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Music Variety and Retail Concentration

Marie-Laure Allain*and Patrick Waelbroeck!

first draft-january 2006

Abstract

In this paper, we examine the impact of horizontal and vertical market struc-
ture on product variety. We consider a market for horizontally differentiated
products in which the cost of launching a new product is fixed and spread be-
tween the manufacturing and the retail industries. While this framework can
be applied to a large number of industries we focus on music variety. We show
that a vertically intergrated firm offers a wider variety of products than a chain
of monopolies. If the cost of launching a new product is equally shared among
the vertical structure or mostly supported by upstream firms, retail competi-
tion partially restores the incentives to innovate of the vertical structure. Yet
when the cost of launching a new product is mostly supported by the retail
sector, downstream competition leads to even more innovation than vertical

integration.

1 Introduction

Over the recent years, sales of CDs have decreased by as much as 20 percent in some
countries. According to the International Federation of the Phonographic Industry’s
statistics, world sales of recorded music (audio and video) for the year 2003 fell by
7.6 percent in value, marking a fourth consecutive year of decline. The global music
market has thus declined by US 6.2 billion since 1999, a fall of 16.3 percent in constant

dollar terms. The reasons for this fall are widely discussed among the actors of the

*CNRS, Laboratoire d’Econométrie de 1'Ecole Polytechnique (1 rue Descartes 75 005 Paris,
France, E-Mail : marie-laure.allain@shs.polytechnique.fr) and London Business School.
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industry. One of the most common culprits pointed at by the record companies is
internet or file-sharing piracy. Using peer-to-peer network, internet users can freely
and anonymously exchange copyrighted files without authorization of the copyright
owners. This has lead to legal measures against peer-to-peer network developers and
users as well as increased technological protection of digital music using Digital Rights
Management technologies. Whether or not such measures will restore CD sales to their
1999 level is questionable.

Another trend that is pointed at by some industry observers but overlooked by
most analysts is the decrease in the number of new releases, and the possible role of
the retail structure in this decrease in music variety. The Record Industry Association
of America has strangely stopped producing these numbers after 2000. The number
of new releases reached an all-time high in 1999 with 38900 new releases according to
Soundscan to drop to 31734 new releases in 2001. The Canadian Recording Industry
Association continues to produce these numbers: the number of new releases decreased
from 6728 in 1998 to 5619 in 2003. Similarly, in Australia the four major record labels
(Sony BMG, EMI, Universal and Warner) released 2906 albums in 2004 compared to
4480 in 2003, a 35 percent drop in 1 year, continuing the downward trend.! This recent
decrease in music variety offered to consumers should be paralleled to two factors: the
increasing concentration of the retail segment with the emergence of large superstore
selling to the masses and their increasing share in total music sales to consumers.

Secondly, we observe in several OECD countries that an increasing share of music
sales occurs in large department stores or supermarket chains. In the US, share of
music sold in department stores and hardware and Audio/Video stores has increased
from 26 percent in 1999 to 39 percent in 2003.2 Walmart accounted for 13.5 of music
sales in 1998. Its share has increased to 34.8 percent in 2003.> A similar trend is
observed in the UK where share of music sales in supermarkets and big chains has
increased from 29 percent in 1999 to 36 percent in 2003. In France, supermarket
chains sell 38.5 percent of the CD in 2003, compared to 34.4 percent ten years before,
and 37.7 percent are sold by large disc store chains (compared to 29 percent in 1993)
owned by large retail groups.*

1See "CD sales fall disguises a lack of choices” in The Register, September 15, 2005

2See TFPI (2004)

3See "Big stores make exclusive deals to bring in music buyers” in the New York Times, December
29, 2003

4Tn 2003, these large disc store chains sales were splitted as follows : 56 percent for FNAC (part
of the Pinault-Printemps-La Redoute retail group), 20 percent Virgin, 11 percent Starter, and 10
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Some analysts of the music industry have associated these two factors with the
recent turmoil in sales of pre-recorded music, citing high turnover of titles due to
competition for shelf spaces of other entertainment products such as DVDs, discount
prices, availability of only most popular titles on shelves, reducing variety to con-
sumers. For instance, according to the music and video director of Carrefour, the
music variety offered on the shelves was reduced by 30 percent over a couple of years,
with the offer mainly concentrated on new releases and hit titles.?

This phenomenon is not limited to the music sector. The concentration of the retail
industry is nowadays an important policy issue in most developed countries. Since
the seventies, the emergence of new store formats and the development of large and
increasingly international retail chains, through diversification and external growth,
have considerably modified the retail landscape. The increasing concentration of the
retail industry has resulted in an oligopolistic structure in most European countries:
the 5 main retail chains control about 65% of the food sales in the UK, 80% in France,
65% in Germany, 56% in Spain and up to 98.5% in Norway. Large mergers among
retail groups have occurred in the nineties. The 2000 merger between Carrefour and
Promodés has given birth to the second largest worldwide retail group with sales
above 70 billions euro. In 1999, the American giant Wal Mart acquired the British
supermarket chain ASDA, but the same year, the European Comimission set restrictive
conditions to the merger of the German retailers REWE and Meinl. The Commission
even prohibited merger of the Finnish retail groups Kesko and Tuko in 1996. The
retail industry may be compared to the bottleneck of an hourglass, controlling the
links between numerous manufacturers of consumer goods and their consumers. This
trend towards increasing retail concentration leads to increased buying power from
the retailers, and thus induces a shift in the balance of power between retailers and
their suppliers, which has generated many conflicts and may even induce structural
changes in vertically related industries.

Public authorities have debated over the last years issues related to the bargaining
power between producers and retailers in order to assess the economic consequences
of increasing retail concentration that go beyond the music industry (see, for instance,
the green book on vertical restraints published by the European commission in 1997
or the official report by the British Office of Fair Trading of 1999). Broadly speaking,
arguments against large retailers relate to the fact that a marked disequilibrium in the

percent for the specialised stores lauched by the supermarket group Leclerc ( source : SNEP).
5See Le Monde , January, 22, 2005
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bargaining power between suppliers and retailers can be detrimental to the survival of
small producers and especially to the variety of products available to the consumers.
Both retailers and suppliers consider the breadth of the product line as a crucial
point in the bargaining process. On the one hand, producers implement innovation
strategies that segment the market in order to discriminate between different types of
consumers. They thus tend to extend their product lines. On the other hand, retailers
fear brand proliferation as it increases costs associated with inventory control and
involves increasing marketing and promotion expenses. As a consequence, retailers
often impose contracts that limit the number of products available on the shelves.
Hence the economic incentives to produce and distribute a new variety differ according
to the side of the vertical relation. While producers expect their new products to
increasing demand by building new niches, retailers fear market segmentation that
increases distribution costs (Marvel and Peck, 2000). Upstream and downstream
firms’ goals can thus diverge and harsh commercial bargaining talks reflect these
divergences.

In order to understand the economic forces behind the conflict, we analyze the
incentives to supply variety in a vertically related industry between innovating pro-
ducers, retailers and consumers. We determine the effect of the vertical relation on
social welfare by studying the incentives to increase product variety according to the
competitiveness of the downstream sector. We focus on two main points: the degree
of novelty, and the fixed distribution costs of the new product related to inventory
control and promotion. It is well known that the costs of launching a new musi-
cal product are fixed, and are mainly related to recording, producing and pressing
the CD on the one hand and to expensive promotion and marketing campaigns (see
Peitz and Waelbroeck, 2005, section 2.1). We study a vertical relation between a
monopolist producer and one or two potential retailers, in a framework related to the
market structure of the music industry. The music label develops a new album that
is costly to produce and that generates fixed distribution and promotion costs for the
retailers. We model the upstream industry as a monopoly for several reasons. First,
the music industry is very concentrated as four labels control more than 80% of the
global market, which at an aggregate level is a lot more concentrated than the retail
industry. Furthermore, the price of pre-recorded music is rather uniform across music
labels. Finally, the music labels have been accused of price coordination several times.
Recently, the music labels settled a law suit on this matter out of court in 2002 in the

US. We analyze how the repartition of these costs between the producer and retailers
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influence the incentives to increase producrt variety.

While we focus on the music industry, the main issue is related to the increase
in variety in vertical structure. Some empirical studies on different markets lead to
similar conclusions. For instance, a recent survey of German food producers (Weiss
and Wittkopp, 2005) highlights a negative relationship between the bargaining power
of large retailers and the introduction of new products. However, this effect is reduced
by the market power of producers. From an empirical perspective, the difficulty to
correctly measure the cost of launching a new product and the strategic dimension of
the issue certainly explain why there are few studies on this topic. From a theoretical
perspective, such studies are also very rare: while there is a huge literature on the
economic analysis of vertical relationships on the one hand, and on innovation and
incentives to innovate on the other hand, there has been little work on the incentives
to innovate in a vertically separated industry. Inderst and Shaffer (2003) analyze the
effect of a horizontal merger between non-competing retailers (assuming for instance
that they are operating on two distinct geographical areas) on the variety offered to
consumers. They show that after the merger and in order to improve their bargaining
power with the producers, retailers might have to remove some products from the
shelves: making their product lines more uniform would enable them to get better
bargaining terms with their suppliers. In this case, an increase in the bargaining of
the retailers leads to a decrease in product variety. However, rather than looking
at product line simplification, we address the question of launching new products
when it incurs specific costs; furthermore, we consider retailers who compete on the
downstream market, but who do not bilaterally negotiate with their suppliers but
interact on an upstream market. A related literature deals with quality improvement
in vertical structures. For instance, Economides (1999) shows that vertical separation
might lead to lower quality on the market. We do not consider a single-product market
but we endogenize the decision of increasing product range.

Qur article contributes to the literature on three points. First, we show that a
vertically integrated structure better internalizes the fixed costs of production than
a chain of separated monopolies and offer a larger variety of products. This first
result rests on a classical reduction of the inefficiency related to the double margin
that limits the introduction of new products. Next, we show that a situation in
which retailers are competing gives more incentives to extend the product line than a
chain of monopolies, mainly by reducing vertical inefficiencies. Finally, we show that

competition between retailers can surprisingly lead to more product variety than a
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vertically integrated structure when the cost of launching the new product is mainly
supported by the upstream firm. This result stems from the fact that the producer
might strategically reduce competition between retailers by charging them retail prices
that force them to specialize. In this case, one of the retailers specializes in the new
product, while the other only sell the old product. By reducing competition in such
a way, the producer can reduce the costs associated with the new product, where a
vertically integrated structure would not have increased variety. In addition, we show
that this increase in product variety is welfare-enhancing.

The remainder of the article is organized as follows. First, we study the decision of
a producer who sells his products through a vertically separated chain of monopolies
in Section 2. Next, we analyze in section 3 a situation where the same producer faces

two retailers who compete for his products. The last section concludes.

2 The model

We consider a vertical relation between a producer P (the music label) who sells her
products (albums) through a retailer D. We assume that the producer is unable to
set up shop and sell independently. She initially produces product A at a constant
marginal cost k4 that we normalise to zero without loss of generality. The producer
can invest a fixed cost €2 to extent its product line and then produces also a substitute
product B with a constant marginal cost kg = k4 = 0. Products A and B are
horizontally differentiated: we consider here product novelty as a mean to increase
product variety and not to improve product quality. We consider a linear inverse
demand function translating consumers’ taste for variety, with F; the price of one
unit of product I, and ¢; the quantity of product I on the market ({I,J} = {4, B}):

Prlgl,q)) =1—qr —cqy

Parameter ¢, that we assume to be in [0,1], measures the substitution between
the two goods. The retailer distributes the product A without cost. However if he
decides to introduce the new product on the final market, he has to incur a fixed
cost of distribution and inventory control, noted £'. The retailer also faces a constant
marginal cost of distribution independent of the type of product that is distributed,
which we normalise to zero. The exogenous parameters of the models are: ¢, §2, F.

We compare the producer’s incentives to invest the fixed cost of increasing product

variety (2 in two different cases: when the producer and the retailer are vertically

6
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integrated and when they are separated.

2.1 The benchmark case: vertically integrated monopoly

We first consider as a benchmark a situation in which the producer and the retailer are
vertically integrated. The integrated unit only extend its product line and sells both
products if it is profitable to do so, regardless of the number of products distributed.

If the vertically integrated structure does not introduce a new variety, it only
sells A in quantity g4 = %7 and with profit 11 = i. As introducing the new product
involves a fixed cost, the structure that increases product variety has to choose whether
to continue selling product A in addition to product B or not (selling only B is a
dominated strategy, as it would lead to a maximum profit of II% =11/ —Q — F). If
on the contrary the vertically integrated structure chooses to distribute both products,
the profit-maximizing quantities are then g4 = ¢ = and the profit Hﬂ‘fr B =
2(]—}“) —F—-Q.

The vertically integrated monopoly thus increases variety and sells both products

1
2(1+e)?

if and only if it leads to higher profits than through selling only the old product, which
is equivalent to the following condition:
l1-c¢
F+rQ< ———
“4(1+¢)

Thus the new product is profitable to market as long as the total fixed cost of
producing and retailing the new good are not above a threshold level that decreases
with the substitutability between products: as c tends to 1 and products become more
substitutable, the firm is less likely to introduce the new product as its profits become
smaller.

In a vertically integrated structure, this classical cannibalisation effect is driving

product line decisions.

2.2 Product variety in a vertically separated chain

We now study how the investment decisions of a vertically separated industry depend
on how the total fixed cost is shared between the producer and the retailer. When
the producer and the retailer are vertically separated, the product line decisions are
taken sequentially. Formally, the producer and the retailers play the following game:

in the first stage, the producer decides whether to increase her product line and
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accordingly spends the fixed cost 2. Then she sets the two wholesale prices w4 and
wg , each in® [0,1]. In the second stage, the retailer decides which products to sell to
the consumers (and whether or not to pay the fixed cost F) and which quantities g4
and ¢p to order. The last stage is consumption in the downstream market. We are
looking for the subgame perfect equilibria of this game. Vertical separation, inducing
a double margin externality, modifies the incentives to increase product variety for

the producer.

2.2.1 Downstream listing and pricing strategy

In the second stage, the retailer chooses his listing strategy given the wholesale prices
charged by the producer. lf, on the one hand, he decides to only distribute the old
product , he orders the optimal quantity g4 = 1‘% and gets a profit 1P = %
while the producer gets II” = 1“(12—7“7“) possibly less the fixed cost Q. If, on the other
hand, the retailer decides to distribute product B only, provided that the upstream
firm has introduced the new product, he has nevertheless to pay the fixed cost F.
He then maximizes his profit by ordering the quantity ¢p = 1;2“3 and makes a profit
of 112 = % — F. Finally, if the retailer chooses to distribute both products, he
orders quantities ¢; = Max{0, %} (with {I,J} = {4, B}).

Given wholesale prices w4 and wg, the retailer determines his listing strategy by
comparing his profits with or without the new product. Regardless of w, and wpg,
the retailer always prefers to distribute both goods instead of only product B: the
strategy of selling the new product only is dominated by the strategy of selling both
products. In addition, if wg > 1 — ¢ + cwy, the retailer would make losses if he sold
both products, in which case he prefers to save on the fixed cost F' and sell product
A only. In the other cases, the optimal listing strategy depends on the fixed cost F'.
Finally, the retailer distributes the new product only if the fixed distribution cost £
is smaller than a threshold level that decreases with wholesale price wp:

F< (1 —wa)?+ (1 —wp)? — 2¢(1 —wa)(1 — wp) 3 (1 —wy)? 0
141-¢) 4

The following figure illustrates the listing choice of the retailer in the (wp, F') plane

for a given value of wy.

6 Any wholesale price above 1 would lead to a zero demand, and would thus not be rational, so

that we can make this assumption without loss of generality.
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(el wy |

' B —

w
1 ctew, 1 ‘

Figure 1: listing strategies of the retailer

2.2.2 Upstream strategy

In the first stage, the producer decides whether to produce the new product and sets
the wholesale prices anticipating the outcome of the second stage. If she only produces
the old product, she sets a wholesale price of wy = % that correponds to a maximal

profit of II§ = % If on the contrary she innovates, she has to make sure that the

retailer will list the new product as she would make at most 115 = é — Q otherwise.
She then sets the two wholesale prices in order to maximize her profit under the

constraint (1), which guarantees that the retailer will list both products. The only

o arior q fon Gs at — apt — L oag _l=c
interior solution is wj = wj = 5 as long as F' < 6(1+a) "

fixed cost of distributing the new product, the producer has to adopt a limit-pricing

For higher values of the

strategy that induces the retailer to sell both products. The corner solution is to set
a price wy = % for the old product and wy =1 — 5 — \/m for the new one.
Finally, the comparison of the expected profits in each case determines the optimal
strategy of the producer in the first stage (see appendix 1 for the details). Figure 2
compares the resulting equilibria with the corresponding solution under the vertically
integrated structure. The necessary condition under which a chain of monopolies
increases variety is more binding than the corresponding condition for a vertically

integrated structure.
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F
1 ¢
o) |
1 ¢
81+e) |
1 ¢
16(1+¢)

1 ¢ 1 ¢
8(1+c) 4(1+c)
Figure 2

The grey area indicates the values of fixed costs for which a separated chain of

monopolies would not innovate even though an integrated firm would.

Proposition 1 Vertical separation in a chain of monopolies can reduce product va-

riety.

In other words, an integrated structure has better incentives to distribute a new
product than a separated structure. This results from the double margin externality:
the standard issue of coordination in a non-integrated vertical relation generates a
new form of inefficiency by reducing the profitability of the new product.

Notice that in this simple case, a two-part tariff associated to a tying contract,
or a two-part tariff with a fixed fee independent of the range of products sold by the
retailer, would be sufficient to restore the incentives: when the new product increases
total profits, the upstream firm can set wholesale prices equal to the marginal costs
(here, zero) and get the whole profit” through the fixed fee. However, if the two goods
have to be priced seperately, with two-part tariffs wa, Fa and wg, Fp, the upstream

"This point relies on the assumption that the producer has all bargaining power, and is only to
enable a comparison with the classical principal-agent literature on double margin. Of course, this
assumption would be unrealistic in most industries, including the music sector.

10
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producer is not able to get all the profit anymore because she has to leave a rent to
the retailer in order to have him selling the two goods. The producer has to give the
retailer an incentive to list both products rather than only one of them, which requires
the following incentives constraints to be satisfied, where ITZ, is the variable part of the
retailer’s profit (excluding the payment of the fixed costs) : ll;’;’*”g —Fy—Fg > l[‘g —Fy
and ITA*P — Fy — F > 118 — Fp , which implies that 215" — I —II15 > F4+ Fi. Yet
Hﬁ“j < II$ + II because the products are substitutes and thus Fa  Fp < Hf,“” :
finally, even if the producer can delegate the optimal choices to the retailers by setting
variable prices to her marginal costs of production, she cannot get the whole profit of
the vertical structure through the fixed part F4 + Fp.

Furthermore, it is interesting to observe that the incentives to distribute the new
product are more sensitive to the fixed cost of production  than to the fixed cost
distribution £'. Indeed, when the latter is high, the producer can adapt its wholesale
price by setting a limit price that leads the retailer to distribute both products. On
the contrary, when the fixed cost of production is high, the retailer can not commit to
share the cost spent by its vertical supplier who unilaterally decides not to introduce

the new variety.

3 Competition between retailers

We have seen in the first part that vertical separation of the activities of production
and distribution can reduce product variety. However, it is well known that down-
stream competition reduces double margin problems: we adress here the question
of how competition between retailers can affect product variety, when variety brings
about fixed costs at both levels. We thus analyze the effect of imperfect competition
between two retailers on the incentives of an upstream firm to introduce a new vari-
ety. We analyze the following situation: two retailers D; and D, sell producer P ’s
production to the consumers. The 3-stage game is as follows. In the first stage the
producer decides whether to innovate or not and sets the wholesale prices. In the
second stage, the retailers simultaneously decide whether to invest the fixed cost to
be able to sell the new product. This cost is sunk. In a third stage, as the outcome
of the investment decisions are made public, the retailers simultaneously order the
quantities of the two goods they are going to put on their shelves, and the prices on

the final market are determined by the consumer inverse demand. Retail competition

11
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is thus & la Cournot. The fixed cost F' is sunk and represents a commitment® of the
retailers on their listing choices: if a retailer does not pay F' in the second stage, he
will not be able to sell the new product in stage 3. We solve this game for subgame

perfect equilibria.

3.1 Downstream quantity competition

In this section we determine the equilibrium outcome of downstream competition,
given wholesale prices (w4, wp) and the investment decisions of the second stage. We
assume that wholesale prices are smaller than 1, a necessary condition for products to
be profitable to market. At the third stage of the game, retailers are already commited
to their listing strategies, and there are three different subgames to analyze (plus the
symmetric ones): either both retailers have invested the sunk cost F, or one only, or

none of them.

3.1.1 No retailer has invested

In this first subsection, only one good is distributed: A. Downstream competition is
thus a simple monoproduct Cournot game. There exists a unique equilibrium where
the two retailers sell the same quantity of the old product A: ¢} = ¢4 = l;gwé Both
retailers make IT% = (lf%ﬁ

3.1.2 Both retailers have paid the fixed cost

In this configuration, each retailer chooses two quantities (possibly setting them to
zero). Solving the Cournot game leads to the following strategies according to the
values of the wholesale prices (technical details are given in the Appendix). If the
wholesale price of good B is too high, only good A is distributed. On the contrary,
for small values of wp, only the new good is distributed. Finally, there exists an
equilibrium in which both goods coexist on the shelves for intermediary values of wg.
In addition, the set of values of wg for which both products are distributed shrinks
with ¢, the degree of substitutability of the two products: the lower bound on wg
below which the retailers only distribute B increases with ¢, while the upper bound

8Tn a previous version of this article, we solved the game without this commitment effect of the
sunk cost, considering that stages 2 and 3 were simultaneous. This led to more equilibria: for a
given configuration of retail costs, several equilibria existed. However, our results were qualitatively

similar.

12



2006 Telecom Paris conference on the economics of ICT 13

above which the retailers only sell the old good decreases with ¢. Indeed, for high
values of ¢, products are highly substitutable and compete for shelf space, in which
case the retailers prefer to only distribute the most profitable good. We also show
that the same set of values of wp shrinks with w,. However, now, both the upper and
the lower bound of the interval shift to the right as w, increases. This shift translates
the fact that the profitability of A decreases with wy regardless of whether product B
is also distributed or not. We should also point out that in this subgame, none of the
asymmetric market configurations arises at equilibrium, although they were a prior:

possible.

3.1.3 Asymumetric configuration: one retailer only has paid the sunk cost

In this subgame, one of the retailers can only sell product A. We refer to this retailer
as retailer 2. The other retailer chooses his listing strategy. We completely solve
the downstream Cournot subgame in the Appendix. There are 4 configurations to
analyze according to the values of wg. Only good A is distributed if the wholesale
price of B is too high, and this threshold is identical to the one found in the previous
subsection. For values of wpg slightly below this threshold, both goods are distributed
by the retailer who has invested the fixed cost of distributing the new product. For
even smaller values of wg, this retailer only distributes good B while his competitor
is constrained to sell only good A. Finally, for very small values of wg, the retailer
who did not spend the fixed cost to distribute the new good must exit the market,
leaving his competitor in a monopoly situation in the market for good B. Notice that
in that case, retailer 1 still leaves good A out of the shelves to avoid cannibalization’
of sales of good B. As in the previous subsection, the set of values of wp for which
the new product is distributed shifts to the right as w, increases and the size of the
interval decreases as parameter c increases.

It is interesting to observe that asymetric equilibria with downstream specialization
are due to the commitment value of the sunk cost F. Indeed, in a Cournot game
without this commitment effect, the retailers do not have incentives to specialize: a
retailer who did not pay the fixed cost could always deviate from the equilibrium
strategy by reducing the quantities of A on the shelves and by offering a small but
positive quantity of B. When the fixed cost F is sunk, the retailer who has paid it

9Tisting product A and selling a zero quantity of this good does not raise a credibility issue as
there is no listing cost associated with the old product, so there is no commitment at the listing
stage.

13
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knows that, at the last stage of the game, his competitor can not sell good B. Under
this assumption, for small values of wpg, distributing good A will only cannibalize sales
from good B and this retailer preferes to leave his competitor in a monopoly position
on the market for good A, while enjoying a monopoly position on the market for good
B.

We can now analyze the investment decisions of the retailers at the second stage

of the game.

3.2 Investment decisions

This stage of the game is only played if the producer has developed the new product.
Retailers have to choose whether to invest the fixed cost or not in order to distribute
the new product. They take wholesale prices wy and wp as given and anticipate
downstream market outcomes.

There are five market configurations in this subgame. In the symmetric equilibria
each retailer only sells the new good, or only the old one, or both. In the first
asymmetric configuration, each retailer specializes in only one good. In the second
asymmetric case, one retailer only sells the old good and his competitor sells both

goods. The following figure summarizes these configurations, which are detailed in

appendix 2.
F
F,non F
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I, non\y (A,A)
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For given values of the wholesale prices, equilibria in which good B is sold disap-
pear as the fixed cost of marketing the new product increases. Moreover, the higher
the value of wp the lower the profits generated by sales of B. These results confirm
the intuition that for low values of the wholesale prices and of the fixed costs, both
retailers invest to distribute good B, while for high values of F' and wpg, the total cost
of distributing the new product is too high and both retailers symmetrically choose to
stick to the old product. The commitment value of the sunk cost F' has an interesting
implication: for intermediate values of F, retailers adopt a ”specialization” strategy
that is characterized by the fact that only one retailer invests in the distribution of the
new good (possibly together with product A) and the other retailer only distributes
the old product.

3.3 Product line decision

In the first stage of the game, the producer decides whether to introduce the new vari-
ety and determines the wholesale prices. She anticipates the strategies of the retailers
in stage 2 and sets her product lines and the wholesale prices in order to maximize
her profits. The subgame perfect equilibrium outcomes are detailed in Appendix A4
where we also compare profits of the different players with those obtained when we

studied the chain of monopolies. The main results are summarized in proposition 2.

Proposition 2 A producer facing a competitive downstream market increases product

variety more often than if she faced a single retailer.

Proof : see appendix A4. &

More precisely, when the fixed costs of introducing the new variety are such that
the chain of monopolies extend its product line, a producer who faces a competitive
downstream market also increases product variety. However, there are parameter
configurations in which the chain of monopolies does not introduce the new product
whereas the downstream competition leads to product variety. This situation occurs
when one of the fixed costs is large and the other is small (see Figure 4). In the
first area, the total cost of introducing the new variety is mainly supported by the

1—c

producer . When the downstream fixed cost is relatively small ( F < T and

Qe [8(1113)7 6(1;:0)] ), a chain of monopolies does not introduce the new product, while
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downstream competition allows the producer to charge wholesale prices that are below
the unconstrained optimum (wa = wp = 1/2) . Downstream competition increases
the quantities of both goods sold by the producer who can then bear a larger fixed
cost of product introduction than when she faces a single retailer. For larger values
of I, the producer reduces the wholesale price of the new product to give incentives
to the retailer to distribute it. This limit-price strategy is profitable as long as the
the fixed cost is not too large and as retailers keep distributing the new product,
ie. until /' = 1(;(1;-;) In the area being discussed, the competitive downstream
market leads to more product variety mainly because competition reduces the double
margin externalities, which makes the new product more profitable to introduce for
the producer.

For intermediate values of the fixed costs, downstream competition does not lead
to more product introduction than the chain of monopolies: the area in which the
new product is marketed is the same under the two structures. Indeed, competition
between retailers reduce profits and make it harder to support the fixed costs. As a
matter of fact, in this area, only one retailer distributes the new product, while both
retailers keep distributing the old product. The quantity of good B sold under this
configuration is the same as in the monopoly case; the profits generated by sales of
good B are also identical. It would be too costly for the producer to charge wholesale
prices that give more incentives to the retailers to distribute the new product, as the
producer also faces a fixed cost of product introduction. Thus, the producer facing a
competitive downstream market has the same incentives to increase product variety
as when she only faces a single retailer.

On the contrary, as the fixed distribution cost increases even more and the share
of the total cost supported by the producer shrinks, downstream competition leads to
a new area where the competitive structure introduce more variety than the chain of
monopolies. This area only exists when products A and B are rather close substitutes
(for ¢ > 1/2). In this case, for F' in the interval [%77] where F > 4(]17:-2)7
B is distributed when 2 is relatively small. This area is larger under donwnstream

product

competition than with the chain of monopolies. Indeed, the fixed cost of the producer
being small, she can afford a lower wholesale price wpg that leads one of the retailers to
distribute the new good. This product line extension increases total demand. In this
area, the commitment value of the fixed £ analyzed in the second stage of the game
leads the the retailers to specialize: each retailer sells only one of the goods and has

a monopoly position on its market. This market configuration leads to a paradoxical

16
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outcome. When fixed cost £ is large, retailers specialize in the distribution of only
one good, which increases the profitability of the new product but limit competition
between retailers. It is worth stressing that the strategy of specialization is only
feasible when both products are relatively close substitutes, i.e. when products are
competing for shelf space. This implies that the retailer who chooses to distribute the
new product gives up the old product to avoid cannibalization.

To summarize, downstream competition increases product variety through two
mechanisms: a classical mechanism related to a reduction in the vertical externality
and a strategic mechanism related to the specialization of the retailers, which is con-
ditioned by the commitment value of the fixed cost of marketing the new product.
We can now compare the incentives to increase product variety when retailers are

competing to the incentives of a vertically integrated structure.

Proposition 3 If the two goods are poor substitutes (¢ < 1/2), a producer selling
its products through a competitive dounstream sector introduces less variety than a
vertically integrated monopoly;

If the two goods are close substitutes (¢ > 1/2), a competitive retail industry innovates
less than a vertically integrated monopoly except when the share of the total fized cost
of introducing the new variety supported by the producer is small (F >> Q).

Proof: see appendix A.5. B

We illustrate Proposition 2 and 3 in the following figure in the (2, F) plane (for
c>1/2).

17
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Even if downstream firms are competing, the vertical externality related to the
double margin remains and lowers the incentives of the producer to extend its prod-
uct line. This effect dominates when the distribution cost (F) is low. In this case, the
vertically separated structure innovates less than a vertically integrated monopoly.
However, an opposite vertical effect appears when the new product is less profitable
to market (i.e. when F is large compared to Q) and is a close substitute to the old
product (i.e. ¢ is large). Now, the upstream firms softens downstream competition
by setting wholesale prices so as to enforce an asymmetric retail market in which one
firm distributes the old product and another firm distributes the new product. Hence,
specialized firms do not directly compete for the new product. This market environ-
ment can sustain more product variety than a vertically integrated firm: a vertically
integrated firm would avoid introducing the new product, as it would cannibalize the
sales of the old one.

Proposition 3 has several implications. First, from an empirical perspective, the
strategy of the upstream firm of relaxing the competitive pressure in the downstream
market is observed for a new product that is costly to distribute and that strongly
substitutes to the older product. In this case, even if retailers specialize, downstream

competition is relatively strong (at the second stage of the game).

18
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Secondly, competition authorities do not generally frown upon vertical mergers
because of the vertical externality. In our model, a vertical integration can have
a negative effect on investment strategies if the new product is costly to market
but relatively cheap to produce (a new and relatively unknown band for instance),
whereas a vertically integrated structure innovates more when the innovation is costly
to produce but not too costly to market (the new album of a superstar for instance).

Finally, total surplus (net of the fixed costs) is defined as W(Q4,Q5;¢) = Qa +
@5 — %(Qi + Q%) — cQ4Qp. 1t is easy to show that the total welfare at equilibrium,
W*(c) = W(Q%(c), Q%(c)), is decreasing in ¢ for 0 < ¢ < 1 in each product configu-
ration. Moreover, for each equilibirum listing strategies, total surplus is higher under
vertical integration followed by downstream competition and then monopoly. In the
case in which the downstream retail sectors distribute the new product but the verti-
cally integrated structure does not, total surplus is higher when there product variety
is highest: competition increases social surplus by increasing the variety offered to
consumers when the cost of launching the new product is mainly supported by the

upstream firm and when the new product is a close substitute to the old one.

4 Conclusion

We have explained how retail concentration could reduce music variety that involves
fixed costs of production and distribution. We have highlighted several mechanisms
-both horizontal and vertical- behind this influence. First of all, the profit-cutting
effect of double marginalization reduces the incentives to launch a new product. In a
chain of monopolies, vertical integration increases the scope and the variety of prod-
ucts distributed to consumers with heterogeneous tastes. Thus, vertical separation
of the production and the distribution activities may generate conflicts of interest
between the vertically related firms, which translates into a shorter product line and
leads to too few products distributed to the consumers. To restore the vertical effi-
clency, sophisticated contracts including full-line forcing clauses would be necessary.
Downstream competition may however soften vertical inefficiencies. When we ana-
lyze a more complex framework with a producer releasing a new product and two
competing retailers, the effect of competition on the incentives to increase product
variety depends on the degree of substitution between the old and the new products
and also from the repartition of the fixed costs between upstream and downstream

firms. If manufacturing and retail activities are vertically separated, then downstream
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competition leads to more variety than does retail concentration. In addition, vertical
separation with downstream competition may lead to more or less innovation than
vertical integration, depending again on the allocation of fixed costs and on the degree
of product substitution. When the retail costs are less than the manufacturing costs
of launching the new product, retail competition, by reducing downstream profits,
lessens the retailer’s ability to invest in the fixed cost, and thus hinders the develop-
ment of the new product. In that case, a vertically integrated firm would launch the
new product more often than an upstream monopoly facing two competing retailers.
On the contrary, when the new product is more costly to sell than to manufacture, a
vertically separated structure with downstream competition may innovate more than
a vertically integrated monopolist because retailers are ready to sell the new product
even with high costs in order to segment the downstream market. In terms of policy
implications, our model stresses the necessity to preserve competition at the retail

level, especially in order to promote cultural diversity.
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A Appendix

A.1 Chain of monopolies

Retailer’s strategy If only product A is available, the retailer orders q4 = 12}”‘“,
gets profit IT1P = Ll*—1:"‘Lz,and the producer’s profit is II¥ = Ml;—w“)

If the retailer lists both products, his maximum profit is:

Marp = (1_“"4)“4'(1_1”5?__62‘5(1_‘0‘4)(1_1”5) — F and is attained for the following quan-
tities ({1, J} = {4, B}) :

1—wr—c(l—wy)
A+B _ I J
q7 = AIGI’{(L W

}
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Producer’s strategy The comparison of her anticipated profits gives the pro-
ducer’s optimal strategy in the first stage:

. 1—c . 1—

Af F < WL) and 2 < 8<1+)7
w) =wp = 15 and gets the interior optimal profit 11} ; =

she innovates, sets the ()ptlIIchl wholesale prices

4(l+c) -
AifF > 10 o and Q< /F ( ¢) — 2F, she innovates, sets the optimal wholesale
price w = 5 and the limit-price wg = 1 — § — y/4F (1 — ¢?), and gets profit ﬁ§+B =

1-16F |, VF(1—c?)
s T T+e Q.
-if Q> 8&—_; or F' > m and Q > | /F(]I_T_f) — 2F, she does not innovate, sets
wy = %7 and gets profit 115 =

1
5

A.2 Downstream competition : third stage of the game

If both retailers have paid the fixed cost F, downstream Cournot equilibrium are as
follows, for given values of the wholesale prices :

-ifwp > 1 —¢(l —wy), only A is sold.

-if 1 —¢(l —wa) > wp > 1 — (1 —wa)/c, each retailer sells both goods.

-if1— (1 —wa)/c> wg, only B is sold.

If only one retailer, say 1, has paid the fixed cost F, downstream Cournot equilib-
rium are as follows :

-ifwp >1—¢(1—w,u), only A is sold by both retailers.

Sifl—ce(l —wa) >wp > 1— (1“"3# retailer 1 sells both goods in quantities

gy = (@te) 6(“14 ~ ;C(l wp) L qh = 1*“’5(12(;2;‘“) and his competitor sells only good A in

quantity ¢4 = —AS’”
(- wA)(2+c ) 2(1—wa) ot ailer ialige i O

-if 1 =55 > wp > 1 — 5=, the retailers specialise in a narrower range
of products: retaller 1 sells only B and his competitor only A .

-1 1 = 2(1 — wa)/c > wg, there exists a unique equilibrium where the retailer
who did not invest the fixed cost exits the market (or sells a zero quantity of good A)
while the other one enjoys a monopoly situation over the two goods, but chooses not
to sell good A in order to avoid canibalisation of his sales of good B. Then he chooses

to sell the monopoly quantity of the new product: qlM = 17# .

A.3 Retailers’ investment strategies

In the second stage, in the subgame where the producer has innovated, and given the

wholesale prices w4 and wp :
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1) ifwp >1—c¢(l —wa):

both retailers decline to invest in the fixed cost, and in the following stage A will
be the only product available.

2) 1f 1 — Umal@e) ) <1 o1 —wy),

if F < % both retailers pay £ and sell both goods;

if —“A() U)“’B))Z <F< (c(0— “114(3 a )_"”B))
goods, and his competitor sells only A;

only one retailer invests F to sell both

if > W both retailers give up the selling of the new product: none
pays £, and both sell A.
3)]}1 mJ <LL)U<1 1—w4)(24+c?)

3¢
(1— wA)?—2c(1 wa)(l—wp)+(1-wp)? (0(1 w4)—c(l—wp))?
ifF <= (1) B B & 27 B

, both retailers pay F' and

sell both products;
if 0= wa)?=2c(1—wa)(1—wp)+(1—wp)? _ (2(0—wa)—c(1-wp))? <F< (c(l—wp)—2(1—wp))?

9(1—c?) (4—c?)? (4—c2)2
%, only one retailer invests F' to sell only B, and his competitor sells only A;
if > L= w&) CZ_()l_ we))?” (175‘4)27 no retailer pays F, both sell only product A.

41— 1_2’”‘4 <wp<1-— 1_% (this zone may exist only if wa > 1 —¢),

lfFS (1—1:.'3)2 (2(1— Lb(44) CL()I wg))

e (I—w )2 (2(1—wy)—c(1—w (c(l—wy)—2(1—w ))‘ (1—wa)?
if =52 — (iep Bl < F < (= 5

pays F to sell only B, his competitor sells only A4;

(c(1—wa)—2(1—wg))? (l—u;A)2
if FF > iy

5) if wy < 1 — 22244 (this zone may exist only if ws > 1 — %),
if F> U= ZB)“ <1+‘” no retailer pays F, both sell only A;

2 —an 2 (11— 2 . . . .
if 4= ;B) <F<d 'iB) - a g"“) , only one retailer pays F, his competitor exits

, both retailers pay F' and sell only B

, only one retailer

, no retailer pays F, both sell only A.

the market. The monopolist retailer sells only product B;
it < U= “B) both retailers pay F and sell only B

A.4 Upstream choice: proof of proposition 2

In the first stage, the producer innovates if the profit she gets by selling the new
product is higher than II§, = 5» the profit she gets with product A only. If she
innovates, her profit depends on the quantities sold by the retailers in stage 3. We
summarize hcrc tho producer’s optimal choices in cquilibrium

(IF < 36(] _H , she innovates if and only if Q < 6“ +{ , and both retailers sell both
goods in the interior optimum. For such values of F, the chain of monopolies would
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innovate only if Q < : downstream competition leads here to more innovation

8( 1+c
than a chain of monopolies would offer.

(@) I mitg < F < wiggs
in order to induce the two retailers to sell both goods each in cqulhbrlum The
producer innovates if and only if Q < 2, Fu_‘) —6F, with 2 F(l_() —6F > a(1+ 5
Fe [m 101 Ty ] For such values of F thc chain of monopohcs would innovate
only if Q2 < 8(1+ 5
a chain of monopohes would offer.

(i10) If I > 16 l+c

of the retailers to list the new product, the other retailer selling only the old one. In

the producer has to use a limit-pricing strategy

for

downstream competition leads here again to more innovation than
the producer sets the wholesale prices in order to induce one

that case, if ¢ < 1/2, the producer chooses a limit-pricing strategy, denoted 4fB\7-z/4
, such that one only of the two retailers invests /' and sells both goods, the other
selling only good A. This strategy brings about more profit than no innovation for
Q < 4/ % — 2F, which corresponds exactly to the fronteer of innovation in the

chain of monopolies case.

On the contrary if ¢ > 1/2, this strategy is no more possible for F > 1 TR >, and the
best the producer can do is then to set prices inducing the retailers to specialize, one
of them paying F to sell only the new product B, and the other selling only A without
investing. This strategy always dominates'® the absence of innovation for fixed costs
such that the chain of monopolies would innovate, and even in a wider zone defined by

Q<O with QAF = 2F —T=C S F | (1) /F + &, 50 Q48 > /A _op,

In other words, for such values of F' and ¢, downstream competition leads here to

more innovation than a chain of monopolies would offer.

A.5 Proof of proposition 3

If ¢ > 1/2, proposition 2 showed that for F > 136:’2, the strategy to develop the
new product and set prices inducing the retailers to specialize dominates the strategy
without innovation for Q < Q48 = —9F — 7;2“2 + ﬁF +(1— 5)1 /F + .L,. In the plan
(©, F), this fronteer intersects the F' axe in 7> 1+c) for any ¢ > 1/2. Thus the

zone in which retailers’ specialization allows the development of the new product is

wider than the zone in which the vertically integrated monopoly would innovate for

such values of c.

19Notice that this particular pricing strategy is not necessary the optimal one, but it is enough to

show that the optimal stategy will lead to innovation in this zone.
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Abstract

Advertising must compete for the attention of prospective consumers,
and attention is a scarce resource. “Junk” mail, “spam” e-mail, telemar-
keting ’phone calls, and advertising messages generally have the common
feature that both sides of the market (advertisers and prospective cus-
tomers) need to apply effort to generate a transaction. Message recipi-
ents supply attention according to average expected benefits of messages
received. Senders are motivated by expected profits. The equilibrium
number of messages transmitted depends on the profit of the marginal
firm along with the communication probability induced from the receiver
attention decision. In equilibrium, the wrong messages or too many mes-
sages may be sent. A higher cost of message transmission may improve
message quality, which raises the number of messages examined: the op-
timal message rate reflects this. Product class competition also dissipates
rents. An opt-out option (e.g. the Federal Do-Not-Call list) beats an out-
right ban, but too many individuals opt out. With several media, higher
price ones are less congested in equilibrium, and attract fewer advertisers,
but with more profitable products. When profitability is correlated with
consumer benefits, “the medium is the message” for consumers to pay
more attention to higher priced media. There are insufficient incentives
to gather market research information on receivers since senders do not
internalize the benefits of reducting congestion or improving consumer
response from more tailored messages.
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1 Introduction

One in every six pieces of mail sent in the world is US “junk” mail. This
adds up to a tree’s worth of paper per US household. The lowest rate charged
by the US post office for bulk mailing is 8.8 cents per item, way below the
current rate of 37 cents for first class mail.! Nations are still looking for an
appropriate way to deal with “spam” (junk email).? A spammer can send
650,000 messages in an hour, at virtually no cost: spam filters cause people
to lose possibly important messages, or even valid commercial offers that they
might have taken up had they not been lost in a swamp of other propositions.
Telemarketing (junk telephone calling) in the US has seen a dramatic decline
since the recent advent of the FTC-sponsored Do-Not-Call list. More generally,
people see thousands of advertising messages a day. An average of one message
is remembered. Advertising technology (for unsolicited advertising) is therefore
characterized by a huge degree of congestion in the competition for a consumer’s
attention. We address the economics of such unsolicited advertising.®

The model builds on two strands of research. The first is the model of
parking in Anderson and de Palma (2004), which treats parking as a common
property problem. A novel feature of the analysis is to treat multiple locations
prone to congestion; locations are ranked by intrinsic quality (closeness to the
CBD). The common property problem is greatest at locations of highest quality.
The analogue is that advertisers must compete for the consumer tention by
sending them messages. The quality aspect is that consumers differ by how re-
sponsive they are to advertisements. The second research antecedent is work by
Anderson and Coate (2005) on advertising-financed media, which contributes to
the nascent literature on “two-sided” markets with bilateral network external-

ities. The message transmission (advertising) side of the model is drawn from
here.

