, with platform A located at 0 and platform B located at 1. A
group-k agent incurs a disutility 7:/x;—7| if he or she chooses platform i (i=4, B), where #
(k=1, 2) is the differentiation parameter for group k, and x; represents the type of the agent in
group k. For simplicity and without loss of generality, we assume ¢,=¢,=1. To provide sharper
results, we focus on the strength of cross-group externality relative to the differentiation
parameter. Varying the differentiation parameter does not add more insight, but complicates the
mathematics tremendously.

The two platforms charge consumers (group 1) a subscription (lump-sum) fee, and face a
choice between a lump-sum charge and a proportional charge to advertisers (group 2).
Specifically, platform i charges a subscription fee pi to each consumer, while collects from
advertisers either a lump-sum fee p5 or a rate 73 in proportion to the number of its consumers.
If ni consumers and n5 advertisers join platform i, the utilities of a consumer and an advertiser
are respectively

uwi=vi+ami—pi—tlx,—1, (1)
[ vatami—pi—tle,—11, lump — sum fee
U= i i i .o > ()
Vot (=i —tlx.— 1, proportional fee

With the Hotelling specification, the numbers of consumers and advertisers on platform i
are respectively

S 3)

S (4)

Substituting expressions (3) and (4) into expressions (1) and (2), and using ni+n1=1 and
nb+n5=1, yields the market shares of platform i in the consumer and advertiser groups:

1, @@n—)+@i—p)

n’1=2 5 (5)
( 2ni— 1)+ (ph—p!
l—!— @ @2ni )t pz)’ regime 1
2 2
20— vi—vn' —a + vl
%—0—( CARE 7’22)n1 & 72, regime 11
r— o o . 6
BT 1 ea—yhnitri—pi—a . ©
E_'_ > , regime 111
1 20, — J j+ i
E+( &l 72)’;‘ pe al, regime IV

the annoyance. Here we concentrate on the case where the overall externality is positive, which is empirically supported
by Kaiser and Wright (2006).
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where both platforms charge advertisers a lump-sum fee in regime I, both platforms charge
advertisers a proportional fee in regime II; platform i (j) charges advertisers a lump-sum
(proportional) fee in regime III; and platform i (j) charges advertisers a proportional (lump-sum
fee) in regime IV.

Without loss of generality, suppose both platforms incur zero constant cost to both groups.
The profit of platform i is

) T . _
ﬂ_,:{plnl pans, lump — sum fee ™

pinit+ymin. proportional fee

The two platforms behave in a Nash manner to maximize their profits. The game is
comprised of two stages. In the first stage, the two platforms noncooperatively and
simultaneously choose between lump-sum fees and proportional fees to advertisers. In the
second stage, they determine the price levels to maximize their profits, having observed each
other’s price instrument in the previous stage. We derive the adoption of price instruments in
the subgame perfect Nash equilibrium by using backward induction.

Ill.  Competition in Price Instruments and Price Levels

1. Stage 2: Competition in Price Levels

This section discusses the optimal prices under different pricing schemes. To clarify our
discussion, we consider the following three regimes: (/) both platforms charge advertisers a
lump-sum fee; (]) both platforms charge advertisers a proportional fee; (/7]) platform A charges
advertisers a lump-sum fee, whereas platform B charges advertisers a proportional fee. Here we
do not analyze the case when platform B charges advertisers a lump-sum fee, while platform A
charges advertisers a proportional fee (regime IV), since such a situation is symmetric to regime
III, and all the results in regime IV can be easily derived from regime IIl. We make the
following assumption to provide a meaningful solution:

Assumption: 0<¢,; <1, i=1, 2

This assumption provides a sufficient condition for the existence of a market-sharing
equilibrium and positive prices in all regimes.5 (See Appendix A) It highlights the situation
when differentiation is stronger than the cross-group externality, on which this paper
concentrates.