We consider two groups of economic agents, senders and receivers of mes-
sages. For concreteness here, think of them as firms and consumers. Firms
need to communicate their wares. They do so by sending messages (bulk mail,
etc.) to prospective consumers on the other side. Firms (message senders) dif-
fer by the profitability conditional on reaching potential consumers (message

IThis lowest rate applies to non-profit organizations. The is  up
to 7 cents higher for private firms. For USPS rate information, see
http://pe.usps.gov/text/dmm/R600.htm# Xgc81619

2The term spam comes from an early anecdote in the annals of computer
geekdom. Someone sent his friends a message which contained just the word
"spam" (after the Monty Python Flying Circus song) repeated hundreds of times:
htpp://www.templetons.com/brad /spamterm.html describes the "origin of the term spam
to mean net abuse". Spam can be around 55% of email, or even rise to 80%: see
http://www.eprivacygroup.com/pdfs/SpamByTheNumbers.pdf

See also: http://cobb.com/spam/numbers.himl

30f course, other advertising is unsolicited: think of billboards and radio/television for
examples. Classified ads, and ads in specialist magazines, may be more sought after. TV
ads finance the programs they run on, and so are bundled commodities. The distinguishing
feature we consider is the crowding of attention. This feature applies to billboards and TV
ads too.
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receivers). Sending messages is costly. To communicate successfully with a
consumer, the firm must first send the consumer messages and then she must
examine a message (open the particular mail containing the advertisement, for
example). Both sides of the market need to exert effort to arrive at transactions.
Clearly, firms with higher profitability have a larger benefit from sending ads.
We can then find a critical profitability level such that all superior sender types
send messages to receivers, while all other potential senders do not.

In equilibrium the cost of sending a message should equal the expected ben-
efit for the marginal sender type. This process leads to three types of outcome:
recipients receive more messages than they examine, they examine all messages
received, or they receive no messages (although they would examine everything
they got if they got any!)*

We also deal with the consumer choice of how many messages to examine
(envelopes to open, say). This issue is an important feature of the junk mess
phenomenon because it explicitly treats the joint input nature of information
production. Specifically, both receiver inputs and sender inputs are needed in
order for a sale to be made. The sender must send the message at some cost and
the receiver must examine it (open the envelope and process the information
therein), also at some cost. The interesting economics of this market interaction
are that the number of messages sent depends on expected profit of the marginal
sender, which in turn depends on the number of messages read by the receiver.
However, the number of messages the receiver examines depends on the benefit
that the receiver expects, which in turn depends on the composition in terms of
average quality of the messages sent. In this regard, we shall see below that a
higher cost of sending messages will increase the number of messages examined
because the expected quality rises.

Consider the effects of raising the costs of sending messages. If the recipients
are examining all messages received, they will receive fewer messages. There is a
social loss on this account due to a reduction in socially beneficial transactions.
However, if receivers do not examine all messages, they will examine more m
sages since the average quality of the messages they receive increases.” This is
a source of welfare improvement.

Congestion in transportation represents about 1% of GNP in European na-
tions. Various policies mitigate the social loss. Yet the major flows nowadays are
in information rather than physical goods. It has been recognized for decades
that excess information is costly (Toffler’s, 1970, Information Overload, for ex-
ample.) But there is curiously little work on the economics of information
overload.5 A striking exception is Van Zandt (2004), who considers a model
similar to ours but with a different emphasis: he is interested in targeted re-
cipients of messages. In both our frameworks, each sender can send a message

o
ge

4 A similar situation occurs for referee reports: some only respond to some reques
do all they are asked, and some would do them but are never asked.

5 A similar finding (though in the opposite direction) arises in Engers and Gans (1998):
paying referees is not as effective as might be thought since referees may he more likely to
refuse knowing that other referees are induced by payments.

9 The term Information Overload was coined by Toffler (1970).

s, others
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to a given receiver. We treat all receivers as identical where he treats them as
having different worth to different senders, and therein lies the efficiency benefit
in his model from a tax on messages. In Van Zandt (2004), receivers examine
a fixed number of messages so that there is a common property problem in ac-
cessing recipients. In our set-up, the receiver must also exert effort to examine
messages: there is a cost and an associated benefit that depends on the average
expected quality of messages. Van Zandt shows that a small tax on sending
messages may be Pareto improving for all firms. This is because such a tax
will cause marginal firms to refrain from sending messages to those consumers
unlikely to be much interested. However, those firms will gain from becoming
more prominent with those consumers from whom they expect larger profits.
This matching aspect does not arise in our set-up.

Other authors have looked at some aspects of the overall problem. Hui and
Png (2005) survey theoretical and empirical research on privacy, and note that
information may impart direct externalities on market participants (for example,
in the sending of unsolicited messages, which is our focus). The problem of spam
email has attracted attention because of its prominence in the information age.
Ayres and Nalebuff (2003) suggested that senders ought to pay for consumer
access through email stamps. Van Alstyne et al. (2004) propose a system
whereby the sender must post a bond that can only be recouped if the receiver
likes the message content.

The outline of the paper is as follows. The next section gives the background
in terms of the behavior of the agents on the two sides of the potential transac-
tion. Section 3 derives the building blocks of the equilibrium analy namely
the sender transmission function and the receiver examination function. Section
4 puts these together to derive equilibrium solution. Section 5 then provides
welfare analysis and finds conditions under which the optimum can be decen-
tralized through choice of the transmission price. Section 6 allows for intrinsic
nuisance costs and looks at the possibility of receivers opting out completely (for
example, the federal Do Not, Call list in the US), and the pros and cons of out-
right bans. Section 7 addresses the solution chosen by a monopoly information
gatekeeper and relates the current work to the analysis of two-sided markets.
Section 8 discusses the effects of allowing for competition between senders in the
product market. Section 9 underscores the role and benefits of multiple media,
Section 10 considers the insufficiency of equilibrium targeting, and Section 11
concludes.

2 Congestible information

In order for a (mutually beneficial) transaction to be consummated, information
must be transmitted by a sender, and the receiver must both process it and
react positively (by purchasing an advertised good, say, or joining a club). In
this case, a successful transaction occurs. The size of the conditional surpluses
to each party (following a positively processed message) depends only on the
sender type. We suppose that there is a single receiver and a continuum of
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senders. Initially, we assume that each sender can send at most one message to
the receiver.

The basic idea of the model is the following. Senders transmit costly mes-
sages that may result in positive profits if the receiver is aware of the oppor-
tunity communicated in the message. That is, the receiver needs to examine
the message and wish to act on it. Senders have different expected profits
from communicating with the receiver. For example, senders may have differ-
ent mark-ups, and/or the probability that the receiver is interested in buying a
product may differ across products. The receiver chooses how many messages to
examine, bearing in mind the average expected surplus from a message. Conges-
tion arises when the receiver chooses not to examine all the messages received.
Even though (as argued below) congestion is not optimal at the first best solu-
tion, it may arise in equilibrium because a sender may transmit a message that
is not examined with certainty if it has a high enough expected profitability
(even if it is disregarded with some positive probability). The expected receiver
surplus from any particular message can reflect the probability of buying (being
interested in an advertised product), as well as different conditional surpluses
from buying, as noted above.

Expected surpluses are assumed independent across messages. This means
that there is no “business stealing,” so that messages are only in competition
with each other insofar as they compete for a receiver’s attention in examining
them. Thus, the senders decide whether or not to send & message, and the
receiver decides how many of the messages received to examine. In the junk
mail context, households decide how many letters to examine. For telemarketing
calls, they decide how often to answer the telephone. For spam e-mail, recipients
determine how much mail to read (or perhaps, how tight to set the spam filter
setting).

2.1 Information senders

There is a mass of senders of size M. We assume that at most one message
can be sent by each sender to the receiver.” Let 7 () denote the conditional
expected sender benefit from sender type §’s match with the receiver. We order
the sender types by 0 ¢ [0,1] such that higher @ implies higher conditional
expected sender benefits. The distribution of sender types is denoted by F (6),
with associated density f(.) > 0.5
Assumption 1: 7 (0) > 0 is continuous and strictly increasing in 0.

We assume the profit function is strictly increasing in ¢ in order to avoid
dealing with ties: nothing really rides on this except for simplicity of presenta-
tion.” Assumption 1 implies that we seck allocations at which all senders above

“In Anderson and de Palma (2006) we address multiple messages sent, to the same receiver.
In terms of the notation below, all senders will transmit only one message if w (1) < 7 (81) /[1—
v/7(01)] where 61 solves 7 (61) ¢/M[1 — 61], with 7 (61) > ~.

$We could, without loss of generality, set f(6) = 1 and have the m(8) function pick up
relative clustering of types (alternatively, we could set 7 (0) linear and have f (#) do the work).
For the present, it is useful for exposition to retain both f (@) and = (6).

9For what follows we could equally well suppose that 7 (0) = 0 to reflect the idea that
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a critical threshold are transmitting, The threshold is denoted 0. In such cases,
the number of messages sent is the same as the number of active senders, and
is denoted n (%) = M [1 — F (6*)].

We assume that the unit cost to a sender for transmitting a message is
constant and denoted by 7.
Assumption 2: 7 (0) <y <7 (1).

We make this assumption to avold a couple of rather trivial cases. If
v > m(1), no sender will transmit messages, while if v < 7 (0) all senders
will transmit if the receiver examines a large enough number of messages (so
each message has a high enough probability of being examined). This latter part
of Assumption 2 will also imply that there are always some senders "waiting in
the wings" in equilibrium: not all transmission options are exhausted.

The total benefits to senders from transmitting messages are the total ex-
pected profits weighted by the probability each message is examined, minus the
cost of sending the messages.

2.2 Information receivers

We assume that receivers are identical and normalize their mass to one. Let
s () denote the conditional receiver expected benefit (or surplus), conditional
on the receiver examining the message. Thus, s (@) allows for the probability
that the receiver wishes to act upon the message (buy the advertised good,
say) or not, and that sender types may entail different probabilities that the
receiver is interested. Different 6 types may also entail different surpluses when
the receiver is interested. Any product pricing information is included in the
message.

Assumption 3: s(0) > 0 is continuous in 6 and s (f) > 0 almost everywhere.

Clearly the expected surplus should be non-negative since the receiver always
has the option of ignoring the information received. In the sequel, we shall
mainly consider the function s () to be monotone.

Suppose that it costs the receiver C (@) to examine ¢ messages. For the time
being, we assume that messages received but not processed by the receiver incur
no cost (free disposal). The examination cost function is assumed to have the
following properties.

Assumption 4: C(.) is a twice continuously differentiable, non-negative, in-
creasing, and strictly convex function, with C’ (0) < s™**,

If the receiver chooses not to examine all the messages received, then each
is assumed to be equally likely to be examined. That is, if n messages are
received, from which ¢ are examined, with ¢ < n, then the probability that the
receiver examines any one is ¢/n < 1. Examination is a necessary precursor to
a consummated message (a sale). Clearly, if C" (0) > s™**, the market is closed
off.

The receiver’s surplus from examining ¢ messages is the expected benefit
over ¢ examinations, given the expected surplus of the messages sent, minus

there are many potential opportunities running the gamut from positive through negative
profitability. We can sor those with zero or negative profits.
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the examination cost, C (¢). The total benefits from market interaction due to
message transmission is the sum of the receiver and sender benefits.

3 Sender and receiver behavior

Senders take the number of messages, ¢, examined by the receiver as given. In
sub-gsection 3.1 we look at the mass of messages sent and the associated sender
types as a function of ¢. As we show, this yields a threshold value, 0%, such
that all higher #’s transmit, with an associated mass of messages sent. The
number of messages sent, as a function of ¢, is the sender transmission funclion
(or transmission function, for short), which is denoted N (¢). Since only the
highest profit messages are sent in equilibrium, N (¢) is a sufficient statistic for
describing the threshold message, 0*.

Similarly, on the other side of the market, the receiver takes the mass and
composition of the messages sent as given. In sub-section 3.2 we determine the
examination condition (choice of ¢) as a function of the number of messages sent,
n. It is also understood that, since the highest profit firms send messages, the
average expected benefit from a message depends on n. This yields the receiver
examination function (or reception function, for short), which is denoted @ (n).

3.1 Information senders

The sender transmission function, N (¢), describes the number of messages sent
as a function of the receiver examination level, ¢. Senders maximize profits
for a given receiver examination level. Assumption 1 (that the ranking of 7 is
strictly increasing) leads to a preliminary characterization of a sender transmis-
sion function. The proof is in the Appendix.

Lemma 1 For any given ¢, all sender types 0 above a threshold 6% send mes-
sages.

Lemma 1 indicates that the most profitable senders are active, so the mes-
res sent are those in [0, 1]. Higher profit senders crowd out, lower profit ones.
The threshold 8" induces a mass of messages n = M [1 — F (6")], so there is
an inverse and monotonic relation between 6* and n since we assumed F (6) is
strictly increasing.

Lemma 2 There is o one-to-one relation between the mass of messages sent,

n and the threshold, 6" = F~* ( ,and & = WIG_‘) < 0.

.
dn

Proof: This follows directly from Lemma 1, since n. = M [L — F (6*)], so 4% =

—Mf(6"). QED.

In the sequel, for notational convenience we shall not explicitly denote the
functional dependence of §* on n. However, this relation should be recalled
whenever a " is encountered.'’

10For example, 7 (6*) =7 (F~* (1~ %)), etc.

-1
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The sender transmission function N (¢) maps values of ¢ into numbers of
senders transmitting, n. Any value of ¢ is interpreted as a number of messages
that will be examined if available. Thus if the value of ¢ exceeds (or equals)
the actual number of messages sent, n, the probability is one that a messag
sent is examined. Conversely, for ¢ < n, the probability that a sent message is
examined is ¢/n < 1.

The function N (¢) is implicitly defined by the condition that the least prof-
itable sender (type 0") earns zero profit (by Assumption 2). Hence, N (¢) =
M (1— F(8")) where 6* is implicitly defined by min{g, 1} 7 (0%) = 5. Note
that all messages sent (and received) are examined (ie. N (¢) = ¢) when
7 = 7 (0*) or, equivalently, when the threshold value satisfies 0™ = 7~ (v) or
npioex — Af [l —F (Omi“) ¢°. Thus 0™ is the lowest possible threshold for
6" and is attained when so many messages are examined that each one sent is
examined. Then the profit on the marginal message just equals the transmission
cost, .

For ¢ < ¢°, the sender transmission function is given implicitly by

N{g)==m(07), (€]
v
or, in inverse form, ¢ = 7%. The transmission function is sketched in Figure

1, in (¢,n) space.

INSERT FIGURE 1. The Sender Transmission Function N (¢) .

The properties of the sender transmission function, N (¢), are proved in the
Appendix.

Proposition 1 The sender transmission function is given by
g )
N(¢)=minq =, 1,7 (0") =~.
n

It is continuous and increasing over ¢ € [0, ¢°], where ¢° = M {1 —F (Gmi“ﬂ =
n" and 07 = 77 (y). The inverse of N (¢) is ¢ = yyfgey. For ¢ € (0,6°),
N (@) > ¢ and N (6) = ¢ for ¢ € {0,¢°}. For ¢ > ¢°, N (¢) = n™ax,

In summary, the sender transmission function is increasing from (0,0) to
(n®, ™). Receivers do not examine all messages received except at the end
points where either no messages or else the maximum number of messages n¢ are
sent. The sender transmission relationship N (¢) is thus a number of messages
sent, that increases with the number of messages examined. In that sense it is
like a supply relation, although one that depends on the quantity demanded.
Equivalently, there is a critical sender type, 6", that is decreasing in the number
of messages examined by the receiver. There is no consistent solution where
receivers examine more messages than senders want to transmit.

32



2006 Telecom Paris conference on the economics of ICT

Corollary 1 The ratio ¢/n is increasing along the Sender Transmission Func-
tion.

This is a fundamental property of the function. As ¢ rises, the only way
that more (marginal) sender types can be attracted is that the examination
probability must rise. Note that this property implies the one given in the
Proposition that the STF slopes up.

The important economic problem on this side of the market is the common
property problem. The receiver’s attention is “over-fished” by the sender. As
we just showed, for only two levels of ¢ do the senders respond by sending
exactly the number of messages that the receiver examines - and one of these is
the zero levell At all other feasible levels, the senders are creating information
congestion by sending more messages than the receiver examines. We now need
to determine receiver behavior.

3.2 Information receivers

The receiver faces the decision of how many messages to examine given the
profile of messages received. Lemma 1 implies that only the highest §-types
transmit, so if the critical § value is 8", the number of messages sent is n =
ML — F(6")]. Since n is inversely related to 6", we shall analyze the receiver
examination function, which is denoted ® (n), by determining the receiver’s ac-
tions (choice of how many messages to examine, ¢) as a function of #*. Each time
an expression involves 8, the reader should remember that this is a decreasing
function of n. The receiver’s calculus depends on the benefits she expects to
get, and the cost of examination. Given she cannot tell a priori which messages
contain which offers, she examines them at random.*! If all senders with 6 > 0*
are transmitting, the average expected surplus per message scrutinized by the
receiver is'?:
S0

Saw (0%) = /8* O g2 @)

The integral term is the expected surplus per message examined from the total
set of messages received, where f () /(1 — F(8")) is the density of message
types conditional on the set of messages sent by senders in [6*,1]. If the receiver
examines ¢ < n messages, her expected benefits are then

§(¢sm) = min {¢,n} saw (07),

which is the number of messages examined times average expected surplus.
The cost of examining ¢ messages is given by C(¢), where C (.) is increasing,
strictly convex, and twice continuously differentiable (by A4). The receiver’s
problem is then
max {8 (én) — C(9)}
belom)

11We allow for different media below. The fact that the sender has paid a higher price
provides information before the letter is opened. For example, there may he two types of
letter (with different postage c , like registered and bulk mail).

12Here s(f) is the expected surplus from a message from sender 0.
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The solution to this problem yields the receiver examination function, ® (). If
Sav (07) < C'(0), no messages are examined, so the receiver’s solution is to set
@ (n) = 0. If some but not all messages are examined, 0 < ¢ < n, the first-order
condition is

Saw (07) = C'(9),

where the LHS is simply the average surplus over the messages received. This
is an important principle in the problem: average benefit equals marginal cost
on the sender side if the sender is at an interior solution of not examining
all messages received. Otherwise (if s4, (6%) > C’(n)) the receiver is supply
constrained in the sense that she would examine more messages if she received
them, and ® (n) = n. To summarize:

Proposition 2 The receiver examination function ® (n) is given by
@ (n) =min {n, """ (sav (6"))}, 3)

where 0% = F~1 ( — JCI) 1t is a strictly increasing function of n if s4, (0) is
strictly decreasing in 0.

Consider first the simple case when s (6) = 3 (so s (6) is constant at level ).
The resulting receiver examination function is given in Figure 2.

INSERT FIGURE 2. Receiver Examination Function ® (n) when s (#) = 3.

The optimal examination decision is simply described as a value for ¢ equal
to C'"1(3) as long as this level is below n, and n otherwise (see (3) with
Sav (07) = 5. Hence the receiver’s response is to examine a constant number
of messages: when 0 is so high that this number is no longer attainable, the
receiver examines as many messages as possible, which is the number sent. The
response curve therefore follows the constraint ¢ = n for high enough ¢ (i.e.,
for low enough n < €'~ (3)). The case of non-constant s is described in more
detail in the equilibrium section below.

4 Equilibrium configurations

Equilibrium is a market clearing (or consistency) condition that the agents on
each side rationally and correctly anticipate the actions of the agents on the
other side of the market. This is simply the intersection of the sender transmis-
sion function and the receiver examination function. Thus, an equilibrium will
be described by a pair (¢°,7¢) such that N (¢°) = n® and @ (n°) = ¢°.

10
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4.1 Constant receiver benefits

We first determine the full equilibrium to the model when s (@) is constant.
As well as the trivial equilibrium at which no messages are sent and none are
examined, there is one other equilibrium. Depending on parameter values, either
all messages are examined, or else only a subset of those sent are. Three cases
are illustrated in Figure 3.

INSERT FIGURE 3. Equilibrium with constant receiver surplus, 5.

The first case, with Sender Transmission Function STF1 and high ~, involves
all messages examined, and receivers would be willing to examine more if more
were sent. However, the senders wish to send no more even though they are
examined with probability one.

In the second case, with Sender Transmission Function STF2 and intermedi-
ate , senders examine all messages, but would not examine more if more were
sent. Again, the senders wish to send no more even though they are examined
with probability one.!® In the third case, with Sender Transmission Function
STF3 and low 7, senders examine fewer messages than the number sent. Here,
the senders would wish to send more messages if more were examined, and there
is message congestion at equilibrium. Note that an increase in 7 has no effect
on the receiver examination function. The sender transmission function shifts
left though. Therefore, 4, > 7, > 75 in Figure 3. This discussion proves the
following result.

Proposition 3 Suppose thal receiver surplus is constant, s(0) = 5. Let v, =

—1,
k (1“"1 (1 L)) Then for v > ~,, all messages sent are examined. For

M
v < 74, only a fraction of the messages sent are evamined.

As we discuss further below, if there is over-fishing (y < 7,), then this will
be diminished by raising : there will be less rent dissipation by senders, and
better 0 types will transmit. There is a clear welfare gain here to the “better”
senders from eliminating the worse rivals, meaning that the higher profit senders
are more likely to get attention. Overall sender benefits may rise even if they
are not compensated with the extra rate revenues because the senders with the
lowest benefits are foreclosed, rendering the remainder more prominent.!* The
receiver though is unaffected because the examination decision is unchanged.

Thus a higher v can raise welfare starting from a congested regime. This
does not mean that the first best optimum can be reached by raising . Indeed,

18 This case arises when ¢§ and 03 satisfy C'(g§) = 5, 7 (0§) = 7,, and ¢§ =
. 7—1 2y
M (1= F (03™)) = nf**. Hence 7, is defined by 9o = (F~1 (1- £
14Van Zandt (2004) allows targeting of different consumer types. Then a rate increase may
henefit all senders hecause low profit opportunities are crowded out. This raises the profits
of the remaining senders (which now have better prospects for being examined). All sellers’
profits may rise if different, senders have high profits with different, receivers.

11
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as we show in Section 5, the first best optimum is unattainable if the status quo
has congestion. The reason is that the optimum has no congestion. If (higher)
pricing were used to price out congestion, then the solution (say the "elbow"
point in Figure 3, at n5*) would be sub-optimally low transmission because the
receiver examination decision does not account for sender profits. On the other
hand, if the status quo has no congestion, then it may be possible to attain the
optimum, by reducing the transmission rate and so inducing more messages to
be sent (which will be examined as long as the receiver is not sated, that is, as
long as the solution lies on the ¢ = n locus).!

As we shall see below, when sender surplus rises with 0, there is an addi-
tional social benefit on the receiver side from raising ~. This benefit stems from
improving the quality of messages received.

4.2 Increasing receiver benefits

Consider now the case where s (0) is increasing with sender type 6 so that profits
and consumer surpluses are positively correlated. This positive correlation is
more likely when receivers have a high probability of not liking offers proposed
in messages: profits and receiver surpluses are only earned when receivers are
interested in taking up the offers. In this case, the average benefit increases
with 0, and, differentiating (2), % = (M) [Saw (607) — s (0")] > 0. An

T F(o)

interior solution to the receiver’s problem is given by s, (8*) = C’(¢). Consider
the Receiver Examination Function, starting with high n. As n falls, 8% rises,
and so ¢ rises. However, as the number of messages sent falls sufficiently, the
constraint ¢ = n (= M [1 — F (")]) is reached. Thereafter, alower n (higher %)
leads to a smaller ¢. Thus (still using reading from right to left), the receiver’s
choice relation traces out an increasing curve until the constraint ¢ = n is
attained, and then it follows a declining path with ¢ = n (see Figure 4).

INSERT FIGURE 4. Equilibrium with increasing surplus, s (6) > 0.

The interesting feature of this case is the beneficial effects of a higher v when
there is congestion. Then, as noted above, the number of messages examined
rises because a higher v crowds out senders with lower €. This raises the average
surplus from examination, causing the receiver to examine more messages.'

Proposition 4 Suppose that receiver surplus, s(0), is increasing. Lel v* be
defined by m (8*) =+, ¢" = M (1 — F (§")), and s., (6*) = C'(¢"). Then for
v > 4", all messages senl are evamined. For v < 4%, only a fraction of the
messages sent are examined. In the latter case, a small rise in vy leads to higher
receiver welfare by improving the quality of the messages as perceived by both
the sender and the receiver: fewer messages are sent and more are evamined.

15 A similar point applies to the analysis of the next sub-section.
167t is possible for aggregate sender surplus to go up too.

12
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This Proposition highlights the possibility of an extra social benefit ensuing a
transmission price rise. The price rise causes higher quality messages to be sent,
which leads to higher examination rates. The higher examination rate somewhat
curtails the reduction in transmission, but not as much as to overturn the initial
reduced transmission.

4.3 Decreasing receiver benefits

This case leads to an upward-sloping receiver examination function. It may join
the constraint, ¢ < n and leave it, then join it again, etc. Such a upward-sloping
relation implies that multiple equilibria are possible. Figure 5 illustrates such a
case with four equilibria at the intersections of the REF and STF.'7

INSERT FIGURE 5. Equilibria with decreasing surplus, s’ (8) < 0.

The stable equilibria among these are the two for which the reception func-
tion cuts the transmission function from above. The logic is akin to that for
duopoly reaction functions. In particular, the zero-equilibrium in the Figure is
unstable, and the one at (¢°,n™%*) is stable.'® More generally, if the reception
function meets the transmission function from above at the no examination/no
send equilibrium, then it is unstable.

Multiple equilibria entail different levels of sender transmission. For exam-
ple, a low level of transmission is sustained as an equilibrium because receiver
rationally anticipate a low average surplus from the highest profit sender types.
The receiver then examines few messages, inducing few senders to transmit. A
higher level of transmission can also be sustained as an equilibrium because
the receiver examines more messages in rational anticipation of high numbers
sent and therefore high average surplus from the messages. Senders respond to
high examination with high transmission. Now consider the receiver welfare at
alternative equilibria. Clearly, higher sender munbers are better for the receiver
because the average expected surplus (sq,) is higher. For the senders, the equi-
librium in the Figure at n™** is best because all messages sent are examined.
Another example is illustrated in Figure 6.

INSERT FIGURE 6. Equilibria with decreasing surplus, s’ (8) < 0, second
example.

17The Figure is drawn with a positive v sal intercept, for the REF. This arises if C’ (0) <
s(1), meaning that if only the top profit sender were present, the receiver is interested. If
instead C’ (0) > s(1), the REF will hug the horizontal axis until a sufficient, number of senders
transmit that the average surplus is high enough to make it worthwhile to start examining
messages.

18 This logic also implies that the no examination/no send equilibrium for the constant and
increasing sender benefits cases of the two preceding sub-sections is unstable.

13
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There are again four equilibria illustrated. Consider the (stable) equilibrium
that involves the highest level of examination and messages sent, which is the one
furthest to the right. For a small rise in the transmission price, vy, the STF moves
left and this equilibrium moves down the REF. A higher transmission price
causes fewer messages to be sent, and this in turn leads to lower expected receiver
surplus, causing even fewer messages to be sent. There is thus a vicious circle for
the receiver. Indeed, for high enough , the top two equilibria disappear. This
means that the market can collapse down to a much lower level of transmission
(and examination). Indeed, the decreasing receiver benefits case may also entail
that the only equilibrium is the one with no messages sent at all. This case may
arise if the receiver’s examination function lies everywhere below the senders’
transmission function.

We summarize the discussion with the following Proposition.

Proposition 5 Suppose that receiver surplus, s (6), is decreasing. Then, multi-
ple equilibria are possible. These equilibria can be Pareto ranked: equilibria with
higher levels of messages transmitled are Pareto superior for both senders and
the receiver. Selecting the equilibrium with the highest transmission level, an
increase in 7y causes both examination and transmission to fall. This fall may
be drastic.

Proof The possibility of multiple equilibria is illustrated in Figure 6. Equilibria
with higher levels of messages imply the equilibrium ¢/n is higher, by Corollary
1. Hence active senders are better off at such equilibria since they have a
better chance of examination. Receivers are better off with more messages since
average quality is higher (because s (0) is decreasing). The effects of a higher
are described just prior to the Proposition. Q.E.D.

Choosing among the multiple equilibria would seem straightforward: the
equilibrium with the highest level of transmission is indicated by dint of it
being Pareto superior. Note that the coordination problem is essentially on the
side of the senders insofar as the receiver does examine sequentially in practice
— and would therefore discover the average quality of messages. Nonetheless.
this makes no difference (to the equilibria) in that each sender is too small to
influence the average quality.

We give two examples below of extreme market failure. The first example
shows that the market may be closed down when it ought optimally to be
functioning. The second example shows that, with two types of firm, the wrong
type may enter in equilibrium.

ExXAMPLE 1. Suppose that s(9) = 1 for # ¢ [0,1/2], and s(#) = 0 for
o

6 € (1/2,1]. Let too F (f) = 6. Then, sq, (6°) = 2= for 0" € [0,1/2], and

Squ (0%) = 0 for 8° € (1/2,1]. Suppose that C(¢) = 5/’2—2 Then the receiver’s
examination function, as a function of 6%, satisfies ¢" (0") = 1 ﬁ for
0% € [0,1/2], and ¢" (") = 0 for 6* ¢ (1/2,1]. Note that the first part of the

curve is a decreasing and convex function. Suppose too that 7 (¢) = k), with

ol
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k > ~, M = 1. Then the senders’ transmission function is given by inverting
the relation kO% =, as long as ¢ < 1 —0, ie., 0 > v/k. Tence, the sender
transmission function is ¢° (6%) = ﬂ%— for 0 > ~y/k. If k is large enough, the
only intersection with the receiver’s examination function is at ¢ = 0, and so
the only equilibrium is the one where the market unravels.’9 However, for low
k (and 7 not too large) the social optimum involves the lowest set of products.

ExaMPLE 2. This example illustrates a major potential problem with unso-
licited advertising. Suppose that there were two different classes of product. Let
m; denote the sender benefit of each product in class i, ¢ = 1,2, and similarly
let s; denote the receiver benefit. We assume that 77 > 75 and 51 < 53, so
that the first class has higher sender benefit and lower receiver benefit than the
second class. There is a large enough number of independent products in each
class. (This is similar to the main model except now products are clustered on
two points.) In equilibrium, only the high profit senders survive: any low profit
sender is driven out of the market since a high profit sender has a bigger incen-
tive to send a message (advertise). Put another way, if the high-profit senders
are earning zero expected profits from sending messages, then the low-profit
ones cannot enter the market given that the consumer chooses at random which
messages to examine. However, the optimum arrangement will have only the
low profit senders sending messages if the sum b = 7 + s is higher. In equi-
librium, the low-profit senders are chased from the market by the others, even
though the social surplus associated with them is higher. This is reminiscent of
Gresham’s law - bad junk mail crowds out good. Note that the receiver would
examine more messages if she got more of the low-profit messages, but she does
not rationally expect to get it. An extreme form of this phenomenon is when
the surplis on the highest profit messages is zero. Then the high-profit ones
crowd out all others, and the market unravels completely because no receiver
finds it worthwhile to examine any messages. This is the “lemons” problem of
e-mail - some people have closed their accounts because of the preponderance
of junk.

Proposition 6 Suppose that there are two product classes, with many products
in each class. Benefils salisfy m1 > wo > v and 81 < s2. If C' (0) > 51, the only
equilibrium has no messages sent. If C’ (0) < 81, and 1+ 381 < w2 + s, the
only equilibrium at which a positive number of messages is sent involves only
messages of type 1, bul the oplimum entails only messages of type 2 being sent.

More generally, the fundamental property is that senders transmit messages
based on their profitability and receivers examine messages based on average
expected surplus. We then expect the greatest problem in the market system

9For higher k, there are two other equilibria where the receiver and senders’ functions
intersect. For example, if k/y = 20, then there are two solutions: 6* = 0.22 and #* = 0.42.
From the argument in the text, the former solution describes the stable equilibrium; the no
examination/no send equilibrium is also stable. Welfare is lowest at the no examination/no
send equilibrium.
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is that high profit but low surplus deals survive. The bigger the negative cor-
relation, the bigger the problem of the market failure: even fewer messages are
examined but more and “worse” ones are trying to get through.

5 Decentralizable optimum

We now consider conditions under which the first-best optimum can be attained
by judiciously choosing . To derive the first best allocation, let b(6) = s(6) +
7 (0) denote the social benefit of a message that is examined.?® Clearly, the
optimum allocation entails all messages received being examined and only the
messages associated to the highest benefit, b, should be sent. If the set of optimal
messages sent is not convex, or even if does not comprise all messages above
some critical § (for example, if b is decreasing, it involves all messages below a
threshold, Gl) then it is not possible to replicate the first-best optimum with a
single price instrument, . The reason is that the market equilibrium necessarily
involves all senders above some critical profit level (equal to ) transmitting
messages. The market therefore cannot deliver other patterns.

Suppose then that the optimum does entail all messages being sent above
some critical level of 6, 0", A sufficient condition for this is that b is increasing,
which we assume in what follows. Then the critical 6" is given as follows.

A marginal message costs 7 to send and delivers social benefit b (6") when
examined. The incremental examination cost is C” (nh) where we have defined
=M [1 - F (Gh ” Thus the optimality condition (marginal social benefit
equals marginal social cost) is

s(O") + w(0") =3+ C'(n"). (4)

It is useful to compare this condition with those describing equilibrium. The
latter has two separate equations for the senders and the receivers: that the
examination-probability-weighted profit equal the transmission cost, and that
the average surplus equal the marginal examination cost.

Consider now the conditions under which the optimum is decentralizable by
choice of 7. We need to check whether two equilibrium conditions can hold at
the optimal allocation. First, the senders must be induced to transmit the top
n" messages. Given that all messages are to be read at the optimum, the choice
of v = ~° such that n(ﬁh‘) = 7 will ensure that all messages that are optimally
sent will be sent in equilibrium. However, full decentralization also requires that
the receivers voluntarily examine all the messages sent. That is, it must be true
that O (n") < 5,4,(6"). To check whether the examination condition holds, it
is uselul to consider a benchmark case when s (8) = 5. In this case, we can write
(1) as

F+C' (n") =7°+5. (5

20 et pmax = max (). If ¥+ C7 (0) > b™2X, no messages are sent. If 5+ C’ (0) < pmax,

all messages with b(0) > y° are sent and examined, where y° solves ¥+ C’ (¥ (y°)) = y° and
W (y) is the measure of senders who generate a social benefit of at least y.
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Suppose that v < 7. Then necessarily C’ (nh) < 3, as required for the re-
ceiver to examine all n* messages received. This implies that the optimum is
decentralizable. On the contrary, if 4% > 7, it is impossible to decentralize the
optimum. In that case, the marginal examination cost neces
average (expected) sender surplus.

ily exceeds the

Proposition 7 Assume that s (0) = 5, and let 0" solve (5). Then, the first-best
opitimum can be decentralized (by setting v° = x(6")) if and only if (8") < 7.

The interesting point about the Proposition is that it involves subsidizing
message transmission! Notice that we only allow for action on the transmission
price: we do not simultaneously allow consumers to be subsidized (say) for
examining more messages.>! It would seem hard in practice to do so since the
opportunities for misrepresentation would be great. The receiver could simply
claim to have carefully examined the messages.

The intuition for the result is as follows. At the optimum, all messages
ought to be examined. This means that if it can be decentralized, then the
receivers want to examine at least as many messages as they actually do receive.
However, if the transmission price were at or above marginal transmission cost,
then a price cut would have a positive effect on both sides of the market by
inducing more senders to transmit, and consumers would necessarily examine
those messages and be better ofl, a contradiction.

The above analysis effectively focuses on the case of no information con-
gestion as the one in which decentralization is feasible. The more interesting
case is when there is congestion. Then, if there were congestion at a message
transmission rate of 7, dropping the message transmission rate (by subsidizing)
will only raise congestion. Therefore, the optimum will not be decentralizable.
Instead, as pointed out in Section 4, the optimal (second best) policy is a higher
rate in the absence of direct subsidies to receivers for examining.

6 Pas de publicité s.v.p. and the Federal Do-
Not-Call List

Some Belgians and Frenchmen have a little sign on their letterboxes saying
they do not want advertising flyers. In the US, the Do Not Call List is a

21 Consider Figure 3, and suppose that 5 is low enough that the relevant sender curve is
STF (which leads to a congested equilibrium). The first best, optimum allocation must have
all messages examined, and so must he a point on the 45-degree line ¢ = n. We now argue
that it must be at a point between n5'?* and nf?*. Indeed, restricting attention to ¢ = n,
the derivative of social welfare with respect to @ is (see (4)): —s(6) — 7 (0) +~ + C' (»")
(the welfare function is clearly concave under the assumption that b and C’ (.) are increasing).
At the 6 value corresponding to n3®x, C' (ng‘“) = s(f) = 5. However, above the STF,
7 (f2) > 4 so that welfare is decreasing in 6 (equivalently, increasing in n) at this point. On
the other hand, at nax, C (ng]“) > s(#) = 5 (since the receiver is unwilling f
ages). Since ng'®X is on the STF, 7 (f3) = 7 so that welfare is incre
(decreasing in =) at this point.

examine
ng in #

SO many m
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successful initiative orchestrated by the Federal Trade Commission that allows
people choose not to receive calls from telemarketers.

If there is a nuisance cost to receiving the ads, then it makes sense to the
individual to decline all of them.?? However, she then foregoes some socially
beneficial prospects. Our next aim is to introduce this receiver option into the
model, so that the receiver may refuse to accept the messages.

Let 5* denote the equilibrium value of expected receiver surplus from exam-
ining messages, and let C* denote the corresponding examination cost. Assume
that receiving each message has a constant annoyance cost, w. Note that the sur-
plus and examination cost are independent of the nuisance cost, which is sunk if
receivers intrinsically dislike receiving messages (telemarketing calls especially).
Then the private benefit while receiving messages is $* — C* — nw.With the
option of electing to receive no messages, this benefit is to be compared to the
zero benefit the receiver gets by opting out.?3

Suppose that w is distributed in the population (which has unit mass) with
support |w, @] and density g (w) with distribution G (w), so that different indi-
viduals face different annoyance costs. An equilibrium with some, but not all,
individuals opting out is then a critical value, & € (w,@) with

S -C"

n

&=
The social benefit associated with a receiver accepting messages is
S*—C* —nw +II* — n7.
The two extra terms added here are the senders’ gross benefits and the trans-

mission costs (assumed priced at social cost). A blanket ban is preferred to
allowing the nuisance if

@
BAES*fC*fn/ wg (w) dw + II* — 7y <0,

so that the the social perspective may not prescribe a blanket ban. Allowing
individuals to opt out is better than a total ban if

&
B = [S* - C*+TI" —n7| G (@) 771/ wg (w) dw > 0,
Jw
where G (@) is the fraction of receivers opting in. This is necessarily positive
since §* —C* —nw must be positive for all those opting in (by revealed preference)

221n the sequel we suppose that the receiver does not consider the option (in the status quo
fions, and therefore free ) of closing down the message medium entirely. For
he could disconnect. her telephone to block out telemarket alls, or she could
close her e-mail account to stop spam. Allowing for such options enriches the analysis that
follows.

23The zero here reflects the surplus from the message transmission: the basic message
medium may have a positive benefit (telephone service or mail delivery) that is netted out on
hoth sides of any comparison.
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and also I1* > n7, which also holds by revealed preference because senders only
transmit when they get non-negative net benefits.

Conversely, allowing opt-out from a status quo of no opt-out improves welfare
if B® > B4, or

[S* — C* +1I* — n7] [17G(’.2')]7n/ wg (w) dw < 0.

This condition may or may not hold. For example, if @ is close to w then
nearly all individuals opt out. If IT* — n7 is large, allowing opt-out is socially
disadvantageous. Indeed, the reason is because "too many" individuals opt
notice that the optimal opt-out cut-off, w?, is lower than the
privately chosen one. This is because the individual does not account for the
profit of senders at the margin. In summary, in a comparison of regimes we
have:

Proposition 8 The opi-oul regime is socially preferable to banning messages
entirely, but may be worse or better than allowing free access.

The first part follows because opting improves welfare by letting in informa-
tion when both receiver and senders essentially agree; the second part depends
simply on whether surplus is greater with or without messages, given that the
receiver side achieves a negative total benefit at the status quo of receiving all
that senders wish to transmit.

The Do-Not-Call opt-out option may also change the quality of messages
received through a volume effect, once we aggregate over different consumers.
For example, suppose that a particular message type is sent by a sender that
produces with increasing returns to scale. Insofar as its equilibrium price de-
creases with volume, then a reduction of sales through less information getting
through to consumers who opt out of receiving messages may lead to a higher
price for the remaining consumers. On the other hand, a decreasing returns
to scale technology may have the opposite impact. It may also be (even with
constant returns to scale) that the consumers who exclude themselves have a
more inelastic demand (for example) and so when they opt out the price falls.
Note that when the price falls, the remaining consumers expect higher surplus
and so end up examining more messages.

7 A Monopoly Gatekeeper

The open access market organization described above may arise spontaneously
in the marketplace. Another market system has an intermediary control the vol-
ume of messages transmitted through a conduit. Then, the price of transmitting
messages may be determined by pure profit maximization concerns. For exam-
ple, there could be a profit maximizing Broadcast Company, telephone company,
Internet Service Provider, or Post Office. Such an entity is the intermediary (or
“platform”) in a two-sided market with negative externalities, in the parlance
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of the recent literature. The present context emphasizes the common property
problem of an open access system. Since access can be priced by a platform
which will account for the common property problem, pricing may have a posi-
tive effect of reducing congestion. But the intermediary is also interested in the
volume of messages since it takes its mark-up on the total number of messages
sent. A priori, it is unclear whether it will encourage mailings or just concentrate
on the high willingness-to-pay senders. We show below that the intermediary
will fully price out the common property problem.

First assume that the receiver examines at most ¢ messages. This case
arises when s () is constant, so that C’ (¢) = 5. Let 7 (6) = 76 (without loss
of generality?*) and suppose that the density of advertiser types is f (#) with
distribution F (6), and let be an increasing function (this is the monotone
he log-concavity of 1 — F).
tion, so that the price, p, that a critical

TF
likelihood ratio property; equivalently,

Suppose first that there were cong
sender type ¢ is willing to pay to be included in the mailing is ¢77¢//n = p, where

n=»M [1 —F(6)]. If there is congestion, then some mail is unexamined, so

that n > ¢. Let the constant marginal cost of delivering a message be 7.2 The
gatekeeper’s profit is then

M- (0)] 5= (670 M1 r(0)]7),
/

which is increasing in 0. This means that a monopoly intermediary would
price out any congestion.?® Equivalently, if there is congestion, the monopoly
is in the inelastic part of its demand curve and can therefore raise profits by
pricing higher. Thus, a monopolist will not tolerate congestion (assuming indeed
that all consumers are the same); hence, 70 = p. Then the gatekeeper faces
a simple monopoly problem of maximizing (p — %) M (1 — F (p)), which has a
straightforward solution. It either prices so high that the message-examination
constraint is slack, or else holds with equality,27

f

24We standardize 7(0) and look at a distribution of types since this is familiar from
monopoly pricing analysis. A later foofnote gives the parallel analysis for the function m ()
with f(#) normalized.

25This is a gross over-simplification. The cost structure is an important determinant of
the Post Office’s pricing policy. Costs, and associated tariffs, are lower per unit in bulk
mailings that group similar destinations and when the sender nses a bar-code for addresses.
Price discrimination over different, classes of mail is another important, dimension fo the Post
Office’s behavior. Non-profit organizations also benefit from lower tariffs.

261f each message had a 50-50 chance of being read, a (risk-neutral) sender would pay twice
as much to be read for sure. This means that the monopoly could ration message delivery by
half and keep revenues the same. It would save on costs and raise profits

27"We can rephrase this analysis using the equivalent representation of the model where we
take f (@) uniform and = (@) is the profit function. Under congestion, the intermediary’s profit

function, (M (1 — 0) (p—7) = ¢m 0) — M (l 7(})). is increasing in 0 (since 7’ (0) > 0).
Without congestion, the intermediary’s problem is

o[ (8) =] v (1)
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In the case of endogenous examination with s’ (9) > 0, the receiver either ex-
amines all messages sent or else a number that decreases in the number sent (see
Figure 4). Again the monopoly prices out congestion. This now has the extra
benefit that higher message price improves the receive’s selection. Consequently,
the receivers examines more (and better) messages.

Consider now the socially optimal choice of intermediary price, first with
s(0) = 5. A higher 7 moves the STF left (see Figure 1) and leads to a socially
better selection of messages (the higher profit ones), and the intermediary’s
profit rises if the initial position was congested. Hence, welfare rises by pricing
out congestion. This is a fortiori true when s (6) > 0 since receivers also benefit
from a better selection induced from better senders (and they respond with an
improved examination rate). Indeed, as long as the free-access equilibrium has
congestion, the optimum price is at the kink (for beyond that point, higher p
eliminates senders with profit above -, since they were willing to transmit at
price v without congestion).

Although neither a monopoly nor the optimum involve congestion, the monopoly
does not necessarily implement the optimum arrangement since it tends to price
too high. However, both monopolist and optimum may price at the kink in the
REF, i.e., where congestion just ceases.

Clearly, there are cases where either limited access or open access would be
preferred in a binary comparison. The monopoly platform likely restricts access
too much. However, the common-property solution has too much access when
it is congested (which is the interesting case).?

8 Firm Competition

The models above have assumed that each ad is sent by a firm producing a
different new good. However, most junk mail is for credit cards, much spam
concerns Viagra or mortgages, and many telemarketers call about time-sharing.
This leads us to consider the effects of competition when there are many firms
that offer the products for sale.

Suppose that all junk mail is from credit card companies and all credit cards
are perfectly homogeneous except for possibly their price. Assume that con-
sumers open messages randomly but there is a cost of each additional message

() _
EORRa
the assumption that the function 7 (9) is log-concave (while the RHS is increasing), so there
i$ a unique solution.

28 The two-sided market literature usually considers access pricing for both sides of the
market. In the current setting, this might mean charging recei for access too: an acc
price would extract all receiver surplus. One insight from the two-sided market literature is
that the platform may not want to charge for access (even if it could): getting “on board” with
sufficient gusto the side that is more desirable to the other side may enable the platform to
charge more for access. Thus it could be that the optimal price to the monopoly intermediary
could still be zero (or even a subsidy, just like “free” entertainment on the television or radio
could be seen as a subsidy to entice prospective customers to advertisers).

The first order condition to this problem yields . The LHS is decreasing under
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examined. The equilibrium has consumers rationally anticipate the prices an-
nounced in the mail, and firms maximize profits rationally anticipating other
firms’ prices and consumer mail-opening. Then, as per the Diamond (1971)
paradox, the only equilibrium is that all firms set the monopoly price.??

Now though, firms will enter to dissipate all rents. Raising the message
transmission price now necessarily raises welfare by decreasing the amount of
rent dissipation of the monopoly profit. With a higher rate, fewer messages are
sent, to vie for the fixed profit.

This suggests that the junk message problem may be a double common
property resource problem when there is competition within product classes.
First there is over-fishing for a consumer’s attention and second there is over-
fishing in any product class (business stealing). The case for high postage rates
on junk mail (email) is the strongest when most consumers do not open all of
their mail and there are high rents so that there are many competing products
within any class. What comes to mind is credit card ads through the regular
mail and Viagra through email.

There is though a caveat to this conclusion. When there are multiple senders
within a product class and multiple products, the logic of the Diamond paradox
no longer holds because a receiver may get a second (or further) price quote while
searching for other product class offers. This breaks the monopoly price equi-
librium because consumers may then have several price quotes before choosing
(as in Burdett and Judd, 1983, although this paper considers a single product
class). The consequent pricing and transmission/examination equilibrium are
left for future investigation.

9 The medium is the message®

When there are multiple media for reaching the consumer, the medium through
which the message arrives may indicate useful information to the receiver, since
different media cost the sender differently, and suffer different congestion levels
in equilibrium. The fact that the sender has paid a higher price provides infor-
mation before the message is examined. For example, two types of letters may
arrive, with different postage costs, like registered and bulk mail. In equilib-
rium, we would expect different media to be used by different firm types. Clearly
spam email appears to be used by the lowest expected gross profit options, while
telemarketing calls or notifications by FedEx presumably have higher returns

29 This analysis supposes that all credit cards are homogeneous. Introducing product het-
erogeneity tempers the extreme results of the Diamond Paradox. Consumers will typically
open several envelopes to find a suitable product. This brings firms into competition and
hrings equilibrium prices down (the original set-up has no competition because only one letter
is opened). The rent pation problem is muted hecause consumers typically choose the
hest of several offers. Hov r, as shown in Anderson and Renault (1999), the number of
firms is excessive, implying that an increase in the postage rate is optimal.

30 The aphorism is due to Marshall McLuhan (1964). McLuhan and Fiore (1967), in “The
Medium is the Massage” (which title apparently began as a typo that ed the authors)
gives a precis of this and related work.
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than bulk mail.

We introduce alternative media with the minimal departure from our base
model. We retain the assumption that each sender transmits a single message,
and now must choose which medium to use (or not to transmit at all).*! For
simplicity, each medium entails the same examination cost function. We also
suppose that examination costs on any medium are independent of the levels
of examination on other media. For comparisons of different media such as
telemarketing calls, email messages, bulk postal mail, television commercials
and exposure to billboards on the evening commute, this is perhaps not too
egregious an assumption.

Let there be j = 1,...,J media. The different media entail different trans-
mission costs, and for clarity we ignore ties by assuming

Vi< Yy < e <Y

In equilibrium, therefore, lower priced media will be more congested because
senders allocate themselves across media and a lower access price must be offset
by a higher congestion level — otherwise senders would join any medium (plat-
form) with both low access price and low congestion. Thus we expect email spam
to have a lower equilibrium response rate (i.e., lower ¢/n) than telemarketing.

This self-selection result implies that higher priced media will be used by
senders with higher expected profits from reaching receivers. That is, the ex-
pected profit differential between two media is higher for a high € type (and
in favor of the more expensive medium) than for the low # type. To see this
property, note that the net benefit of a sender of type 6 using medium j is

)
Tr(ﬂj) Z %

where ¢, is the equilibrium examination rate on medium j and n; is the mass of
senders using that medium. Here i—j portrays the “quality” to the sender of the
medium, and, just as in models of vertical product differentiation, higher quality
is most appreciated (and therefore bought) by those with highest willingness to
pay for it. Mathematically, the net benefit expression rises fastest across options

available in different media for the highest 0;.32

31 Ag before, if transmission c are high encugh relative to profit differences across senders,
this will be an equilibrium in an extended context where multiple messages are possible.

32The equilibrium relation is simply illustrated for sender types by graphing net benefit for
each option on the vertical axis as a function of type on the horizontal. For given access prices
and congestion rates, this yields a series of rays with increasing slopes and lower intercepts
(each intercept is at —v;) as j rises. The senders choose the options with the highest net
henefit, yielding the upper envelope of the rays as the equilibrium benefit levels as a function
of type. Then, the horizontal distance hetween the intersections of the rays gives the mass
of senders using each medium. In equilibrium, this needs to be consistent with the conges
tion levels that determine the rays’ slopes, and the examination levels themselves must be
consistent with the receiver’s choice of examination.
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The indifferent sender type, 65 that determines the cross-over point between
medium j — 1 and j is

/ ,
A\ bi g ~\ ¢

T (9]) = Vi =7 (97> L V5
751 n;

which may be rearranged as

AN Y Y

7 (9].) S Y
_ 95

vl

and these @7 are increasing in j. Hence more expensive media attract more
profitable senders: email is used by senders with low expected profits while
telemarketing attracts those with high expected profits.

It is also the case that the more expensive media are those that are more
attractive to the receiver as along as consumer surplus and sender profit are
positively correlated (i.e., s’ (6) > 0). This is because the most expensive media
then carry the most profitable messages and therefore the most desirable ones.
In response, the receiver therefore examines more messages. Nevertheless, this
does not necessarily mean more will be sent through such media since they are
also the least congested. To see this, consider the special case s (f) = 5 so that
all messages carry the same expected surplus. Then the receiver will choose to
exert the same amount of examination effort across all media (since the expected
benefit is the same) so that all media carry the same level of examination (the
solution to ¢ = C’~1(5)). Then, since congestion must be lowest at the top, the
transmission rates across media satisfy

ny > ng > .. >ng.

Thus the cheapest media are the ones that are the most used and the most
expensive ones the least used. In this model, it is also true that only the most
expensive media can be uncongested: if this were true for any cheaper one,
senders would move there, contradicting the equilibrium allocation.

One social benefit of multiple media is to enable a better triage of messages
because they are sorted into more homogenous groups. As long as receiver
surplus is not negatively correlated with sender profit, receivers will pay more
attention to messages in the highest-cost media, which will reinforce the in-
centives for the high profit types to use them. We now show how this sorting
mechanism works with an example of two channels. The simplest case has con-
stant surplus per message, 5, and so the same number of messages (¢ = C'~* (3))
is examined on each medium.

The higher priced medium, 2, will attract the top 6 senders, in number ny =
M (1 65), while medium 1 will attract n1 = M (A2 — 01) senders. Assume
that the media have no social cost, and we want simply to show that differential
pricing is better than equal pricing. The surplus function is then measured by
aggregate profit. This is
M ;27 (0) “, M Jo,m(0)d0

71 g

W=
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where the first term is the average gross profit to the sellers in the low-0 group
and the second term that in the high group. Suppose we take the number of
messages as fixed and then vary the composition across media. This entails
varying 62, with a surplus effect of

1 dWw () 7(6) Mf;fw(ﬂ)dglM J. 7 (6)do
Mo di,  ny 9 n? n2 ’

At the limit as v, approaches ~, from above, ny approaches n; and so the
support of the high profit senders has the same size as that of the low profit
ones (03 — 01 = 1 —05). The welfare derivative above then reduces to the last

two terms, i.e.,
M b !
5 7/ 7T(0)d0+/ﬂ(9)d6 s
n 2 Jo,

and this is necessarily positive because m () is increasing. This means that
starting from an allocation induced by equal transmission costs, surplus (profits)
must rise by moving these costs apart in such a manner that the total volume
of messages remains the same. The reason is that the better quality messages
will now get more prominence - even though the examination rate is the same
in their group - because the group size falls and relieves the congestion in that
group by dropping out the lowest quality messages into the other group.

10 The Inadequacy of Market Research

While van Zandt (2004) emphasizes different receiver types, we have so far
treated the same receiver type. Van Zandt’s model is one of targeted transmis-
sion, so a sender will not send to a receiver who has low likelihood of reacting to
its message. We now consider market research that allows senders to determine
which receivers (households) are more likely to be interested in their products.
A sender who does not discriminate between households imposes a greater ex-
ternality by increasing congestion on all other senders and to all households.
This implies there Is likely insuflicient investment in market research (coupled
with our overall finding of excessive message transmission).

For simplicity of exposition, let there be two classes, the m-agents and the
f-agents, with equal mass of each class. Profitability for senders differs across
the two types. We assume that receiver types are diametrically opposed in
terms of their profitability — what is a high profit product if it reaches one
consumer type could be a very low profit type if it reaches another (think of the
classic Hotelling linear city model). For the m-agents, profit is given by 7, (0)
which is an increasing function on [0, 1] with =, (0) = 0. Correspondingly,
7y (0) is a decreasing function, and we impose symmetry by assuming that
7 (0) = wm (1 —6). This means that the profits earned from the m-types are
higher for senders with higher 6 whereas the f-types yield higher profits for
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products/senders with lower 6.3 The middle sender types, who have similar
profits from either consumer type, have little reason to screen while the extreme
types want to screen (each wanting to pick up a different consumer type). This
means the extreme € senders have more incentive to do market research to
determine agent type since they gain more from excluding the unprofitable class.
Conversely, the middling #’s gain little from knowing agent types: they want to
sell to both since both have similar valuations.

The expected profit to a sender of type € who does is not invest in market
research is

T (0) +7m (0) ¢ )
2 n
where we have normalized the fotal receiver population to unity, and used sym-
metry to let n and ¢ denote the common mass of messages sent to each agent
type and the common examination rate (these endogenous variables are deter-
mined below).

Now suppose that the sender can pay k to successfully identify the receivers.
Let k& be low enough that some senders do use the discriminatory strategy.
The total profit from discriminating for a high f-type (who wants to find the
m-agents if 7y (6) < v since the f-agents do not cover the transmission cost) is

2
where the term in square brackets is the expected profit per m-agent. Hence,
the marginal sender type is defined by 6, obtained by equating (7) with (6).
This means that

[m (6) % - “} 5= @

75 (0) + 7 (0) 6

5 - ’.v:[wm(é)i/) '/] 2 (®)

B —

n

where we note that the LHS exceeds the RHS for 6§ < é, so that lower 8 types
necessarily prefer not to discriminate. Solving out from (8),

mi(B) = Sy — 2], ©)

For starters, suppose that ¢ is fixed (for example, if all senders’ products are
worth 5 to the receiver). Then the only other endogenous variable to determine

43 As one example, demand for one type could be a multiple of the demand for the other. As
long as marginal cost is constant, the price the sender would want to charge each receiver type
is the same, and also the same as when the sender does not distinguish the type (the price
discrimination motive for determining types is discussed later). Then the differences in the
7 (.) functions fully reflect differences in quantity demanded: if the quantity demanded by an
m-agent, for sender 8’s product, were twice that of an f-agent, we would have mm, (8) = 2m¢(6).

An alternative underpinning is to assume both m-agents and f-agents have the
mands conditional on being interested at all in the product. Then, different ints
bilities give rise to different values for 7 (.): if the m-agents were statistically tw

to be interested in sender &’s product than f-agents, we would again have mp, (8) = 2m(6).
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is . The set of senders to an f-type is all those below é; equivalently, the set
of senders to an m-type is all those above 1 — 0. In both cases, we have
n = M0. (10)
In conjunction with (9), this clearly yields a unique interior solution.
Now consider the welfare properties of the solution. Continue to treat ¢

as fixed, and the receiver surplus as the same across missives. Then the total
surplus is the same as total profit, up to a constant. Total profit is

1(6.om) - 2/0'17@{[71,(9) 7}% H}de

4

n
o [P O +7m ()
oo [ {1002,

—6

where we have used symmetry. In II (F), #/)777,)‘ n is given by (10), but we leave
is as a separate argument since it represents the negative externality across

senders: II (0, <z'>‘n) is clearly decreasing in 7 in the expression above. The

effects on 11 (é, b, 7»,) of raising 6 is

ol ((7, o, n.>

dll (f), (/'),'n,) RS

—= {wr %+ T (1 79) o Qq} g M
When evaluated at the equilibrium as given by (9), the term in curly brackets
is zero, so there remains the pure externality effect, w&[ < 0. This

indicates that there is too little investment in screening since senders disregard
the beneficial effects of withdrawing their messages whence they have lowest
social value.

We now add in the receiver examination condition into the mix. Assume
that sy, (0) is increasing (so that profits and sender surplus are aligned) and let
sf(0) = sm (1 —0) (symmetry). Now, the examination level is determined by
the equality of marginal search cost with average surplus, i.e.,

s

n

(o)

where again n = M 0 by (10).
Now consider the social optimand:

W (é‘ o) =1 (0.0m) + w‘ﬁ’ e

The derivative with respect to ¢ reveals a negative externality that remains at
the equilibrium solution:

aw 011 (0,6.n)

d_¢7 B2 >0,
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which arises since a greater examination rate by receivers would yield a higher
profit to senders. Second,

aw ol (9, &, IL) 1 5

—_— =t M+ - [sf (6) - smj} <0,

40 an n
where the first term is the negative one identified earlier, and the second is also
negative since the marginal surplus is lower than the average one. This second
effect reflects the fact that discrimination raises average quality (to the receiver)
of messages received and so induces more examination, but the marginal sender
does not internalize this effect.

The model sketched above has the motivation for targeting as saving on
transmission costs. There are other variants of the model with different reasons
for targeting, that may give different partitions of sender types across behavior.
One such motivation is price discrimination. A sender may wish to target dif-
ferent types with different offers — as, famously, does American Express with its
card feature offers. Then, the senders that gain most by differential offers may
be the ones engaging in more market research. More broadly, the topic here
applies not just to targeted mailing and buying of lists of names of appropriate
demographics (or past positive response rate to similar ads, for example), but
to the question of mass market appeal vs. niche market appeal. Mass market
appeal means a blanket strategy, like indiscriminate mailing, advertising in a
general interest magazine or on network television. Niche market products are
likely to gain most from careful vetting of households for mailings, are more
likely to advertise in specialized magazines or programs, etc.

It remains that the incentives to invest in targeting are likely to be socially
insufficient. In concurrence with our general theme of congestion, an untargeted
message creates a greater externality on other senders. In our simple version
with ¢ fixed, untargeted messages are more in number since they hit all house-
holds, and so cause greater congestion. When we further allow for recipients to
respond to expected quality of messages, the problem is exacerbated because
untargeted messages are likely to be of lower expected benefit to the receiver.
Hence these two externalities together suggest that not enough resources will
be allocated to careful screening of appropriateness of receiver type. One fac-
tor that might mitigate this tendency for excess blanketing is that the demand
for information is likely to be efficiently addressed to intermediaries, i.e., since
there are significant returns to scale in gathering market research data that
can be spread among many users, one would expect specialized firms to set, up
and deliver information at low cost. This could greatly reduce the potential
inefficiencies. A careful modeling of pricing of providers of such information is
needed here.

11 Conclusions

This paper has studied the economics of communication through unsolicited
advertising. Receiver {consumer) attention is a scarce resource, but may be
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considered as “common property” by senders (advertisers), and so be over-
utilized. Consumers also need to exert effort to process and absorb the content of
unsolicited advertising. In determining how much effort to exert, they consider
only the average benefit from the advertising sent. This market set-up is unlike
standard markets in which the marginal agents on both sides determine the
volume of transactions. The important policy implications from understanding
these markets have to do with optimally restricting access to the consumers, for
example through pricing or direct regulation.

In particular, junk email has gotten so out of hand that many people au-
tomatically trash many messages, or quarantine them through a spam filter.
But this may prevent legitimate firms getting their message across. Bill Gates
has suggested an email tax might help: “At perhaps a penny or less per item,
e-mail postage wouldn’t significantly dent the pocketbooks of people who send
only a few messages a day. Not so for spammers who mail millions at a time.”
Indeed, some proposals (for example, by Ayres and Nalebuff, 2003) allow re-
cipients to set their own rates: a college student might accept e-mail with a
one-cent stamp; a busy chief executive might demand a dollar. One drawback
is that this solution gives all the power to the recipient, who neglects advertiser
benefits.

With junk mail, too, people do not pay much attention because the average
message is of too poor quality. Raising the postage rate on bulk mail may have
the advantageous effect of improving the allocation of resources, and through
two sources. People recognize only the better offers will be sent, and therefore
pay more attention, so getting better mail. This surprising possibility may raise
more revenue for the Postal Service because firms are prepared to pay more to
mail — more messages will be opened if they cost more to send (because sending
then signals it must be a worthwhile offer).

One regulatory solution actually enacted in the case of telemarketing is the
DNC list. Despite widespread success, one problem with this is that it does not
account for advertiser surplus. The more general problem is that of unsolicited
ads. The research here stresses the intricate nature of the market equilibrium:
consumer expected surplus is determined by the average message quality and
determines the attention to devote. The average message quality is determined
by the number of messages absorbed and the expected profit of the marginal
firm.

Different media differ by transmission cost. The fact that the sender has
paid a higher price provides content information before the message is examined,
giving credence to the maxim “I'he Medium is the Message.” For example, two
types of letters may arrive, with different postage costs, like registered and bulk
mail. In equilibrium, different media are used by different firm types. Clearly
spam email appears to be used by the lowest expected gross profit options, while
telemarketing calls of notifications by FedEx presumably have higher returns
than bulk mail. Thus the medium through which the message arrives may
indicate useful information to the receiver, since different media cost the sender
differently, and are subject to different congestion levels in equilibrium.

The current analysis is restrictive in several respects. We assumed a sin-
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gle receiver. Nevertheless, the main part of the analysis goes through with
multiple types of receiver if the senders know who they are. The equilibrium
and optimum then applies to each group separately. Different groups will then
be in different circumstances as regards whether or not they examine all their
messages. Some groups (with greater proclivity to examine, for example) will
receive more messages, as will those with greater attractiveness for senders. The
latter are likely to be the most congested: overfishing is greatest for the biggest
fish. However, if the message transmission rate must be universally applied (as
opposed to individually tailored) then an optimum analysis must balance out
the marginal benefits across individual groups. For example, a marginal rise in
the transmission rate will improve the welfare of some receivers who are cur-
rently in a congested state, while simultaneously reducing the welfare of others
who are constrained by the number of messages received. For the latter, a rise
in the transmission rate will make them worse off because they will get fewer
messages when they already desired more.

Engaging market research firms to determine the consumer demographics
most likely to buy one’s product is costly, but benefits the firm by being able
to target and adjust its advertising message. Along similar lines, senders also
choose which media to employ for which consumer types, and different sectors
tend to use different media. We show here that targeting is likely to be insuf-
ficient in equilibrium. Targeting also raises the issue of how the information
about consumers is collected and the concomitant worries about consumer pri-
vacy. Hul and Png (2005) give a valuable survey on the Economics of Privacy;
Hann, Hui, Lee, and Png (2005) introduce consumer avoidance (and marketers’
consequent efforts to reach them) into an equilibrium marketing analysis. Tar-
geting is a key ingredient in van Zandt’s (2004) model of sender equilibrium,
and integrating his analysis with the additional dimensions of consumer effort
exertion and multiple sender messages may be a useful extension.
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12 Appendices

Proof of Lemma 1.
Proof. Suppose instead that the support of the messages sent is not the
interval from a critical 8 to 1. Indeed, suppose there exists some positive measure
of senders with 6 € [03,04] that do not send messages, and another positive
measure of senders with 0 ¢ [0;,0,] that do send messages, with 02 < 5. Let
the mass of messages sent at the purported sender transmission relation be 7.
Then, for all 6 € (64,0,), it must be that %ﬁ((ﬂ) > 4. Since w(0) is strictly
higher for all 8 € |03, 04] than for any 8 € (81,05), there exists some positive
measure, 4, of senders from the interval [f3,6,4] that can transmit messages and
earn profits %w (6) > ~. This contradicts the starting position that excludes
senders in [03,04]. W

Proof of Proposition 1

It remains to prove that N (¢) is increasing over the domain ¢ € [0, ¢°], that
N (¢) > ¢ for n € (0,¢°), and that N (¢) = ¢ for ¢ € {0,¢°}. First note that
N (@) is given by (1) for ¢ € [0,¢°]. The first property then follows simply
from writing (1) in inverse form as ¢ = 7”7rZ*) and then noting the RHS is

increasing in n (the denominator is decreasing since 7 (.) is increasing in 8" and
0" is decreasing in ). To prove the second, note that for ¢ € (0, ¢°),
e Cn 0> Calm () — 2
e (07 > () - o
where we recall that 771 (y) = 6™, The third property follows from setting
the solution on the LHS of (1) as N (¢) = ¢. One solution is ¢ = 0; the other
has v = 7 (8*), which defines 6™™ (and hence n™** and ¢°). Q.E.D.
Proof of Proposition 6.
If C'(0) > s1, then if any messages were examined, type 1 senders would
crowd out type 2 senders. Suppose not, and that some type 2 senders were
transmitting. They would need to earn non-negative profits. But then further

32

56



2006 Telecom Paris conference on the economics of ICT

type 1 senders would transmit, up till the margin where profits for the type 1
senders were zero. This would mean that the type 2 senders would make losses,
and therefore not transmit. Given then that only type 1 senders could transmit
at any putative equilibrium with positive examination, the receiver would not
wish to examine any messages since the marginal cost exceeds the marginal
benefit from type 2 messages even at zero examination.

If C7(0) < s1, the above argument again implies that only type 1 senders
will transmit messages, and in this case there exists an equilibrium with positive
examination. However, if m1+ s1 < w2 + s2, the socially optimal messages
transmitted are of type 2 since they imbue higher social surplus. Q.E.D.
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Abstract

The effects of (private, small-scale) piracy on the pricing behavior of
producers of information goods are studied within a unified model of verti-
cal differentiation. Although information goods are assumed to be perfectly
differentiated, demands are interdependent because the copying technology
exhibits increasing returns to scale. We characterize the Bertrand-Nash
equilibria in a duopoly. Comparing equilibrium prices to the prices set by
a multiproduct monopolist, we show that competition drives prices up and
may lead to price dispersion. Competition reduces total surplus in the
short run but provides higher incentives to create in the long run.
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1 Introduction

Over the last decade, the fast penetration of the Internet and the increased dig-
itization of information goods like music, movies and software have turned the
issue of piracy into a topic of intense debate. Not surprisingly, economists have
recently shown a renewed interest in information goods piracy.! Recent contri-
butions revive the literature on the economics of copying and copyright, which
was initiated some twenty years ago.? While early contributions focus on the
effects of photocopying and examined how publishers can indirectly appropriate
some revenues from illegitimate users (Novos and Waldman, 1984, Liebowitz,
1985, Johnson, 1985, and Besen and Kirby, 1989), later papers concentrate on
the intellectual property (IP) protection and discuss the trade-off between the ex
ante benefit of preserving the intellectual creation incentives and the ex post cost
of the consequent restrain on the use of those goods (Landes and Posner, 1989,
Besen and Raskind, 1991, and more recently Bae and Choi, 2004).%

Yet, the literature on the economics of copying abstracts away the strate-
gic interaction among producers of information goods. Indeed, all the above
mentioned contributions focus on the study of monopolies, with the exception
of Johnson (1985) who considers price-taking producers of information goods.
However, this perspective sharply contrasts with the reality of information good
industries where production decisions are concentrated in the hands of a small
number of major players. The oligopolistic nature of those industries leaves eco-
nomic observers unsatisfied with the monopoly or price-taking representation of
production under the threat of copying. Tn particular, such a representation is

unable to relate to some important characteristics of information good industries

!See the excellent survey by Peitz and Waelbroeck (2003) and the references therein.

For a recent survey (and extension) of this literature, see Watt (2000).

3From an ex ante point of view, IP protection preserves the incentive to create information
goods, which are inherently public goods. On the other hand, IP rights encompass various
potential inefficiencies from an ex post point of view. The protection grants de facto monopoly
rights, which generates the standard deadweight losses; also, by inhibiting imitation, IP rights
might limit the creators’ ability to borrow from, or build upon, earlier works, and thereby

increase the cost of producing new ideas.
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such as the recent consolidation phases* and the existence of price dispersion.’
The present paper aims to address those issues.

The aim of the present paper is to study the strategic interactions among the
producers of information goods in the presence of piracy. In particular, we want
to analyze how oligopolistic producers set the prices of their information goods
when users are able to purchase copying devices and copy the goods. We also
want to investigate the ex ante and ex post benefits of oligopolistic competition
under this threat of copying. We finally want to relate those results to those
obtained under the monopoly assumption (Bae and Choi, 2004) or under the
perfect competition assumption (Johnson, 1985).

Our modeling strategy is the following. As usually done in the literature, we
consider information goods with independent content.® All other things being
equal, the demands for the (two, for simplicity) goods would be independent.
However, we allow consumers to make lower-quality copies by using a technology
that exhibits increasing returns to scale. The copying technology appears thus as
a common substitute for the information goods. The main effect of such common
substitute is to make the demands for the goods interdependent over some range
of prices. In particular, the goods become complementary when their prices are
similar enough and they remain independent otherwise. More precisely, the de-
mand function for a particular information good typically exhibits three segments
and two kinks. Each segment corresponds to a different category of consumers.
We call these categories “buyers”, “copiers”, and “switchers”. For the first two
categories, the demand for a good does not depend on the price of the other

good: indeed, whatever the price of the other good, “buyers” buy this other good

“In the music industry, the 50-50 joint venture of BMG and Sony was cleared in 2004 both
by the European Commission and by the FTC. In the software industry, in September 2005,
Oracle Corporation acquired Siebel Systems just one day after eBay acquired Skype. In the
movie industry, Sony absorbed MGM and United Artists studios in 2005.

°For instance, Brynjolfsson and Smith (2000) observe prices for a matched set of 20 books

and 20 CDs sold through conventional and Internet outlets, and report average price differences
ranging from 25% for books to 33% for CDs. For an updated measure of price dispersion over
a wider range of products (including computer software), see the ongoing research project of
Michael Baye, John Morgan and Patrick Scholten on http://www.nash-equilibrium.com/.
5Think, for instance, of software applications for games and word processor, or CD recordings

of classic and pop music.
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and “copiers” copy this other good. In contrast, for “switchers”, the best use of
one good depends on the best use of the other good: if they purchase (copy) one
good, they also purchase (copy) the other one. Therefore, the demand for one
good depends on both prices.

Using this framework, we contrast the behavior of a multiproduct monopolist
with the behavior of two Bertrand duopolists. We also perform a welfare analysis,
both from a static and from a dynamic perspective. Our main results are the
following,.

As far as the multiproduct monopoly is concerned, we show that the firm
may set different prices for its goods. Actually, the multiproduct monopolist
may follow two strategies. The first strategy is to set close prices and target
the demand by switchers. The second strategy is to set a high price and target
the buyers in one market while setting a low price and targetting copiers in
the other market. It turns out that the former strategy dominates the latter.
The firm prefers to target switchers for whom only the sum of the two prices
matters. Therefore, prices are nor unique neither symmetric. The monopolist
might well set different prices for the two goods although consumers value these
goods exactly in the same way. Yet, the two prices cannot be too distant so
as to avoid that some consumers become buyers or copiers. This result can be
interpreted as a first explanation for a form of limited price dispersion, confirming
the empirical evidence.

In a duopoly, the interaction between firms leads to interesting properties.
A firm’s best-response to the price set by the competitor can depict up to four
different attitudes. Because the nature of the marginal buyer suddenly changes as
the competitor’s price rises, the best response function shows discontinuities and
equilibria in pure strategies cannot be guaranteed. Intuitively, the inexistence of
equilibria stems from the firms’ free-riding behavior with respect to the threat of
piracy. If all firms take this threat seriously and quote low prices to accommodate
consumers, then they set too low a price and there exists an opportunity for any
individual firm to raise its price while keeping a sufficiently large demand and
making a larger profit. Technically, increasing returns to scale in the copying
technology introduce non-convexities in the profit functions and undermine the

existence of market equilibrium.
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Consequently, we have to distinguish between two regions of parameters. The
first region corresponds to a sufficiently large cost of copying. In this region,
there exists a symmetric equilibrium in pure strategies. At this equilibrium,
both firms target switchers and quote identical prices. The interesting feature
of this equilibrium is that the duopolists set a higher price than the (average)
price of a multiproduct monopoly. This is so because the two goods are perfect
complements over the segment of demand corresponding to the switchers. We
observe thus a manifestation of the so-called ‘Cournot effect’ (Cournot, 1838).
That is, the multiproduct monopolist has an incentive to decrease prices further
than the duopolists do because it realizes that decreasing the price for one good
increases demand for the other good by making copying less attractive. Although
Johnson (1985) briefly mentions this effect, he does not analyze it in detail. As
will be seen in the sequel, the existence of complementarities for some price
ranges is important in understanding why the industry may not reach a single
price equilibrium.

In the second region of parameters, where the fixed cost of copying is suffi-
ciently low, an equilibrium in pure strategies fails to exist. Yet, we show that a
symmetric equilibrium in mixed strategies exists. Each firm quotes two prices
with positive probabilities. As price realizations may be different, we have an
explanation for equilibrium price dispersion. Noteworthy is the fact that this ex-
planation does not rely, as often proposed in the literature, on asymmetric infor-
mation and search frictions (see for instance Varian, 1980 and Baye and Morgan,
2001). It is also interesting to note that the expected price in the mixed-strategy
equilibrium, though smaller than the price that would prevail in the pure-strategy
equilibrium, remains above the average price set by a multiproduct monopolist.
The Cournot effect eases but does not disappear.

Finally, we perform a welfare analysis. Considering first ez post efficiency,
we stress that industry concentration is welfare improving in the present con-
text. Because of the Cournot effect, the multiproduct monopoly leads to larger
consumer and producer surpluses than the duopoly. A merger is thus beneficial
under the threat of copying because it eliminates the negative externality result-
ing from the lack of coordination about how firms should deter copying. This is

a novel point that has not yet been considered by anti-trust agencies. We also

(o211
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assess the effects of policy measures aiming at strengthening IP protection; we
show that increasing the cost of copying and decreasing the quality of copies do
not have the same qualitative effects. Considering next ex ante efficiency, we
compare our framework with an economy where only a single information good is
available. This exercise allows us to measure the (gross) incentives to create a new
information good. Whether those incentives are larger for an entrant or for an
incumbent firm is not clear a priori. Indeed, the entrant’s incentives are reduced
by the free-riding effect observed in a duopoly, whereas the incumbent’s incen-
tives are reduced by a cannibalization effect (copying becomes more attractive
as the number of goods increases). Yet, we can conclude in our framework that
incentives to create are always higher for an entrant, i.e., if the ex post economy
is organized as a duopoly. Therefore, although industry concentration improves
welfare from a static perspective, it reduces welfare from a dynamic perspective.
In other words, ex post competition can be seen as a necessary evil that enhances
ex ante incentives to create. This conclusion turns on its head the traditional
argument underlying IP protection, which considers ex post monopoly—and not
competition—as the necessary evil.

To sum up, our main message is the following. The interactions between
producers of information goods under the threat of piracy dramatically alter
the equilibrium outcome compared to the outcome obtained under a one-good
monopoly setting. Equilibrium prices in pure strategies may not exist and, if they
do, they may be higher than those in the one-good monopoly case. Inferences
about dynamics and welfare implications are not obvious anymore in oligopolistic
industries. For instance, industry concentration may enhance static efficiency
while being detrimental to dynamic efliciency.

The rest of the paper is organized as follows. In Section 2, we lay out the
model and we derive the demand schedule for a particular original. In Section 3,
we characterize the two-good monopoly case. In Section 4, we present the two-
good duopoly case. In Section 5, we perform a welfare analysis. We conclude

and propose an agenda for future research in the last section.
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2 Demand for originals

There is a continuum of potential users who can consume at most two information
goods. These information goods are assumed to be perfectly (horizontally) dif-
ferentiated and equally valued by the users. In particular, users are characterized
by their valuation, 6, for any information good. We assume that 0 is uniformly
distributed on the interval [0, 5], with 8 > 0.

Fach information good is imperfectly protected and thus “piratable”. As a
result, users can obtain each information good in two different ways: they can
either buy the copyrighted product (an “original™) or make a copy of the product.
It is reasonable to assume that all users see the copy as a lower-quality alternative
to the original.” Therefore, in the spirit of Mussa and Rosen (1978), we posit
some vertical (quality) differentiation between the two variants of any information
good: letting s, and s, denote, respectively, the quality of an original and a copy,
we assume that 0 < s, < 5,.8

As for the relative cost of originals and copies, we let p; denote the price of
original ¢ (2 = 1,2) and we assume that users have access to a copying technology
with increasing returns to scale. To keep things simple, we assume that to be
able to copy, consumers must incur a fixed cost K > 0. Finally, for the sake of
the exposition, we further assume that all users prefer copying a single original

over not using any information good:
Al: 0s.— K > 0.

Assumption Al is likely to be satisfied in industries like music, software and
video because, in the digital era, (i) the quality of copies (s.) is high, (ii) the
fixed cost of copying (K) is low, and (iii) users have a high valuation (§) for

information goods.® This assumption greatly simplifies the exposition while it

"This assumption is common (see, e.g., Gayer and Shy, 2003) and may be justified in several
ways. In the case of analog reproduction, copies represent poor substitutes to originals and are
rather costly to distribute. Although this is no longer true for digital reproduction, originals
might still provide users with a higher level of services, insofar as that they are bundled with
valuable complementary products which can hardly be obtained otherwise.

8Similar models are used by Koboldt (1995) to consider commercial copying and by Yoon
(2002) and Bae and Choi (2004) to analyze the market for a single information good.

9 Another way to justify this assumption is to say that the fraction of users we choose not to
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retains the main properties of the model. Indeed, it follows that all users will
always consume both goods, either by purchasing the original or by copying it.
The demand function for good 7 is therefore derived as follows. One can write

that a user with type 0 buys original ¢ iff
0s, — p; + max{fs, — p;; 0s. — K} > max{fs, — p; + 0s. — K;20s.— K}. (1)

This inequality compares user 6’s value of purchasing original 7, and either pur-
chasing or copying good 7, to the best option available given that he/she does
not purchase original ¢, namely, copying good i whereas either buying or copying
good j.

In the extreme case where K = 0 (copies are free), expression (1) rewrites as

0so — pi + max{0s, — p;;0s.} > Os;+ max{0s, — p;; 0s.}

= 0(s— s¢) > pi

In that case, the demand for good ¢ only depends on p;: the two goods are
independent.

However, for K > 0, increasing returns to scale in copying make the de-
mands interdependent. Inequality (1) can take three different forms, each form
corresponding to a specific category of users.

First, for high valuation users such that 0 (s, —s.) > p;, expression (1)
rewrites as

'j—K
0So_pi+930_pj2gso_pj+9'sc—1( e 92[)—
So — Se

Because these users purchase the other original whether they purchase good 7 or
copy it, we call them ‘buyers’. The maximum price they are willing to pay for

original 7 is equal to

Ppr(0) =0 (50— 5.) + K.

consider (i.e., those for whom fs. — K < 0) is constantly narrowing, as copying devices become
widely and cheaply available and as the “moral barrier” to illegal copying is increasingly fading.
The widespread use of copied music and software in less developed countries corroborates this

assumption.
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That is, they are willing to pay up to the extra value that an original brings on
top of a copy, augmented by the cost of the copying technology (which they save
once they decide to buy 7 instead of copying it).

Second, for intermediate valuation users such that p; — K < 6 (s, — s.) < pj,
expression (1) rewrites as
pitp— K
2 (50— 5c)

J

0so —pi+ 085 —pj > 205, — K <= 0>

For these users, the best use of one good depends on the best use of the other
good: if they purchase good 4, they also purchase good j; if they copy good i,
they also copy good j. We therefore call them ‘switchers’. How much are switchers
willing to pay for good i? Going from two copies to two originals, they earn twice
the extra value of an original compared to a copy, and they trade the cost of the
copying technology for the price of the other original. So, their maximum price

is given by:
p; (0,p;) =20 (5o — sc) + K —p;.

Finally, for low valuation users such that 8 (s, — s,) < p; — K, expression (1)
rewrites as

bi

So — Se

Oso—pi +0s.— K >20s.— K < 0>

Because these users copy good j no matter what they decide about good i, we
call them ‘copiers’. What they are willing to pay for good i is just the extra
value of an original compared to a copy (for they have already sunk the cost of

the copying technology). Their maximum price is thus equal to:
PE(0) = (s, 50).

The three price functions are depicted in Figure 1. We observe that depending
on the price of good j, the price function for good ¢ can have up to two kinks. The
price function is (increasing and) concave in 6 in the neighborhood of p;/ (s, — sc)
(which separates switchers from buyers), and (increasing and) convex in ¢ in the

neighborhood of (p; — K) / (s, — s.) (which separates copiers from switchers).
[Insert Figure 1 about here]
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As aresult, the demand function for good 4 has three segments and two kinks,

(@ — 2K if p; + K <p; (buyers)

0 x <§_ %) if p;— K <p; <p; + K (switchers)
@ - p_:) if p; < p; — K (copiers)

Di(pitpj) = a —

2)
where, to ease the exposition, we denote by s the quality difference between

originals and copies:
5= 5, — S¢.

Two remarks are in order. First, as long as K > 0, there exists a range of
prices for which goods are complements. Indeed, for p; — K < p; < p; + K, an
increase in the price of one good decreases the demand for the other. When p; is
close to p;, the marginal users choose to copy according to the value of the bundle,
pi + p;. For other prices, the goods remain independent: when p; is relatively
smaller than p;, the marginal users are buyers; when p; is relatively larger than
pi, the marginal users are copiers.

Second, as long as K > 0, the demand function has the same concave and
convex kinks as the price function depicted above. These kinks result from the
fact that the marginal consumer alters his/her behavior about copying at some
pivot prices p;. Similar kinks would appear for other distributions of consumers’
types 6 than the uniform distribution assumed here.

The case of price competition over perfect complements is well known since
Cournot (1838). Yet, the present model differs from Cournot’s case as comple-
mentarity only takes place over a limited range of prices. A similar property
appears in Gabszewicz et al. (2001) who consider imperfect complements (i.e.,
the joint consumption of two products provides an extra utility but products
can still be consumed individually). Tn our setting, however, complementarity is
not built in consumers’ preferences but stems, indirectly, from the existence of a
common substitute.

We now analyze the pricing decisions in the monopoly and duopoly cases.
To make this analysis relevant we assume that in any possible demand regime,

decision makers never find it optimal to cover the whole market. Under the

10
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present demand system, this means that high valuation consumers are willing to
pay significantly more for the goods than low valuation consumers. A sufficient

condition is given by the following assumption:'®

A2:0s>0(s1s,).

3 Multiproduct monopoly

Since Cournot (1838), the analysis of a multiproduct monopoly selling perfect
complements is well known: the firm sets a unique price reflecting only the value
of the bundle. Yet, in the present paper, the case of multiproduct monopoly
deserves some attention. Indeed, as goods are complement only over a limited
range of prices, it is not sure whether the firm’s optimal prices will lie in that
range. Indeed, when prices are close, the firm faces only switchers. By contrast,
when prices differ by more than the fixed cost K, the firm faces two groups of
consumers: copiers and buyers. The firm may follow two strategies. On the one
hand it may set close prices and target the demand by switchers. On the other
hand, the firm may set a high price and target the buyers in one market while
it sets a low price in the other market and targets the copiers, the prices being
sufficiently distant to avoid some consumers to become switchers. Doing so, the
firm is able to collect high revenues on the buyers who have a high willingness to
pay. It nevertheless turns out that the latter strategy is not optimal.
Formally, the monopoly chooses prices p; and p, so as to maximize profits:

max T, = p1 D1 (p1, pa2) + p2D2 (p1,p2) -

p1.p2

where demands are given by (2) and where the firm is assumed to have zero

production cost.

Proposition 1 The multiproduct monopolist sets any price (p1,p2) such that
(pr +p2) /2= pm =05/2+ K/4 and py — K < p1 < po.

Proof. See Appendix 7.1. m

0 ogether, Assumptions Al and A2 give a fair representation of the reality as they guarantee

that there are always some consumers who pirate at least one good.
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We prove in the appendix that the strategy where the monopolist targets
buyers and copiers on separate markets is dominated because the optimal prices
on each market are not distant enough (i.e., they do not satisfy |p; — p;| > K).1
As aresult, the monopolist sells the two goods at prices such that marginal buyers
are switchers. The difference between the two prices is limited upward to avoid
that marginal users become copiers or buyers.