Denote piwv as the lump-sum fee charged by platform i (i=4, B) to group k (k=1, 2) in
regime M (M=1, II, IIl), and 7y as the proportional fee charged by platform i (i=4, B) to
group 2 in regime N (N=II, III). The equilibrium prices of both platforms are expressed in the
following lemma:

Lemma 1: In equilibrium, the price levels of the platforms with different price instruments are

5 A sufficient and necessary condition for the existence of market sharing equilibrium is 1 —a12,>0. However, this
condition alone does not guarantee that all prices are positive in all regimes here. Therefore, we use Assumption 1 to
guarantee that the market sharing equilibrium exists and all prices are positive.
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as follows:
(1-1))  When both platforms charge advertisers a lump-sum fee (regime /),
pir=1—ai; ph=1—a, i=A, B
(1-i)) When both platforms charge advertisers a proportional fee (regime /1),
pur=2—ai—a; yi=2(1—a), i=4, B
(1-iii) When platform A4 charges advertisers a lump-sum fee, while platform B charges
advertisers a proportional fee (regime /1),
pi’m:i(hﬁ— 10a? — 11at+ 54, + 8a) — 605 — 135 + 18, +26ai0; — 31aia, — 29a.a:
+24a,0; — 250,03 +aiD+aiD+ 3aa.D— 6D);
pﬁ,”:%(za/f +10@7 —9a;,—20a5 + 1905 + 63, — 6aia, — 30a,a5 + 25010, — a.D+ @D — 54);

p?mZ%(Zd{‘ — 10} — 50} + 540, + 403+ 9, + 10aia, + 8a05 + 16aia; — 31 aia, — 220,03
—8aa,—3D+aiD+2wa:D—27);

1
Yfm=m(2a]2+2al +4a10/2+a'2+D—9),

where D / 189+4ai — 567+ 1603+ 823 — 9503 — 54, +24ai e,
+ 52003 + 48,05 + 8atan, + 200,05 — 1 64an
and E=—27+5ai+ 14a0,+ 83 <0.

Proof: See Appendix A. O.E.D

>0,

Now we compare the prices in the three regimes In order to make the prices to advertisers
comparable, we denote Q21—p21 and Q211 Yo w, (i=A4, B), Q2111 p2111, and (]2111 7’21111’1 . We
summarize the comparison of the price levels of different pricing schemes in the following
proposition:

Proposition 1: (i) To consumers, both platform 4 and platform B charge the highest price in
regime II and the lowest price in regime /, that is

Piu >pi111 >Pi11;

(i1) To advertisers, platform A4 charges a higher (lower) price, while platform B charges a lower
(higher) price, in regime Il than in regimes I and II if a;<ax(a: > »), that is,

if & <a,, then q2111 > C]21 C]211 and qZIII < Q21 Q211,
if @1 > a,, then q2111< q21 q211 and Q2111> q21 q211

Proof: See Appendix B. O.E.D

To compare the prices intuitively, we first interpret the optimal prices in regimes I and II.
We transform the prices in Lemma (1-i) and (1-ii) into:

pi=1—ai(pyta), ph=1—apta), i=A4, B (8)
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) N 1 .
p'111: 1 —(ai—72m) (*7’5114‘ @) =72,
1 a7 ©)
575112 1 _a'z(plill+a'1 _Eyé[l), i=A, B

Expressions (8) share the same features with Armstrong (2006). In a standard Hotelling
model without cross-group externalities, the equilibrium price to group j would be p;=1, i.e.
the differentiation factor. With cross-group externality, the price is adjusted downward by
(putar), which measures the marginal external benefit to a platform when an additional
group-j agent is attracted. First, an additional group-j agent on the platform attracts @, more
group-k agents, as shown in expressions (5) and (6). Second, the profit that the platform can
extract from each of these extra group-k agents is (pu+ i), where pu is the regular profit, and
o is the extra profit the platform can gain from group-j without losing market share. (When an
extra group-k agent joins a platform, the utility of a group-j agent on that platform increases by
ai, while the utility of a consumer on the rival platform decreases by a:. Hence the platform is
able to increase the price to each group-j agent by 2a; without driving them away. Since the

equilibrium number of group-j agents is X the extra revenue it can extract from its group-;

agents is @) Since & is the revenue that a platform can extract from each group-k agent but is
originally brought by an extra group-k agent, it can be regarded as a feedback effect of group .