Tt is important to note that prices are nor unique neither symmetric. The
monopolist might well set different prices for the two goods although consumers
value these goods exactly in the same way. It is because the copying technology
offers a common substitute for the goods and because the monopolist prefers to
target switchers that only the sum of the two prices matters for the consumers,
as well as for the monopolist. Our setting slightly contrasts Cournot’s (1838)
discussion about perfect complements because products are here not genuine
complements. Henceforth, the monopolist is constrained to set its prices in some
price range. For instance, the firm has no possibility to set a zero price for one
good and to collect its revenue on the other as it would be possible for perfect
complements. Consumers are likely to take the free good and copy the other
good.

Several additional comments are in order. First, Assumption Al implies that
the monopolist sets an average price p,,, which is smaller than the price it would
set for each good if there were no threat of copy, namely 0s,/2; profits are also
smaller. Second, it is easily seen that p,, decreases as copies become a closer
substitute for originals (i.e., if K decreases and/or s. increases). Finally, in the
extreme case where K = 0, the demands for the two goods are independent and
the monopolists sets the same price for both: p; = py = 0s/2.

We now examine the case of the duopoly.

4 Duopoly

Under a duopoly, each information good i € {1,2} is produced and sold by a
separate firm. In the limiting case where K = 0, demands are independent

and the producers act as local monopolists; they set the same prices as the

117t is possible to show that this result holds for any distribution of consumer types.
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multiproduct monopolist would do in this situation: p; = py = 05/2. However,
for K > 0, the interdependence between the demand functions is a source of
strategic interaction. To analyze this interaction, we proceed in two steps: first,
we derive firm 7’s best reponse and then we compute the Bertrand-Nash price

equilibria.

4.1 Best response function

Best response functions are derived from the demand functions (2). Because
the demand functions are piece-wise linear and include a convex kink, firms’
best response functions are expected to be discontinuous. In fact, the point of
discontinuity will take place when marginal users shift from being switchers to
copiers. We now characterize the portion of the best response of firm ¢ below and

above the discontinuity.

Targeting buyers or switchers? The optimal price on the buyers of good ¢

is equal to
- ; — K 1
pf* = arg maxp; (9 - L) = —(fs+ K).
Pi S 2

Firm 4’s best response is to set p; = pf* as long as the competitor’s price does
not to entice the marginal consumer to become a switcher. Using (2), this is so

as long as

pi <P —K = p;<pl = (53—!().

N | —

Note that p/ > 0 under Assumptions Al and A2.

For p; > pf, some low valuation users are enticed to switch to copying. Firm
i can either accommodate these switching users by lowering its price, or it can
avoid them and concentrate on higher valuation users by increasing its price. On
the one hand, when p; is low enough, firm 7 sets a ‘limit price’ to ‘deter’ switchers.

By (2), it sets a price equal to

pP(pj) =pi t K

(or just a small amount below this price) and achieves a corresponding profit

of 7P (p;). This price is an increasing function of p;. Since more users tend to

13
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switch to the copying technology when the competitor raises its price p;, firm ¢
must raise its price p; to avoid the switchers. Hence, there exists a range of prices
such that prices are strategic complements.

When p; gets larger, firm ¢ has no other choice but to accommodate switchers.
It sets a price equal to p§* (p;) where

p" (py) = argmaxp; (5 -BERT S +§2_ K) ~0s ¥7
and achieves a corresponding profit of 7$* (p;). The price p{~ (p;) is a decreasing
function of the competitor’s price; prices are then strategic substitutes in this
range of prices.

The transition between deterrence and accommodation of switchers takes
place at the price p% such that deterence and accommodation of switchers yield

the same profit and thus the same price: pP (pd) =p* (pd) , or equivalently

1,
pt = 5(295—1{) > pf.

Targeting copiers? Because of the convex kink in the demand function, the
shift from switchers to copiers has to be analyzed by comparing profit levels. The

optimal price and profit on copiers are equal to:
12

O = .‘_fﬁ>:iﬁ d 7 = =0
P = argmaxp; ( . 508 and 7" = 26's.
We readily get that

it (py) > 7yt = p; <p’= (2—\/5)?3 FK.
The regime including accommodation of switchers is part of the best response

function as long as

pl<p = K>

3v2 —4-
Tﬁs. (3)

In this case there exits a downard jump at p; = p°.

Otherwise, accommodation of switchers is not part of the best response func-
tion and the latter has a downward jump from deterrence of switchers to accom-

modation of copiers for another price p; = p*, where 7P (p*) = n¢*, which is

pe':%(gs—K) +%x/K(29s+K).

14
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Summarizing our results, we have that, under condition (3), the best response
function is given by
24 if p; < p/,
pP (py) ifp/ <p; <o,

i (pj) = . .
P (py) if p* < pj <p°
e if p; > p°.
Otherwise it is given by
o if p; < pf,
Pl (ps) = q ol (p;) ifp/ <p; <p?,
e if p; > p®.

Figure 2 displays these functions (in black for firms 1 and in grey for firm 2) for

‘high’ and ‘low’ fixed cost of copying (resp. in the left- and right-hand panel).

[Insert Figure 2 about here]

4.2 Existence of equilibria in pure strategies

Because of discontinuities in the best response functions, equilibria in pure strate-
gies might fail to exist. Intuitively, the possible inexistence of equilibria stems
from firms’ free-riding behavior with respect to the threat of copying. If both
firms take this threat seriously and quote low prices to accommodate copiers,
then there exists an opportunity for either firm to raise its price while keeping
a sufliciently large demand and making a larger profit. This situation is shown
in the right-hand panel of Figure 2 where best response functions do no inter-
sect. By contrast, the left-hand panel shows the situation where firms reach an
equilibrium as their best response function intersect at a symmetric equilibrium.

More formally, we can state the following proposition.

Proposition 2 There ezists a unique symmetric Nash equilibrium in which both

firms focus on switchers and set the price ps = % (2@5 + K) if and only if

K>K=

Otherwise, there is no Nash equilibrium in pure strategies.
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Proof. See Appendix 7.2. m

Proposition 2 tells us that the only possible Nash equilibrium in pure strategies
is symmetric and is such that both firms target switchers. This result could not
have been guessed at the outset. Moreover, we also see that the market fails to
reach an equilibrium for small fixed costs of copying because the price pg and
the profit associated to this strategy decrease with K. For a low enough value
of K, profits under accommodation of copiers become more attractive and firms
tend to cut their price to pf*. As a result, the absence of duopoly equilibria for
low fixed costs of the copying technology casts some doubts about traditional

analyses of the threat of copying in one-good monopoly settings.

4.3 Pure-strategy equilibrium: Cournot effect

We first focus on the situation in which the market reaches a symmetric equilib-
rium. One observes that

1
4

o) =

ps = (253 | K) > Dy = (293 | K).

Corollary 4.1 The price set by duopolists at the pure-strategy equilibrium is

higher than the average price set by the multiproduct monopolist.

At the symmetric equilibrium in pure strategies, the duopolists focus on
switchers. In such a case, the copying technology constitutes a common substi-
tute for their original good. The presence of this common substitute turns goods
¢ and j (which are a priori perfectly horizontally differentiated) into complemen-
tary goods. As a result, the so-called ‘Cournot effect’ (Cournot, 1838) applies.
That is, the multiproduct monopolist has an incentive to decrease prices further
than the duopolists do because it realizes that decreasing the price for one good
increases demand for the other good by making copying less attractive.

The externality that each firm imposes on the other can be quite important.
Indeed, if the quality of copies is sufficiently low, the duopolists end up setting
prices larger than the price they would set under no threat of copying. To see
this, note that a user 0 € [0, U] who purchases the original good 7 gets a utility
of s, — p;. If copying is not an option, the demand for this good is simply

equal to Di(p;) = (0 —m /so) / (5 - Q) and is independent of the demand for
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the other good. Firms in duopoly and monopoly thus set the same price, the
monopoly price: py = %gsg. Comparing it to pg, we observe that the price set
by duopolists at the pure-strategy equilibrinm is higher than the monopoly price
under no threat of copying if and only if K > %5 (4s. — s,), which is clearly
satisfied if s. < s,/4.

The last two findings qualify the argument that the threat of piracy forces
firms to lower their prices and that the usage of the copyrighted product increases
with piracy. Instead, our model gives some evidence to the common claim of
copyright holders, who assert that piracy reduces their sales. These results also
cast some doubt about the social benefits of stronger competition in information
good markets that are subject to potential piracy. The last two findings indeed
suggest that a more concentrated industry is better equipped to provide surplus
both to legal consumers and to producers. We consider the latter issue in more

detail in Section 5.

4.4 Mixed-strategy equilibria: price dispersion

When K < K , there exist no equilibrium in pure strategies. Nevertheless, by
Glicksberg (1952), there exists a mixed-strategy Nash equilibrium because profits
are continuous. Therefore, firms randomize prices at equilibrium when the cost
of the copying technology is low enough. As a result, price dispersion can be
observed. In this section, we first characterize a simple and intuitive class of
mixed-strategy equilibria; we then discuss the impact of the copying technology
on price dispersion.

As in Boccard and Wauthy (1997, 2003), the piecewise linearity of the demand
function allows us to show that firms do not use continuous densities. This allows
us to focus on mixed strategy equilibria in which firms play two prices with
the same probability distributions. The following proposition shows that such

equilibria exist provided that fixed costs are not too small.

Proposition 3 When K>K>K-= 0.02740s, there exists an equilibrium
where firms randomize between the prices

72§s+xK
S

205+ (z+ 1)K

and p, = 213

> Pa
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with probabilities  and 1 — x. The probability x is equal to zero when K is equal
to Ilﬁ\', it increases when K decreases below K and it is equal to x = 0.3603 when

K tends to K. Prices are such that p, > p, + K.

Proof. See Appendix 7.3. m

Unfortunately the probability x has no explicit expression. Numerical simu-
lations show that for any admissible set of parameters, the probability z mono-
tonically increases when K falls from K to K. When K < K, symmetric mixed
strategies with two prices are not equilibria; firms have to randomize over a larger
number of prices. The characterization of such equilibria goes beyond the scope
of this paper.

Because p, > p, + K, the mixed-strategy equilibrium yields ex post realiza-
tions that include the three regimes with a positive probability. Each firm faces
switchers when its price realization is equal to the other firm’s realization; when
price realizations are different, a firm faces buyers when it quotes the highest
price and copiers when it quotes the lowest price. Hence, by playing mixed
strategies, firms are able to avoid the negative Cournot effect of competing on a
segment of demand where goods are perfect complements. Indeed, with probabil-
ity z (1 — ), they set the prices (py,p,) and the firm setting p, collects revenues
on high-valuation consumers (i.e., the “buyers”).

One can check that prices can be ranked as in the following corollary.

Corollary 4.2 (i) Prices are ranked as follows: p$* < p, < pa + K < p, <
ps. (4) The expected price is larger than the average monopoly price: xp, +

(1 - 7?) Py > Pm-

Figure 3 illustrates these results. The intuition behind part (i) goes as fol-
lows: firm ¢ has no incentive to set prices below p{* because, if it does, it gets
a positive marginal revenue irrespective of firm j’s mixed strategy; similarly, it
gets a negative marginal revenue whenever it sets a price above pg. This re-
sult demonstrates that the Cournot effect is less acute than in the pure-strategy
equilibrium. However, part (ii) shows that the Cournot effect does not disappear
completely: the expected price at the mixed-strategy equilibrium is still larger

than the average price set by a multiproduct monopolist. In other words, firms
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would like to coordinate on a limit-price to eliminate piracy but are unable to
commit to do so as they prefer to free-ride on the rival’s effort. Therefore, they
choose random prices as a way to share the burden of deterring piracy. Yet, this

joint effort remains insufficient.
[Insert Figure 3 about here]

The absence of a pure-strategy equilibrium in prices is often presented as an
explanation for equilibrium price dispersion. In consumer search models (see,
e.g., Varian, 1980 and Baye and Morgan, 2001), equilibrium price dispersion
arises because firms are tempted to lower price to attract informed consumers,
but realize that if they do so, they forego rents from uninformed consumers;
therefore, each firm intentionally randomizes prices to reduce the ability of rival
firms to undercut its own price.

Our model generates similar price dispersion results and shares a similar in-
tuition. Yet, it does not rely on search frictions and information asymmetries
because our consumers are perfectly informed about prices and, therefore, do not
need to search. Here, firms also face the tension between lowering price to attract
low-valuation users (the copiers) and increasing price to extract rents from high-
valuation consumers (the buyers). The difference with search models is that, in
our setting, the existence of various classes of consumers results, endogenously,
from the presence of the copying technology. In fact, price dispersion is even a
prerequisite for two of these classes to exist at equilibrium; indeed, all consumers
are switchers when prices do not differ by more than K.

A number of empirical studies document significant and persistent price dis-
persion on markets for information goods.'? The previous argument relates such
price dispersion to piracy. It is interesting to study the impact of the copying
technology on price dispersion. On the one hand, supposing that firms quote two
prices, it can readily be shown that the price dispersion p, — p, decreases when
K falls. On the other hand, when firms quote more than two prices, we can also
show that the range [p§*, ps], within which price atoms must lie, also shrinks as

K decreases. Hence, the model predicts that price dispersion is likely to be lower

12Gee, e.g., Bailey (1998), Brynjolfsson and Smith (2000), and Tyer and Pazgal (2003).
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for information goods which are more exposed to piracy.!?

5 Welfare analysis

As indicated in Section 1, the economics of IP protection discusses the trade-off
between ez ante and ex post efliciency considerations: to remedy the long-run un-
derproduction problem that might arise from insufficient incentives to create, the
law grants exclusive rights to creators, which entail a short-run underutilization
problem.

Our simple framework allows us to shed some new light on this policy debate.
First, in a short-run perspective, we can perform comparative statics exercises
to assess the effects of stronger IP protection; we can also compare the welfare
performances of two market structures, namely a multiproduct monopoly versus a
duopoly. Second, in a long-run perspective, we can measure incentives to create
and compare again the relative merits of monopoly and duopoly. As we now
explain, policy implications are not clear cut. Indeed, from a static perspective,
the multiproduct monopoly enhances welfare with respect to the duopoly, but from
a dynamic perspective, the duopoly provides higher incentives to create than the

monopoly.

5.1 Ex post efficiency considerations

In many discussions, the protection of IP rights calls for an increase in the cost of
piracy (Novos and Waldman (1984), Yoon (2002), etc). In this model, this would
call for two policy measures: first, one can increase the fixed cost of the copying
technology K by, e.g., applying a tax on the reproduction devices; second, one
can take actions to decrease the value of a copy s.. Therefore, we assess the
effects of a change in K and in s, for the multiproduct monopoly and for the
duopoly. As for the duopoly, we restrict for now our attention to the case where
K is sufficently large so that an equilibrium in pure strategies exists. We consider

the mixed-strategy equilibrium case below using numerical simulations.

13Recall, nevertheless, that no dispersion is observed for K > K (as a unique pure-strategy

equilibrium exists).
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When a pure-strategy equilibrium exists in the duopoly, we can easily analyze
the effects of a marginal strengthening of IP rights. Let 0g = (4?3 - K ) / (6s) be
the type of the switching user at the equilibrium prices pg. This is the lowest type
amongst the consumers who purchase an original good. Users with type 0 € [0, 0]
purchase an original whereas, by Assumption A1, users with type 6 € [0, f5) make
use of copies (we call them ‘pirates’). Similarly, in the multiproduct monopoly,
let 0 = (2pm — K) / (25) = (205 — K) / (4s) denote the marginal user at price
Dim.-

We do not need to perform separate comparative statics analyses for the
monopoly and for the duopoly as the equilibrium price and demand vary in the
same direction in the two cases. We observe that the two policy measures have
different effects. On the one hand, a rise in the copying cost (dK > 0) implies
an upward parallel shift of the demand for original goods. It then increases
equilibrium prices (dpg,dp, > 0) and increases the set of consumers buying
original goods (dfg,d0,, < 0). The number of pirates falls. On the other hand,
a deterioration of the value of copies (ds. < 0) implies a rotation of the demand,
thereby reducing its elasticity. The deterioration of the value of copies then leads
to an increase in price (dpg, dp,, > 0) and to a reduction of the set of consumers
buying original goods (dfs,d0,, > 0). The number of pirates increases.

In Appendix 7.4, we formally establish the following results, which generalize
those obtained by Bae and Choi (2004) for a single-product monopoly.** First,
the two ways of strengthening IP protection increase (optimal or equilibrium)
profits. This result is trivial for an increase in K as both the price and the
quantity demanded increase. As for a decrease in s., price and quantity move
in opposite directions, meaning that the result is a priori ambiguous. However,
under Assumptions Al and A2, it can be shown that the positive effect on price
outweighs the negative effect on demand.

Second, the two ways of strengthening IP protection decrease consumer sur-
plus. To see this, we observe that both categories of users sufler from a stronger

protection: first and obviously, pirates are negatively affected by the decrease

“What Bae and Choi (2004) call the “copying regime” corresponds to the regime faced
by our multiproduct monopolist and by our duopolists around the symmetric pure-strategy

equilibrium.
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in the attractiveness of copies (either through a larger cost or through a lower
quality); second, buyers of originals are charged a higher price (as dK > 0 and
ds. < 0 both imply dpg > 0 and dp,, > 0).

Finally, we evaluate the effect on social surplus by adding the two previous
effects. The overall effect is negative if the additional costs imposed on all pirates
is smaller than the additional revenue from having an additional legal consumer.
This is so when the policy measure consists in deteriorating the copies (ds. < 0):
strenghtening IP protection by making copies less valuable decreases social surplus.
On the other hand, when the policy measure consists in an increase in the fixed
cost of copying (dK > 0), the sign of the welfare change is ambiguous. We show
in the appendix that strenghtening IP protection by making copies more costly
decreases social surplus if K is not too large; it increases social surplus otherwise.

To close our static welfare analysis, we repeat the conclusion we drew in
the previous section: the multiproduct monopolist always sets lower prices than
duopolists do; as the monopolist also achieves higher profits, social surplus is
undoubtedly higher under a multiproduct monopoly than under a duopoly.

Finally, we provide results from numerical simulations pointing that some
of the previous results might not hold in the region of parameters where sym-
metric mixed strategies with two prices exist. For the sake of the exposition,
we concentrate on the impact of K. Figure 4 depicts an example that shows
one noticeable difference with the symmetric equilibrium regime: as K increases,
expected duopoly profits (E7) decrease in some range. The explanation is the
following: as K increases, the prices p, and p, move in opposite directions and

therefore, although the expected price increases, expected profits decrease.

[Insert Figure 4 about here]

5.2 Ex ante efficiency considerations

Comparing our framework with an economy where only a single information
good is available allows us to measure the (gross) incentive to create a new in-
formation good. In the previous model, if only one information good is available
instead of two, it is easy to see that under Assumption Al, the producer of

this good only faces ‘buyers’. The demand function is thus given by D;(p;) =
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(0—(p; — K)/s)/ (0 —9), and the optimal price and profit are given by p?* =
(s + K) /2 and 70" = (Bs 1 K)Q/(4s).

There are two cases to consider when going from one to two goods. A first
possibility is that the new good is created by an incumbent firm that already
produces the extant good; the ex post economy is then organised as a multi-
product monopoly. From Proposition 1, we know that the multiproduct monop-
olist’s optimal (average) price and profit are given by p,, = (2@5 + K) /3 and
Tom = (205 + K )2 / (8s). One readily observes that, under Assumptions Al and
A2, we have that 7,, > 7", meaning that an incumbent firm has a gross incentive
to introduce a second good. Still, although goods are genuinely independent, the
profit per good decreases when the number of goods rises: 7, < 27%*. Indeed,
the monopolist jeopardizes the sales of the first good when it introduces the second
good. Copying becomes more attractive when the number of goods is larger and
the firm is compelled to reduce the average price of originals.

Alternatively, the new good could be created by an entrant firm, turning
the ex post economy into a duopoly. Supposing for now that the condition of
Proposition 2 is met, prices and profits at the pure-strategy equilibrium are given
by ps = (20s + K) /3 and wg = (20s + K)2 / (18s).

Let us now compare the two scenarios. Comparing prices, it is easily checked
that Assumptions Al and A2 imply the following ranking: p,, < p?* < ps. There-
fore, the average price decreases when the new good is introduced by an incumbent
firm, whereas it increases when the new good is introduced by an entrant. This is
another illustration of the negative externality independent producers impose on
each other, and on consumers, in the presence of copying.

Next, comparing profits, we can gauge the (gross) incentive to create in the
two settings. We say that an entrant has higher incentives to introduce a second
good than an incumbent if the following condition is met: 75 > 7, — ﬂf*. Under
no threat of piracy, goods are independent and incentives for the incumbent and
the entrant are exactly equal. However, under piracy, the question is whether
the free-riding problem between duopolists harms the entrant to a greater or to
a lesser extent than the cannibalization effect hurts the incumbent. In Appendix
7.4, we show that when a pure-strategy equilibrium exists in the duopoly game, the

duopoly always yields larger incentives to create than the multiproduct monopoly.

23

80



2006 Telecom Paris conference on the economics of ICT

Formally, we show that K > K implies that 7g > m,, — 7¢*: the cannibalization
effect is stronger than the free-riding effect.
As illustrated in Figure 4, the previous conclusion may still apply in the region

of parameters where symmetric mixed-strategy equilibria with two prices exist.

6 Conclusion

In this paper, we qualify the traditional results and insights about the impact of
piracy obtained in a one-good monopoly setting. When there exist more than
one information good, increasing returns to scale in the copying technology create
an interdependence between the demands for information goods, which would be
independent otherwise. We first show that a multiproduct monopoly may set dif-
ferent prices for its goods. We then show that two-product duopolies are subject
to free-riding behaviors with respect to the threat of piracy. If the two firms take
this threat seriously by quoting low prices, then there exists an opportunity for
a firm to take advantage of this situation and to raise its price. This can lead to
the absence of an equilibrium in pure strategies if the fixed cost of copying is low
enough. In this case, firms may randomize between several prices. To the best
of our knowledge, this is the first contribution showing that price dispersion in
information good industries can be generated by the presence of piracy. When
the fixed cost of copying is not too small, the market can yield a symmetric equi-
librium with prices that are larger than the (average) price of the multiproduct
monopoly. Furthermore, those prices can even become larger than the price of
a monopoly which faces no threat of piracy. The externality that firms impose
on each other can therefore be quite important and it can drastically reduce the
demand for legal copies.

In sum, the interactions between producers of information goods under the
threat of piracy dramatically alter the equilibrium outcome compared to the
outcome obtained under a one-good monopoly setting. Taking those interactions
into account also yields surprising welfare implications: concentration appears
as welfare-enhancing from a static perspective but welfare-detrimental from a
dynamic perspective.

The present model suggests several avenues of future research. First, the
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current study is limited to the production of two perfectly differentiated informa-
tion goods. It would be worthwhile to explore the pricing decisions and welfare
aspects under piracy threat in a setting with more numerous and less differen-
tiated varieties. Second, by assuming exogenous production and pricing of the
copying technology, the current model sets aside the strategic issue of integra-
tion between the creators (or distributors) of information goods and the sellers
of copying devices. It seems natural to investigate about the competition and

welfare implications of such integration processes.

7 Appendices

7.1 Proof of Proposition 1

Suppose w.l.o.g. that p; < po. Then, the monopolist gets the following profits

according to whether its two prices significantly differ or not:'®

P2 —

P1.p2

\ — — K
either maxwﬁi) = pn (9 — %1) + p2 (9 — ) st.pp <pp— K
pntp—K

) s.t. p1 > p2— K.
2s

or maxmy) = (p1+ p2) (@

P1.p2

The unconstrained solution to the first problem is p; = 8s/2 and p; = 8s /2+K/2.
This solution does not meet the constraint because p; > p, — K. The solution of

the first problem is thus the corner solution with p; = p; — K and profit equal to

B |

7® =2 @s 1 K) .

The second problem is equivalent to

- 2p—-K
max w,, = 2p (0 _2 )
p 2s

where p = p; + p2. Optimal price and profit are easily found as

_ = 2
0 K (20s + K)
n =2 and 7 =\~ 7)
Pm =58 + 1 and 7 35

*Profits are actually multiplied by the constant (# — g), which we forget from now on as it

does not affect optimal decisions.
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Noting that 71'5,21) - 7r§,17) = K?/(8s) > 0 completes the proof. The second problem
includes an infinity of prices (p1, p2) such that (p1 + p2) /2 = p, subject to the
contraint set in this second problem: p; > p, — K.

One can check that this solution is interior under Assumptions Al and A2.

7.2 Proof of Proposition 2

We first show that the optimal prices p?*, pi* (p;) and pg* are interior solutions
and do not lead to full market coverage under Assumptions Al and A2. Indeed,
the price p?* is an interior solution iff p* > pi(8) <= K < (6 —28) s, which
is true under Al and A2. The price pf* (p;) with p; > 0 is an interior solution
iff ps (8,p;) <pf*(p;) < K <p;+2 (5 —20) (s, — sc), which is less stringent
than the previous condition. Finally the price p{* is an interior solution iff p§* >
pt (0) < 0— 20 > 0, which follows from A2,

Bach best response function pf (-) and pj (-) can have four segments. Remov-
ing symmetric configurations, we need to check the existence of a pure strategy
equilibria for the 10 following configurations. For some configurations we will
need to distinguish equilibrium conditions in which the switcher’s branch ps* ()
exists (i.e. p? < p® or condition (3)) or in which it does not (i.e. p* > p° or the

reverse of condition (3)).

1. The configuration (pg*, [)2*) cannot be an equilibrium because p;’-* > pl and

thus the best response of i cannot be equal to pf* : pf (p?*) # b

2. The configuration (p,D (), 7 ()) cannot be an equilibrium because the sys-

tem p; = pP (p;) and p; = pf (p;) has no solution.

3. The configuration (pf* (), p5 ( )) is an equilibrium if and only if K > K =
i%?s. Indeed, solving the system p; = p;* (p;) and p; = pi* (p:), we find
P =p; =Dps = 1; ('265 + K) It is a best response for both firms to set
pi = pi* (p;) if and only if p? < pg < p°. The first inequality is clearly met,
whereas the second is met provided that pg < p° <— K > %gs.This

last condition is compatible with p? < p°.

4. The configuration (pg*, pj*) cannot be an equilibrium because one can check

that p* < p® and pf* < p”. Hence, p} (pj*) # .
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-~

10.

7.3

. The configuration (p{? ), ¥

. The configuration (pf*, p? ( )) cannot be an equilibrium because p;-j (pi-’*) =

P+ K > pf and thus p; [p? (0}7)] # 2"

. Similarly, the ('011ﬁguration (p?ﬁpj?* ()) cannot be an equilibrium because

P (p¥) = 30s + £ > p/, and hence p} [pe (p*)] # pi.

. The configuration (p?*, p¢*) cannot be an equilibrium because when p? < pe,

one can easily check that pf* < p° so that p} (p?*) # p$*. Also, when p* > p*,
we get p?* < p iff K < %()s which follows from Assumptions Al and A2.

So, p} (pf*) # p$* when p® < p.

()) cannot be an equilibrium because solving
for p; = pP (p;) and p; = pi* (i), we get p; = p; = 395 > p?, meaning that
v (B7) # pf (B).

. The configuration (,uf7 ), pj‘) cannot be an equilibrium because when p? <

p°, we have p” (pj*) =p+ K= %55 + K < p°. When p? > p°, we have

pP (p?*) = %gs + K < p?iff K < %95, which is always true. Therefore
e D * sk

vy [p? (p5')] # 25

The configuration (pg*,p;* ()) cannot be an equilibrium because, for this
to be an equilibrium, we should have (a) p§* (p§*) = s+ L > p =
K < 0.3280s, and (b) pf* > p? <= K > 0.50s, which is incompatible
with (a).

Proof of Proposition 3

Firm ¢’s profit is equal to « (p;, p;) where

™ (p) = pi (0 - 255) if p; € [0,p; — K)
7 (pi,pj) = § 7 (i, py) = i (9 - ”"2’7’() if p; € [p — K, p: + K),
@) =p(0-5) if p; € [pi + K, 0)

Each section of the profit function is concave in p;.

We consider mixed-strategy equilibria that include two price atoms p,; and

i played by player 7 with probabilities z; and 1 — z;. Firm ¢’s expected profit is
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equal to

II; = muzm (Pai, paj) (1 - I;‘) ™ (Pai-,ij)
b (L = ;) 247 (pois Pag) + (1 = @) (1 = 25) ™ (Pois Pg) -

We look for a symmetric mixed-strategy equilibrium. This exists if we can find
probabilities and prices such that (z, pa, ps) = (i, Pai, Pri), ¢ = 1,2 and
(@i, Dair Prs) = arg max I s.t. (2, paj, Do) = (& Par b)), t=1,2.
(i Paipbi)
First, suppose that the symmetric equilibrium is such that p, < p, + K. For
(%iy Daiy Pri), © € {1,2} close enough to (z,pa, p), firm i’s payoff is given by the

function

I = 227" (Pai Pa) + 2i (1 — 25) T (Dais Prj)
+ (1 = ) 257" (poi, Pag) + (1 = 25) (1 = 25) 7 (ai, Peg) -

Because 7 is strictly concave, it is easy to show that there is a unique symmetric
equilibrium with ps = pai = pei, @ € {1,2}. This is the equilibrium with pure
strategies found in Proposition 2.

Second, suppose that the symmetric equilibrium is such that p, > p,+ K. For
(Ziy Pais Pri), © € {1,2} close enough to (z, pa, ps), firm #’s expected payoff writes

as

I0; = 227" (Pais Pag) + i (1 = 25) 7 (Pai)
(L= i) am” (o) (1= 23) (L= 25) 7° (Db 2ay) -

There are three first order conditions for equilibrium:

a]:[ 3 c [

3 L = 0 <= 2;=0 or 7, (Pair Pag) + (1 — 5) . (Pai) =0
Pai

AL ) s g1 b 1 s =0

Apus 7 T or aymy, (py) + (1 — 25) w5, (Dis Poy)

(5)

o1, 0 e Ijﬂ'slfpaivpaj) + (l - :E]? e (paz) -0
Oz — ;7 (i) — (1 — 23) ™ (Dwi, )

where the subscript p; denotes a partial differentiation w.r.t. to p;. These three

s . 52 52 .
conditions guarantee a maximum because ‘;p“ < 0, %p“ < 0 and the Hessian
al bl
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determinant is zero:

2L 0 0
Hl=| 0 2L o|=0
Opy;
0 0 0

We now determine the symmetric equilibrium by setting (2, pa, p») = (%4, Dais Dbi)s
1=1,2 and z; = z € (0,1). We successively get

20s + 2K 205+ (z+ 1)K
Pa = s b=
4—z z+3

and

_ ™ (Py, Py) = 7 (pa)
s (p(mpa) + (p?npb) —7° (pa) - 7Tb (pb)

One can check that p, > p, + K which is consistent with the condition py; >
pai + K, i € {1,2}.

Equilibrium profits can be computed as the following functions of x:

T (pa) = ((2—I)§8—IK)M7
(x—4)s
i (pa,pﬂ) % (2 (2 - I)ES + (4 - 31) K) %5
vl 20s +(r+ DK
7 (ph,pp) = %((9ch1)205+(1_;1;)]{)%7
™) = @s<r+1>+2f<>w_

After some substitutions, z solves :
(K2 +40sK) z* + (20[&'2 — 20sK + 85252> 3
n (2[&2 1 380K — 125252) 24 <—8KZ +200°5*) =
F16K? — 80" + 640sK

b= ; — . 6
* 2K (2 +3) (4 — z) (2K + 20sz — 0s — 2K) (©)

Hence 2 is the solution of a polynomial with degree 5. There is at least one real

solution. We have found no analytical solution.

Two cases can readily be studied. On the one hand, when K = K =

3v2-4

5 50, expression (6) implies that 2 = 0. Furthermore, one can check that
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[%ﬂ - < 0 and that [%‘TLJ:U < 0 so that [%]zj:o = [g—i,]ﬂo <0. A
smaller K increases the probability 2 above zero. Hence, mixed strategy equi-
libria. occur for K < K and pure strategy equilibria occur otherwise. Further-
more, when z = 0 and K = K , we have that II; = 7¢* and that JdII,/dK =
OIL; JOK + (dx/dK)(811;/8x) = (=10 + v/2)8 < 0. Therefore, expected profits
under symmetric mixed strategy increase above 7¢* as K decreases below K. For
K smaller and close enough to K , symmetric mixed strategy dominate the price
strategy pg*.

On the other hand, when K — 0, we have that 75 (pa, pa) = 75 (po, ) =
7 (pa) = 7% (py). So the RHS of expression (6) is indefinite. To solve this
problem, we approximate expression (6) by dropping terms in K of order larger

than one and we get
3 1 .
K (2* —2* — 2% + 32+ 8) +§05(2w—1) (P —z+2)=0

which yields the unique solution z = 1/2 when K — 0. Applying this result, we
get that the expected profits is equal to 7¢* — 0s/196. Therefore, the symmetric

strategy is dominated by the strategy p;* when K — 0.

The previous argument suggests that the two-price symmetric mixed strategy
is a maximum as long as the firms set prices such that p,;+ K < py;, but that it can
be dominated by the one-price strategy p§* for small enough K. To check when
the symmetric mixed strategy is a global maximum, we fix firm j’s strategy as
(5, Paj> Pbj) = (2, Pa, pp) where > 0, and we verify whether firm ¢ can profitably
deviate by fixing any other pair of prices. To this purpose, we sketch firm 4’s

expected profit as a function of price p;:
IL; (pi) = a7 (pi, pa) + (1 — @) 7 (piy py) -

Recall that 7 (p;, pa) and 7 (p;, pp) are combinations of three quadratic and
concave functions. Then, it is readily shown that TI; (p;) is a piece-wise quadratic
and concave function. Consider p; increasing from zero. One can check that the
first section of II; (p;) is either increasing if p¢* > p, — K, or bell-shaped with a
maximum at pf* if pf* < p, — K; the second section is bell-shaped with maximum
at p; = pg; the third section is monotonically increasing; the fourth section is bell-

shaped with maximum at p; = p, and the last section is monotonically decreasing.
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If p¢* > po— K, p; = pa, py are the only candidates for a global maximum and the
above solution is the unique mixed-strategy equilibrium with two price atoms.
On the other hand, if pf* < p, — K, there are three candidates for a global
maximum: p; = p,, pp and p; = pi*. We need thus to check if p; = pf* can yield
a higher profit. If firm ¢ plays p; = p, or p; = py, it achieves an expected profit

equal to:

(250 + Kz)®

I = (o) + (1= )7 () = (2= 2) 7

Otherwise, if firm ¢ plays p; = p§*, it achieves a profit equal to 7{*. Some com-

putations show that II} > 7$* is equivalent to
2 (2—2)K? 1 805 (2— 2) K —25%0° > 0

Hence, K > Ki(z) = 0s(2(4 - 2z) + (4 — 2) V4 = 2z) / [2z (z — 2)]. Note that

the probability z depends on K. To get the probability x that makes this in-

equality binding and that is simultaneously compatible with a mixed strategy
=

equilibrium, we insert Kj(x) in expression (5), we evaluate at the symmetric

mixed strategy equilibrium to get

32 —4(4 —z)V4 -2 (l + .’1;2) +2(48+xz(-1+z(-8+z(-1+22)))=0

This equation has a unique solution in the interval z € (0,1) which is equal
to & = 0.3603. The associated level of fixed cost of copying is equal to K =
0.027398s < K.

Hence, the above solution is not an equilibrium if K < K and if P < p.— K.

The latter condition rewrites as

€T —
K< ——0s.
12—
Using equation (6), this is equivalent to K < K = 0.042330s, which is implied
by K < K.
We conclude that the solution (2, Pui, Pri) = (Z, Pa, Pb), ¢ = 1,2, is a mixed-

strategy equilibrium with two atoms provided that K > K.
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7.4 Welfare properties

As indicated in Section 5, we can can apply the same analysis to the multiproduct
monopoly and to the duopoly with a symmetric pure-strategy equilibrium. We
note p; and #; respectively for the optimal or equilibrium price and for the
marginal user, with &k =m, .S.

Effects on profit. An increase in K induces variations in profits through effects
on price and demand. Changes in the surplus of the two producers can be written
as dPS =2 (5 - ﬁk) dpy. — 2prdfy.. This expression is clearly positive for dK > 0
as it implies dp, > 0 and df; < 0. The sign for ds, < 0 is a priori ambiguous.
It is readily verified that dPS/ds, < 0 iff K < 20s, which follows from the
combination of Assumptions Al and A2. Therefore, profits increase when copies
are damaged or made more expensive.

Effects on consumer surplus. The consumers’ surplus obtained from the
use of both information goods includes four effects: the negative effect on illegal
copiers because of the increase in the copying cost K; the negative effect of
the deterioration of copies on the copying users; the negative effect of larger
prices on legal consumers; and finally the effect on the switching users who move
from copying to purchasing an original. At the price pg, the latter effect on
marginal users is nil since they are indifferent between copying and purchasing
the orginals. Hence, dC'S = — (0, — 0) dK +(0; — 0)* ds,—2 (@ - 9,‘.) dpy,+0x%d0y,
which is negative because all terms are non positive (dK > 0,ds. < 0,dp;, > 0).
Consumers are negatively affected by both policy measures.

Effects on social surplus. The change in social surplus writes as dWW =
dPS+dCS = — (0 — ) dK— (6, — Q)Z ds.—2ppdfg. This expression is negative if
the additional costs imposed on all copiers is smaller than the additional revenue
from having an additional legal consumer. This is the case for ds, < 0. For

dK > 0, the sign of the welfare change is ambiguous.

e In the monopoly case, one can show that dW < 0iff K < K,,, = %s (ﬁ — 4Q).

The following numerical example shows that both cases can occur under our
assumptions. Take s, = 7, s, = 4, 0 = 500 and ¢ = 100. One checks that
these values satisfy Assumption A2. To meet Assumption Al, we need
K < 0s, = 400. We check that K, = 200 < 0s..
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e In the duopoly case, one can show that dW < 0iff K < Kg = %s (45 - QQ).
The following numerical example shows that both cases can occur under
our assumptions. Take s, = 4, s, = 1, § = 244 and # = 100. One checks
that these values satisfy Assumption A2. To meet the condition for a
pure-strategy equilibrium and Assumption Al, we need K € (K' , Qsc) =
(88.8,100). We check that Kg = 91.2 falls in the latter interval.

Higher incentives to create in duopoly. It is easy to check that ng >
Tm — T2* is equivalent to K > (3\/1 - 8) 0s/13 ~ 0.1140s, which is implied by
K > K ~0.1210s.
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Abstract:

The development of information and communication technologies has largely renewed
and stimulated intermediation. New forms of intermediation and business models have
emerged on the Internet (shopbots, referrals, portals ...). This paper focuses on a
particular form of intermediation, digital assembling that consists in gathering
information and digital contents and arranging them in packages to provide customers
with modular goods or services that fit to their needs and preferences. We propose a
theoretical framework aimed at understanding digital assemblers’ strategies. It enables
us to highlight the tradeoff faced by providers of components that can either use the
services of the intermediary or bypass it and market directly their components. Our
main findings are the existence of dual distribution equilibria where the core
components are packaged and sold by the assembler and the peripheral component are

directly offered by the producers.

Keywords: assembling, intermediation, digital markets, dual distribution
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1-INTRODUCTION

The massive diffusion of information and communication technologies (ICTs) has been
deeply transforming the economics of intermediation. ICTs have been providing agents
with extended capabilitics to coordinate and manage transactions. These technologies
have also induced new opportunity and needs for intermediation. Indeed, companies
like E-Bay, Amazon, Google, Yahoo, Autobytel, have rapidly understood the
potentiality of intermediation business on the Internet and have built their success
stories on their ability to organize exchanges between providers and customers of
informational or tangible goods.

In general, intermediaries can perform various tasks. By managing information about
customers’ preferences and suppliers’ proposals, they contribute to the matching of
buyer and secllers’ plans (Spulber, 2004). By performing logistic operations (such as
holding inventories or moving goods), they adapt these plans when they do not
spontaneously match. By dealing with information asymmetries between the two sides
of the markets, they help to solve problems of adverse selection, moral hazard, and
defaults of enforcement (Biglaiser, 1993). By ensuring the liquidity of exchanges when
necessary, they allow market clearing. Obviously intermediaries can choose to perform
only one of these tasks or to provide all of them, leading to a wide range of possible
intermediation business models. Currently, there is an increasing tendency for
intermediaries to conduct a part of their activities on digital networks. In this
perspective, a digital intermediary corresponds to an intermediary whose activity is
exclusively on the Internet or deals with informational goods.

Our paper focuses on a particular form of digital intermediation: assembling that
consists in gathering information and services and arranging them in packages to
provide customers with modular goods that fit to their needs and preferences. An
assembler is not a simple broker that matches existing supply of goods, whose
characteristics are already qualitatively fitting to the users needs. The assembler re-
organizes a supply of functions and operates a matching on quality in addition to a
matching on the terms of exchange. Assemblers range from the infomediaries that
market information packages such as TV channels or Internet Portals, to the developer
of an operating system (like Microsoft), and include on-line retailers (since they
assemble portfolios of consumer goods). Hence, a digital assembler can be compared to
the owner of a technology platform that provides the required infrastructure and
standards to perform the assembling process of digital components (Church and Gandal,
2004; Evans ct al. 2004, Economides and Katsamakas, 2004). In this paper, we propose
a theoretical model aimed at understanding digital assemblers’ strategics and the
underlying business models.

The paper is organized as follows. Section 2 proposes a brief survey on digital
intermediation. Section 3 attempts to characterize digital assembling. Section 4 presents
the theoretical framework for analyzing the strategies of assembling and establishes
several propositions on the market equilibrium configurations. Section 5 concludes.
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SECTION 2 LITERATURE ON DIGITAL INTERMEDIATION

Digital and informational goods are made of complementary components that must be
assembled together in order to address complex needs. One of the roles played by
intermediaries is precisely to assemble components or to bundle them in packages that
correspond to consumer needs. In our view they do not match a demand with a supply
that ex ante fits consumers qualitative preferences, they qualitatively adapt the supply to
the demand.

A typical assembler is the software company Microsoft that buys many software
components and combines them with its built-in components to provide users with a
ready-to-use package. A portal like Yahoo is another example of assembler, that
provides information services to the Internet user by arranging access to various
information services provided by third part. Many media companies are also assemblers
in the sense that they buy entertainment or news to assemble them in packages adapted
to various customers’ categories (corresponding to channels in TV broadcasting). There
are also assemblers outside the digital world. Automakers, for instance, are typically
assemblers of various components made by independent producers specialized on
various technologies and functions.

The activity of digital assembling has to be contrasted with infomediary’s activities. In
the literature on the Internet markets, infomediaries include referrals, shopbots,
matchmakers or gatekeepers. These players are specific in the sense that they are
essentially information brokers aimed at facilitating the matching between suppliers and
consumers and reducing search costs (i.e. improving market transparency). They do not
directly participate in the transaction and are in that sense very different of what
characterize commercial intermediaries for Spulber [1996] since they don’t hold any
property rights on the exchanged products. This later characteristic is essential
according to Spulber because it allows intermediaries to rearrange the supply, to make it
compatible with the customers’ preferences.

Among infomediaries, business models can be rather heterogeneous. Baye and Morgan
(2001, 2002) study the business strategy of Internet gatekeepers. Such intermediaries
enable buyers to compare prices and other characteristics like delivery conditions, of a
product. The gatekeeper only advertises the offers of retailers that subscribe to its
service (by paying advertising fees). Baye and Morgan seck to determine the fees that
the gatekeeper should fix for retailers, but also for customers (subscription fees). Baye
and Morgan find that the gatckeeper should set low subscription fees to attract most of
the consumers and set high advertising fees to limit firms’ participation and thus to
maintain price dispersion on the market. The latter condition is important since the
added value of a gatekeeper arises from the persistence of price dispersion. Whereas full
participation by firms would lead to a unique price, a partial participation maintains
price dispersion, thus enabling the gatekeeper to make profit. According to the authors,
the firms that advertise on the gatekeeper’s site set lower prices than the firms that do
not advertise on the site, but get larger market shares].

! See also Saliba (2003) for an extension of this model to heterogeneous markets. For an empirical
approach of gatekeepers, see Smith and Brynjolfson (2001) and Smith (2002) that analyze the impact of a
gatekeeper on behaviors of sellers and buyers of books. Similarly, Baye, Morgan and Scholten (2001,
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The business models of referrals have also received a large attention (Chen et al. 2002,
Ghose et al. 2002, Arnold and Pénard 2006). The role of a referral is to indicate to
potential buyers one or a few selected suppliers that could fit with buyers’ needs. Chen
et al. (2002) find that the profits of the referral infomediary can strongly decline when
its reach becomes too large. The intuition is that as more and more buyers use the
referral service, competition between sellers increases and drives their profits to zero.
Their second finding is that the infomediary is better when it offers exclusive contracts
to a single seller (geographical exclusivity)2.

The business model of matchmakers (Jullien and Caillaud, 2003) is quite similar to the
gatekeeper's and referrals. However, the economics of matchmaking relies strongly on
network externality (direct and indirect), and the role of a matchmaker consists in
attracting as many providers and consumers as possible on its site to stimulate network
effects. Therefore, it is optimal for a matchmaker to target full participation of
customers and firms, whereas it is in the interest of the gatekeeper to target partial
participation of firms. Matching has to be linked to the growing literature on two-sided
markets, on which a service provider faces two interdependent demands due to indirect
network externalities (e.g. between credit card holders and affiliated retailers).
Intermediarics can then implement discriminating pricing strategics to cnsure the
maximization of their surplus by playing on cross-subsidization (e.g. Rochet and Tirole
[2001], Parker and Van Alstyne [2000])

An assembler sharply differs from a matchmaker or a referral because it modifies and
rearranges the supply. Morcover the rationale for an assembler is not price dispersion
and information asymmetry, but modules dispersion (in variety and quality) and the
heterogeneity of preferences. Few theoretical models on the economics of assembling
exist. An interesting approach of assembling is proposed by Economides and
Katsamakas (2004). They consider a technology platform (an assembler) that is
essential for the providers of contents to access the end-user. Moreover, the assembler
sells a direct service to the end-users. Economides et al. seek to characterize the pricing
strategies of the assembler depending on the number of modules that must be assembled
and the degree of vertical integration of the assembler (the number of modules that it
produces itself). They find that the platform access fee (paid by the providers of
modules to access the end-users) can sometimes be below marginal cost (cross-
subsidization). Our paper proposes another theoretical framework of assembling that
cnables us to examine the conditions under which an assembler can emerge on a digital
market and to understand which components of the digital system the assembler is more
likely to control and resell.

2002) study the pricing strategies of retailers of electronic and digital products (camera, laptops, printers,
scanners...) on the gatekeeper Shopper.com.

2 1t is the case of Autobytel.com, a referral in the automobile sector. This Website offers consumers
detailed information about cars and enables the buyers to obtain a price from the geographically closest
automobile dealer with which Autobytel has an exclusive agreement (in exchange of a subscription fee
paid by the dealer). See Scott Morton F., Zettelmeyer F., Risso J. (2001).
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SECTION 3 THE ECONOMICS OF DIGITAL ASSEMBLING

Understanding the economics of assembling requires to build a framework based on the
three following assumptions.

Assumption 1: Digital goods and services are of a modular nature. Basic components
— corresponding to ‘functionalities” — are assembled to produce services that meet
consumers’ needs. Consumable services that have a value of use are therefore made of
“packages” of basic functions.

This fits with the Lancaster [1979] vision of consumption and goods. Consumers are
seeking for a collection of attributes. In the case of digital goods, basic attributes are the
contents or the functionalities that form “composite goods”. In the line of Economides
and Salop [1992] and Economides [1996], one can analyze how different industry
configurations result in various patterns of competition among the suppliers involved in
the production of these functions. Indeed, the way the assembling of this package is
made is a major factor of singularization of the different models. Moreover, the
competition between “provision schemes” plays at two levels. First, a single need can
be met by “packages” of different functions (just as transportation need can be met by
different technological systems: road, rail, air, corresponding to various packages of
services). This leads to a competition among packages that are close substitutes or not.
Second, a given package can be assembled though different (organizational) processes.
That leads to a competition among organizational models.

Assumption 2: Digital activities are characterized by three basic operations:

*  The production of functionalities. Functionalities result from the providing either of
tangible goods or information services, or a mix of them. It corresponds either to an
informational content or to an informational process.

¢ The assembling of functionalities. Each module does not produce any value of uses
by itself. They are multipurpose, and have to be combined with each other to result
in a service that fits to particular needs of a specific category of users.

¢ The consumption of services by which a user transforms a service in value of use
(either because he is satisfied — in the case of final users — or because he can use
the service to generate new service or new knowledge — in the case of producers).

This second assumption mostly draws from the first one. Digital goods are composite

goods made of multipurpose components in the sense that they can be implemented in

different goods®, but that do not produce any value of use per se. Only the combination
of these functions leads to some useful services. Software is a good example. A spread-
sheet or a word processor are made of basic components that manage the screen, the
hard-disk, the printing resources, and that operate basic — e.g. sorting, calculating — or
more sophisticated operations on information — e.g. checking grammar or turning
tables into graphical representations —. Any software is made of basic components that
are useless when considered alone, and that are recombined differently in various
softwares. The same applies for many information services or databases. They are
produced by combining data or information flows (usually coming from heterogeneous

* This characteristic is obviously reinforced by the public nature of information goods and the tending to
zero reproduction costs of digitized information.
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sources in contrasted formats), with processes to organize, stock, retrieve and distribute
them.

In practice an assembler can rely on contrasted economics tools to buy and integrate the
various components of its service. It can, as Microsoft does, acquire the (start-up) firms
that develop and market the functionality. It can, as many portals do, simply buy a
license of exploitation to an information provider.

Assumption 3: Users (or consumers) are not neutral in the process of value creation,
since they can themselves assemble the functionalities, and since their use of the digital
goods generate information that is itself generating value of use.

First, with digital technologies most components arc compatible among each others (as
long as interfaces are appropriately managed). This gives the consumers the opportunity
to credibly become their own assembler. There are many examples of that in the digital
industries. Most PC owners, for instance, assemble themselves a set of hardware and
software resources to customize their information system. The users of open-source
software arc also most of the time their own assemblers. This capability organizes
therefore a virtual competition between consumers and specialized assemblers (i.e.
between various modes of assembling McKelvey [2001]). Understanding the nature of
the interactions among these alternative ways of producing digital goods is the objective
of this paper.

Secondly, on a market for information or for knowledge, the supply and the demand
sides are difficult to disentangle since any agent is both information (or knowledge)
user and producer. Actively or unintendedly, the user of a service generates
information, feedback, and sometimes knowledge, which can be of value, either for the
other users (who could benefit of information on the quality of the service or on its
optimal condition of use) or for the agents involved in its production (who could better
target or design their products or services). To the limit the “user” can be an
intermediate producer whose information output results from the information he
consumed. This is typically the case for the developers in open source software
communities who “invent around” existing inventions, for many digital artists that
rearrange digital contents to produce new works of authorships, or for many consultants
that reorganize and synthesize existing information.

To sump up, digital markets are characterized by the fact that there is no complete
separation between the demand and the supply sides. The users are both final users, in
the sense that they consume the services provided by the suppliers, and suppliers of
intermediate goods and services. They can provide the assemblers with information
enabling the later to target more efficiently the users, and can also decide to substitute to
them by assembling the final services for themselves.

Finally, assembling generates costs that correspond to an addition of transaction costs
and technical costs. Transaction costs arc gencrated when the assembler deals with the
producers of functions and with the final customers. Technical costs result from the
operations necessary to actually make compatible and interoperable the various
components bought on the market for functionalities. Indeed, these components do not
spontaneously interact together. Assembling tasks and associated costs are performed
and born by the final user when an assembler does not intervene in the process. When
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there are several users, the presence of an assembler enables to avoid the performance
of many redundant operations since the assembler transact once with each of the
functionalities providers — whatever the number of times he resell it to users — and
design once and for all the interfaces among them. Assembling costs being to a large
extent fixed and reproduction costs being nearly equal to zero, assemblers generate
efficiency gains. However, they have to be remunerated for the service they provide,
and might eventually capture rents. This generate a tradeoff both for the users and the
producer of functionalities, who will balance efficiency gains with the cost of the
intermediation service, and with the redistribution due to the presence of a third part
that can extract a part of the surplus.

In addition, if users have different preferences, they face another trade-off. On the one
hand, an assembler seeking to maximize economies of scale might provide the users
with a standardized package — that correspond to the functionalities required by the
majority of customers, but that will not meet some specific needs. They will benefit
from low cost of assembling, but will have to bear maladptation costs (of the package to
their needs). In addition, the assembler of standardized package could benefit from a
market power that could enable it to capture rents. On the other hand, the assembler can
seck to customize assembling. In that case, it and the user loose part of efficiency gains
in assembling. Moreover the user can be discriminated on a customized basis. Variables
like preference heterogeneity, the concentration of the provision of assembling service,
the ability to vertically or horizontally differentiate packages... are likely to impact on
this complex trade-off. In depth investigation are necessary to better understand the
properties of business models based on the presence of not of an assembler.

4- A THEORETICAL MODEL OF DIGITAL ASSEMBLING

41- THE BASIC FRAMEWORK

We consider a digital service composed of a continuum of technologically separable
modules. Each module is produced by a single provider and needs to be assembled with
the other modules to form a system before being used or consumed. But, a consumer
can decide to buy either all the modules or only a subset of these modules.

The assembling task can be directly performed by the end users or by an assembler. The
cost of assembling a module with the rest of the modules is equal to c, for the
assembler. When a user buys a package of modules through the assembler, these
modules are ready to use and he incurs no additional assembling cost. If the module
comes directly from the provider (bypassing the intermediary), then he has to bear
assembling costs.

There is a continuum of end users with a total mass of 1, who are heterogeneous in their
assembling cost: some are more skilled than the others to assemble the modules they
have directly bought on the market. Assembling costs are uniformly distributed in the
interval [c,, cp]. The users are always less skilled to assemble digital modules than the
assembler, because the intermediary is specialised in this task and can benefit from
economies of scale or learning by doing.

Each digital module is produced by a distinct provider at a fixed cost F, and the cost for
reproducing them is close to zero. Although modules are produced in identical cost
conditions, they are heterogeneous in their value. All the consumers are identical in
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their willingness-to-pay a module, but their reservation value varies from a module to
another, depending on the utility of the component in the system. Some modules are at
the core of the system and correspond to essential functionalities. Others are at the
periphery of the system and represent ancillary functions. The reservation value of a
module is defined by aq, where o is uniformly distributed between 0 and 1. The core
modules are characterised by a=1 and the peripheral modules by a a close to 0. As the

a

modules characterized by o below e are not viable on the market (they cannot be
q

profitably assembled by the assembler or by the most skilled user), we only consider

modules belonging to the interval [c—” ,1].
q

The sequence of decision in our model is as follows:

¢ Stage 1: cach provider chooses cither to contract with an assembler (and to cede its
module in counterpart of fixed fee) or to market directly its module at a unit price p.

¢ Stage 2: the assembler assembles its modules together under the form of packages.
Then, the assembler and the independent providers set the retail prices for the single
modules and packages of modules. When a consumer chooses to buy modules from
the independent providers, he has to assemble them and to integrate them to the
package bought to the assembler before using them.

The aim of this model is to understand how the presence of an assembler can affect the

relationships between the providers of modules and the end-users. When does a

provider prefer directly selling its digital modules to the end users instead of using the

service of the assembler? Another issuc is to know whether dual distribution with the

coexistence of direct selling and intermediated selling can be a market equilibrium?

4.2 THE BENCHMARK: NO INTERMEDIARY

In the absence of assembler, each provider must directly sell its module. If the provider
of the module of value & sets a price p for its module, then the surplus of the consumer
wuth an assembling cost ¢ is equal to ag —p — ¢. The covered market corresponds to all
the users having an assembling cost ¢ such that c<ag — p.

As the assembling cost are uniformly distributed on [c,, cn], then the demand is equal to

D(p)=Min ] 24P~ 4]
la-a 7]
It means that by setting a price below ag — ¢, the provider is guaranteed to sell its
module to any end user and to cover all the market (even the less skilled users will gain
to buy and assemble the module).

As we consider digital modules, there is no variable cost of production and distribution
(only a fixed cost) and the gross profit of the provider is then defined by

mmwm[w,l}
C,—C,
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The optimal pricing is given by

_ag-c, € =¢C,

if a<
2 q

(partial coverage)

2 Y
and p=ag-c, if === C (full coverage)

The price and the market coverage of a module increase with the willingness-to pay of
end users. Moreover, the price tends to decreases with user assembling costs (through
the increase of the lower and upper bounds of assembling costs), because the provider
tends to absorb a part of the additional cost incurred by the end users, in order to sustain
demand. Finally, if the quality of the core module is not enough valued by user (if
g <2¢c, - c,), then all the providers (even the core providers) obtain a partial coverage

of the market.

The profit of the provider of the o module is given by

-c, ) . 2¢, - .
(o) = M if <" (partial coverage) (1)
2(¢, -c,) q
" 2c, -c,
and mw(a)=oaq-c, if a =—— (full coverage)
q

The profit of the provider increases with the value of the module (i.e. with the degree of
centrality of the module) and decreases with the assembling costs of end-users.

4.2 A MARKET WITH AN ASSEMBLER

We now consider the existence of an assembler that can acquire some modules and
package them. The end user does not incur any cost of assembling, when buying from
an assembler. So by setting a uniform price equal to ag, the assembler can extract all
the users’ willingness-to-pay for the module of quality ¢,. obtaining a gross profit of
ag-c,. This pricing policy can be compared to a uniform delivered price in a
competition a la Hotelling (Thisse and Vives, 1988; Aguirre and Martin, 2001). In our
model, the consumers are heterogeneous in their assembling costs instead of being
heterogeneous in their location and thus in their transportation costs in a spatial model.
In the absence of assembler, each provider proposes a Free on board price or
equivalently a mill price, the consumers having to incur assembling costs that can be
assimilated to delivering costs. The presence of an assembler enables to discriminate
among consumers. By announcing a uniform assembled price, the assembler subsidizes
the high assembling cost consumers and can facilitate their access to the market, by
alleviating the full price of the assembled modules.

Thus, the assembler contributes to increase social welfare, thanks to savings on the cost
ZC”—C“, the welfare

q

of assembling and a better coverage of the market. When o =
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€y —C,

. v C—C
increases by [ ——%dc =

Ca Ch _sz

(it corresponds to the amount of cost savings, since

2¢, -c,

q

the coverage is complete in this case). When a < , the welfare is also

improved through the better coverage of the market.

Now it is important to specify how the assembler acquires the different modules from
the providers. At least, the assembler needs to propose a bid (or a price) slightly above
the expected profit of the provider when marketing directly its modules. If it decides to
bypass the assembler, then it can always secure a positive profit defined in (1). Let
suppose that the assembler acquires the module at the reservation profit of the provider”,
Then, the assembler profit gencrated by the module of value o is given by:

—c ) - 2¢, —
PR . bt S CO ./ il A RS TOOEl
2(¢, ~¢, 2(¢, - ¢,) q

7 (@)=(ag-c,)-(ag-c,)=¢c,-c, >0 otherwise

The assembler’s profit is always positive whatever the value of the module and
increases with its assembling cost advantage or efficiency and with the heterogeneity of
end users (measured by (¢, —c,) ).

(¢, —c,) also measures the cost advantage of an assembler or equivalently the

difficulty for a end user to bypass the assembler. This cost differential is likely to

increase if the assembler owns a dominant proprietary standard or platform (like

Microsoft).

26”—_6“ But as long as
q

The profit of the assembler is independent of o if o =

2¢,-c . . .
<t ¢ there is a non monotonous relationship between the value of the modules
q

and the expected profit of the assembler. The profit first increases with the reservation
value and then decreases.

o

Proposition 1: The assembler has more incentives to acquire and package
intermediary modules than peripheral or core modules.

Proof: The derivative of profit with respect to the module’s value is

o, (@) _ q(l_ (g -, ))

d (¢, —c,)

Ja

4 Obviously, the assembler can bargain the price of the module with its provider and converge to a more
equitable sharing of the value created by intermediation.

10
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Sy

>0 if a <—* and Ch

<0 ifas>—

Then m

om, (@)
Ja o

¢, 2¢,-c .
As - <=2 then the expected profit of the assembler reaches a maximum
q q

. L c
for the functionality o = .

The highest expected profit is not obtained on the peripheral modules (because their
value is limited) or on core modules (because the assembler has to concede a higher
price to the providers), but on intermediary modules. The rationale of the assembler lies
in its capacity to extract a higher rent on these medium values modules.

Here, we have implicitly supposed that each module assembled by the assembler has its
value unchanged. Hence, the value of a package is given by the sum of the values of the
modules inside this package. It means that an assembler has no constraint on the
modules that he wants to integrate in its package. He can assemble low value, medium
value and high value modules, even with discontinuity in the set of modules. Thus, as
the assembler can always extract some surplus from every module, the highest profit is
obtained when he controls all the modules. But, there are other situations where the
assembling can degrade the quality of the modules. What happens if the value of a
package is not the addition of the individual values of the modules?

4.3 INTERMEDIATED ASSEMBLING AS A SOURCE OF VALUE LOSS

Now, we consider that the assembler tends to damage the value of the modules when
putting them together. Indeed, the assembler cannot personalize or customize the
assembling and only offers a rather standardized package that is less valued than a
package self-assembled by each end user. A trade-off exists between the lower price of
a ready-to-use package and the enhanced value of a self-assembled package.

Let suppose that the value of all the modules contained in a ready-to-use package is
aligned on the weakest value module. It refers to the idea of the weakest link and is
quite relevant to analyze the assembling of digital system, where the quality and
security of a system is strongly dependent of all the modules. If a module is more
vulnerable than the others, it can affect the security and the quality of all the modules
that composed the package. In this context, an end user could be better to assemble
these kinds of modules, because he can customize the system and assemble only the
modules essential for his own usage and needs.

Let consider an assembler who controls the core modules. Then, does he have
incentives to integrate additional modules that will degrade the value of the core
modules contained in the package?

To address this question, we have to distinguish two cases.
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In the first case, the assembler acquires and packages all the modules between « and 1,

2c,

. -c . . . . . .
with a = ———= (meaning that if the provider decided alternatively to sell them, it

will cover all the consumers). Then the profit of the assembler is given by

7@ = [ (ag-c, - (g -c, )40

Proposition 2: If ¢ >3c, -2c,, it is optimal for the assembler to only
acquire a finite number of modules. The assembler offers a package

containing all the modules having a value o €[¢,1], with ¢ =1- (C” e )

and the remaining modules are directly sold by the providers and
assembled by the end-users.

proof s 29 (1)~ (ag -, )+ (@ -¢,) = (- @) -6, ~¢,)

o . T . . .
# <0 if a>1- (C” Ca j The assembler has incentives to acquire
« q

additional modules as long as the reservation value of consumers for these

87, (00)

2 <0, the module d=l—(c”_

q

modules is still high. As Ca ) maximizes

the profit of the assembler.

. . 2¢c, -c
Since by  assumption —“—<<oa<l, we need to have
N c,—-¢c, 2¢,-c, L. . Lo .
¢ =1-——=> ——= for establishing the existence of this interior solution.
q q

This condition of existence is equivalent to ¢ > 3¢, - 2¢c, .

Proposition 2 implies that the assembler strongly prefers to be specialized in the
assembling of the core modules and some intermediary modules and let the providers
market the peripheral modules when the willingness-to-pay for the core modules is
sufficiently high.

o, (o)

o4

Now let consider the situation where ¢ <3c, -2c,. Then <0 for

2¢, -c¢ . e . .
a= (#) , meaning that the assembler has still incentives to add other modules in
q

its package. When these additional modules are directly sold, their price tends to
exclude a part of the consumers, those facing the highest assembling costs). The profit
of the assembler is thus defined by:

12
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7, (@) = fT (aq —c, - %]d@ " ﬁ,, (ag-c, -(0g -, M0

if 3¢, -2¢,>q>2c,—c,
(0g-c, )

and by 7_(a)= ag-c, —-———|dO if g<2¢, -¢
y 7, (c) ji(q a 2(@—@)) 9<2c, ¢,

In both cases, the derivative of profits with respect to a is given by

M@ _ (1 arg—agse, + 247D
da 2(c, -c,)

The additional gain to add a module corresponds to the uniform price ag and the
additional costs are equal to the cost of assembling this additional module (c.) plus the
cost linked to the degradation of the value of the existing modules (/-a)q and the price

(ag-c,

for acquiring this module .
(¢ -c)

Proposition 3: For any q such that (2¢, -c,) -VJA < q <3c, —2c,, with
A=2(c,-¢c,)2c,-c,—q), it is optimal for the assembler to offer a
package containing a finite number of modules characterized by a value

wcfa ] with &= e =VA
q

sold by the providers and assembled by the end-users.

Proof : (2) can be rearranged as follows:

om, (@) _a%?-20q4(2¢, —¢,) +¢,(2¢, —¢,) +29(¢, —¢,)
da 2(c;, —¢,)

Let A=2(c, —c,)2c, —c, — ) be the determinant of the polynomial equation
in o, then we have a root that maximises the profit of the assembler

(2c, —c,)-VA
q

a= . As (2¢,-c,)> VA, then & >0. However, this is an

L L~ . am (o

interior solution if @ <1 (otherwise at a=1, a”( )> 0 and the assembler
a

would have no incentives to acquire additional modules). & <1

q>2c,-c,)- VA . As q<3c,-2c, by assumption

3¢, -2¢, >(2¢, —c,), the existence of an interior solution is satisfied when

(2¢, —cu)—\/Z<q<3ch -2c,.
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When the value of the core modules (g) decreases, then the assembler is more tempted
to acquire and assemble all the modules, because the degradation of quality is less
severe and more than counterbalanced by the economies on assembling tasks.
Therefore, the quality of the core module must reach a certain level

(¢>Q2c,-c,)- NN ) to enable the emergence of a dual distribution on this market (a

direct channel for the peripheral modules and the intermediary channel for the core
modules).

However the repartition of modules between these two channels depends on the
competitive advantage of the assembler in its technology of assembling and on the
willingness-to-pay for the core module. Indeed, the number of modules packaged by the
assembler increases in ¢ and decreases in the assembling cost differential between the
assembler and the end-users (¢, —¢,).

5. CONCLUSION

The theoretical framework developed in the paper gives some fruitful insights on digital
business models. First, the presence of an assembler does not prevent independent
providers from selling directly their modules. Thus, alternative channels of distribution
can perfectly coexist on a digital market, especially if intermediated assembling induces
a loss of value for the modules incorporated in the package.

Our model presents several limits. For example, it does not consider the possibility of
versioning strategy for the assembler (Varian and Shapiro, 1998). If an assembler
controls a set of modules, it can design a high quality package with all the modules sold
at a high price and a low quality package with only a subset of modules but at a lower
price. What impact could this strategy of versioning have on the market structure?
Should it benefit to the assemblers and reinforce their role of intermediation between
providers and end-users? For the assembler, there is a trade-off between an intensive
strategy of versioning that implies higher packaging cost and a strategy of bundling (a
single package including all the modules) that can exclude customers with a low
willingness-to-pay. Versioning enables to discriminate between end users and to
increase sales.

For the providers, as versioning increases the expected rent, the price of their modules
should be higher. This can reinforce the role of intermediaries on digital markets. By
selling directly their modules, the providers cannot exert any versioning and do not
enhance the value of their modules as efficiently as the assemblers do. Therefore, the
role of intermediaries should be strengthened on the markets where versioning is easy to
implement like in digital markets. Our future researches will attempt to integrate
versioning in our theoretical framework of digital assembling.
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1. Introduction

People use clectronic communications in order to exchange information. This exchange may
take very different forms. Take, as an example, a situation with two individuals, A and B. A
and B are academics trying to work on a joint paper but live in different places, thus they rely
on telephone conversations and e-mail exchanges to conduct their work. One day, A and B
are struggling to solve an cquation. A finds the solution and calls B: B is obviously happy,
but then does not need to call A back since the problem has been solved. Another day, A has
an embryo of an idea and calls B. B needs some time to ponder over this rudimental idea and
then calls A back to tell what she thinks about it: in this second case B is still happy of having
received a call from A since it may lead to an improvement of their paper, but now the origi-
nal call has initiated a chain reaction that has led B to return the call.

These simple examples illustrate a more general feature, namely that communications
services are not consumed in isolation and involve interdependencies between callers. They
also exemplify a phenomenon which seems particularly relevant for users, where an exchange
of information may create the need for further exchanges of information, leading to a stimula-
tion of calls. From a theoretical standpoint, two things are worth noticing. Firstly, receivers of
an clectronic communication enjoy a positive benefit (a call externality). Secondly, each in-
dividual has a demand for calls that depends not only on the price she has to pay, but also on
the amount of calls received from the other party. Thus there is interdependency among in-
coming and outgoing messages and the demand functions depend on the prices charged to
both parties. This paper studies a model of network competition when demand functions de-
pend on the way information is exchanged between users.

Existing models of competition between interconnected networks typically assume
that consumers derive utility only from making calls. This literature,' initiated by the seminal
works of Armstrong (1998) and Laffont et al. (1998), asks if free negotiations over inter-
carrier (wholesale) access charges can lead operators to choose (retail) fees that are detrimen-
tal to social welfare, for instance because they may be used to sustain collusive linear prices
in the retail market. Another source of concern arises when access fees provide a commitment
mechanism to limit competition over investment in infrastructure (Valletti and Cambini,

2005). If operators are of differing size they may not be able to reach a deal over the level of

! See the surveys of Armstrong (2002) and Vogelsang (2003).
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reciprocal access charges (Carter and Wright, 2003). These works ignore the role played by
call externalitics which, as we argued above, are pervasive in electronic communications.

Given the normative intent of this literature, the absence of call externalities is poten-
tially worrying since they have a strong impact on the (efficiency properties of the) competi-
tive process. Recent literature has started to look into the problem of how to set retail charges
in an environment with call externalities (Kim and Lim, 2001; DeGraba, 2003; Jeon ct al.,
2004; Berger, 2004; Hermalin and Katz, 2005). Jeon et al. (2004; JLT hereafter) and Herma-
lin and Katz (2005; HK) are the papers closcst to ours. They both determine competitive re-
tail and reception charges in a setting where outgoing and incoming calls are perfectly sepa-
rable. JLT show that, in the presence of a reception charge, the call price goes down as it re-
flects a pecuniary externality: when a network lowers its price, the subscribers to the rival
network will have to pay more as they receive more calls. Hence an increase in the rival’s re-
ception charge makes it more desirable for a network to expand its output. JLT also show
that, in the presence of network-based discrimination both on final prices and on receiving
charges, “connectivity breakdowns” arise. In order to discourage subscribers from connecting
to the rival, a network has an incentive to charge extremely high off-net call prices or off-net
receiver prices. These results are worrying from a policy perspective and call for intervention
(e.g., regulation of reception charges). HK also find that carriers have a tendency to reduce
off-net traffic and that, under rather general conditions, access charges cannot be used to
achieve full efficiency, even if set by a benevolent regulator.

All these works, however, ignore the interdependencies among users’ calls and as-
sume that the sets of calls/messages sent and received are independent of each other.” This
basic assumption contrasts with empirical findings on telecommunications demand that show
how incoming and outgoing calls are strongly interdependent. The starting point of our ap-
proach derives from this empirical evidence, started by the work of Larson et al. (1990) on
point-to-point demand. This framework disaggregates traffic into two distinct elements:
autonomous traffic — independent of the traffic level between the networks — and induced
traffic, which is influenced by the traffic volume. Induced traffic strictly depends on how in-
formation between two customers is exchanged. Taylor (2004) reviews the empirical litera-

ture from the early 90’s that applied point-to-point models to communications between city

% An exception is represented by Hermalin and Katz (2004) who analyze two-way communications. Their focus
is on the possible strategic game between the communicating parties as to who will be the sender and who the
receiver. The concern of Hermalin and Katz (2004) is on pricing under uncertainty about the parties’ values of
an exchange while they do not analyze multiple networks and the problem of interconnection.
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pairs in Canada (inter-provincial traffic) and in the US (inter-LATA traffic), and between
countrics (Canada/US among others). This literature rejects scparability between outgoing
and incoming traffic, and finds strong and statistically relevant reverse-calling phenomena.
Calls tend to generate calls in return.’

In this paper we take at face value these empirical findings that have been neglected
so far by the theoretical literature. Call externalities have been either ignored or modeled in a
simple fashion by assuming perfect separability between incoming and outgoing calls. We
start by studying the process of information exchange which is the primitive that leads parties
to enjoy utility from calls. Utility is not generated by calls per se, but rather calls are inputs to
the production of information. Calls made and received could be substitutes (if the informa-
tion received does not require the receiver to call back) or complements (if information be-
comes “productive” only by responding to queries initiated by one the parties). We embed the
fundamental process of information exchange between two parties calling each other into the
10 framework of network competition.

We propose a general formulation of the information exchange process between send-
ers and receivers to study the role of inter-network access charges. Firstly, we show that,
when access charges are taken as given, the risk of a “connectivity breakdown” is much di-
luted when induced traffic is positive (i.e., calls made and received are complements in the
information exchange). In addition, we consider if mild forms of intervention might allow the
industry to self-regulate. We show that the breakdown is completely eliminated if operators
can choose reciprocal access charges (neither JLT nor HK address the case of access charges
endogenously chosen by operators). Intuitively, although reciprocal deals give firms an in-
strument to tacitly collude, there is no need to destroy off-net traffic. On the contrary, opera-
tors prefer to choose low access charges so that off-net prices are also low: in this way the in-
tensity of competition for the market is reduced as customers find a “big” network less ap-
pealing than a “small” one. While concerns for a breakdown are weakened, we still show how
there exists some (limited) room for intervention to improve the outcome of private negotia-
tions, for instance by using suitable reception charges.

Secondly, we describe the interaction between access charges and retail prices, both
for outgoing and incoming calls, when all of them are determined endogenously. We show
that operators set positive reception charges only when access charges are sufficiently low.

Thus we provide an explanation for the common practice in telecommunications to charge

* “A call in one direction stimulates something like one-half to two-thirds of a call in return” (Taylor, p. 129).
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only for outgoing calls and not for incoming calls when access (termination) charges are high
enough, although receiver charges could also be set in principle.* We also show the result
that, when induced traffic is positive, there exist conditions such that unregulated operators
sets reciprocal wholesale access charges that induce efficient retail pricing structures. This
finding is quite striking and in stark contrast with both JLT and HK. It also clarifies the cru-
cial role played by induced traffic: if incoming and outgoing calls are perfectly separable in-
stead, we also find it impossible to achieve the first-best, as in the rest of the literature.

From the positive point of view our paper is about competitive pricing in the presence
of externalities. Our analysis is also relevant, from the normative point of view, to assess the
impact of recent regulatory interventions over inter-network charges. The discussion on the
regulation of fixed-to-mobile termination charges in Europe, where CPP is in place, includes
the adoption of charges based on Long Run Incremental Costs (LRIC), and the introduction
of RPP. We establish a link between outgoing and incoming charges as a function of the ac-
cess charge and we argue that RPP might emerge endogenously only if access charges are set
sufficiently low. Thus we clarify some debate in the existing literature on the topic, where it
is sometimes considered that CPP or RPP are mutually exclusive pricing policies (Crandall
and Sidak, 2004; Littlechild, 2005). The determination of mobile-to-mobile termination is
typically less intrusive and it includes reciprocal arrangements, and in some instances “bill-
and-keep” deals. “Bill-and-keep” has been advocated as a way of sharing efficiently the value
created by a call when both callers and receivers benefit from it (DeGraba, 2002). We give
conditions under which this system is indeed efficient and we study if it can ever emerge
from private negotiations.

The remainder of the paper is organized as follows. Section 2 introduces a model of
information exchange between calling parties. Section 3 solves a model of network competi-
tion with uniform pricing. Section 4 analyzes the case with network-based price discrimina-
tion. Since price discrimination does not exhibit the result of profit neutrality with respect to
access charges, we also ask what level would be chosen by negotiating operators as opposed
to a social planner. In Sections 3 and 4 reception charges are fixed or set by a regulator, while

Section 5 considers the case of market-determined reception charges. Section 6 concludes.

* The practice of charging customers both for originating and recciving calls is usually referred to as the Re-
ceiver Pays Principle (RPP) which is applied in the mobile markets of countries such as Canada, China, Hong
Kong, and the U.S.. Positive reception charges make sense only if the receiver cares about being called, other-
wise no one would ever answer a call. The practice of charging only for sending calls is known as the Calling
Party Pays (CPP).
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2. The information exchange process and call externalities

Imagine there are two users. One user subscribes to network 7 and the other user to network
and they communicate with each other. For the moment assume the networks are different,
hence i can also denote the first user and j the second user. Each user is assumed to derive
utility from the amount of information created from originating and receiving calls in a typi-
cal point-to-point connection. Information for user i, denoted 7, is produced according to the
following production function: = f(0", 0"), where Q" is the quantity of outgoing calls user
i originates to contact user j and (" is the quantity of incoming calls that user i receives from
user j. The production function f{-, -} is one of the important primitives in our model and it
can describe different cases when calls are substitutes or complements in the information
creation process. 81”7 /80" = f;' and 61" /60" = f, denote respectively how information
changes at the margin with calls sent and received by 7 when communicating with j, and they
are both assumed to be positive. We use superscripts #7 to denote the exchange of information
between i (the originator) and j (the receiver). This notation can also accommodate the case
when both users are connected to the same network, in which case j =i and I' = (0", 0").
Denote with p; (respectively p;) the price charged by network 7 (j) for calls originated
by user i (7). Users have identical preferences over consumption of information and Ui(#) de-
notes a standard (concave) utility function of user i when communicating with user j. We as-
sume for the moment that users cannot be charged for receiving calls. Users 7 and j determine

simultancously the quantity of calls to consume by maximizing the following problems:

maxU,(I")— p,0" maxUj(lﬁ)fij”
Useri: ¢ ¢ Userj: « 2"

st. 1" = £(0",0") st. 1" =f7(Q",0")

The first-order conditions are respectively U, f; = p, and U}fi" = p,, which deter-

mine the equilibrium level of calls originated by user i (directed to j) and user j (directed to ):
0" = 0y, pj) and Q" = O'(p;, ps). Thus the quantity originated by a user is affected both by
the price she pays and by the price other people pay.’ Let 0/ =007 (p,,p )/ 0p, denote the

“direct” price effect on quantities and Q3 =30 (p,,p,)/dp; the “induced” price effect.

* We assume that both callers send a positive amount of calls. We discuss below the role played by this assump-
tion.
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Their sign is found by totally differentiating the first-order conditions. Denoting with

A7 :Ui"(ﬂ )2 +Uf <0and BY =Uf £ +U.f,,, it results:

4" BY | dQ" | _|dp,
B' A7 do” - dp,

In a symmetric equilibrium with p; = p;, 4” = 4" = 4, BY = B" = B and:

V= ANA* -B®
U { “or)
) =-B/A* -B%)

If both users are connected to the same network, i.c., calls are “on-net”, then p; = p;.

For “on-net” calls the total effect of a price change is:
dQ" 1dp, = QF + Qi =1/(A+ B).

In summary, a point-to-point exchange of information between two parties leads them
to call cach other, generating demand functions, 0%(p;, p;) and & (p;, p). These demand func-
tions are determined as a Nash equilibrium of the game played by the two users, where each
user controls only one input of the information exchange. Demand functions react to the
prices charged to both parties. The direct effect has a standard sign: signlﬁQ” /0p, J = sign[ 4]
= signlU”(f} Y +Uf, J< 0. There is also an indirect cffect that induces additional traf-
fic: sign[@Q" /op, ] =sign[~ B]=sign[-(U"f, f, + U, )] The sign of B depends on the prop-
erties of the information production function. It turns out to be zero only when utility is per-
fectly separable between the benefit derived from outgoing and incoming calls, as it is as-
sumed by JLT and HK. As anticipated by the Introduction, separability does not seem to hold

in the data. Calls tend to generate calls in return, thus sign[8] > 0. This would imply that in-

coming and outgoing calls are complements in the information exchange (i, > 0).°

® The sign of the cross-price effects could also be thought in terms of the slope of the “best-response function”
of each user, thus paralleling the cases of strategic complements and substitutes that are common to 1.O. readers.
In the problem of information exchange, however, users are not competing against each other in the usual sense.
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2.1 A discussion of the information exchange

The exchange of messages is clearly a dynamic phenomenon. Our formulation should be seen
as a reduced-form static representation of a more complex dynamic interaction between send-
ers and receivers that we do not model explicitly. Thus one should not interpret the static
Nash formulation described above as a game where the two end users must decide at a single,
specific point in time how much they are going to call each other. To continue with our co-
author example from the Introduction, we arc not assuming that A, at the beginning of the
collaboration with B, must decide how many messages he will send to B over the entire
course of their collaboration, while B makes a simultancous decision of the messages he will
send to A.” However, it is still true that when A calls B because, at a given moment, he has
information relevant to both, this would benefit B and might trigger further messages from B
to A in a later period. It is this sequence of calls that the model of information exchange cap-
tures, not the one-way calling at each point in time. The cumulate amount of calls Qij([)i, )
from i to j is affected by the price paid by both partics, and is a simple way to capture, in a
reduced-form, the interaction between users, which represents a significant departure from
the existing literature that assumes independence between messages sent and received.
Having clarified the interpretation to the Nash representation, we also emphasize that
the Nash solution described in Section 2 presupposes that there is an interior solution where
both parties make some calls, i.e., both 0/ > 0 and Q" > 0. Tt is easy to find light restrictions
on functional forms that ensure that the Nash equilibrium game between users has an interior
solution with a positive quantity of calls for both users and degenerate cases do not arise.®
These restrictions arc reasonable to describe the information exchange. To sec why,
let us discuss what our approach rules out. We rule out corner solutions that would arise, for
instance, if the amount of information sent and received were perfect substitutes, c.g., //=
RO + 0 This functional form would be problematic for two reasons. Firstly, it is not
clear why, any time the amounts of calls sent and received differ, the sender and the receiver
must benefit in equal terms, as the functional form would imply. On the contrary, the amount

of calls sent and/or received is expected to confer different benefits to the sender and to the

7 To date, no one of the authors of this paper has had a privilege of working with such an organized co-author!
® Thesc conditions are sufficient to ensure an interior solution: (i) Ui(.) is differentiable and concave, (ii)
U(£(0,0)) = 0, (ifi) U/ (0, Q) > 0 and there exists a value O, such that U,(/(0,,0,) - p.0, >U,(/'(0,0,)

(iv) lim U,(f(Q;:Q,)) = P.Q; <0, (V) U(S"(Q;0,)) # U (/7 (Q;.0,)), when O, # Q.

® This functional form violates condition (v) of footnote 8.
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receiver. Secondly, this functional form that we rule out would imply that, when the two par-
ties arc symmetric, and p; differs from p; by a very small amount, only one party (the one that
faces the cheaper price) would call, while the other party would never make a call, for the en-
tire duration of the information exchange. This is not realistic in our view. Even in the ex-
treme case where the parties are able to achieve a good level of co-ordination, so that the
party that faces the cheaper price would make most calls, we can easily think of some point in
time when the party that faces the more expensive prices would still have something to say
and initiate the call, notwithstanding the price difference. This is preciscly what our approach
tries to capture and justifies its reliance on the manipulation of the first-order conditions of
interior solutions.

Information exchange is a metaphor for representing the complex interaction between
callers. It is casy to accommodate this framework also in the presence of reception charges. If
network 7 (7) charges its customers a price 7; (rj) per call for receiving calls, then the Nash
equilibrium described in Section 2 that generates 0% (p;, p;) and Q”(p,—, pi) is unchanged as long

as customers accept every call, which indeed would happen if U]f) >, and U i =r,. We

call this situation where reception charges do not “bind”, either because they are zero or
“low” enough, a situation of “sender sovereignty”.

When reception charges do bind, the same analysis can be applied. In particular, if
both reception charges are “high” enough compared to sending charges, then each customer
effectively controls the amount of calls received. The first-order conditions in this case are
respectively U/ f, =r and U i 1= r; , which determine the volume of calls at the Nash equi-
librium: Q¥(rj, ;) and Q' (r, r;). This situation of “receiver sovereignty” arises when sending
charges do not bind: U/ f = p, and U’ £,/ 2 p,.

Finally, a last possibility arises when the binding prices (both for sending and receiv-
ing calls) are set by one network alone. This case is denoted as a situation of “network sover-
eignty”. For instance, if network i is sovereign, then user i chooses both inputs in the informa-
tion exchange. The first-order conditions in this case are U} f; = p, and U] f, =r,, which de-
termine the volume of calls: O%(pi, i) and Q' (4, pi). Notice that this is a simple optimization
problem conducted by user 7, since user J is passive. This situation of “network 7 sovereignty”

arises when user j accepts all calls received (Uj’.fzj >7,;) and cannot send additional calls

since they are truncated by i (U’ f;’ > p,). The four situations of sender/receiver/network
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i/network j sovereignty exhaust all possible cases for the determination of the volume of calls.
Our analysis in Sections 3 and 4 concentrates on sender sovereignty since it is the more rele-
vant case from an empirical standpoint. We do so by considering reception charges that are
regulated and “low” enough, so that they do not bind. We do examine also the other situa-

tions when we analyze market-determined reception charges in Section 5.

3. The model of network competition

Demand for calls between a pair of users is generated according to the model described in the
previous Section and summarized by the price effects of eq. (1). The model of competition
follows Armstrong (1998), Laffont et al. (1998) and its extension by JLT. There are two net-
works, differentiated a la Hotelling. A unit mass of consumers is uniformly located on the
segment [0,1] while the network operators are located at the two extremities. We denote by 1
(respectively 2) the firm located at the origin (respectively at the end) of the line. Customers
pay a three-part tariff, Ti(g) = F; + pigo + riq,, i = 1, 2, where the fixed fee F; can be inter-
preted as a subscriber line charge, p; as the unit price for originating ¢, calls, 7; as the unit
price that network i’s consumer pays for receiving g, calls."

When a consumer located at / buys from firm 7 located at /;, her utility is given by

y+v, —|1 —11.|/(20)+ w;, where y is the income, vy is a fixed surplus component from sub-

scribing (sufficiently large such that all customers always choose to subscribe to a network)
and w; is the indirect utility derived from making and receiving calls that we describe below.
The parameter o represents an index of substitutability between the networks."!

The consumer indifferent between the two networks determines the market share of

the two firms. In particular firm i’s share is ¢; where:
) a;, =a(w,w,)=1/2+c(w,-w,)
where:

3)  wo=av(p.p)ra(p.p)-r@0 (p.p)+a,0"(p,.p))-F,

'* The case with network-based price discrimination is considered in Section 4.
"' HK concentrate most of their analysis on the case of undifferentiated networks (o — ) without fixed costs,
which leads to possible tipping effects where all users subscribe to a single network.
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@ v p,p)=Uf Q@ (P, )0 (00— 2.0 (P D)
(5) V(p;apj) = Ui(fi(Qu ([)iapj)aQﬂ (pj7pi ) _l)iQU([)IﬂpJ‘) .