Compared with the benchmark of expressions (8), expressions (9) shed some new light. In
particular, the price to consumers differs in two respects. First, the price is adjusted downward

1 . . .
by (dl_')’zll)(z')’zn'i‘a'z). As shown in expressions (6), an additional consumer on the platform

attracts @, — 7., more group-2 agents. Because the platform is able to charge a price of 7.
when a consumer views or clicks on an advertisement, the net benefit from a consumer
decreases by 7.;. Hence the marginal attraction of advertisers falls by 7., in comparison with
regime I. In addition, similar to the interpretation in regime I, the profit that the platform can

. .1 1 . .
extract from each of these extra advertisers is 572114-&2. (57’211 is the proportional fee 7.

i s 1 .
multiplied by the equilibrium number of consumers 5.) Hence the marginal effect of each

. 1
consumer is reduced by 7211(57’2/14-012) =2(1—a)

The second adjustment factor missing in regime I is nayY.n. An extra consumer brings not
only marginal external benefits, as explained earlier, but also infra-marginal external benefits to
the platform. From the utility function of group-2 agents, an additional consumer brings a
utility of a1 to each advertiser, from which the platform is able to extract 7.;. Since the

s . 1
equilibrium number of advertisers present on the platform is o the platform can extract a total

1 . . ..
profit of nzu)’zu:E)’zu from the advertisers because of this additional consumer. Thus

nauYan=1—a, represents the infra-marginal external benefit to a platform from an additional
consumer.
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Now we compare whether the reduction of marginal benefit or the positive infra-marginal
benefit is stronger. Subtracting the infra-marginal effect by the marginal effect yields the net

1 1
effect, which is —7211(5721,—54—&'2). The net effect is negative when 7.;,>1—2a@,, which is

always true in equilibrium. That means the reduction in the marginal benefit of each consumer
is only partly offset by its infra-marginal benefit. To be precise, the total benefit brought by
each consumer to the advertisers decreases by 1—a, in regime II. Therefore, the price to
consumers is higher in regime II than in regime I, and the competition for consumers between
the platforms is mitigated.

Compared with regime I, the feedback effect of advertisers in regime II is also more
complicated. g5, is constituted by the differentiation factor and the marginal external benefit
from an additional advertiser. The first factor is the same as the standard Hotelling model. The
second factor is also the number of consumers attracted by an additional advertiser (@ from
equations (5)) multiplied by the extra benefit from each of the attracted consumers

(p1111+al_57511). With an extra consumer, an advertiser on the platform enjoys a net utility gain

of @ —7iy because he or she is charged a proportional fee 7yis;, while the utility of each
advertiser on the rival platform falls by «@,. Thus, the platform is able to increase the price to all
the advertisers by 2@, — 74y without losing any market share. Taking the equilibrium number of
advertisers into account, the extra revenue from the advertisers because of an additional

! ‘ 1, . .
consumer is 5(201—7511)=011—§7’£u. Therefore, the total effect to group 2 in regime II is the

same as that in regime I, and hence the prices to advertisers in the two regimes are equal.

The price to consumers in regime III is between the prices in regimes I and II because the
marginal benefit brought by a consumer in this regime is also in between. In addition, if the
externality from a consumer is higher than that from an advertiser (@;> @), platform B would
extract more surplus from advertisers by charging a higher fee, while platform 4 would adopt
the opposite strategy. The similar intuition also applies to the opposite case when the
externality from a consumer is lower than that from an advertiser (@ <a,).

2. Stage 1: Choice on Price Instruments

This section derives the optimal choice on price instruments for the two platforms. 7
(M=1, II, III) represents the profit of platform i in regime M. Based on Lemma 1, we obtain
the maximized profits of the platforms in each type of pricing structure, as summarized in the
following lemma.

Lemma 2: The maximized profits under different pricing structures are as follows:
(2-1)  When both platforms charge advertisers a lump-sum fee (regime I),

. 1 1
=1 —Eam _5(1'2, i=A, B

(2-i)) When both platforms charge advertisers a proportional fee (regime I1),

31
71’1’125_50'1 —, i=A, B
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TABLE 1. COMPARISON OF PLATFORM PROFITS WITH DIFFERENT
ADVERTISING PRICING SCHEMES

Platform B
Lump-sum fee Proportional fee
Lump-sum fee i, nf i, o
Platform A4 P - (@, 1) (i, i)
Proportional fee (zciv, 7 (it 7hh)

(2-iii)) When platform A charges advertisers a lump-sum fee, and platform B charges
advertisers a proportional fee (regime III),

A A4 4 A4 4 B__ B B B B B
71'111—]711111’11111"']?21111’!2111, 7T111—p11111’l1111+ Y2l i 20r

where niu (i=A, B and k=1, 2) represents the number of group-k agent on platform i in
regime IlI. (For a detailed result in terms of the exogenous parameters, please see Appendix C.)