This system of cquations describes a situation where a customer has many point-to-
point information exchanges. A customer belonging to network i has ¢ exchanges “on net”
and a; exchanges “off net”. Each on-net exchange generates a quantity of calls Q" originated
by the user connected to network 7 and destined to a user connected to the same network. This

quantity depends only on pi, and v(p,, p;)is the corresponding (indirect) utility derived from
each point-to-point exchange on net. Similarly, v(p,, p,)is the (indirect) utility derived from

cach off-net exchange (this depends not only on p; but also on p; since the reverse traffic is
originated by the rival network).

Both networks have full coverage. Serving a customer involves a fixed cost f of con-
nection and billing. The marginal cost is ¢ per call at the originating end and ¢ at the terminat-
ing end. The total marginal cost is ¢ + ¢. Networks pay each other a reciprocal two-way access

charge, denoted by «a, for terminating each others calls. Thus, network i’s profit is given by:

© =ale(p, *c*Hr‘iu)Q“(p;-,pi)w,-(p, —c-a)0" (pp ) +F - f1+
raa(a—t+1)0%(p;,p;)

The first term in (6) is the profit deriving from originating calls terminated on the
same network (a[z(p, —c—t+13)Q“ ); the second term is profit from originating calls des-
tined to the rival network (a,a (p, —¢ —a)0"); the last term is the profit from termination
and reception of incoming calls originated by rival customers (o;,a,(a —t+7, )07,

We consider the following timing of the game. First interconnection (a) and reception
(r) terms are set in stage I. Then operators compete in two-part prices (F and p) in stage II. In
particular, we assume that reception charges are always set “low” enough. In this way, we
can concentrate on the case of “sender sovereignty” only. This analysis obviously includes
the case where reception charges do not exist (» = 0) as is the case in many countries that
adopt CPP. It also deals with the case of reception charges regulated in stage I by a benevo-

lent social planner that makes sure that they do not “bind” in stage II.

10
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3.1. Equilibrium with uniform pricing under “sender sovereignty”

In the Appendix we obtain the following expression for calling prices at equilibrium:
(7)  p =c+t+ a(a-t)(@-T)—a,r,d+ (alUb',.f;"(D ~U!fj®)

where:

w22 /op, _ v
00; fop, e (Of +0))+a,0)

,where O, = 2,0" + ;0" denotes the total quan-

tity of calls originated by network i and destined both on-net and off-net. @ represents the
ratio between the marginal change in outgoing off-net calls and the average marginal
change in all outgoing calls (both off- and on-net, including the return effect on the latter),
caused by an increase of price p;; @ is a summary of the “outgoing return phenomenon”.
90" [op,
20, /op,

average marginal change in all outgoing calls, caused by an increase of price p;. I is a

is the ratio between the marginal change in incoming off-net calls and the

summary of the “incoming return phenomenon”.

00, /api
@ = #
00, /op;

users connected to network i. © represents the ratio between the average marginal change

,with Q) = &,0" +a,;0”" denoting the total quantity of calls received by

in all incoming calls and the average marginal change in all outgoing calls, caused by an

increase of price p;. ® is a summary of “incoming-to-outgoing” calls.

Eq. (7) can be interpreted as follows:

o c+t+a,(a—1)(P-TI) represents the network’s direct perceived marginal cost. The pos-

sible termination mark-up for off-net calls is multiplied by the difference between the off-

net outgoing and incoming ratios, reflecting the two-way effect of call propagation;'

"> Empirically, one would expect ® > T'. Also notice that the sign of the termination mark-up does not matter if
@ =T, i.e., when outgoing and incoming calls are perfect complements.

11
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e —a;r;® is the pecuniary externality due to the presence of the reception charge 7;. This is

multiplied only by the factor @, the outgoing return ratio from i to j, since this is the only
direction that matters for the pecuniary externality imposed on j’s customers.

e U, [/ ®—U/fi® represents the difference between the marginal utility of user j from

receiving information through calls originated by users 7 (the marginal utility per point-to-
point exchange is multiplied by the off-net outgoing ratio @ and by i’s share) and the
marginal utility of receiving calls by user i (user i gets information both on- and off-net,
thus the marginal utility per exchange is multiplied by the incoming-to-outgoing ratio ®).
Prices thus depend on the difference between the positive externalities generated by the

networks, as in a typical two-sided market setting (Rochet and Tirole, 2003 and 2004).

Eq. (7) generalizes previous results obtained in the literature. When the utility func-

tion is perfectly separable between outgoing and incoming calls, as it is in JLT, it results
' =0V and QY = Q) =0, so that the incoming ratio is I' = 0 and the outgoing ratio is ® =
1, while the incoming-to-outgoing ratio simplifies to ® = ;. Then eq. (7) simplifies to
p, =c+t+ a,(a-t)-ar, te, (U}j;’ -U/f, ), that corresponds to (and partly amends) the
result of JLT." If users do not receive utility from being called (f, = 0) and are not charged

for reception (+ = 0), then (7) becomes simply p; =c+f+a ;(a—1), as in Laffont et al.

(1998). Under our more general specification we obtain the following:"*

Proposition 1. Under “sender sovereignty”, the symmetric equilibrium with uniform multi-
part pricing is characterized by the following conditions:

a) the call price is given by:

. 2 la-t r
8 =Cc+t+—— 1-x)—-—-xU¥,
® r St -2
- - : r _ 0" op,

where x is a “propagation” factor given by: x = — = —1—=~

o 80" fop,”

B Proposition 1 of JLT (p. 95) misses the last term in brackets, which is zero only in a symmetric equilibrium.
This term represents the difference in users’ marginal utility for receiving calls. It shows that if the marginal
utility from receiving calls is higher for a rival user than for a own user, then, ceteris paribus, a network would
increase its own price in order to reduce its outgoing calls and reduce the benefits of users of the rival network.
' All the proofs are relegated to the technical Appendix.

12
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b) the fixed charge is given by: F~ = f+1/20 —(p" +r—c—0)0(p");

¢) each network’s profit is equal to 1/40.

The result of profit neutrality (part ¢)) is common in symmetric models of network
competition with multi-part uniform pricing. The more interesting feature of Proposition 1
lies in the expression for the call price given by eq. (8) where we have introduced a new ele-
ment, the propagation factor x. This denotes the ratio between the change of oft-net (return)
calls and the direct change of on-net calls when the own price changes. In other words the
propagation factor measures the relative impact of the reverse traffic phenomenon.

Using eq. (1) and the notation from Section 2, the expression for the propagation factor

in a symmetric equilibrium is:

x=-B/A=~Utf, +Uf)JIU'(f,} +U,1.

Since A is negative, the sign of x is the same as the sign of B. As we argued in the In-
troduction, the empirical evidence available to us suggests that incoming and outgoing calls
are complements in the information production function, hence x should take positive values,
although there is nothing in theory to prevent substitution effects, leading to negative values
of x. It is also realistic to imagine that x < 1, while x = 1 corresponds to the case of perfect
complements. This factor reduces to zero when the separability condition on utility holds, as
in JLT, in which case eq. (8) reducesto p" =c+t+(a—t—r)/2.

The impact of the propagation factor on the operators’ pricing is two-fold. On the one
hand, a higher x tends to decrease the price in order to induce the “call generates calls” phe-
nomenon which is enjoyed by customers: this is the last term of the square bracket in eq. (8).
On the other hand, call propagation also impacts on call prices via access imbalances and re-
ception charges. The “perceived” off-net cost (¢ — £)/2 is pushed down the higher is the
propagation factor x as every call off-net (for which a — ¢ is paid) induces a fraction of return

calls (for which a — ¢ is received).

13
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3.2 Welfare analysis

We now compare the equilibrium call charges with the social optimum. This is found by

maximizing total welfare, i.c., the utility of the calling and the receiving parties minus the to-

tal cost, leading to U'(f, + f,) =c +¢ . The optimal outcome reflects the externality and, under

sender sovereignty (i.e., U, 2 r), could be implemented by setting the following call charge:

p=c+t=-Uf,.

The optimal call charge should be set below the marginal cost, accounting for the

positive externality from receiving calls. By equating eq. (8) to the optimal charge, one de-

rives the following condition that would ensure efficiency:

©

(a—-0(1-x)-r=—2-x)UY,.

Since there are two prices to be set (« and r), several cases can arise:

Imagine there is no reception charge (r = 0), as is the case under a CPP system, then effi-
ciency can be ensured only with below-cost access charges. In this case in fact from eq.
(9) one gets a=t—2—-x)UY, (1-x)<t. To understand this result, recall that efficiency
dictates that the call price is set below cost: without a reception charge the only way to
decrease the retail price is to cut the “perceived” marginal cost of a network, thus a <¢. If
the benefit from receiving calls is high, this might imply a “bill-and-keep” (a = 0).

Imagine termination is set at the LRIC level, @ = ¢, then efficiency is increased with a
positive reception charge; however the first-best is not compatible with “sender sover-
eignty” if x < 1. In this case in fact from eq. (9) one gets » =(2—x)UY,. The level of the
reception charge decreases with the level of the propagation factor but violates the con-
straint Uf, > r. Only the case of perfect complements (x = 1) makes LRIC regulation
compatible with efficiency and sender sovereignty. This last result is more general: if x =

1 efficiency can always be ensured for any access charge if Uf, =r.

14
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e A corollary of the previous case is that efficiency cannot be ensured under sender sover-
eignty if @ > ¢ since from eq. (9) r=Q—-x)U¥, +(a—1t)1—x)>UY,; thus no reception
charge can induce to “call more” since the receivers would hang up.

e Imagine the reception charge is set at the network termination cost, r = ¢ — «, then effi-
ciency can be reached only if access is priced below marginal cost. In this case in fact
from eq. (9) one gets a—t=-UY, <0. Notice that these conditions imply U, =r and
a =t —r, thus they just satisfy the constraint of “sender sovereignty”. When the external-
ity is high, this might imply a zero termination charge (¢ = 0) and a reception charge

equal to the marginal cost of termination (r = £).
4. Network-based discrimination

Under uniform pricing operators are indifferent with respect to the level of the reciprocal ac-
cess charge. This makes the model not very interesting to understand if the industry could
“self-regulate” with a minimal degree of intervention, e.g., by simply imposing a reciprocity
clause. To address this question we now consider the case of network-based discrimination,
both on final prices and on receiving charges. In other words, customers are offered five-part
tariffs of the form: Ti(q) = Fi + pigo + p,q, + riq, + F.4,,i=1, 2, where 7 is the unit price
for receiving calls originated on network j # i and p, is the unit price for off-net calls.

Firm i’s share is still given by eq. (2) where now:
w;, =av(p;,p;) +a,v(ﬁ;‘s ﬁj)fria;Q“.(p; 9pi)7’:ia‘/Qﬂ (i), ’ﬁi) -F

is the net surplus for customers connected to network i. Notice that with the notation above
we have again implicitly assumed that reception charges are “low” enough so that they do not
bind in determining call volumes that are determined instead by senders alone. Network i’s

profit becomes:

= {ai(pi -¢ _t)Q[i(piﬂpi)+aj(ﬁi -c _t)QU([A’;':f)j)'F F; _f}+

(10) ) e ioA A Joa A
+a;‘{azriQ“(pz9pi)+ajerﬂ(pj’pi)}+azaj(a_t)[Qﬂ(pj’pf)_Qlj(pi’pj)1

15



2006 Telecom Paris conference on the economics of ICT 128

The timing of the game is as before. First interconnection («) and reception (» and 7)

terms are set in stage 1. Then operators compete in multi-part prices (F, p and p ) in stage IL

4.1. Equilibrium in stage I1: price competition

Operators can internalize everything on-net, resulting in an efficient amount of on-net calls.
On the contrary, there are uninternalized externalitics off-net and thus inefficiency can arise

with off-net communications. In the Appendix we prove the following:

Proposition 2. When a symmetric equilibrium with sender sovereignty and termination-based
discrimination exists, this equilibrium is characterized by:
a) the on-net unit price is at the socially optimal value: p* =c+t-Uf,;
b) the off-net unit price is given by the following expression:
(A1) p =c+a—-(a-Hx—F+Uf(1-x);
¢) the fixed charge is given by the following expression:
(12)  F'=f=(p" -c=00(p".p)+1/20 -7 5) - [(p" p) ~(p" H));
d) a “connectivity breakdown” is less (more) likely to arise when the propagation

factor x is positive (negative).

JLT find that when the utility function is separable and the utility from incoming calls
is a fraction g of the utility from outgoing calls, there is always a “connectivity breakdown” if
£ > 1 via infinitely high off-net prices. To compare our results with JLT, denote with

p =1,/ f, sothat Uf, = fp. From eq. (11) the equilibrium off-net price is re-written as:

c+a—(a—-t)x-r

(11bis) p” = B0

s

which takes finite values for 0 < # < {&. Even if ftends to 1 we do not have connectivity
breakdown if the propagation factor is positive. In our framework, the breakdown appears
(and is even more pronounced) when calls are substitutes (x < 0) in the production of infor-
mation since it could occur also for values of #< 1, while the phenomenon of network break-

down is less likely when calls are complements (x > 0). Notice that when x = 1, i.e., when a

16
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change of price induces the same change in outgoing and incoming volumes, then the off-net
price simplifies to ¢ + ¢ — 7. The access charge a does not matter at all since for any outgoing
call (for which « has to be paid) there will also be an incoming return call (for which « will be
received).

A positive propagation factor helps ensure that the off-net exchange of information is
not cut via a breakdown induced by high retail call charges when senders determine vol-
umes."® A mirror result arises in the case of “receiver sovereignty” when calling prices do not
bind. In this case, connectivity breakdown would occur in JLT if £ < 1, via infinitely high
off-net reception prices. In our model, we do not have a breakdown if the propagation factor
is positive since reception charges take finite values for #> 1 - x."°

All in all, the magnitude of the connectivity problem is reduced compared to JLT if
calls originated and received are complements in the information production function. To un-
derstand this, recall that the breakdown typically happens because one network (say the re-
ceiving) has the opposite interest to the other network (say the originating). However, once
calls are complements to generate information, then the receiving network will need to allow

termination of calls if it wants also its own originating calls to become “productive”.
4.2 Stage 1 and the role of access charges

We now ask what level of access charges would be chosen in the first stage by negotiating
firms as opposed to a social planner, to see if and how private and social interests diverge. In
case of a discrepancy, in stage I a benevolent regulator may also set a reception charge.

The stage-1I profit in a symmetric equilibrium is given by:

* A%

T :}(p* +r7c7t)Q(p*,p*)+%(f)*+ffcft)Q([3 D )+§(F* 7f),

where the expressions for the equilibrium off-net prices and fixed fees are given respectively
by eq. (11bis) and (12): these are the only prices affected by access charges and by off-net re-
ception charges. We imagine that in the first stage network operators are free to negotiate re-

ciprocal access prices. We also suppose that a low-enough 7 is set exogenously and may be

! Since we have assumed so far that the volume of traffic is determined by callers, it must be fp =7, which
from eq. (11bis) can be re-written as 7 < ﬂ[a(l -X)+c+ tx]/(l + k).
!¢ A formal proof is available from the authors.

17
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controlled only by the regulator. Given the symmetry, negotiations over access charges are

cquivalent to maximizing cach operator’s profit. The reciprocal access charge is set such that

%

or” 1[00(p,p7 )/ .- R e e 0P| 10F
13 —=—| =" 2p —c—t+7)+ R +———x0.
(13) a 4{ pe (p < r) o ,p)— > 70

The effect of @ on the volume of off-net calls is:

a9 LEL) oG 50,5 5L =100, 5D L
a Oa Oa

The effect of a on the off-net price p* = cra-(@a—Hx-r
[T

cral. We cannot suppose that the ratio £ of marginal utilities does not change with . To sim-

is quite intricate in gen-

plify the problem, we assume from now that the propagation effect does not substantially
change with a change in prices. In other words, if calls “propagate” at certain vector of prices
— for instance every call sent induces 0.5 calls in return — a change of prices would not change
the information exchange and calls would still “propagate” in the same manner with x = 50%.
This assumption is restrictive but is arguably realistic for small price changes.'” Under this

simplifying assumption, we obtain the following:

Proposition 3. If an interior solution exists, network operators jointly agree on the following

reciprocal access charge:

LS SR PV S S o 20757 1-p0-x)
U@ | PO I T G x|

In order to understand eq. (15), consider the standard case with no reception charge

(#=0) and no benefit from receiving calls (8 = 0). Then eq. (15) simplifies to
a’ =t+Q/Q, <t. This is the finding of Gans and King (2001): firms “collude” by setting be-

'7 This assumption is strictly true with utilities functions such as U’ = (Q” + pQ”)* with a<1and 0 < p< 1.
In this case the propagation factor is constant and equal to x = -p < 0. This particular specification also exhibits
= constant. An example with a constant and positive propagation factor is U’ = Q’(1+ pQ”)— Q‘”2 /2, withx

= p> 0. In this case the ratio £ is not constant.
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low-cost access charges, in the limit by adopting a “bill-and-keep” system. This is because
the off-net calling charge becomes cheaper than the on-net charge, and customers then prefer
to belong to the “smaller” network so that they make many cheap off-net calls. Operators are
less aggressive, since it pays to be small. In equilibrium, this results in higher profits. This
mechanism carries forward to our more general framework. The first term in the square
bracket of eq. (15) is negative when customers care about receiving calls: part of this benefit
is internalized by the operators, and they tend to push off-net calling prices down via lower
access charges. The second term in the bracket reflects the impact of the reception charge. As
operators try to avoid competition by pushing oft-net prices down, and as the reception
charge already achieves this via the pecuniary externality, then there is no need to push a too
low when this effect is ensured by the reception charge. The last term is the effect of Gans
and King, corrected by the call externality and by the propagation factor.

Eq. (15) is only a candidate equilibrium charge since, as we discuss in the Appendix,
restrictions are needed to ensure that profit is concave in a. Also, this solution holds so long

as the reception charge does not bind, i.e., 7# < fp. When it exists and is positive, an interest-
ing implication is that connectivity breakdown would not happen even when £ is very high:

when « is endogenized and takes the value of eq. (15), then p" from (11bis) becomes:

o CHEHT ¢}

(16) = .
1+28  Q1+28)1+x)

that does not go to infinity for any value of the propagation factor and of the utility from re-
ceiving calls. This contrasts with Proposition 2, where we found that, under some parameter
configuration, a connectivity breakdown would happen. The difference is that now operators
can adjust the access charge as well: as the utility from receiving calls increases or as the
propagation factor goes up, the access charge is pushed down so that the off-net price always
takes finite values. In fact, it is easy to sce that, if the reception charge is zero, then from eq.
(16) the off-net price is strictly lower than the on-net price: p” < p” = (c+)/(1+ ).

This result has two immediate implications. Firstly, connectivity breakdown concerns
are totally eliminated if operators are allowed to negotiate over access charges. Secondly, in
the absence of reception charges, negotiations would not necessarily deliver efficient out-

comes, since they would result in off-net prices that are “too” low. The latter point leads to

19



2006 Telecom Paris conference on the economics of ICT 132

our next policy question. How does the privately chosen access charge compare to the so-
cially optimal one? The access charge that maximizes social welfare is the one that makes the
privately optimal off-net price in eq. (11bis) equal to the socially efficient price:

_ cta—(a—t)x—F _c+t

1-80-x)  1+48°

=,

Thus, the socially optimal access charge is:

(17 " _t_(c+l)ﬁ(27x)+ 7

1-x)A+p) 1-x

Note that a” = ¢, the so-called LRIC rule, is typically not socially optimal in the ab-
sence of reception charges, as we already discussed in Section 3.2 under uniform pricing. If
7 =0, then a” < ¢ is socially efficient and so is a “bill-and-keep” system when £ is suffi-
ciently high. The same arguments apply here. Evaluating the difference between eq. (15) and
eq. (17), we get:

S b () N I : Q1+f
9 @ = papa s, PO T

Eq. (18) is informative about the difference between private and social optimal access
charges. In the special case when = 1/(1 — x) there is no wedge between the two charges:
the industry would self-regulate with no need of intervention. However, this result does not
hold in general. In the absence of reception charges, negotiations over reciprocal access
charges would set them too low from a social point of view, as both the first and the third
term of the RHS of (18) are negative. Still, this may not be a problem if the socially-optimal
charge from eq. (17) is already equal to zero: operators could not go below this level, thus
they would agree on an efficient “bill-and-keep” system without having to mandate it.

If, on the other hand, both «* and a" take positive values, then it possible for the regu-
lator to use a regulated reception charge to achieve efficiency. This level of the reception

charge is determined by equating the LHS of (18) to zero, finding:
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Our results on welfare are summarized in the following proposition:

Proposition 4. In stage I of the game:

a) unregulated negotiations over reciprocal access can eliminate the “connectivity break-
down” problem for off-net calling charges;

b) an efficient “bill-and-keep” system can be chosen by negotiating operators;

¢) when negotiations lead to a positive access charge, the regulator can use positive recep-

tion charges to get closer to efficient choices, although he never achieves the first-best.

In summary, we have found two encouraging results, and a mildly encouraging one.
We have shown that free negotiations over the reciprocal access charge would ensure that
connectivity breakdown problems disappear. This is the first encouraging result. The intuition
can be obtained once again by recalling that operators are better off by trying not to compete
too hard against cach other: only by allowing cheap off-net calls they can ensure that this is
achieved. Their mutual interest goes opposite to a breakdown that is equivalent to infinitely
high off-net charges. We have also seen that, under some circumstances, both a regulator and
private firms would choose a “bill-and-keep” system, in which case efficient outcomes are
reached with minimal intervention (only a reciprocity clause is needed). This is the second
encouraging result. When negotiations are not efficient, it is still possible for a regulator to
improve efficiency with an appropriate reception charge, although a lot of information on
costs and demand is required on the regulator’s side to achieve this outcome: this is our
mildly encouraging result. In fact, it is impossible even for a perfectly informed regulator to
achieve the first best via the regulation of reception charges: they should be set so high that

they would violate sender sovereignty.
5. Market-determined reception charges
In the previous section we discussed the role that can be played by reception charges when

set by a benevolent regulator. If they were instead negotiated by operators in stage I, it is

clear that operators would have an interest divergent from the regulator’s. The intuition that
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we gave for negotiated access charges would carry forward to negotiated reception charges as
well. Operators would try to obtain cheap off-net calls to reduce the intensity of competition.
When off-net charges are already the lowest possible (i.e., “bill-and-keep” or @ = 0), then the
off-net price from (11bis) is p" =[c+#x —#]/[l - (1 —x)]: operators could start introducing
positive reception charges as this allows them to push off-net retail prices even lower, via the
pecuniary externality. This typically results in reception charges that are “too high” from the
social point of view. Conversely, if the freely negotiated access charge is positive (but “too
low” from a social point of view), then eq. (16) holds and the off-net prices increases with the
reception charge. The regulator and the negotiating operators have conflicting interests: the
former would like to introduce a positive reception charge as the overall result is to push up
the price, but the latter have exactly the opposite interest and they would set the reception
charge to zero, the lowest possible level.

It is doubtful however that operators would be allowed to negotiate over reciprocal re-
ception charges as these are retail prices, contrary to access charges that are wholesale prices.
An antitrust authority would almost surely forbid this kind of retail contracts given their col-
lusive nature. In this last section we ask what type of retail reception charges would be cho-
sen individually by competing operators.

In order to answer this question we must amend our model since, as explained in Sec-
tion 2, the amount of incoming and outgoing traffic is determined by two “binding” prices
only. For instance, under “sender sovereignty” only outgoing call charges matter as long as
reception charges are low enough, but the exact level of reception charges is indeterminate.
Similarly, under “receiver sovereignty”, only reception charges matter as long as outgoing
charges are low enough. Since we want to determine simultaneously the four call prices (out-
going and reception charges for both operators) we follow JLT by introducing some noise
when receiving calls. This captures a random element, for instance the recipient of a call may
not be in the ideal situation for answering the call (e.g., because driving or engaged in other
activities). Its technical role is that both the sender and the receiver now have a positive prob-
ability of cutting a communication.

We suppose that the utility from an exchange of information is as in Section 2 plus an

additive term with noise from receiving calls. For consumer i the gross utility is thus

U,(I")+¢,Q”" where & has a distribution function G(-), with wide enough support [g,g],
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zero mean, and strictly positive density g(-) over the support. & is i.i.d. for each pair of cus-

tomers. Consider an off-net information exchange between i and j:

o If >4 =7-Ulf) and &,>&, =7, U, f,/, then there is a “sender sovercignty”
regime that generates calls 07 = 0¥ (p, ,p;) and Q" = o’ (P;»P);

e If g <& and &, > £, then there is a “network i sovereignty” regime that generates
calls 9V =Q0Y(p,,i —¢,) and Q" =07+ —¢,,p,);

o If g >¢ and g, <&, then there is a “network j sovereignty” regime that generates
calls 0 = 0Y(#, —&,,,) and O” = 0" (p,.#, &)

e If g <é and &; <&, then there is a “receiver sovercignty” regime that generates

calls 07 = Q"(7, —¢,,7. — &) and Q* = Q" (7, —5,,F, —5,).
The volume of calls between i and j can be written as:

DY =D"(py. by hi, )= 0" (b p )1~ GEN-GE) +
(1-G@ [ 0" (hof, —)g(e)ds, +(1- G 0" (¢ —¢,. p))g(e, e,

H TG e,k e )g(e)8 (e e de .

The first term of the RHS is the demand under sender sovereignty, the second term is
the demand when network i is sovereign and customer j accepts incoming calls, the third term
is the demand when network j is sovereign and customer i accepts the calls, finally the fourth
term is the demand under receiver sovereignty. The indirect utility for a customer belonging

to network i from off-net exchanges with network j is (13"’ —-rD” ) where:

v :ﬁ(ﬁi’ﬁj”‘/\'f’i:j):Ui(.f-i(Qij(f?Hﬁj)?Qﬁ(l‘}jlf)z)))(l _G(&A‘z))(] _G(é‘/))
HA=G@ D[ U ©" by, ~2).0" G 2. b2 )z,
HA=GEN[[ U(f Q"G 2,5 10" (b7, — &, We(e, e,

T UAQ G e 7 —6).0" G 607, — e )ge)g e, e de, ~ D

23



2006 Telecom Paris conference on the economics of ICT 136

which is used to determine market shares as in eq. (2). The profit of network i is:

20) =7# =¢a, [a,.(pl +r 7cft)D”' +a‘/(ﬁi 7cfa)D‘5’ +F ~ fta,(f+a-t)D” ]

We now illustrate the equilibrium in stage II, when operators compete in five-part
prices. As before, on-net prices arc cfficient as everything is internalized and their expres-
sions are not reported. The following proposition characterizes off-net prices as noise con-

verges 1o zero:

Proposition 5. As the noise vanishes,
o the only symmetric candidate equilibrium without connectivity breakdown when send-
ers are sovereign most of the time is given by:

o _crat(@—dll-x(1+x)]

2 1=+ fre(l+x) 0 = iy Plc+t) and
e , a—t+ fc+a) 1+ A-x)1+x-p)
r =t-a+x —mMm—
1- 4+ fx(1+x)
1
ﬁ._c+a—(a—t)x » ) .
T B0—x) A _ X plety) R
(22) pl-x) lffa>t+(l—x)(l+x—ﬁ') and,B<1_x.

7 =0
o The only symmetric candidate equilibrium without connectivity breakdown when re-

ceivers are sovereign most of the time is given by:

,a—t+ fB(c+a)

p=a+tc+x

B-1+x(1+x) . 7 x*(c+1) t—fic
23) o _BlE2a-ctt+(@roxi+v)] i e iim S Tip and
- B—1+x(1+x)
B>1-x—x%;
ey ﬂ[r—a(l x)+w]y§fa<—c+;(f D and p>1-x.

p-1+x
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o There is a symmetric candidate equilibrium without connectivity breakdown and effi-
cient prices only in the presence of a positive propagation factor:

i~ « t+ce
p =p

:1+ﬁ s b—pe
(25) . . Ba+o) iff a= T+ 5 and 1-x< f<1/(1-x).
F=m = 1+

We discuss eq. (21) and (22) as they relate to the case of sender sovereignty most of
the time, which is the case people are familiar with in practical terms, as the number and
length of calls is predominantly set by the caller and not the receiver for price reasons. The
range of validity of the two equations is also plotted in Figure 1, where we have put the mar-
ginal utility from receiving calls on the horizontal axis and the level of the access charge on
the vertical axis. Connectivity breakdown occurs in the bottom left comer (the downward-
sloping curve describes the limiting condition for having sender sovereignty most of the time:
a > (t— fc)/(1+ B); in this region reception charges are set so high that a connectivity break-
down arises) and to the right of the diagram (the vertical line is 1/(1 — x — x); in this region
sending charges are set very high). In the other regions there is a candidate for a symmetric
equilibrium with senders determining volumes most of the time.

Eq. (21) says that when termination charges are set above cost (¢ > ¢ = LRIC), then it
is possible that competing operators should set negative reception fees. By paying consumers
to receive calls, operators directly promote increased termination revenue. Indeed we have
found several practical examples of such behavior in mobile telephony. However, negative
reception charges may raise several problems. Firstly, telecom operators might lack the abil-
ity to set such charges because of the technical complexity associated to keeping track of re-
ceiving calls — this difficulty was present in the past. Secondly, negative prices may give rise
to opportunistic behavior. For instance, some time ago in Italy mobile operators did set nega-
tive reception fees for a while only to find that people were calling their mobile phones from
office lines so as to obtain these rebates. The scheme had to be withdrawn.'® Thus in Proposi-
tion 5 and Figure 1 we also impose a non-negativity constraint on reception charges. This
generates the upward-sloping curve in Figure 1. In the region above this curve, reception

charges are zero and off-net call charges are given by eq. (22).

'8 http://www.cellularitalia.com/contrattigsm.html
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Figure 1 — Market-determined reception charges under “sender sovereignty”

[Parameter values: x = 0.2, t=0.1, ¢ =0.1]

If, on the other hand, negative reception charges do not represent a problem and could
be implemented, then eq. (21) is also valid in the region above the upward sloping curve.

From eq. (21), it can also be found that the sum of outgoing and incoming off-net charges is:

A-a+p) 1+ fie]
1- 8+ fx(1+x)

P =ttt

c+t.

Thus, in the domain of validity of eq. (21) (a > (¢ — fc) /(1+ ) ) there is always an in-
efficiency result: too few calls are sent and received as the benefits of the receiver are not ac-
counted for and the access charge cannot be set low enough to revert this tendency. The inef-
ficiency disappears only when a = (f — fic)/(1+ ), in which case eq. (25) is valid. This is the
limiting value of the access charge that indicates a shift between receiver and sender sover-
cignty. Efficiency emerges as (irms are moving along the line fp =7 and thus internalize
everything when setting their off-net call price.

These results shed light on the debate of CPP versus RPP: the ability of charging cus-
tomers for receiving calls does not imply that reception charges are actually used by opera-
tors. This question can be answered only if the level of the access charge is known, otherwise
different regimes can occur as illustrated by Figure 1. Our findings can cxplain the empirical
observation that consumers are often not charged for receiving calls in countries with high
termination charges, even when there is nothing in principle to prevent operators from intro-

ducing such charges. This is in line, for instance, with the European experience of calls to
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mobile phones. On the contrary, if termination charges are set at or below cost then operators

should start introducing reception charges if they have the ability to do so. This is in line with

the North-American experience of mobile (cellular) telephony. Marcus (2004) discusses how

the call termination system in the U.S. has a strong tendency toward symmetry in the rates

charged for reciprocal compensation. In particular he shows that:

e ILEC-CLEC and ILEC-mobile reciprocal compensation rates are generally symmetric,
and set at a rate that reflects the marginal cost of the ILEC."

e ILEC-ILEC, CLEC-CLEC, CLEC-mobile, and mobile-mobile reciprocal compensation
rates are determined through voluntary negotiations, and in many cases are set to zero

(“bill-and-keep”), in particular for ILEC-ILEC and mobile-mobile interconnection.

The mobile sector is a particularly good candidate to test our positive findings since it
is indeed a case of network-based competition where roughly symmetric mobile firms have to
terminate calls on each other’s network. The rate for reciprocal compensation is established
through unregulated commercial negotiations. These agreements are generally on a “bill-and-
keep” basis. Mobile operators also charge their customers for receiving calls (RPP): this is

expected from our analysis in the presence of below-cost termination rates.”’

5.1 A first-best result when the propagation factor is positive

The North-American evidence supports our findings in the last stage of the game, as it links
reception charges to below-cost access (termination) charges. It also points to another empiri-
cal fact, namely that operators seem to agree on below-cost reciprocal termination charges in
an environment where both outgoing and incoming charges are market-determined. This fact
is related to our last step in the technical analysis of this paper. We now ask what level of re-

ciprocal termination rates would be selected by unregulated negotiations in stage 1.

Proposition 6. When the propagation factor is positive, the following reciprocal access

charge is a candidate to emerge from unregulated commercial negotiations:

a” =(t-fo) /(1 + B). Under this charge, if 1—x< B <1/(1-x), there is no connectivity

' ILECs are the incumbent fixed-line operators, while CLECs are their fixed-line competitors. This is in con-
trast with European countries where asymmetries in termination rates exist between fixed-line operators (who
are subject to regulation) and mobile operators (who historically have not been subject to regulation).

* FCC, In the Matter of developing a Unified Intercarrier Compensation Regime, CC Docket 01-92, §95.
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breakdown and market-determined retail prices are efficient. If the propagation factor is zero

or negative, there is always a connectivity breakdown.

This last result is quite striking. First of all, it points quite clearly to the importance of
the propagation factor. In the absence of the propagation factor (x = 0) there would never be a
possibility of reaching unregulated agreements over access charges for any value of 5. Opera-
tors would be using extremely high charges cither for sending or for receiving calls, accord-
ing to the value the utility from receiving calls, to induce a break-down. Although they do not
conduct such analysis, this would be the outcome in JLT of endogenizing reciprocal access
charges. This would also occur if calls are substitutes in the information exchange (x < 0). On
the contrary, if calls are complements in the information exchange — which we recall is the
empirically-supported case — this breakdown does not arise in a suitable range of values of f.
In the limit, if x tends to one, the range extends to all possible values of £.

The second aspect emerging from Proposition 6 is that, if negotiations do not induce a
breakdown, they are efficient. From a normative point of view, this remarkable result implics
that the industry can indeed “self-regulate” under a mild form of intervention such as recip-
rocity. Intuitively, operators recognize that, by choosing suitable access charges they can af-
fect the intensity of retail competition. In our earlier analysis in Section 4, with regulated or
zero reception charges, the access charge could just affect off-net call prices. As we showed
in Proposition 3, operators would then try to be cheap off-net, in order not to compete too
vigorously for customers. In the presence of market-determined reception charges a very low
access charge is more problematic: if it is set too low (a < &*), it would increase the reception
charge and induce a break-down. In this case competition for customers would be very in-
tense since all off-net exchanges would be cut down and customers would prefer to belong to
the bigger network. Operators then face two options when selecting the reciprocal value for a.
Either they ensure that off-net communications do take place, or they induce a break-down.

Proposition 6 finds that it is in the joint interest of firms to avoid a breakdown, not be-
cause allowing off-net traffic generates profits per se, but because competition for customers
is less intense. In fact, both with and without breakdown off-net profits are zero (in the for-
mer case because there is no traffic, in the latter case because prices are efficient, so the sum
of off-net prices is just equal to marginal costs). As also on-net profits are zero (on-net prices
are efficient with and without a breakdown), profits are only raised via the fixed fee, which is

lower in the presence of a breakdown due to more intense competition for customers.
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This intuition, while being helpful to understand why the trade-off between allowing
and not allowing off-net exchanges is resolved in favor of permitting them, does not preciscly
tell why efficiency is also reached. This last aspect can be understood starting from an equi-
librium with sender sovereignty most of the time, i.c., reception charges do not bind most of
the time. Then we have an intuition similar to Proposition 3 in this restricted range: operators
are better off by reducing a. In fact, they reduce a precisely to the point @ = a* where it does
not violate sender sovereignty. They do not go below it otherwise they would trigger a break-
down. As found by Proposition 5, at this point prices are given by eq. (25), where off-net
charges achieve efficiency.”

Notice that, in the range described by Proposition 6 when the first-best is attained, the
equilibrium multi-part tariffs takes a simple expression: p" =p =t +c)/(1+ L), # =fp",
F' = f+1/(20) and firms do not engage in network-based price discrimination.”> However
this result has been reached by granting firms the possibility to engage in on-net/off-net price
discrimination. Given that the first-best is attained, it does not seem relevant in this context to

propose a policy that forbids operators to practice price discrimination.

6. Conclusions

This paper has developed a model of information exchange between calling parties and used
it to analyze competition between network operators. We have found that a relevant role is
played by the “propagation factor”, which measures how return traffic is induced by sending
calls. When inter-network (access) charges are taken as given, we have shown that the “con-
nectivity breakdown” problem highlighted by JLT and HK is enhanced when calls made and
received are substitutes in the information production function, and reduced when they are
complements. When access charges are endogenized and chosen by negotiating operators, we
have also shown that the breakdown problem can be totally eliminated.

The empirical literature has found that “calls generate calls”, i.e., the propagation fac-

tor is positive. As mentioned by Taylor (2004), this earlier literature has used aggregate data

*' Notice the value that the optimal " = (/- fc) /(1+ ) might take in practice. If the cost of termination and

origination are similar, and if the value from receiving calls is sufficiently high, then ¢* can be approximated by
a “bill-and-keep™, even before taking into account transaction and metering costs.

* HK find a related result that, when firms charge the same prices on-net and off-net, they also set the fixed
subscription fee at zero. Recall that, in their model, /= 0 and networks are identical (the degree substitutability
is infinity).
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and might have captured both the propagation factor and network externalities. It is an impor-
tant question for further empirical research to study the information exchange process and
correctly identify the propagation factor using micro-data. At a theoretical level, it would be
very interesting to consider a more strategic dynamic game between callers, to see under what
conditions this could generate the reduced-form representation summarized by the informa-
tion exchange framework.

Until better analysis is available, however, the evidence available to us so far points to
a positive propagation factor, thus our results suggest that connectivity breakdowns should
not be seen as a major source of concern under a mild form of regulation (reciprocity). In-
deed, we have shown how, under some circumstances, the industry can self-regulate and
achieve first-best allocations via negotiated access charges that internalize externalities.

Our results also imply that the debate over the merits of CPP versus RPP must be as-
sessed against the level set for the access charge. We have shown that, in the presence of be-
low-cost access charges, operators may introduce positive reception charges. When the bene-
fit from receiving calls is sufficiently high, below-cost access charges (in the limit a “bill-
and-keep” system) have good properties and may be selected by operators themselves. Given
that optimal regulation is difficult and costly to achieve, our simplest policy message is to al-
low operators to negotiate over reciprocal access charges, while granting them full pricing
flexibility.

Our findings can be applied when operators are symmetric and calling patterns bal-
anced. If traffic were significantly imbalanced, voluntary negotiations of symmetric rates
would be more difficult to achieve. Off-net price discrimination could also be used for anti-
competitive purposes. We believe that further work is needed in this area to see if “light”
regulation (e.g., reciprocity deals or non-discrimination requirements) could work also in

asymmelric settings.
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Appendix

Derivation of eq. (7).

Following JLT we study the optimization program of network 7 assuming that ¢; is given. Let
F=F +1fi[aiQ"’(pi,pi)+an""' (pj,pi)] be a generalized fixed fee incorporating also the
cost for receiving calls. Given eq. (2) we can write w, —w, =(a, —1/2)/o and, using eq. (3),
we obtain:

E=F +(/2-a) o+ay(p.p)+ay(p,.p)-ayp,.p)-avp,.p).
Network #’s profit in eq. (6) can be rearranged in the following way:

7, =a{(p— e~ a0 (pip) +a,0" (b p I F - £+
raa,@-0[0" (p, ) -0 (pup))]

The FOC with respect to p; is given by:

or; i i 00" 00"
—a{alQ (171-,1?1)+an’(1?1,17,-)+(171-—C—f)[ahi+a, o H+
apl op; api
(A1) ~
oF, 507 80"
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For calls originated by network i and terminated on network j, the indirect utility is
given by eq. (5). Thus it results:

= Q' (pp)tUS: GQ .

i i

av(piapj)
op

The effect of a price change on the indirect utility of customers connected to network i
is given by the sum of a “standard” loss in utility on each originated call (— Q") and a term
that reflects the change in utility due to way the recipient j reacts to the information exchange,
thus leading j to change the number of calls sent to customer i (U1,00” /ép,).

For calls originated by network j and terminated on network i, where
v(p,.p)=U,(f/ Q" (p;,p).0"(pi» )~ P,0" (P, p,), it resuls:
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ov(p;,p;) —u s 80"
op, 7 op,

In this case, the marginal change in indirect utility depends only on the impact that
network #’s price has on the calls received by users j.

For calls originated and terminated on the same network, where the indirect utility is
given by eq. (4), it results:

BB — gy, )it 4
P, dp

i

Note that in the last term the effect of p; influences both call origination and call re-
ception, dQ* [dp, = OF + Q7 .
After substituting the previous expressions in eq. (Al), eq. (7) results.  QED

Proof of Proposition 1.
In a symmetric equilibrium p; =p; =p’, n = =r, U, =U, =U, a = %. We also have

2 2x 2x+1
-, | == =——, where x
24x " 2+4x

7 =" and Q) = Q% Thus it results (D|w = -,
is a propagation factor defined as x = T/® = QJ' /O . Substitution into eq. (7) gives eq. (8).

s

b =37

The level of the fixed fee is determined by studying the derivative w.r.t. a;:

7 :a,{(p, —c—t)[a,Q" +an"’]+ ﬁ/ —f+(]/2—a,)/a}+
alav(p,p)+ap.p)-av(p,.p)-av(p, p)l+aa,a-njo" -0')
on, , om, ] _or,

i

R , .. dr,
Since in p; = p, itresults —=—~ = =—=X, we have:
da, Oa, 0p, Oa; O«
o
oa,
lavpp)+av(pp)-ay(p,p)—av(p, p)i+(1-2a)a-0]0" -0+
+a{(p —c—t)0" — 0 |- 1 ("~ 0" 16+ WP, p) = V(P p) + (D, 2,) (P, P} =0.

= {(p —c —r)[alQ” +an"f]+I-“j —f+(1/2—al)/cr}+

In a symmetric equilibrium the above expression reduces to:

f”" =(p"—c—tJo(p" )2+ F — f~1/20=0
o

i lsym
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where F' =F +r0(p") and O(p)=0"(p",p)+0(p",p"), giving part b). Finally,
substituting F* and p* in eq. (6) gives partc): 7° =1/4c . QED

Proof of Proposition 2.