Proof: Since both platforms gain an even market share of both groups in the symmetric
equilibrium, we can easily derive the profits for case (2-i) and case (2-ii) by substituting the
equilibrium prices obtained in lemma 1 and the equilibrium numbers of agents into expressions
(7). The proof for the profits in case (2-iii) is in Appendix C. O.ED

Table 1 shows the profit matrix in the first stage, in which 7., is given by (2-i) to (2-iii).
Now we summarize the result in the following proposition.

Proposition 2: (i) Charging advertisers a proportional fee is a dominant strategy; (ii) Platforms
make strictly more profits when they charge advertisers a proportional fee (7> 7iy>7}); (iii)
The platform charging advertisers a proportional fee gains a strict profit advantage over the one
charging advertisers a lump-sum fee (7 <7m).

Proof: See Appendix D. Q.E.D.

Proposition 2 reveals that it is always more profitable for either platform to adopt the
proportional advertising price no matter what pricing structure the rival platform chooses. That
is because the proportional advertising fee reduces the marginal benefit of consumers and
subsequently weakens competition. By charging advertisers a proportional fee, the platform
induces the rival to charge consumers a higher fee, whether the rival charges advertisers a
lump-sum fee or a proportional fee, as shown in the first statement of Proposition 1. If the rival
charges advertisers a lump-sum fee, the platform is able to encroach some of the rival's market
share and make more profit. If the rival also charges advertisers a proportional fee, the platform
shares both markets equally with the rival but is able to set a higher price to consumers and
subsequently gains more profit. In addition, when platforms adopting different price instruments
coexist, the platform charging advertisers a lump-sum fee makes less profit than the one
imposing a proportional fee.
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IV. Discussion

So far we have assumed that the platforms can freely switch between lump-sum fee and
proportional fee. As indicated by Proposition 2, charging advertisers a proportional fee is
always a dominant strategy for the media platform. However, it is not feasible for some media
firms to adopt proportional advertising fee. Traditional media firms, such as newspapers and
magazines, find it difficult to adjust advertising fees in accordance to the fluctuating circulation
because of contract restrictions. At the same time, online media firms are able to charge
advertisers proportionally on a cost-per-click or cost-per-thousand-view basis. Therefore, the
coexistence of two types of platforms that adopt different price instruments prevails, and it is
worth comparing the prices and market shares between these platforms in this asymmetric
setting. (i.e., regime III: the (lump-sum fee, proportional fee) case in Table 1)

We establish the result in the following proposition.

Proposition 3 In regime 11, platform A charges a higher consumer fee than platform B and a
higher (lower) advertising fee if @ <a.(@: > a,), but has lower market shares than platform B in
both markets. That is,

(i) pim>piu;

(i) If @1 <a, then q3u>q5u; if >, then ¢3m<q3u;

(iii) nim<nfw and n3m<nu.

Proof: See Appendix E. Q.E.D.
The intuition can be roughly explained as follows. The equilibrium (at stage 2) in regime

IIT is characterized by the system of first order conditions:

or' _ , . ,Oni ,0nm}

oyt =TGPt =0 (10)
gzgzn?+p?gzg+nf fgzgﬂfﬁgzgzo. (11)
?)Zj n§+pfg;§+p;‘g;§=o. (12)
%’: nini+p g";ﬂmlg"jﬂznzg"z‘:o. (13)

Comparing equations (10) and (11), we observe an extra negative effect of a rise in pYon
platform B’s profit, as expressed in the last term of equation (11). This effect is the infra-
marginal effect on the revenue from advertisers due to the fall in the number of consumers.
Therefore, accounting for this extra effect, platform B sets a lower price to consumers than

platform A.
The intuition for the platforms’ prices to group B is as follows. We first derive the partial
. . an’f _ 5n2 1 ai’l? Oy, 5}12 _ 1 4 B B
derivatives: i N TN 9 N and o 2N[(pl pH)+1+a2n5
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—1)], where N=2(1 —aa@,) +a,y7>0. Substituting these partial derivatives into equations (12)
and (13) yields a clearer comparison of the factors that influence the two platforms’ pricing
decision:

A
i) Aanl —

n=ply+piG 0. (14)
a on’ a
n§—pfﬁ2+yfa';;—ﬁn§ﬁ=o. (15)

Comparing equations (14) and (15), we can observe that platform B has to take one more
effect into account. Raising 77 by a marginal unit, platform B suffers from an extra infra-
marginal loss stemming from the reduction of consumers, as characterized by the last term in
equation (13). If @, is relatively large, this potential loss (gain) from a higher (lower) 77 is
relatively strong, and platform B consequently has more incentive to charge a lower price to
advertisers. Precisely, platform B would charge a lower price if @.>a:.

The intuition for the comparison of market shares is straightforward. If platform B charges
a lower price than platform 4 in both markets, it must enjoy a larger share of consumers and
advertisers. If platform B charges advertisers a higher price than platform A4, it would not raise
the price too high to lose the market share of advertisers because this strategy would further
exert a negative impact on consumers’ demand.

As indicated by Proposition 3, when the two platforms adopt different price instruments,
the platform charging a proportional advertising fee gains advantages in its market shares of
both groups, while which platform charges advertisers a higher price depends on the
comparison of the two groups’ externalities. This finding provides some theoretical implications
to the media market, which is embodied with the coexistence of the traditional media firms that
charge advertisers a lump-sum fee and the online media firms that charge advertisers
proportional fees. Traditional media firms, such as city newspapers and magazines, mostly
charge advertisers a lump-sum fee due to the difficulty to adjust prices in accordance to the
fluctuating number of readers timely, but online media firms are able to employ the cost-per-
click technology to levy flexible fees. Due to this distinction of pricing strategies, online media
platforms are able to lower their prices to the readers so as to gain more shares in both
markets. In reality, the encroachment of online media to traditional media is evident (Evans,
2009). The different pricing structures between these two types of firms may provide part of the
explanation. Moreover, if advertisers care more about the readers or the audience than the other
way round (@,>a), the traditional media platforms have to charge advertisers a lower price
than the online media ones, as indicated by the proposition.

V. Conclusion

In reality, different media platforms adopt different price instruments when they charge
advertisers. Existing literature mostly assumes either a lump-sum fee or a proportional fee, but
overlooks platforms’ endogenous choice on these two price instruments. This paper compares
the optimal prices and profits under these two price instruments and solves an endogenous
choice problem with regard to the advertising pricing instruments of two platforms competing
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for single-homing consumers and advertisers. In the subgame perfect Nash equilibrium, the
dominant strategy is to adopt a proportional advertising fee, which explains why online media
platforms prefer to charge advertisers a proportional fee. This paper also sheds light on the
price competition between traditional media and online media, showing that the platform
adopting a proportional advertising fee enjoys an advantage over the platform adopting a lump-
sum advertising fee in terms of both market shares and profits. Besides, in this case, which
platform charges each advertiser a higher price depends on the comparison of externalities. If
the externality of consumers is higher than that of advertisers, the rival platform will utilize its
market share advantage of consumers to exploit advertisers with a higher price.

The present paper is restricted to the case when both groups single-home. However, in
reality, some groups may multi-home. For instance, consumers may read news from more than
one platform. Therefore, a possible extension is to investigate the endogenous choice of price
instruments when at least one group multi-homes. Another possible extension is to investigate
the case when the externality of one group is negative, which may be complementary to the
analysis of this paper. In sum, the present paper is just attempt to cast light on the pricing
instruments choices among media firm.