We follow the same procedure as in Section 3 with ¢; given. Result a) is standard, as for on-
net prices a network maximizes joint surplus with all customers, hence reaching the socially

optimal value. To get result b) consider only the profit for off-net calls (both outgoing and in-
coming). After manipulations of eq. (10) we get:

ﬁi(i);;a;,fj):a,‘{aj[v(ﬁ,‘sﬁj)Jr(ﬁi 7C7a)QU(f7,'aﬁj)]+a,"é,‘Qi/(ﬁwﬁ,‘)}‘i’

(A2) o .
+a,fa,(@-00"(p,.p) - av(p,. b))}
The FOC is:

on oA oA ' pi i ioa o oa A i A il
5;)[1 :ax{aj[_Qj(pi7pj)+sz2Q2/ +Q/(pi,pj)+(pi—C—a)Qlj]-FOlil‘] lj}+

+a, [aj (a-007 —a;-U}fszfj]

that can be rewritten as:

o7,

. —aQ, { ‘[p,—(c+a—xU,'f2i—x(a—t))]-%—a,(fj—U/',fzj)}

D
>

where x =0/ /Q/ is the propagation effect. Solving % =0 we get:

D =c+a—(a —t),’C—Ul’f:X—Z—‘;():j —U]’fz")

that, if a symmetric equilibrium exists, reduces to eq. (11). In order to show under what con-
ditions this price is indeed a maximum, we have to determine the SOC. Denote with

B =717f" such that Uf)=p'p,. In the same way, define B’ =f//f’. Since
owisi)iop, =+ p, (68 Jop,) and (U £ ) 0p, = b, (087 [p, ), it results:

O8 w0l (b —le+a-xp'p, ~xta-0)|+ ap, ~ 55, )+

i

op

+a[Qf’{a{1+x[/j” +[3[5;—[3”+x’([;‘“[ +a—t))j|—0! P, o J
P

i

that reduces in a symmetric equilibrium to:

# As in JLT, one can show that a symmetric equilibrium exists if o is small enough or |a —t+r| is small

enough.
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| B o)
—4Q1 11+x[ﬁ+pai) +x'(fp+a I)J paf),-J“

i

o7
o’

i

sym

Consider first the case of JLT with independent outgoing and incoming call, i.e., x =

1

A2 A
il =—Ql<0.1t is easy to find sufficient conditions that ensure a nega-

AR 2
i

op
tive SOC more in general. Recalling the definition of the propagation factor, we can write:

0. The SOC is

sym
x=0

op _ (o fop ) — ol fap)rs _ o fib =BS5S~ B

o, () ‘ s
B _ oy Lam B Ia (=B
b £

In a symmetric equilibrium the SOC becomes:

o,
2

> = 0 {1+ x[B+x'(Bp+a—D]- POY (1 — B)1—x)] f[/4.

sym

Suppose that calls are perfect complements, i.c., x = 1. A sufficient condition to have
o’#,

e <0 is that x" =~ 0, i.e., the propagation factor is not affected by a change in prices.

sym
x=1

Since we have assumed sender sovereignty, it must be that the reception charge is low
enough, i.e., Uf, 27 in a symmetric equilibrium. Finally, to determine the fixed fee of the

multi-part tariff, we maximize network i’s profit from eq. (10) w.r.t. to «, afler substituting:

F=F,+(1/2-a,) o +awp,,p)+ap, p;)—ra,0" (p,.p)—-ia,0" (b, b))
_ajv(p]7pj)_azv(f)jaf)z)_"rjanjj(pj:pj)_'—i:ja;'QU(f)m]aj)n

o
o,
(A3) +ajv(f);aﬁj)_ajv(pjapj)_aiv([},‘:ﬁi)"’r,‘a,‘Q” +fjaini _f}
+az{(pi _C_t)Q“ _([}z' _C_t)QU _1/O-+v(pi7pz)_v(i)iﬂf)j)+
#W(p;p )= v(h,. p) -1,0" +7,0" (1= 2a)(a—1(0" ~0")=0.

:{al(pl —c—1)0" +aj(f)x. —c—1)0" +F, +(1/2-a,) o +ayv(p,,p,)

o,

In a symmetric equilibrium (A3) is: 32

=p ety F -
+rO(p" . p)-1/20+ (v(p*,p*) - v(j;*,ﬁ*)): 0, which gives eq. (12).  QED
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Proof of Proposition 3.
The off-net price is given by eq. (11bis), and under the assumption x' =~ 0, we have:

(A6) @Z (1-)[1-pA-0]+ -0 L[c +a—(a—t)x 7] I (l+ A;a_ﬁ)
oa (- pa-x) 1- B(1-x) "
where 2 =22 Notice how 0p"/éa is positive under rather general conditions (it suffices
that o[)’/oa is positive or not “too” negative). From eq. (12) the effect on F* is

O _ WD) 000 ) e PP UylonfzaQ 0% 520 _

Oa Oa oa da a ca oa

[, 0+8"0,(1+x) ]ZL . Therefore, it resullts:
a

At

(A7)

=[5+ (B =0+ 9
Substituting eq. (14), (A6) and (A7) in eq. (13) we obtain:

(a8) L= P L oG+ 0+ nlp 28 - —r- 7)<
a 4 Oa

which gives eq. (15) at an interior solution when x # 1. In order to determine if the optimal

access charge is a local maximum, we consider the sign of the SOC. Denoting by

v =—Q+Ql(1+x)[f)'(1+2ﬁ)fcftfﬁ], the SOC evaluated in @ = a* reduces to
2 e Ao )

0 ”Z = l@ié’_l’ Sincedp /da is positive, we need to study the sign of ¥ /da :

da* | _,. 4 0a Ca

o+ 0l a2 el 0lpZ+ p a2,

da

_(1+‘C)1,>a Qu +Q12 +Q1[2ﬁ D (1+2 )]}

a—a

The sign of the last expression is not obvious a priori. If demand functions are linear,
and 0f/0a is positive or not “too” negative, then it results O/ 8a|u:a, <0 and the access
charge in (15) is a local maximum. However, this is not a general property. QED

Proof of Proposition 4.
Parts a) and b) are already discussed in the main text. To complete part b) imagine a “bill-

and-keep” system is in place, a = 0. From (17) the regulator can induce efficiency by choos-
ing a reception charge equal to:

s Blesn@=2)

s —t(1-x),
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which satisfies the constraint 7 < %(C-’-T} if (fe—t)(1-x)/(1+ F)<0. In other words the

first-best can be achieved if either the propagation factor is 1, or if x < 1 and fc < ¢. In par-
ticular, if S is sufficiently low, reception charges may not be needed at all (8 <2012 —

rre(2-x)

7 =0). Finally, part c) points to a potential problem that the regulator faces when trying to
introduce a regulated termination charge in order to drive a* towards efficiency. Such charge,
if it exists, is given by eq. (19) when both a* and a” are positive. This charge has also to sat-
isfy “sender sovereignty”, which is written as 7 < m(c+t) when the efficient retail price is
induced. It is straightforward to sce that this incquality is always violated by (19), unless the
propagation factor is infinitely high. Thus the regulator can at most set the highest possible
reception charge that does not violate the constraint. QED

Proof of Proposition 5.
We follow again the same procedure used earlier keeping market shares constant. From (A2),
we denote with

(A9 w()=a,(7 )+, —c—a)0" ())+ar0" () +a,(a-00" () -avi()

the off-net per customer profit, where (.) depends on the different pricing regimes (sender, re-
ceiver, or network sovereignty). We consider the maximization of the profit given by eq. (20)
as the noise vanishes while keeping a large support to avoid price indeterminacy.

Network i’s off net profit can be written as follows:

# =af1-G@ -GG Wh, b+ (-GG ) 60" (b b ele de, -
(1-G@)[, .0 (b, b)g(e )z, + (- GE))f wih.F: - &)ele)de, +
(1-G@)) 60" - 2. pge)ds, ~G@)[, £,0" (b~ £)(e,)de, +
(1—0(5,.))]’ W, ¢, p)ee,)de, +G(g.)j £Q" (P, 7, —¢)gle)de,
(-G £0'G ~ 2, p)g(e )z, + [[ [ v, - 2.7~ 2)g(e)g(e, dede, +

J“Ji Q" (7, —&,F,—¢,)2(£)g(e))de dg, —r_[ £,0'(F —¢,F—&)ge)e(s, )dgds}

Consider first the case of sender sovereignty most of the time. The threshold levels of
the noisc are given by & =7 —U\f,(p,,p,)and &, =7 -UfJ(p,,p,) . Since we deal with
the case of sender sovercignty most of the time, we solve the maximization problem for
&,,€, <0. Maximizing (A10) w.rt. p; and 7; and evaluating the corresponding FOCs in a
symmetric equilibrium, after tedious calculations and simplifications, we obtain:

1o get the results we impose a regularity condition. Given a continuous function F(-), a regular sequence of
distributions G,(9) of the random variable & with Zero mean satisfies:
limG, (F(g)|g >g,)=F(e=¢g,)forg, >0, limG, (F(g)|g <gy)=F(g=0)forg, >0 (see Feller, 1971).

>0 e
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o {(1 G J)M (- G| ELLE ooy, +
ap, D, op,

(1- G(s))[[ £0!G, - p)e(e)dz, + [ 80! (p, p)z(e)ds]
(A1) [[al0-GE)0! (5. p,)+GE)Q! (5,7 - &) k(e de, +

p)=0' (b7~ &)k(e)de + [ 607 (5.7, —a-,,)—Qf'(ﬁ/,ﬁ,>)g(e,>da.]+

%g(&)[{ B0 (bt~ 2) =0 (b h)R(@ e + [ 20" (5 ,) - Q' (b7~ 8) (e )de: ]}

and
617_00 ))say/(pr 5)/]d +J-Jscw(r—£r5 . (e)dede +
o (&, J. ‘ &)de, P (&)g E/)LQ £,
(1—G<é ))[[‘FQ“(f ~e.p, )g(e)de ]—G(é >[[ £0!(p,.7 —mg(a)da]—

(A12)

G(a) so(e)Qf(p p)+ (e)j (0%h, p)-0Q"(p.7 ~5) k(8)dz, +
A—“g@)[r F0° (5, - e et e |+
or, £ !

[ 60/ G =e.—e e et dede, [ [ 601G, ~e .7 ~e)ele ete e de, |

As the noise vanishes, from the regularity condition of the distribution function when
the threshold value £ is negative, it follows for a continuous function F(.) that:

[ Fe)g(e) = F&G@), [[ Fle)dg(e) = FO)XI-G@)

Using this property, in a symmetric equilibrium, (A11) and (A12) simplify to:

A i b . |
¢ :l(l—G(é) [(1_(;((;.))”//(17: p’)+(;(g-;6"’(p”f’ 6,)| +G(£‘)£QZ”1-
P2 o, # .. [
) oW —g,. 7 —
i:—cu(l G eima)| | Ve )
o or; L—;- O, s

(1-G(2)60! +G@Elol -0

Since when & <0 it results that G(.) — 0, we can neglect the terms that go to zero
faster and thus can write:

(A13) 9% 10v(DD)

M 2 op,
(a14) 9% 1) 0y(pi7 — ) H:Qlﬂ-l_
or 2 oF, J
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The analysis of the RHS of eq. (A13) is identical to the analysis conducted in Proposi-
tion 2, thus the expression of the symmetric FOC w.r.t. p at equilibrium is:

a15) 2 :%Q;j{;,[l,ﬁ(l,x)],(cw,x(a,,)),,:},

AR

Pi

The analysis of the term yA.) in eq. (A14) when network 7 is sovereign needs some
more intermediate steps. As the traffic is only determined by i, the first-order conditions are

Uf! = p, and U|f} =+ —&,, which determine the optimal level of calls Q¥(p,,7 — &) and

O’ (7 —¢,,p,) . The expressions for the change in off-net quantities caused by a change in
price are:

A7V BY inj B d[‘?i
B ¢V |do" | | df

where 47 =U/f1 Y +ULfi <0, 7 =UNfiY +ULfL, <0and BY =U!fifi +ULf} . The indi-
rect utilities derived from the information exchange between i and j are:

vi=v(p,.F —e) =U (f1(Q7(D;.F, - €, 0" (7, — €., p) — p,Q7 (D1, — )

Ji

v =v(f - vi’p')zuj(fj(le(,‘i76vi’p1)’Q (pz7rz 781'))7ij> (riié‘i’pz)v
oY _ulf 6Q”
OF;
v’ GQ N ., GQ”
+U' f —.
o TPITUE

The FOC w.r.t. 7 of (A9) is the following at a symmetric equilibrium:

oy(pai—s) _1[ , . 00" 100" o0’
i/ 7 & Ut —c—a+F, +(a—t -
o [ f: oF, “(pi-c-a rf)aa @0

(A16) { " Wi —p)+ULL! 6@%_"}_

YO st va-i(p-e-apd-fwist - pyexwisih)

00" [0, _ B
00" o, A
ceived by network i who sovereigns the information exchange. Afier replacing (A16) in (A14)
as the noise vanishes, when &, = &=7—-UY, , it results:

where x = denotes the incoming propagation effect related to the calls re-
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Lo, +a-1+(p-c—aye+i-Uf, - (U - b+ 2V, -H)]

% 4
Since we started by considering the case where senders are sovereign most of the
Ap > F for the receiver and U, = p for the sender, we finally get

time, i.e.,£6 <0< Uf, =

A7) Zeo2orfra=1+(p-c=akr—x(p -7
of 4
The analysis when there is receiver sovereignty most of the time follows the same
procedure. The threshold levels of the noise are given by & =7 —U/f}(,,7)> 0 and
) > 0. Maximizing (A10) w.r.t. p; and 7;, and using the regularity con-
(1-G)a! (b, ;) - G(&)0] }

é/ = FJ 7U1,'f2j(;i":/
dition we obtain after simplifications
07 oy(p:.p; oy (p;. 7 — &
% L) - o) Lol g 2rieti= )
p; p; p;
ow(p,, i — oy(r, 7 — & R
G Pehie)l | e e gespr )
o o _—

D
diy

- % G(é){(l -

Since when & >0 it results that G(.) — 1, we can further approximate

&3}
X

% l{ w(p,f—¢)

op;

(A18)

,
(A19) O 1OV =8,F=e)
of 2 oF: -
The analysis of the term yA.) in (A18) is the mirror of the analysis of the term (.) in
(A14) as now the regime is one of “network ;j” sovereignty. The FOC w.r.t. p, of (A9) is the
following at a symmetric equilibrium
D0 +(pe-a) s, X
p o, ' op

oy(p,i ¢
:

) [
%, ‘Z[Q”ff

(x20) {( 0w -p)-vE |-
%i}%u {[p (c+a X, —x(a t))]—[x(U"/f/—f),)Jr(U 1 —r)]}
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00" [op; _ — B’
o0 o5,
by network i. After replacing (A20) in (A18) as the noise vanishes, when & =&=r-Uf, , it

where x =

is the outgoing propagation effect related to the calls originated

results:

or,

2200 b - e+ amxi-xta=0)-xU% - 5}

or
Since we started by considering the case where receivers are sovereign most of the
time, i.e., £> 0 and Uf, =7/ for the receiver, we finally get:
(A21) Z 20!~ +a-7 = xta-0)]-x(G/f - )}
P

i

The analysis of the term y(.) in (A19) corresponds to the case of “receiver sover-
eignty”. The indirect utilities from the information exchange between i and j are:

v :v(;j _g_[’;} _gi):Uz (fi(Qlj(’:j _517,;[ _gi)ani(i;i —Ei,fj _5]'))_131'Qij(’:j _g_/’i:l —gl)
v =v(f — g, f )= U (f(Q1 (G - 6,7, =), 07 (7 — 6,7, —6) — p,07 (7, —6,.7, —¢€)).

The FOC w.r.t. 7, of (A9) is:

i

Ow(F, —¢&,,T. —& v . ; 00" v
WOEh 8 gy L (e )L, 2
OF, or, or, OF,

i

A2) a (a-n22 a,[aQAﬁ Ut —pyrr 22 j -
! or, or 7 7 oF

—oia uifi ~(c+a)va,i +a,a-n-a U - p,)

where 007 /oF = Q7,007 /07 =0/ and x=0QY/Q/' is the propagation effect when the re-
ceiver is sovereign.”’ Denoting = £, /f, , and recalling that 7 =U’f, when receivers are

sovereign as the noise vanishes, after replacing (A22) in (A19), the FOC at the symmetric equi-
librium is:

(a23) 2
7

2= 20 i~ 1=/ A+ @-D-x(e+ )+ ).
0

Putting all the results together (eqs. (Al5), (A17), (A21), (A23)), these are the final
expressions of the FOCs at a symmetric equilibrium as the noise vanishes:

2 The study of the sign of the SOC is the same as in the proof of Proposition 2. Sufficient conditions for having
O,

YY)

OF |sym
° x=0

< 0 are that either x is small, or that it is close to 1 and x’ = 0.
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4@_{Q:f{ﬁ[l—ml—x)]—(cm—x(a—r>>—f} if />

;
b i {p—(cra—x(Fra—0)-x(F/ - p)}if fp<r
or _ ff[1¢+a7t+(ﬁfcfa)x7x(ﬁﬁff‘)] if pp=+

o |0l il —(-x)/ Bl+(@—1)—x(c+a) + p) if fp<7

Notice that these FOCs boil down to those of JLT (p. 109-110) when x = 0. Consider
first the case where fp > 7 and senders determine most volume in equilibrium. The relevant

FOCs give eq. (21) as the inferior solution. This solution is valid if #< 1/(1 — x — x%) and
compatible with the regime of sender sovereignty if gp" > 7 = a > (t— fe)/(1+ f). If the
Plc+1)
(1-x)(1+x-pB)
above this threshold, then the reception charge 7"is zero and p’is obtained directly from eq.

(11bis), resulting in eq. (22). In this case the range of validity is f< 1/(1 —x). The case where
fp <7 and receivers determine most volume in equilibrium can be analyzed in a similar

reception charge 7 must take positive values: 7 > 0= a <t+x’ Ifais

manner, giving eq. (23) and (24). Finally, consider the case where fp =7. After substituting
this into the FOCs, we have the following candidate pair of prices when a = (¢ — fe)/(1+ )
pr=p =(c+t)/A+p), ¥ =" =Bc+1)/(1+ B). These prices are efficient, However,
when a = (¢ — fc)/(1+ f), imagine to set the reception charge at the efficient level and to in-
crease the call price above it: p°=p +&, §>0, and 7" = fp". In this range fp° >7# and
the FOC w.r.t. p simplifies to:

or
4—=0/6[1-p(1-x)].

b
Similarly, imagine p° = p” and 7" = fp" + & ; then the FOC w.r.t. 7 is:

467? =Q/o(p+x-1/p.
or

It follows that efficient prices can never be reached when the utility function is sepa-
rable since, with x = 0, there is always an incentive to deviate and induce a break-down by
setting either arbitrarily high call prices when > 1 or arbitrarily high reception charges when
B< 1. However, in the presence of a positive propagation factor there is a range
1-x < B <1/(1-x) such that the deviation is not profitable, thus prices are given by eq. (25)
and are efficient. QED

Proof of Proposition 6.

We only consider the case of senders sovereignty most of the time. We also suppose that
there is no problem associated with implementing negative reception charges. This means
that retail prices are given by eq. (21) over the entire range a > (t — fc)/(1+ ), by eq. (25)
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when a = (¢t - fc)/(1+ ), and induce an off-net breakdown when a < (¢t — fc)/(1+ ). As in
Section 4.2, in a symmetric equilibrium the profit is given by:

7 =tp e —e=1o(p . p )+ 4P+ =)o pY +(FT - 1)

Since the sender is sovereign most of the time, the effect of a is as in the proof of

proposivon 3, 2P 110,575 L, PRI [ g )T
oa

Oa
Whllea_ _Q(“ ”)[a(p +7 )j (/@

The FOC w.r.t. the reciprocal access charge is given by the following condition:

o _ 4{_69@” D) (5 e ovv )i op p 22D | )} 1oF”

Oa oa Oa 2 da

Under the assumption that x does not change for a small variation in prices, we have:

=- {Q("‘°“)M+Ql(ﬁ*if>(l+x> [(1+2/)’)fcftff*]}
a 4 5a

(A23)
:_{ o “)%wl(“’ﬂ%aﬁ [(]+ﬁ)—t+ﬁc]}
with:
a(i);;f*):pﬂi;(lﬂ)[(l+ﬂ)+g—’f[a+c+(ﬁ*+f*_c_,)%D’
. P 1 op

E = m(2—x(l+ﬂ+aﬁ(l—x(l +x))j »

where Zf 'Z, Z Note that Z- £ is always positive when % s small enough.

If (A23) is negative everywhere in the whole domain a > i

, when an interior

e s . . . . . « 1=
equilibrium in retail prices exists, then the lowest threshold of @ is chosen. At ¢ = LS

1+5°

eq. (25) is valid and E;L =0. A sufficient condition for having (A23) negative every-

a
a=a’

where is that both Z->0 and 222> 0. This is ensured by the following condition: Z =0

)

44



2006 Telecom Paris conference on the economics of ICT 157

i.e., the access charge does not influence much the marginal utility in receiving calls. This
condition is by no means necessary.”®

In order to analyse if a* is a global maximum, we have to compare the profit level
reached when a = a* with the profit level that can be reached by setting @ < a* and inducing a
connectivity breakdown. The comparison is simple since we can note that:

e on-net retail prices are always efficient in both cases, thus they do not generate differ-
ences;

e off-net calls also do not generate differences: in case of connectivity breakdown there
are no off-net calls, thus profits are zero, while when a = a* off-net calls are efficient
but also generate zero profits;

o the only differences arise from the fixed fee F* given by eq. (12).

In both cases profits are raised only through the fixed fee. In case of connectivity
breakdown the fixed fee is:

F =f=(p"—c=1)0(p" . p)+1/26 —70(p", p" )~ (W(p", p") —v(p", "))
—f-(p —c—1)ow", p)+1/20 —v(p, p").

In casc a = a* the fixed fee is:

Fr=f=(p =c=1ow . p)+1/20 - 70", p) - ((p", p)~w(p". )
= f=(p =10 . P+ 1120 -1 0", P,

Thus it is better to set @ = a* than to induce a breakdown if —+ Q(p",p") >

—v(p",p)=UR . p)—(p +r)0(p P )>0=U(p",p)—(c+n0(p",p" ) >0 that is
always verified. QED

** As an example, take the same specification as in footnote 17 with a constant and positive propagation factor x
ii2 . - . . .
<1, U =0Q"(1+xQ”")-Q" /2. This generates the following demand functions when senders are sovereign

most of the time: Q7 =[1-p, +x(1- p)]/(1- x?) . At a symmetric equilibrium the impact of the price on the

ratio of marginal utilities is different from zero: 68/6p = —x/[ ﬁ*z (1-x)]. However, after substitutions one also
gets: §p /da=(1-x)>2+x)/(1-x*-x*) and 8(p" +7")/8a=(1-x)(1-2x)/(1-x*—x*). Both derivatives
are strictly positive for 0 < x < ', thus (A23) is negative. Outside this range of x, it is possible to show that

(A23) is still negative everywhere by direct substitution of equilibrium values and by taking into account restric-
tions on parameters that ensure that equilibrium quantities are positive.
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1 Introduction

Since the beginning of the 1990s satellite pay-TV has played an increasingly impor-
tant role in the broadcasting industry. In almost all countries consumers have now
access to several hundred programs and various interactive services. This process is
only accelerating with substantial progress in digital technology. While most satellite
pay-TV markets in Europe are characterized by monopolies, in some cases rival firms
compete with each other. French pay-TV market is an example of such competitive sit-
uation. However, even in markets with several firms, there is a risk of anti-competitive
conduct. Whether the fruit of the technological progress is realized, or eliminated by
anti-competitive conducts, is a question of central importance to economics. Not sur-
prisingly, authorities such as the European Commission focus with great interest on
competitive behavior in industries like pay-TV?!.

Much has been said and written on the nature and consequences of competition
between firms in various industries. The merits as well as the limits of competition
are relatively well documented in the economics literature. As far as pay-TV industry
is concerned, however, the bulk of the literature focuses on the theoretical arguments
on competition (see for example Armstrong, 1999; Harbord and Ottaviani, 2001). In
addition, studies devoted to empirical verifications of day-to-day interactions between
firms are quite rare. To the best of our knowledge, the existing studies focused on
vertical integration in the US pay-TV market (Rubinovitz, 1993; Waterman and Weiss,
1996; Chipty, 2001).

The goal of this paper is to provide an empirical assessment of the nature of com-
petition between two dominant (and a priori rival) firms in the French satellite pay-TV
industry. The French satellite pay-TV market has been characterized by a monopoly
until the end of 1997 when a second firm entered this market. Both the incumbent,

CanalSatellite, and the entrant, Télévision par Satellite (TPS), organize their digital

!See for instance, the European directive “Television without Frontiers” (89/552/EEC and
97/36/EC), which establishes the legal frame of reference for the free movement of television broadcast-

ing services in the European Union.
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offer around three main bundles containing channels relating to movies, sport and in-
teractive services. This paper investigates the effects of the entry and tests for differ-
ent (implicit or explicit) collusive behaviors by means of non-nested methods in this
duopoly with differentiated products. Structural econometric models are estimated us-
ing monthly data from 1997 to 2002 on the number of subscriptions, subscription fees,
advertising effort, discounts, number of channels and content as well as other exogenous
variables characterizing the demand.

We find that despite the entry of a competitor the subscription price of satellite pay-
TV in France did not decrease. However, the ‘quality’ (i.e. the number as well as the
diversity) of programs substantially increased over time. Our empirical analysis show
that an increase in the CanalSatellite price leads to a decrease in ‘quantity’ (i.e. the
number of subscriptions) but for TPS an increase in price does not affect its quantity.
Moreover, advertising expenses of each firm have a positive and significant impact on
its own demand, but a negative (predatory) effect on its rival. Finally, the results of
nonnested tests indicate that CanalSatellite is the leader and TPS the follower.

The rest of the paper is organized as follows. Section 2 provides a picture of the
structure and the main actors of the French digital satellite pay-TV market. Section
3 describes the construction of the data set. Section 4 discusses the modelling strategy
and presents the econometric frameworks used to estimate the model. Results of our
empirical analysis and comments are provided in Section 5. Section 6 compares the
French competitive situation with the British monopolistic satellite pay-TV industry.

Section 7 concludes.

2 The French digital satellite Pay-TV market

With some oversimplifications the pay-TV industry can be described as having three
sectors or layers (See Figure 1 in the Appendix). The production of programming con-
stitutes the first sector (the upstream market). Producers in this sector obtains sports

rights, produce movies as well as other “premium” programming. Typically, premium
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programming corresponds to first run movies and major sport events. Access to these
inputs are widely viewed as essential to attract new subscribers?. Then comes retailing
of programming to consumers (the intermediate market). In this sector programs are
bought from producers at the wholesale level. And finally the distribution of program-
ming to customers constitutes the third sector (the downstream market). The central
ingredient of the industry is the encryption system and a set-top box in order to de-
code the scrambled signal. There are several encryption systems in the industry, and
usually the system used for one encryption is not compatible with another encryption.
The encryption system together with the set-top box is called the “Conditional Access
System”. Naturally, there may be vertical integration, between the first and the second
sectors, between the second and the third, or between the three sectors. In this paper
we only focus on competitive interactions in the distribution sector in the French case.

France is the only European market where three digital satellite television platforms
coexist. The two dominant firms, CanalSatellite and TPS, together with a third but
minor company, ABsat, share the French digital satellite market®. In addition, the
French market includes cable television or terrestrial pay-TV. Such a competitive sit-
uation can be expected to promote technological progress and benefit consumers given
the increased pay-TV offer and more advantageous subscription conditions.

The pay-TV market has been identified as a separate one from the free-access televi-
sion market, by the European Commission in its decisions?. Since pay-TV broadcasters
are usually financed through subscription, the pay-TV market is distinct from free access
television, which is usually financed by advertising or by State contributions®. More-

over, for cultural and linguistic reasons, the French geographic market can be viewed

2 A second run movie will be regarded as a lower quality movie by the satellite subscribers. As a result,

pay-TV broadcasters may be forced to reduce their subscription prices to differentiate accordingly.
*In December 2000, the market share of ABsat was less than 2% whereas the combined market share

of the two dominant firms was over 98%.

*See for instance, Commission decisions 94/922/EC (IV/M 469-MSG Media Service), OJ L364,
paragraph 32 and 33.

5The economics literature on free access television is large. Recent theoretical contributions include

Anderson and Coate (2000) and Gabszewicz et al. (2002).
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as a national market. In this paper a further distinction is made between digital satel-
lite broadcasters and cable television or terrestrial pay-TV. These two types of pay-TV
broadcasting channels are assumed to form separate markets. Admittedly, this assump-
tion is a relatively strong one since cable pay-TV services are somehow substitutes to
satellite pay-TV services. Nonetheless, for at least two reasons, one may consider the
two markets as separate. The first reason is the geographic landscape of France, which
except major urban areas is not well equipped with TV cable infrastructure®. The sec-
ond reason rests in the differences regarding the content and the quality of the programs
broadcast by these two sources. The satellite digital service is not only of a better qual-
ity but also is characterized by a larger diversity. As a result, in this analysis we confine
our attention to the competitive behaviors of the two main actors, CanalSatellite and
TPS".

CanalSatellite launched a bouquet of analogue pay-TV channels broadcast by satel-
lite since 1992. This service which ceased in October 1998 was replaced by a digital
service launched in 1996. In 2002, Canal+, the first pay-TV firm in France since 1984,
owns 66% of CanalSatellite and the remaining 34% are owned by Lagardeére. 49% of
Canal+ are owned by Group Canal+, fully-owned by Vivendi-Universal. TPS launched
its digital platform for the distribution of satellite pay-TV programs and services in Jan-
uary 1997. In 2002, the ownership structure of TPS is divided into three shareholders:
TF1 (50%), M6 (25%) and Lyonnaise satellite (25%).

Besides the basic bundle, each package of CanalSatellite and TPS offers a full range
of specialist channels such as movies, children programs, sport events, music programs,
and so on®. For CanalSatellite, consumers must subscribe to the basic offer or to the
maximal offer in order to access to the movie offer. On the contrary, consumers can

subscribe directly to TPS’ movie offer. CanalSatellite and TPS do not employ the same

®In the MediaCabSat (2002) report, the share of subcriptions to cable-TV was about 35% for the

period of January 2002 to May 2002 against 65% for Satellite pay-TV.
"As already mentioned, the third player, ABSat, only plays a minor role in the market given its

marginal number of subscriptions.
#See Tables A2 and A4 for more details about the content and the number of channels.

(24
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encryption technology and do not market compatible decoder equipment. However,
since the subscription and the renting of the set-top box are not expensive, and de-
coders compatible with both encryption technologies are more and more available, it is
reasonable to assume that switching costs do not constitute a barrier for a consumer
to churn”. As already mentionned, the quality of the movie offer depends on the num-
ber of the premium movies, considered as driver products to capture new consumers.
Consequently we assume that the consumers’ choice to subscribe to the movie offer is
influenced by both the quality and the price. That is, on the downstream market, Canal-
Satellite and TPS are assumed to compete in (quality-adjusted) price. Their strategies
consist of proposing to consumers a high quality movie offer at a low price.
CanalSatellite has two main advantages over its rival. First, it was the first com-
pany to offer a satellite digital bouquet. The initial investment constitutes a first mover
advantage for CanalSatellite. Second, CanalSatellite also benefits from a reputational
advantage, due to a substantial “catalogue” of French and American movies acquired
by Canal4, which built its reputation on first transmissions of quality feature films. In
addition, CanalSatellite has access to outside premium inputs, through its parent’s net-
work!®. While this advantage in terms of consumers’ preference should have decreased
with the entry of TPS, the investments of the latter on the outside upstream market
are negligible as compared to the incumbent to be taken into account as a relevant pa-
rameter. Quantitative information as regards the aquisition of exclusive pay-TV rights
is not easily available. However, CanalSatellite appears to invest six more times in its
programs’ content as compared to TPS and in terms of the movie offer, the former has
exclusive rights to broadcast 30 movies out of 32 listed on the box office (TéléSatellite,

143, p. 44). As noted by Harbord and Ottaviani (2001), acquiring exclusive rights to

9The rental cost of a set-top box varies from about 30% to 25% of the annual total subscription’s
costs at the end of the period and is the same for both firms. The entry costs (activation costs) at the
end of the period represent about 11% the total subscription’s costs for one year, 5.5% for two years,

and so on.
10Vivendi Universal has co-financed a high number of lucrative movies with others majors Hollywood

studios (Columbia, Disney, Warner, Fox and MGM).
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premium programming (or sport events) gives competitive advantages over rival, which
suffer a loss (negative externality).

The entry of TPS in the market was not considered by the European Commis-
sion as restricting competition. The European Commission noting the primarily pro-
competitive effect of having a new operator, considered the entry of TPS on the market
as not falling under Article 85(1) of the EC Treaty. However, the Commission noticed
that two clauses included in the contract did restrict competition, in particular by lim-
iting competitors’ access to a certain type of contents, but that these clauses can be
exempted under Article 83(3) of the EC Treaty for three years, which is the crucial
period of TPS’ launch''.

Table Al in the Appendix gives the market shares in terms of the number of sub-
scriptions of CanalSatellite and TPS. The market share represents the penetration rate,
which is the fraction of homes which have subscribed with a pay-TV operators. In
practice, the European Commission has relied strongly on market shares in order to es-
tablish dominance. Firms are frequently declared dominant if they supply at least 40-45

tl?

per cent of the market'. Given this definition and the market share of CanalSatellite,

this firm can be considered as dominant on the French Satellite pay-TV market.

"These clauses, which had originally been envisaged to remain in place for 10 years, grant to TPS:
priority and the right of last refusal to broadcast channels and television services edited and controled
by its parent companies; and exclusive rights to distribute digitally the four general content channels
TF1, France 2, France 3 and M6. The Commission considers in particular that the exclusive availability
of these four general content channels on TPS is a differentiating feature and an appealing product

which are essential for this new entrant to enter the pay-TV market.

12The Furopean Court of Justice has defined the dominance in the United Brands case as : “

a
position of economic strength enjoyed by an undertaking which enables it to prevent effective competition
being maintained on the relevant market by giving it the power to behave to an appreciable extent

independently of its competitors, customers and ultimately consumers”.
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3 Data

The data set has been constructed for the period of January 1997 to December 2002
from raw data published by TeleSatellite, the French reference magazine for Satellite
pay-TV programs and news. Each month, this magazine provides a detailed table
including the subscription prices of the different options, i.e. bundles, for CanalSatellite
and TPS as well as their content in terms of program channels. It is important to note
that both firms frequently propose sales promotions that consist of price rebates and
free subscription periods (in general one to three months for a one year subscription
contract). All in all, these promotions represent about 20% of the subscription price.
The variables constructed are the monthly number of subscriptions for both firms, the
price of the subscription net of bonus or free periods and the number of channels for
each bundle (basic option, movie option, thematic channels, pay per view movies and
sport events)'®. Furthermore, for the basic bundle, 6 groups of programs have been
created on the basis of the description of each channel, and for each group the number
of channels has been calculated for each month'.

Figure A2 and Table A3 in the Appendix give the evolution of the number and the
net price of subscriptions over the period. Descriptive statistics for the main variables
are reported in Table A4 in the Appendix. In order to take into account the level of
advertising effort, a qualitative variable has been constructed. To that end, the number
of advertisements for CanalSatellite and TPS has been counted and weighted by its size
(1 for a full page, .5 for an half page, .25 for a quarter page, and so on) for each issue
of the TeleSatellite magazine. Finally, additional macroeconomic variables such as the
number of unemployed, an index of purchase power, and temporal dummies assumed to
pick up seasonal effects have also been considered in the empirical analysis as additional

control variables.

13T¢léSatellite is the primary source for this information. Note that for the number of subscriptions,
other sources on the internet (CanalSatellite and TPS websites, specialized reports, magazines,...) were

consulted to check for consistency and to complete missing observations in a few cases.
14See Table A2 in the Appendix.
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4 The Model?®

4.1 Demand Functions

As already mentioned, the French digital pay-TV industry is dominated by two firms,
the incumbent CanalSatellite and the entrant TPS together with a third player (ABsat)
with a negligible, and declining over time, market share. Given that ABsat is clearly a
competitive fringe, its market share was just slightly over 1 % during the period covered
by this analysis, we focused on the two main firms.

CanalSatellite (resp. TPS) in the rest of the analysis is also denoted firm 1 (resp.
firm 2). For analytical and empirical tractability, in this analysis we postulate a simple
demand function. As a result, the residual demand function of firm ¢ (resp. firm j) is
assumed to have the following form (Gasmi and Vuong, 1991; Gasmi et al., 1992):

L L

Ni =0 + qaaps + aigpy + i A7 + viA7 Li=12i#] 1)
where N;, p; and A; are firm i’s number of subscribers or “quantity”, price, and adver-
tising expenditures, respectively, and a’s and +’s are the parameters of the model to be
estimated. According to economic theory we expect a;; < 0, a;; > 0, and ~y; > 0. Note
that for simplicity advertising expenditures are assumed to be exogenous. One justifica-
tion for this simplifying assumption is the limited number of observations at hand. By
considering advertising as endogenous we would have two additional equations and at
least six more parameters to be estimated. Since the total number of observations per
firm is about 70, estimation of those additional parameters would considerably reduce
the number of degrees of freedom. In addition, we do not have monthly data on the
firms’ precise expenditures, we only use a proxy variable. Clearly, with a larger data
set and with more detailed observations it would be interesting to relax this assump-
tion and estimate advertising as endogenous. The sign of v;;, i # j, is unclear because

advertising has two opposing effects. The first is negative (predatory effect) while the

®The model is based on the one proposed by Gasmi et al. (1992).
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second is positive (spillover effect). Depending on which effect is dominating the sign
of this variable may be negative or positive.

The demand of the pay-TV industry, as it is often the case, is affected by a number
of other exogenous variables. These exogenous variables are usually related to the
economic environment such as variation in family budget and available time for leisure.
As a result, the demand equation (4) contains a term, +y,g, that captures the effect of

outside environment on the firms’ “quantity”, i.e., number of subscribers,
Yio = Bio + BaY + BinD + 833U, i=12 (2)

where Y, D, and U denotes income, seasonal dummies, and unemployment, respectively.
Obviously, an increase in family income will have, ceteris paribus, a positive effect
on pay-TV demand. As a result, we expect a positive sign for 3;;. Also, since for a
given level of income, unemployment should increase the demand for the type of leisure
considered in this paper, we expect [3;3 > 0. As far as the seasonal dummy is concerned,

we expect lower than average demand in Summer and higher in Winter.

4.2 Cost Functions

As far as the cost functions are concerned, we assume that both firms use similar
technologies. Again, following the literature (and for simplicity) we assume a constant
marginal cost function Cj(q;) = ¢;N;, 7 = 1,2 where ¢; is a function of input variables

that are exogenous in the model.

¢ =N Bi + 0l + 038 + 150 1=1,2 (3)

with B;, F;, S;, and O; denoting the number of basic channels, the number of premium
movie channels, the number of sport channels and other channels such as music or
shopping, respectively. Economic theory suggests n;; > 04 =1,2 and j =1,2,3,4.
Given the data set at hand, we use a simple functional form for costs. Note, however,
that the cost function can, in principle, be a complicated and/or non-linear function,

though it is not clear how much better results one can obtain by complicating the

10
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analysis. Moreover, the econometric analysis of non-linear functions become very often

non-tractable.

Given the demand and cost functions, firm i’s profit can be written as:

1 1
Tipe pg) = (Di— ) (Vo +cuapi T gy 1Al +vy A7) —Ki— A =120 (4)

where Kj; is the fixed cost of operation for firm ¢. The two demand equations and the

two first order conditions lead to a system of four equations to be estimated.

1 1
Ny — 19 —aupr — a1aps — 71147 — 71243 = €1 (5)

1 1
Ny — 99 — a1p1 — Qaap2 — Y1 Al — Y9245 = €2 (6)
Ni+vnpr +vigpe — 61181 — 1281 — 61351 — 61401 = €3 (M)
Ny + va1p1 + vaaps — 6218 — 6291 — 09352 — 09402 = €4 (8)

It is obvious that v’s and §’s are functions of the structural parameters a’s, n’s.

4.3 Strategic Behaviors

To analyze the nature of competition on the French pay-TV market, we confine our
attention to three types of strategic behavior: Competitive, Stackelberg and Collusive.
We thus estimate three models of noncollusive behavior. The first model assumes that
the two firms play Nash and compete & la Bertrand (on prices). The second model
considers the Stackelberg model with CanalSatellite as leader and TPS as follower. The
third model is similar to the second one but with TPS as leader and CanalSatellite as

follower. In addition, we estimate a model of full (tacit) collusion between the two firms.

11
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4.3.1 Competitive Model

Here, we assume that firms compete on prices. That is, each firm simultaneously chooses

its price given the price of the rival. In other words firm ¢ max m;(p;, p;). The strategy
pi )

thus played by the firms leads to the competitive (Nash) equilibrium. We therefore

impose the following restrictions to the model: v;; = ay;,7 = 1,2 and vig = vg = 016,

4.3.2 Stackelberg Model

In this sequential game, first CanalSatellite chooses its strategy and then the follower,
after observing the price of CanalSatellite, reacts. As usual, in this kind of games, the
model is solved by backward induction. The first order condition of the follower is given
as before. Firm 2 n;gxn’;; (p1, p2) which gives its reaction function to the leader price:

Ry=py=—-Lecy— ;) Nj. The first order condition for the firm 2 (FOC?2) is as before.

an?

On the other hand, the leader maximizes its profit which takes into account the reaction
function of the follower max 7 (p1, Ra(p1))

The first order condit?;on for the leader (FOC1) is now different, and is given by
(p1 — c1)ho + hopr + hayy + hQA}/Q + h,gAé/2 + hyco = 0, or after solving for p;:

v 1C hy N hy 12 hs g2 ha . )
pL= =C1 = 4 — /e ——Co
2 2hg 0 2me" Y 2mp  E 2hg

where
o _ alpan
ho = oy — 9252
— 1 _ 12
=1 2022
— Q1279
he =719 720;?;
o~ 127y
hg =39 — 50,2
_ ajp
h4 T 2am0

2001 o202

1% The second order condition implies that the matrix
ajpan 2am

} should be semi definite

negative.

12
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We thus have a system of four equations containing the two demand equations
together with the two FOC’s. Next, we consider the Stackelberg model with firm 2 as

the leader.

4.3.3 Collusive Model

In the collusive model we assume that the cartel maximizes the joint profits of the firm
1;13;(2 %"Tl(plspZ) + %W2(P17]J2)~ Note that for simplicity, this cartel is assumed to give
equal weight to firms. The profit maximization by the cartel yield the two following

FOC’s:

1 1 o s
pr=—c— —N; — —2Lpy p 2oy (10)
ail [<3F1 aiy a1l
1 1 192 192
pr=—eC——Ny— —p1+—0a1 (11)
[£55) 22 Q22 22

As before the two demand equations with these FOC’s gives us a system of simulta-
neous equation that can be estimated using a linear, e.g. two-stage least squares (2SLS)
or non-linear method, e.g. Full information maximum likelihood (FIML) or three-stage
least squares (3SLS). Note that given the number of equations and exogenous variables

one can easily show that the system is identified.

5 Econometric results

The four systems of structural equations, where some equations contain endogenous
variables among the explanatory variables have been estimated by 3SLS. The main
results are reported in Table A5 in the Appendix.

The trend variable is always highly statistically significant with a positive sign.
This result indicates that the prices of both rivals is increasing over time, which can be
explained by the fact that firms are in an early stage of their industrial development.

Indeed, CanalSatellite started its business in 1992 and TPS was launched in 1997. This

13
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results confirms the patterns of the number of subscriptions shown in Figure Al in
the Appendix. The industrial production index is introduced as a control variable to
capture the effects of business cycles. The estimated coefficients associated with this
variable are never significant. Regarding seasonal dummies, only the third quarter is
significant with a negative sign. Typically, this period corresponds to a lower economic
activity combined with holidays and as a result the number of people subscribing to
digital TV services is lower.

Interestingly, advertising variables are highly significant and have the expected sign
across models and for both firms. That is, a firm’s advertising effort always increases its
own demand but decreases its rival’s demand. More importantly, our main variable of
interest, the prices of the subscription to digital programs is significant for CanalSatellite
with the expected (negative) sign, that is an increase of CanalSatellite subscription fee
has a negative effect on its demand of subscriptions. The subscription’s price of TPS
is not significant though it has the expected negative sign. This finding is not very
surprising since this firm only recently entered this market and its prices have always
been lower than the ones observed for CanalSatellite!”.