APPENDIX

A: Proof of Lemma 1 and Assumption

Proof of Lemma 1-(i):
Solving the simultaneous equations (3) yields the market shares in terms of prices:

1. Pi—p)tai—ph) 1y Pi—p)taei—ph)
2 2(1—aw) ) 2(1— )

(A-T)

n=

Platform i decides on the prices to the two groups in order to maximize its profits:

Max n'=pin\~+pind

phs ph

The sufficient and necessary condition for a market-sharing equilibrium to exist is the second order

condition of the platform’s profit should be negative, i.e. J= (;” le) should be negative definite, where
21 22,
) 0
6pﬂ-
Tonn = apn (pm, pn)
_ _l 1 2 (a1 +a'2)
Here J=—7 1—alaz((al+a2) 2

J is negative definite if and only if:

1
a. /Jl/:_m<0,

4— (@ +a)

4(1 _(1'1&'2) >0.

b. /h/=
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To ensure that a market-sharing equilibrium exists, the sufficient and necessary condition is:
4>+,
which ensures that:
l—aa,>0. (A-2)

which implies that the differentiation parameters (1, 1) should be larger than the network externality
parameters (@, @).
For the case of a symmetric equilibrium, each platform offers the same set of prices at:

plzl_(ll,pzzl_(l'z. (A-3)

Proof of Lemma 1-(ii):

Solving the simultaneous equations (3) yields the market shares in terms of prices:
l_’_ 2 —p)tau(i—ri)

2 2H ?

1. Qar—7r—rH(Pi—p)+(—7)

2 2H '

ny=

(A-4)

ny=
where H=2(1—aa) +ax(7i+ 7).
Platform i decides on the prices to the two groups in order to maximize its profits:

Max ©'=pini+vinini, i=A4, B

phTh

The sufficient and necessary condition for a market-sharing equilibrium to exist is the second order

Tu T
condition of the platform’s profit should be negative, i.e.J= (7{11 ﬂlz) should be negative definite, where
21 22,
aap”
— m * *
T apn ®ms pn)-
1 1 [ —4 2(272+2a/z—al—1)>
H = .
e S — it 21— )\ — 20 @1

J is negative definite if and only if:

o |
a /Jl/_ 2 l_alaz+zaz(1_az) <0’

_a'1(12+2(l'2(1 _(1'2) +Za'272
16[1 —aar+2ax(1— )]’

b. /)= !

To ensure the existence of a market-sharing equilibrium, the necessary and sufficient condition is:
1—aa,+2a:(1 —a2) >0.
Given the condition for the existence of a market-sharing equilibrium, we have:
H=2(1—aw)ta(ri+r)=2[1—ae*+2a(l—a)]>0. (A-5)

For the case of a symmetric equilibrium, each platform offers the same set of prices at:
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pi=2—a—a, 1.=2(1—a). (A-6)

Proof of Lemma 1-(iii)

Solving the simultaneous equations (3) yields the market shares in terms of prices:

1 " 2(pt—pi)tax(y? —2p3)

A —
1=

n

2 21 ’
n§‘=l+ QRai—7r)Hi—pH+ i —2p)
2 21 ’
n?=i+ 2(pi—phH+mpi—7rh
2 21 ’
}152%4- (2(11—7’5)(pf—21;?)+(2p§—7’f) ' (A7)

where I=2(1 —aia,) +axys.
Platforms 4 and B decide on the prices to the two groups in order to maximize their profits:
Max ©*=pini+pins,
pipd
Max n*=pini+yinins.
hﬁ 7’5

The equilibrium prices are characterized by:

or" 0 or" 0 or’ 0 or’®
pl 7 opt T opt 7

=0.
7y

The sufficient and necessary condition for a market-sharing equilibrium to exist is the second order
condition of the platforms’ profit should be negative, i.e.

a i
7T 7 67r
J =( N 12) should be negative definite, where 7, = ap “(pi, pi) (i=A4, B).
o1 T Pn
1 —4 _2(,1'1_232"!")/21;)
For platform 4, JAz—( .
or platform I\ 20— 20+ 52 4

J* is negative definite if and only if:

a. [Ji/= —§<o,

16— Qa+2a,—7E)’
2

b. /Ji/= /

>0.

which obtains:
I=2(1—awa) +ay? > 0.

Due to the complication of J*, we provide a sufficient condition. By substituting N> 0 into J*, we
find that J* is negative definite.
Hence to ensure the existence of a market-sharing equilibrium, the sufficient condition is:

1=2(1—a\a;) +aryi>0. (A-8)
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_ /189+4ai—54a,+24ata,— 9505 +8a3 + 16a3
where D=

HITOTSUBASHI JOURNAL OF ECONOMICS [June

The equilibrium prices are:

p‘f=ﬁ{2a’f‘+2a?(—5+6az)+a’f(— 11—31a,+26a;+D)+2(9a,—3a; +4ai —3D) (A-9)
+a3(— 13+ D)+ [ai(54 — 253 + 2403 + an(—35+3D)]},

A
2

pi=7 =54+ 2ai+ai(10—6a) +63a:+ 1903 — 2003 —@D+a(—9+25@:—30a3 + D)),

ot 7{ 27+2ai+10ai(— 1+ @) +9a2+40; —3D+ai(—5—31a+ 1625+ D)

+201[27— 1123+ 403 +a(—4+ D)1},
1
B

— _ 2
72_3+a1+2&'2[ 9+2ai+a+a(2+4a,)+D].

s

+aiar(— 41+ 50+ 12a3) +al(— 56+ 8+ 52a3)

and E=—27+5ai+ 14aia,+8a; <0.

Substituting expressions (A-6) into expressions (A-5), we have the equilibrium market shares:

1 3F
Ae = =
e 2 TaE
n'f:*-f- ((11+20’2)
2 4E (A-10)
s_1_3F
MY T 4E
1 F
ng_E—E(Q'H-ZQ’z)

where F=—9-+20i—3a,+ 6a,a,+4ai+D>0.

Proof of Assumption:

With the assumption of 0<e;<1 and 0<@»<1, we first examine the signs of the prices.

In regime 1, py=1—a1>0 and p.=1—a,>0;

In regime 2, p1=2—a1—@®>0 and 7.=2(1—a,) >0;

In regime 3, all the prices are proved to be positive.

Now we examine whether this assumption is sufficient for a market-sharing equilibrium. Inequalities

(4-2), (4-5) and (4-8) are reduced to: 1—ai@;>0, 1 —aia,+2ax(1 —a,) >0, and I=2(1 —aia) +ay? >
2(1—aa,) >0.

B: Proof of Proposition 1

Proof of Proposition 1-(i):

Denote Platform A’s fees to consumers in regimes I, II and III as pi;, pir and pim, respectively; and

denote platform B’s fees to consumers in regimes I, I and III as pt, pty and ptu, respectively. Then we
can compare the prices to Group 1 from expressions (A-3), (A-6) and (A-9). First, we compare pi;, pin
and pim. Given the constraints that 0<a@,<1 and 0<a,<1, as well as D>0 and E<0, we have:

p111 (lI—a)—QC—ai—a)=a,—1<0,
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pi—pim= —ﬁ( —6+ai+3aa,+2a5)(—9+2ai —3ar+6aia:+4a; + D) <0,

1
pin—pim= —E[Za]“—l— 8as + 12aia, +26aia3 + 240,05 + 1005+ Taie, + 190,105 — 3 1t — 583
—9laa,—36a,+ (ai +a5+3aa—6)D+108]>0.

The three inequalities above yield pH<pim<pin .
Now we compare pi, pty and piu:

p?l_pllgH: (lI—a)—QC—a—a)y=a—1 <0,
1
pl];l_pllgm: _ﬁ(_:’) +(l’12+20’10’2)(_9+2(l’12_3az+6&'1a'2+4a’22+D)<0,
pin—pim= —ﬁ[zaH 10aia:+16aias +8aias + 1645 + Tata, +22aia5 —25a7 — 2803 — 64a,a,
—45a,+ (@i + 20, —3)D+81]>0;
The three inequalities above yield p?'<p?'<p?".

Proof of Proposition 1-(ii):
Denote platform A’s fees to advertisers in regimes I, II and III as q5=p3, qsu(=nswysn) and

q3mw=p3m, respectively; and denote platform B's fees to advertisers in regimes I, II and III as q5=p3),
q3(=nSyi) and q3u(=nSuysm), respectively.. Then we can compare the prices to Group 1 from
expressions (A-3), (A-6) and (A-9). First, we compareg3, g3 and g3m. Given the constraints that 0<a; <1
and 0<a,<1, as well as D>0 and E<0, we have:

qf:zqé'u: 1—a,,

1
g qam= —E(al—a'z)(2a'12—3az+6a1az+4a'22+D—9), which is negative if @ <@, and positive if @, >

as.
Thus, g5 is higher (lower) than ¢35 and ¢35 if @i <a» (&> ).
Now we compare g5, g3 and g3u:

q§:=quu= 1—a,

qé’:—qé’mZE(a]—afz)(Zalz—3a/2+6a'|az+4a'zz+D—9), which is positive if @ <a, and negative if @, > a;

Thus, qu < (>)q§1 and qgll if o< (a1 > ).

C: Proof of Lemma 2

Substituting the equilibrium prices and market shares into expressions (3) yields:

1
m;,:@{zafurzaﬁ(—5+6a2)+a$(— 11—31a,+26a3+D)+2(9a,— 33 +4a3 —3D)

1
+a3(—13+D)+a[54—25¢; +24a5 +a(—35+3D)]} + T [RE+F(a+2a)][—54+
2ai +ai(10—6a,) +63a>+ 1905 — 2025 — @D+ a,(— 9 +252,— 3003 + D)]

i(%—i—g){—zwzafﬂt 10ai(— 1 +a) +9a,+4a3 —3D+ai(—5—31a,+ 1623+ D)

B _
T =
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1

—_ 2 3 _ - - @
+am[27— Nei e T4+ D)+ o o ol

—9+2a+ o+ (2+4m)+ D]}

D: Proof of Proposition 2

Proof of Proposition 2-(i):
Given the constraints that 0<a;<1 and 0<a,<1, as well as D>0, E<0 and F>0, we have:

1 1

A A B __ _A_
Ty — T =T — 1 = 2E(2 4E

){20/1 —10ai —5ei +54+4a; +9a,+ 10aie,—3D

1
+16aiai+8aa; —3lata, — 22003 — 8+ (a +2a,) D—27 +m
(2 —a _Q'z)

> >0

[2a?+2a,+a,+8aia,+D—9]} —

1
m’},—m‘}:@[zm‘— 1lat—10ai+54a,+8a; — 643 — 13a3 + 18a,+ 1 20, +26aiai — 31 aia,
+24a105 — 25,05 — 35010, + (@ — 6+ a5 +3a1a2) D] +é[2E+F(al +2a)][—54+2ai + 10a?

—9a,—20a3 + 193 + 632, — 6aia, — 30aa5 + 25, + (@y — @) D] — (%—%—a'z) <0

B B_ B 4 B A 4 4
T — Ty =T T; >0; T — =T Tu<O0.

Proof of Proposition 2-(ii):
Given the constraints that 0<a; <1 and 0<a, <1, we have:

m—ri=(G G )= (1= 5= =15

>0.

Proof of Proposition 2-(iii):
Given the constraints that 0<a@;<1 and 0<a@,<1, as well as D>0 and E<0, we have:

1
ﬂﬁz—zﬁFﬁ[—2916+24a/F—20a/?—354a’?+ 198ai +1755a7 — 486, + 3205 + 645 — 498a;

—378a3 +2079a3 + 729, + 194aia, + 618aia; +976aia; +784aias +288aa; — 108aia;

+ 84105 — 187aias — T6aias — 1851 aia, — 3294aia; — 2265aia53 +387aia, —207aas + 4428
+(162+54a,—93ai — 10ai + 12a7 +27a,— 2280, — 36aia, + 61aia, — 84a3 — 3315 + 1022
—205+ 60a1a5 +8a3)D] <0

E: Proof of Proposition 3

Given the constraints that 0<a; <1 and 0<a@,<1, we can obtain the following inequalities through
simple calculation:

1
pful_pfm: ZE(_3 +alaz+20'§)(20'|2—302+6ala'2+4a'22+D—9) >0,
1
qglll_qglllzpélll_nglll')/ﬁllzf(a’l —a) Qi —3a:+ 6, +4a3 +D—9).

which is positive if @; <a, and negative if &, > a;
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From expressions (A-10), E<0, F>0, and the constraints that 0 <a; <1 and 0<a,<1, we have:

1 3F 1 1, F 1 1 3F_ 1
A+ 20 v a1, I 2 o1 2
M=yt <y Ty Typletle) <y =gy e,

1 F 1
n§=5—ﬁ(a1+2a'z)>5.

Therefore, n{<n? and ni<n?.
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