On the whole, the results reported in Table A5 show that the estimates of the
different models are highly similar. The different goodness of fit’s statistics (adjusted
R-squared and F-stat) for the system of demand equations and first order conditions
do not allow one to reject a model against a different one. As an alternative, the four
alternative competitive behaviors have been tested against each other by applying tests
for nonnested hypotheses proposed in Vuong (1989). These tests depart from the log-
likelihood ratio statistic LR adjusted by a correction factor &,, that penalizes each model
for complexity in terms of the number of estimated parameters and normalized by 0y,.

Formally, the adjusted LR statistic is given by:
Ll
LRy (B ) /0 (12)

where

17A second explanation is a statistical one, the number of observations is rather low despite the fact

that montly data are available.

14
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. n F(vil=is B N A EE
i 1% ip2 1g% 1
LRy = LRo (Bo5n) — & (1)
&, =— (g) logn — (g) log n] (15)

p and ¢ are the number of parameters in models f and g and n is the number of
observations'®. As shown by Vuong (1989), the test statistic is asymptotically standard
normal under the null hypothesis, i.e. both models are equivalent.

The results of the Vuong tests are reported in Table A6 in the Appendix. It follows
from this table that the Competitive Nash behavior is rejected in favour of the two
Stackelberg models. The nonnested test for these two models reject the second model,
i.e. the model where TPS is the leader and CanalSatellite the follower. As regards the
tacit collusion, the test statistics is inconclusive as regards models 2 and 4, but at the
5% level, the test reject the collusive behavior in favor of the Stackelberg one where
CanalSatellite is the leader and TPS the follower. Hence, both firms appear to behave
according to a Stackelberg leader-follower setting, the leader being CanalSatellite and
the follower TPS. Here again, this result is not unexpected given that TPS is a new
entrant which reached its break-even point in October 20027,

CanalSatellite, on the other hand benefits from its longer presence in this market as

an incumbent and from its reputation as well as from its parents’ relationships.

8 This correction factor for the number of estimated parameters is the one proposed in Schwartz
(1978). Other penalty functions can be considered (Akaike, 1973 or Hannan and Quinn, 1979). These
alternative correction factors have been estimated but do not change the conclusions as regards the
models’ selection process.

197¢lé Satellite, number 155, p. 32. For CanalSatellite the break-event was reached in September

1999; source: Télé Satellite, number 118, p. 14.
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6 A comparison with the British case

To have an idea about the consumers welfare one can compare the French competitive
situation with a country characterized by a monopoly. Does such country exist? And
if so, does a cross country static comparison make any sense? The answer to the first
question is a qualified yes. Several countries in Europe has only a single digital satellite
pay-TV operator. However, the answer to the second question is not that clear. The
problem with a cross country comparison is that there are several factors that have
an impact on the firms strategic behavior. Size for example is an important factor.
A country with a large population size may benefit from higher return to scales. The
benefit may be such that the consumers welfare is even larger than a small country
with a high level of competition. The regulatory framework, e.g. competition policy, is
another factor. Obviously the list of factors is long.

Nonetheless, we cannot resist in comparing the situation in France to that of the
Great Britain. On several dimensions, the Great Britain is similar to France. But unlike
France, the Great Britain is characterized by a single operator in the digital satellite
pay-TV market.

The pay-TV industry in Britain started in 1989 when the two networks, Sky and
British Satellite Broadcasting (BSB) were licensed.?’ The two companies used different
satellites, and as a result, separate satellite dishes were required to receive both signals.
Both companies tried to gain subscription by obtaining exclusive movie rights from
Hollywood studios. In 1990 Sky merged with British Satellite Broadcasting, and the
combined firm was named BskyB. BskyB had about 2.1, 3.1, and 3.4 million subscribers
in 1994, 1996 and 1998, respectively.

A first comparison in Table 1 shows that the prices of basic packages are almost
identical not only within a country (France) but also across countries. However, the
prices of the premium packages are very different across firms. As expected the UK

has the most expensive premium package. While it is true that the Sky’s premium

208ee Armstrong (1999) for more details on satellite pay-TV in Britain.
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package contains a larger number of movie channel, but that fact alone cannot justify the
price difference between Sky and CanalSatellite. Probably the quality of the premium
programs offered by the Sky might be so high that can justify the price differential. In
view of our analysis, we argue that the competitive force that characterize the French

market can explain this difference?!.

Table 1. Comparison between France and UK

BskyB (UK) CS* (FR)  TPS (FR)

min® Max® min? Max® min/ Max?

h

Premium Movies” 0 12 0 11 0 7
Premium Kids® 0 4 0 9 0 3
Premium Sports” 0 4 0 7 0 7
Price (EUR) 17 54 17 35 17 33

Note : aCs is CanalSatellite; bSky Entertainment Package; ¢Sky World;
dCanalSatellite Thematiques; € Grand Spectacle; fTPS Théma; gTPS Maximal;

hentries are the minimum /maximum number of channels in the beginning of 2003.
7 Concluding Remarks

The main objective of this paper is to provide an empirical assessment of the nature of
competition between two dominant rival firms in the French satellite pay-TV industry,
CanalSatellite, the incumbent, and TPS, the entrant. Structural econometric models are
estimated using monthly data from 1997 to 2002 gathering information on the number
of subscriptions, subscription fees, advertising effort, discounts, number of channels
and content as well as other exogenous variables characterizing the demand. These
models reflect different competitive behavior, i.e. Nash-Bertrand, Stackelberg and tacit
collusion, and can be tested by means of tests for nonnested hypotheses. Such an exercise

ask for a careful and modest interpretation of the main results obtained given a certain

21The UK may not be the best country for such a comparative exercise, mainly because of the exchange
rates changes and the higher cost of living in this country. A first look at the Italian market, which
is also characterized by a monoploy, Sky Italia, confirms our conclusions. In future work, it will be

interesting to systemically extend the comparison with more countries and time periods.
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number of assumptions on which they hinge. First, the pay-TV market in France has
been assumed to form a separate one from the cable-TV market. Though the share of the
latter is small as compared to the former, and both services are rather different in terms
of their contents, such a hypothesis may appear as restrictive if consumers can substitute
one service to the other. Second, given data constraints, it has not been possible to
endogenize advertisement efforts. Such activities, however, are a main component of
non-price competition. Third, the functional forms of the demand and the cost functions
are rather basic. Iere also, data availability constraints, in particular the number of
observations, prevent investigating more general functional forms.

Despite these limitations, the main empirical findings indicate that the subscription
price of satellite pay-TV in France did not decrease after the entry of TPS in this
market. The substantial increase of programs suggests that competition is mainly driven
by reactions in quality-adjusted quantity between the leader (CanalSatellite) and the
entrant (TPS). Furthermore, advertising expenses of each firm have a positive and
significant impact on its own demand, but a negative (predatory) effect on its rival.
Finally the results indicate that an increase in the CanalSatellite price leads to a decrease
in ‘quantity’ (i.e. the number of subscriptions) while for TPS an increase in price does
not affect its quantity. We explain these findings by the history of both competitors.
CanalSatellite started its business in 1992 in this industry and benefits from a reputation
that allow this firm to maintain higher prices. On the other hand, TPS, through lower
price and a continuous improvement of the quality and diversity of its programs, has been
able to attract new subscribers and as a result to increase his market share. However,
given its recent entry in this market, this firm has not yet reach its break-even point
which prevent her to behave more aggressively by proposing lower prices.

In terms of welfare, a preliminary investigation of the French and the UK pay-TV
markets, which is characterized by the presence of a single monopoly, clearly shows a
price differential in favour of France, even after controlling for quality differences. This
observation supports the idea that competitive pressures are higher in France. In our

future research agenda, we will explore these results more systematically by collecting
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time series data on prices and quality for the British pay-TV firm and by implementing
hedonic regressions to compare price differences in both markets. Another extension of
the analysis is to take into account the vertical structure of this industry. As discussed
before, CanalSatellite, through its parent network, appears to benefit from lower input
prices given its vertical agreements with upstream movies suppliers. Here, the welfare
effects are ambiguous, lower inputs’ costs could be translated into lower subscriptions’
fees given the existing level of competition. On the other hand, vertical restrictions, e.g.
foreclosure, could lead to exclusionary practices, i.e. full access to high premium movies
or sport programs denied to competitors. It would also be interesting to examine the
existing regulations, e.g. The EU Audiovisual policy, with that respect and test how

they interact with these practices.
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Appendix

Table Al. Market shares of CanalSatellite and TPS
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CanalSatellite TPS TOTAL
Number of Market share  Number of Market share  Number of
subscriptions subscriptions subscriptions
(mio) (mio) (mio)

1993 0.1 100% 0.10

1994 0.21 100% 0.21

1995 0.3 100% 0.30

1996  0.45 100% 0.45

1997 0.78 70.9% 0.32 29.09% 1.12

1998 1.1 64.3% 0.61 35.67% 1.71

1999 1.37 62.3% 0.83 37.73% 2.20

2000 1.62 61.8% 1.00 38.17% 2.62

Source: AVICAM/CSA — Direction des études et de la prospective (Lettre du CSA, n°146-1, Décembre 2001, p.2)

Table A2. Content by category of programs of the basic bundle, CanalSatellite and TPS as of end of 2002

CanalSatellite TPS

Entertainment

13¢ Rue Movies AB Moteurs Motors

AB1 Movies Bandiagara Games

Canal Festival Dauville US film festival BBC Prime Entertainment
Canal Jimmy Children Escales Tourism
CanalJ Children Festival Movies
Canalsat Jeux Games France Supervision Sport
Cartoon Network Children Game one Games
Comédie Humor Gourmet TV Culinar
Fashion TV Fashion Histoire History
Forum Planéte Debates knowledge TV Education
Fox Kids Children KTO Religion
Game one Games La Chaine Sud Family
Gourmet TV Culinar Motors TV Motors
Match TV People Odyssée Documentary
Monte Carlo TMC Family Paris Premi¢re Art

Paris Premiére Art Série Club Series
Plancte Documentary Télétoon Children
Planéte Future (2) Documentary Télétoon +1 Children
Plancte Thalassa See Téva Women
Santé Health TF6 Entertainment
Téva Women TPS Hors Série Events

Tiji Children

TV Festival Cannes Festival

Voyage Tourism

(8]
)
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Table A2. Content by category of programs of the basic bundle, CanalSatellite and TPS as of end of 2002

(con’t)

News

BBC World British news Arte Cultural

Bloomberg TV France Finanical news BBC World British news

CNBC-NBC US news CNN International US news

Cuisine. TV Culinar Fox News Channel US news

Luronews European new Trance 2 Generalist

France 2 Generalist France 3 Generalist

France 3 Generalist I Télévision News

Free One Generalist La Chaine Parlementaire ~ Parlamentiary

Ttélevision News La Cinqui¢me Education

LCI News 1LCI News

RFO Sat Regional news M6 Generalist

RTL9 Generalist Reégions Regional news

RTPI Generalist RFO Sat Regional news

TV Breizh Regional RTL9 Generalist

Zalka TV Citizens RTM Generalist
TF1 Generalist
TFJ Jewish
TV Breizh Regional
V5 Generalist
V7 Generalist

Music

MCM Fun TV

MCM 2 M6 Music

MCM Africa Mezzo

MTV MIV

Nostalgie la Telé VH-1

RFM la T¢lé

Zik

Interactive services

Allociné TV News Annonces et Shopping Shoping

Auto Moto Motors Astrologie (Equilibre) Astrology

Bonjour. fr Ads Canal Auto Motors

Canal Club Shoping Chronobourse Financial

Canalsat Boutique Shoping Ciné info News

Canalsat Finances Financial Club Téléachat Shoping

Club Téléachat Shoping Espace annonces Ads

CTV Ads Fi(CATV/Vega/Echos)  Financial

Demain! Job France courses Hippism

Fiches Elle Culinar Info Express News

Forum Boutiques Shoping Infoscore Sport news

France courses Hippism Le journal de chezvous  News

L.Sport Sport news L'oeil du hibou Cultural

Journal de chez vous Local news Meétéo Express Weather

La chaine météo Weather Mon Shopping Shoping

Meétéo interactive Weather Pari a domicile Hippism

Parents Young parents Shopping Avenue Shoping

Pari a domicile Hippism TPS Boutique Shoping

Premiére Cinema TPS Mail E-mail

Spectacle Shoping

Zo¢ Job

Sport

AB Sports Equidia

Equidia ESPN Classic Sport

ESPN Classic Sport Eurosport Breizh

Eurosport France Eurosport France

Léquipe TV Infosport

Pathé Sport Superfoot

Sport
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Table A3. Net subscription price (euros), CanalSatellite (CS) and TPS, 1996-2002

December of TPS CanalSatellite

1996 237.82 228.67

1997 256.11 246.36

1998 272.88 272.58

1999 283.56 301.85

2000 300.02 311.00

2001 300.02 311.00

2002 300.02 334.78

Source: TéléSatellite, own calculations.
Table A4. Descriptive statistics of main variables

Variable Mean Std. error Min Max
net annual subscription price (euros) pl 288.13 29.12 228.67 334,78
p2 269.38 37.05 158.55 300.02
# of subscribers ql 1212789 508735 201200 1998400
q2 726392 361634 0 1172000
advertising al 1069 268 447 1414
a2 810 268 0 1083
total # of channels ntl 73.68 19.80 29 108
nt2 49.36 10.30 16 59
total # of channels in the basic bundle nbl 37.83 14.00 15 56
nb2 40.00 9.53 21 52
total # of channels in the movie bundle ncl 6.53 1.51 5 11
nc2 3.76 0.78 3 5
total # of bundles ol 9.25 1.00 5 11
02 7.49 2.12 2 11
industrial production index (OECD) y 112.59 4.72 101.30 118.30

Notes:
72 observations
1: CanalSatellite
2: TPS

Source: TéléSatellite, own calculations.
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Table AS. "Parameter estimates (3SLS) of different strategic behaviours

Model 1 Model 2 Model 3 Model 4
Nash Leader TPS Leader CanalSat Tacit collusion
QTPS QCS QTIPS QCS QTPS QCS QTPS QCS
Constant -205 -399 -208 -429 -197 -427 -190 -414
(1.16) (2.20y**  (1.18) (2.35)%*  (1.11) (2.35**  (1.07) (2.27)**
Qt-1 0.555 0.182 0.550 0.186 0.549 0.171 0.556 0.182
(7.80)F%% (3.05)***  (7.72)y%k* (3.12)%*%  (7.69)FF* (2.90)*F**  (7.79)*** (3.06)***
PTPS -18.087  14.162 -16.309  9.192 -16.560  15.670 -18.644 13.273
(1.15) (0.81) (1.03) (0.52) (1.05) (0.90) (1.18) (0.76)
PCS 18.773  -63.245 18.532 -60.606 -6.159 -95.005 11.163  -69.272
0.67) 2.01y**  (0.66) (1.92)* (0.22) (3.04)***  (0.40) (2.20)**
A TPS 515 =270 518 -281 515 -291 517 =267
(5.65)* %% (2.94)%**  (5.68)y*** (3.04)*** (5.62)*¥** (3.17)*** (5.65)%** (2.90)***
ACS -182 1,214 -182 1,212 -186 1,228 -183 1,205
(2.68yHH% (12.25)%** (2.68)**4* (12.14)%** (2.73)*** (12.43)*** (2.69)*** (12.13)***
S2 -9,339 -7,726 -9,411 -7,100 -10,198  -10,003 -9,082 -7,514
(1.40) (1.01) (1.41) (0.92) (1.52) (1.31) (1.36) (0.98)
S3 -15,645  -20,637 -15,568  -21,388 -16,424  -22,367 -15,657  -20,046
(231y%%  (2.66)***  (2.30)**  (2.74)yF**  (2.42)%F  (2.89)*** (2.31)**  (2.58)**
S4 -288 1,785 -420 1,336 -298 1,319 -13.265 2,311
(0.04) 0.22) (0.06) (0.17) (0.04) (0.17) (0.00) (0.29)
Y 1,779 1,156 1,785 1,510 2,109 1,926 1,762 1,441
(0.94) (0.58) (0.94) (0.75) (1.11) (0.96) (0.93) (0.72)
T 3,045 7,580 3,082 7,580 3,297 7,953 3,087 7,647
(42944 (10.23)*** (4.34)%%*% (10.19)*** (4.63)**+* (10.81)*** (4.34)*** (10.33)***
Observations 69 69 69 69 69 69 69 69
R 0.9278  0.8948 0.9281 0.8947 0.9274  0.8964 0.9285  0.8972
F stat 96.53 66.22 96.51 66.38 96.23 66.12 96.21 65.87
Notes:

oo Absolute value of t statistics in parentheses.
* Significant at 10%; ** significant at 5%; *** significant at 1%.
The estimates of each model’s first order conditions are not reported.

8 8 8

TPS as leader; Model 4: Tacit collusion on prices.
Advertising expenditures are assumed to be exogenous.

8 8

Quarterly dummies; Y = industrial production index; T: trend.

Table A6. Vuong nonnested tests for alternative competition models

2. 3. 4.
1. 3.98 5.12 2.57
2. 2.11 -.27
3. -2.44

Notes:
1: Nash competition; 2: Leader TPS; 3: Leader CanaSatellite; 4: Tacit collusion.

Model 1: Nash competition; model 2: Stackelberg model with CS as leader; Model 3: Stackelberg model with

Q is number of subscriptions; P is subscription’s fee (price), A is firm’s advertising expenditures; S2-S4:

Values for the Vuong test (column j vs. line i} above 2 reject the model in line (i), and below -2 favor the

model in column (j) at the 1% level.
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Figure Al. The French satellite pay-TV market
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Note : a) Extract from CNC Mai 2001, Liens financiers.
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The main players in this market are, on the one hand, firms fully owned by TPS such as
Cinéstar 1, Cinéstar 2, Cinétoile, Cinefaz and, on the other hand, firms like Ciné Cinéma 1,
Ciné Cinéma 2, Ciné Cinéma 3, and Ciné Classic owned by Multithématique, which is a

property of Groupe Canal + (27%), Liberty media (27%), Lagardere (27%), Havas Image (9%)
and Groupe Tectis (10%)3a.
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Figure A2. Number of subscription CanalSatellite (CS) and TPS, 1997-2002
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Abstract

In this paper, we study the conditions ruling the diffusion of an Open
Source software as opposed to a commercial one. The two software differ
according to their usage costs (adoption costs, existence of customized
functionalities). We distinguish two categories of users, namely "end-
users” and "users-developers”, according to their ability to contribute to the
development of the OS software. We characterize the Nash equilibria in a
sequential game where players are first the producer of the commercial
software which chooses a price and a quality level, and second users who
chose between adopting the OS, the commercial software or not adopting.
Due to the externalities of use and development, the final level of adoption
of the commercial software and of the OS solution depend on initial
conditions relative to users expectations. Starting from identical initial
conditions (adoption costs, magnitude of the externalities generated by the
community of developers and users, etc.), a winner-takes-all competition
may arise between the two software, which may lead to the crowding out
of one of them. Other cases exhibit separating equilibria where users are
distributed between the two software according to their aptitude to develop
or to adopt. Such multiple equilibria being only imperfectly controlled by
the commercial firm, we show that the strategy of the commercial firm can
be understood as a balance between a low price — high quality strategy and
a high price — low quality strategy. We analyse the qualitative properties of
pooling and separating equilibria. The sole existence of a credible OS
alternative improves the utility of end-users, even if only the commercial
solution is finally adopted. The diffusion of the OS software may
sometimes generate conflicts of interests. In some cases, the division is not
only between the users and the firm but the interests of some users can also
be aligned to that of the firm.

Key words: Open Source — Commercial Software — Increasing returns — Community of developers
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1  Introduction

Unlike its proprietary counterparts, open source (OS) software is based on particular license terms which
allow any user to freely "use, modify and redistribute”" the original software’. From an economic point of view,
one key issue is to find out whether this original production and distribution mode is viable in the long run and
could establish itself as a credible alternative to proprictary software. Empirical studies reveal that the success of
OS software is very diverse: in the last few years, the OS model has rapidly spread in technical areas (cf.
Apache, Sendmail, PHP) where most users are expert (e.g. developers, system administrators, webmasters). In
other end-users oriented areas, the OS model shows ambiguous performances. For example, Linux has started to
establish itself as a competitive alternative to proprietary operating systems, while LATEX (an open source word
processor) has not managed to expand to a large community of users although it was introduce before other
proprictary solutions (cf. Gaudeul [2003a]). In all these examples, we can identify several disparate causal
factors. Some of them are structural (type of users, existence and quality of a proprietary counterpart). Others are
more historical (unsuited leadership of the open source software, lock-in effects). All these factors partially
explain why open source software may succeed in some cases and fail in others. One could integrate these
factors into two inter-related topics: i) production of the OS software i.e. developers' individual incentives to
participate in OS communities and ii) diffusion of the OS software i.e. users' individual incentive to adopt open
source software.

On the developers' side, contributors’ motivational aspects have been widely analyzed by both economists
and sociologists. Indeed, according to Lerner and Tirole [2001], the apparent "non-profit" and altruistic character
of the contributions has to be downplayed and partially replaced by more selfish objectives (career concerns,
prestige as evidenced by the hierarchical structure of communities). Following these authors, Mustonen and
Leppéamiki [2003] present a situation in which programmers' involvement in open source projects is considered
as a signal for their potential employers and the development of the open source project can either harm the
proprietary software (substitute products) or benefit from it (complementary products). This signal hypothesis
has been empirically tested and corroborated in the case of Apache developers (cf. Hann er al. [2002]).
Furthermore, Dalle and Jullien [2003] emphasize the crucial role of institutions (as e.g. the copyleft license) to
provide a credible commitment able to preserve such incentives. Indeed, developers’ incentives are highly
dependent on the type of license under which the OS is released (cf. Gaudeul [2003b] for a theoretical analysis
of developers' and project leaders” incentives under the GPL, BSD and proprietary licenses ). Incentives are also
sensitive to the way the OS project is managed. In particular, the type of leadership (cf. Gaudeul (2003a)) and
the organization of the software (modular versus centralized, see e.g. Hertel et al. (2003)) should be stressed.

On the users' side, the adoption issue has also attracted attention. Dalle and Jullien [2003] develop a
simulation model: assuming that all potential adopters initially use the proprictary software and that network
externalities are both local and global, they show that the diffusion of the 'libre’ software goes through a phase of
transition associated with a lock-in effect. As a consequence, they point out the crucial role of early adopters on
the success or the failure of the open source project. However, their analysis is based on the premise that,
everything being equal (i.e. when the two software have the same share of the global and local markets), the
quality of the OS software is better than that of the proprietary one. In a close framework, Bonaccorsi and Rossi
[2003] add the possibility for users either to adopt the two kinds of software simultaneously or separately. While
the network externality is strictly global, they differentiate users according to the benefit they derive from the
adoption of the open source software. The intrinsic utility attached to the open source software is probabilistic
and several distributions are tested (normal, uniform, exponential biased beliefs against the open source
software, exponential biased beliefs against the proprietary software). With 'moderate’ network effects, they
conclude that both type of software coexist with all forms of distribution (except for the exponential distribution
biased against the open-source software, which blocks the diffusion of open source). However, the coexistence
of the two technologies may be partly caused by the fact that agents can maintain the two types of software
simultancously with no additional cost. This feature does not hold in the long run for software that are not

' See Cremer and Gaudeul [(2004)] and Von Krogh and Von Hippel [2003] for a general presentation of open source.

* GPL (General Public License) and BSD (Boston Software Development) are the most famous open-source licenses but it can be shown that
there exists a continuum of license ranging from pure open source software to proprietary one (see West [2003], Muselli [2004] and
Zimmermann and Jullien [2002] for an analysis of such mixed developement strategies and Lerner and Tirole [2002] for an empirical
survey). GPL and BSD licenses differ on the following point: any software which draws on GPL software, has to preserve the original
licence terms, while BSD license terms allow a developer to freely change the type of the license, e.g. transforming it into a proprictary or a
GPL license.

8]
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perfectly compatible®. In such a dynamic context, Valimaki and Oksanen [2005] underline the role of switching
costs, that may lead to the non-adoption of the OS software in spite of its possibly better quality compared to the
proprietary one. In a static context, Mustonen [2003] studies the interaction between open source and proprietary
software through the allocation of developers' time: developers can choose to allocate their time either by being
hired by the proprietary software company (direct revenue) or by participating in an OS project and thus
acquiring experience and signalling their quality to future employers (indirect revenue). Depending on the
magnitude of the open source adoption cost incurred by users, the commercial firm can crowd out the diffusion
of the open-source software by proposing higher wages (which discourages developers to participate in the open-
source community) or by increasing the quality of its software (vertical differentiation). However, this model
assumes that developers are not users and consequently that developers' participation is only motivated by
signalling motives. As it should be stressed, another important motive to participate in OS community is to
develop a software customized to the developers’ own needs (innovation-led users, cf. ¢.g. Bitzer and Schroder
[2005]). Bitzer [2004] thus underlines the role of the products’ heterogeneity in the adoption of the OS software,
as the more similar these products are, the more intense the price competition between the two software is.

Tackling the adoption issue, it seems important to stress the heterogeneity of users’ needs. Users are first
heterogeneous regarding their preferences i.e. two users may not use a software to perform the same task. To
capture this element, we develop a model which is able to take into account two motives for OS adoption: i)
difference in license cost when a user can substitute a proprietary software to an OS software and ii) adoption of
OS software as the proprictary software does not provide specialized functionalities. Along with this
heterogeneity in preferences, users are also different according to their contribution to the open source software.
We should at least consider two distinct populations: developers-users (cf. Franke and Von Hippel [2003]) and
end-users. End-users can orient the future development (e.g. by asking for new functionalities) but are not able
to contribute directly to the development effort. Developers-users may use the software for their own needs (or
similarly for the needs of their company) but are able to write new lines of code and customize the software as
they need new functionalities. The relative size of these two populations obviously depends on the type of
software: highly technical software may primarily concern users-developers while operating systems or office
suites may concern a larger set of final-users. In turn, this distinction affects the economic incentives that drive
each population to adopt the OS software or not. In other terms, the presence or the absence of one type of users
alters the benefits (development of customized functionalities, compatibility externality) derived from the
adoption of the software. In this paper, we consider the adoption issue by explicitly taking into account the
coexistence of heterogencous users (i.e. users with different programming abilities and differentiated
preferences). As a twin issue, we propose to evaluate the welfare generated by the introduction of OS software.
This last question seems particularly relevant considering the recent initiatives to promote open source adoption®.
Indeed, individual and collective welfare may diverge in the presence of network externalities which are typical
of software goods (cf. Shapiro and Varian [1999])°. To be fully appropriate, such policies then need a
comprehensive framework able to account for such externalities at a more macroscopic level. Schmidt and
Schnitzer [2003] survey some of these policy-related topics. With a simple model (horizontal product
differentiation and three populations of users, a 'mobile’ population and two captive ones), they show that
increasing the share of OS captive users can harm the welfare of other populations. This model shares several
features with our model, though we do not suppose here that some users are exogenously captive to one kind of
software and we add the important distinction between end-users and developer-users.

This paper is organized as follows: Section 2 presents the model. Section 3 analyzes the Nash equilibria it
generates and discusses its qualitative properties. Section 4 concludes.

* For example, while switching from the proprietary suite Microsoft Office to the GPL Open Office, a user may lose functionalities (e.g.
macro-commands). It may then be more costly for him to maintain two versions of the same file with the same quality than to adopt only one
of the two software (either open-source or proprietary).

* See, e.g. China's plan to equip its central administration or Taiwan's initiative to promote the development of Open Source programs.

® See Schmidt and Schnitzer [2003] for a survey of all policy-related topics. With a simple model (horizontal product differentiation and
three populations of users, a 'mobile’ population and two captive ones), they show that increasing the share of OS captive users can harm the
welfare of other populations.
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2 The Model

The model analyses the interactions between a firm producing the commercial software and two categories of
users, namely "end-users” and "users-developers", according to their ability to contribute to the development of the OS
software. The firm chooses and implements a strategy in prices and quality at a first step of the game, before the
decisions of adoption and development of users are taken and implemented at a second step of the game.

2.1 End-Users and Developers

There are two categories of users: developers (indexed by D, in proportion & of the total population) and
end-users (indexed by EU, in proportionl—x of the total population). The mass of the total population is
normalized to 1. End-users and developers differ according to two elements: first, developers are able to develop
new functionalities and customize an OS software by adding new lines of codes, while end-users are not. In
other words, as the source code is open, a developer is able to develop new functionalities for his own benefit.
Once these functionalities are developed, there is no cost in releasing them to the whole community®. Besides, an
end-user may freely benefit from the experiences and releases of developers. Secondly, end-users and developers
do not face the same adoption costs. Developers are generally expert users (engineers, computer scientists) and
are used to adopting new software. On the contrary, end-users face high initial costs while adopting a new
software. Besides, it seems reasonable to assume that these costs are generally higher when adopting an OS
software than those incurred when adopting a commercial one. One reason for this is that OS software are
primarily developed and OS are led by expert users who cannot devote much time to make extensive
tutorials/FAQs, numerous user-friendly interfaces, etc’.

For that reasons, let us suppose that developers do not face any adoption cost while end-users do. Even
inside the population of end-users, some agents are more expert than others. That is why we also assume that the
adoption cost is heterogeneous among this category of agents End-users are heterogeneous in this respect and

face an adoption cost uniformly distributed between 0 and = .

2.2 Commercial and Open Source software

The two software need to fulfil two types of functionalities i.e. generic and specialized functionalities. To be
cligible, a software needs to develop all generic functionalities. Users (both end-users and developers) are
heterogeneous regarding the second component. We will thus suppose that they are uniformly distributed on a
unit circle: each agent is located on a point and needs the functionality related to that point. Users may choose to
adopt i) a proprictary (closed source) software; ii) a GPL-open source software; or iii) neither of the two
software. In the last case, we can suppose that users can manage to do the same task either "manually” or with a
combination of previously acquired software (i.e. without costs). By convention, this default option leads to a
null payoff.

The strategy of the commercial firm

We suppose that a single commercial firm produces the proprietary software. Because the software shares
many characteristics with digital goods, its reproduction costs are negligible and we will thus further assume
them to be null (and independent from the number of adopters). That is why this development cost can be
analyzed as a fixed cost. Conversely, the extent of the specific needs covered by the proprietary software is

© We restrict our analysis to GPL (General Public License) licenses. Other types of licenses (as e.g. BSD) allow any user or developer to
commercialize its own software derived from the initial software. Consequently, this other type of license raises an additional incentive
problem for developers which may be inclined to "close” the code of their customized software instead of making it freely available to other
users. This specific case could be the subject of an extension of the present work.

Tt could be argued that users may incur an adoption cost even when adopting a commercial software. However, because user-friendliness is
an important factor for adoption and purchase of a software, commercial firms devote important marketing efforts to maximize the usability
of their software. To clearly delineate OS from commercial software, we can thus overlook the adoption costs for the proprietary software.
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controlled by the firm. By devoting more or less important research effort on R&D, it can choose to develop
more or less specialized functionalities in order to cover a more important fraction of these specialized
competencies on the unit circle (noted ¢ and called “quality™). As a consequence, the production costs of the
proprietary software are fixed according to the number of users (digital goods, no reproduction cost), but
variable relatively to the extent of the provided functionalities ¢ . This is one of the control variables for the
firm. Because the firm needs to invest in R&D to develop these functionalities, we will thus assume that there is

a cost g(fl) (with g'(q) >0 and g(O):O)toprovidethem.

Let us hereby denote by ¢ (qe [0, l]) , the extent of the functionalities offered by the firm, defined as a
proportion of the unit circle covered by the selected software quality, and by ¢, (¢, >0), the license fee paid to

the firm by each user. The commercial firm chooses a couple (qx,cZ)maximizing its profit given by Equation

)
ﬂ':nPcL—g(q) (n

where r” (n' e o, 1]) denotes the proportion of users of the proprictary software

The utility generated by the proprietary software

The ability of the commercial software (and of the OS software too) to fulfil the generic functionalities
strongly depends on the total number of adopters (see e.g. Shapiro and Varian [1999]). This network externality
is motivated by several factors, such as the compatibility between users, the availability of complementary
services and software, efc. To take it into account, we will suppose that the utility associated to such
functionalities is closely dependent on the number of its users. Consequently, we assume that the utility

generated by the general needs fl(n*" )positively depends on the adoption level expressed by n”

(with £, '()> 0, £(0)=0 and f,(1)=k.(k >0).

As the source code of the proprictary software is closed, no user can develop his own specialized
functionalities. The utility generated by the commercial software then depends on whether the commercial firm
has developed the desired specific functionality. Users whose functionalities are covered by the commercial
software get an additional utility equal to d (with 0 < d ), 0 otherwise. Because software is an experience good,
a user cannot fully anticipate at adoption time, which specialized functionality she will need in the future, and
assess its ex post utility. Consequently, she can ex ante only consider the extent of specificity covered by the
commercial software and try to anticipate the future utility of the commercial software. By convenience, we will
also suppose that users are risk-neutral. As a consequence, the expected utility of potential users relatively to the
specific uses of proprietary software is the weighted average of their respective ex post utilities according to their
location, inside or outside the set of the functionalities effectively covered by the commercial software. Let d
corresponds to the utility generated by the specific uses of proprietary software. Once considered that the firm
develops a proportion ¢ of all the specialized functionalities and if agents are risk-neutral, the expected utility

derived from the specialized functionalities is thus equal to dg .

Once deduced the license cost ¢, charged by the firm, the net utility derived from the adoption of the
proprietary software can be expressed as follows (equation 2):

u = f, (n")+dqfc,_ 2)
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Ex post utilities :

\ A = f(n,)+dgc,

\\( / A 0, :f](n;,)—cl
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q = > g
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q specialized
Junctionalities developed

Fig. 1: The utility of the Commercial Software

The utility generated by the OS software

When adopting the OS software, there is no license fee. Similar to the commercial software, we will suppose
that the OS software needs to fill all the generic functionalities to be eligible®. As previously, these generic
functionalities are subject to a compatibility externality (again noted f,). Besides, developers may, in the case of
OS software, freely modify and customize the initial software. The modular organization of most recent OS
software favours such customization so that open source developers may add functionalities that will then benefit

all users. As the OS software is maintained and managed by developers, the utility derived from specialized
functionalities is highly dependent on the number of contributors (noted ny’° )’. In other terms, the larger the

number of developers who contribute to the code is, the more functionalities are added, and the higher the utility
of the OS software is for all users (i.e. for both developers and end users). This positive link will be described by
a positive externality (noted f, ) that benefits the whole population (users and developers). We will capture this
influence of the size of developers' population on the OS individual utility by a positive externality noted

1 (ng‘) with n)’ denoting the size of the community of developers (f,'()>0, f (0)=0and
1:(0)=0.1,(1) =k,.(k, >0).

The adoption cost ¢/ (O <l < FE”) of any user i(i € [O,]]) is depicted by Equation (3). Developers
and end-users are ordered according to the size of their adoption costs. Consequently, as ie [0,#], we will
conventionally set that user I is a developer and her adoption cost is null. As ie [/1, 1] , user [ is an end-user

and is defined in such a way that ¢/’ = (%)Ew (cf. figure 2).

 We may suppose that these functionalities are ex ante developed by “kernel” developers or by the project manager, so that the OS exists,
once all these functionalities are fully available (release of the “1.0 version™).
° We will assume that once a developer adopts the open source software, she actively contributes to the code and does not act as an end-user.

This simplification implies that ngs is equal to the size of the population of developers who adopt the OS.
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Adoption
cost (c‘w)

1

Fig. 2: Adoption costs of the OS Software

Thus, we express the utility generated by the OS software for agent i (ie [O, l]) as follows:

) ) 0 whenie [0, ]
os — os +d os _ A With :4 = 3
w? =, (n )+ df, (n5) =c; = o henie [ 1] 3

2.3 The Sequential Game

The firm has complete but imperfect information about the composition and the possible strategies of the
potential adopters of its software: it knows the different characteristics of its potential users (x.¢,.c,...) but can

imperfectly anticipate their behaviour. Since we can suppose that the price and the quality of a software cannot
be frequently altered, we assume that firms’ and users’ choices are sequential: the firm makes its choices initially
and users reply subsequently to firms’ strategy by formulating their own adoption choice. The structure of the
sequential game is depicted by Figure 2:
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Step I : The commercial firm
sets the license cost (¢ ) and
the quality (g) of its software

|

‘ Step 2 : software adoption of user i \

End user Developer
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Fig. 3: Structure of the sequential game (OS = Open Source Software adoption ;
P = Proprietary Software adoption ; @ = No adoption)

At Step 1, the firm chooses the extent of functionalities ¢" and the level of its license fees cz that maximize
its expected profit. At Step 2, each user observes these two variables, compares its respective utilities and
chooses between the proprietary software (Strategy "P"), the OS software (Strategy "OS") or no adoption
(Strategy " "). Individual utilities of users depend at this stage on each user’s expected level of adoption of
each software. As usual in such cases and in order to avoid complexities in the description of the expectation
dynamics, we suppose that these expectations (be it wrong or right) are the same for all users. An eductive
process generates a convergence of wrong expectations towards the locally stable equilibrium of the area of
stability to which they belong.

3 Nash Equilibria of the Sequential Game

We solve the game by backward induction: We first consider the second sub-game (adoption decisions of
developers and end-users for a given strategy of the firm). We then determine the profit-maximizing strategy of
the firm

3.1 The Second Step

3.1.1 General case

Let us thus consider a couple(g,c, ). Once we note the expectations n”, n™

, n;’ relative to the respective
sizes of the commercial software customers population, the total population of OS end-users and the population

of OS developers, the choice of any user (i, i€ [O,I]) is as follows:
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Choosing P if f (rzP]+dq c, = ,up{ f OS +df( ) ot }
A > ﬂup{O j,( )+a’q—rL}
Choosing @ if 0> sup{f, (n")+dg—c,.f, (n* )+df, (n5’ )~ }

Choosing O if f,(n®)+df,(ng*)-c;

Each agent associates her own optimal choices to each expected level of n”, n®and n)’. Let us
conventionally assume that, if they expect the level n® for the OS users, they will consistently suppose that this
population is only formed by developers if n” <. If n° > g, this population also integrates in supplement
the end-users whose adoption costs are the lowest'’. From the aggregation of these optimal decisions, the

effective proportions of proprietary software users, of developers and end-users of the OS software (1", n”° and

ny’ respectively) are then deduced as function of the expected levels of each populations (see appendix 1).

0

Hence, for each couple (g,c, ), the condition (nF n% o8

np’ ) =(n”. n ng“]dcﬁncs the Nash equilibria of the

sub-game corresponding to Step 2 of the game.

Without any specification of the functions f, , f, and g , the following propositions can be established in the

general case:

Proposition 1: Whatever the pair (q,c, )selected by the firm at the Step 1 of the game, there exists at least one
Nash equilibrium associated with Step 2 sub-game. (Proof, see Annex 1)

Without any specifications on the functional forms of f,(.), f,(.) and of the development costs g(), w

have no precision about the nature of the equilibrium position(s) of the second step sub-game. However, such
precisions can be obtained with a slightly weak assumption of the economic "viability" of the firm.

AO0. There exists an economically viable pair (q’,c,f ) , i.e. a quality / price solution for the commercial software

such that i) for this pai.r(q*,(;[) , its exists an expected size level n™*, (O <nf < 1] of the commercial software

users (P-users) sufficient induce users to adopt the commercial solution when there is no alternative to this

technology and i) 7 =¢,” - /i’(([)2 >0

Proposition 2: Under A0, the distribution of users {n” =1,n) *=0,n"*= 0} corresponding to the full
adoption of the commercial software is always a Nash equilibrium of Step 2 sub-game. (Proof, see Appendix 1)

Proposition 2 establishes that under a very weak assumption, there always exists at least one equilibrium of
the second step sub-game such that the open source software is crowded out. At this equilibrium, all users adopt
the commercial software. The limitation introduced by the assumption is that there exists at least one pair
"quality / price” of the commercial software which insures that its implementation is i) profitable for the firm and
ii) utility-improving (against inaction) for users, at least in the most favourable circumstance, that is when all
agents expect a general adoption of the commercial software.

Other equilibria may exist. Consider for instance the (limit) case where ;! =0,Vi. In this case there exists a

4

range of variation of ¢* and c¢,' (¢" sufficiently low and ¢," sufficiently high) such that

£ ()+dg —c,* = 02 f,(0)+dg* —c,”. We then verify that f,(1)+df, (u)—c = sup{0.f,(0)+dg—c, }

whatever i . The outcome {n" #*=0,n **=u.n” #*=1} is then a second equilibrium of the second sub-gameA By
continuity and by the fact that OS is for all users strictly preferred to P when{n =0,n)° = t,n } the same

result is maintained whenc;' = ¢ (Vi) with & as close as possible to 0 (yet #0). Then, the equilibrium

1% This kind of assumption is frequently used in adoption models (see for instance Cremer [2000]).
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- os
k=
{n =0,n,

from 0, the result is not maintained while other equilibria may as well emerge. The nature of the equilibria (when
they exist) other than {n’*=1,n"#=0.2" =0} then depends on the forms of £, (.),f,(.)andg(.).

5= 0" %=1} exists for a not-empty range of variation of ¢ (Vi) .However, as ¢ (Vi) is far

Hence, the multiplicity of the second step sub-game Nash equilibria seems to be the norm in the general case. An
exhaustive topology of these equilibria is however only possible after the forms of £, (.),f,(.)and g(.)are

specified. We will select the linear-quadratic case as an illustration.

3.1.2 The linear-quadratic specification

Suppose the functions f(.) andf,(.) tespectively capturing the compatibility and development

externalities to be linear. This linearity can be considered as a choice to favour the median occurrence between
the contrasting cases of exponential network effects on the one hand and of congestion effects on the other hand.

Also assume also that g (.} is quadratic. This last assumption implies that it is more and more costly for the firm

to develop the specific functionalities of the software. Given these specifications, profit and utilities can be re-
expressed as follows:

zr=n'c,- B’ )
u =on" +dg—c, @)
os 0 when i€ [0, ] (developers)
u(m :alnus +szd ”L _CzA with 614 = P . (3’)
¢ = whenie [/1,]] (end users)

To improve the tractability of the linear-quadratic case, moreover introduce two additional (and mild)
assumptions:

Al. Suppose that ¥ <(q, +dlll). This condition provides an upper bound to the adoption costs. Put

differently, we suppose that the end-user exhibiting the largest adoption cost (Fw) always obtains a non-

negative utility when she adopts the OS software, given that all other users are expected to adopt the OS
software. This assumption is a sort of counterpart of the assumption that the commercial software is
economically viable. It rules out possible inaction and equilibria such that {n, > "Z " } ={0,0, ()}

A2. We need an assumption relative to the initial expectations of agents. It could be considered as an extension
of the assumption of symmetry to the case where all agents are heterogeneous. As usually in this kind of model,
we first suppose that - right or wrong - expectations are the same for all agents but we also exclude total
inconsistency between expectations and choices. More precisely, as agents are ordered according to their cost of
adoption of the OS software, we suppose rhat agent i cannot simultaneously adopt OS and expect that a
proportion of agents less than i will adopt ir: agents are aware of their position in the "implicit hierarchy” of
users and integrate this information in their plans by excluding some expectations inconsistent with this
hierarchy.

Given this last assumption, we can exhaustively analyze the nature and stability of equilibria in the linear-
quadratic specification of the model.

Then consider the second step sub-game under such specifications and assumptions. This step begins while
the firm has already fixed ¢, and ¢ at the first stage of the game. The remaining variables to be determined by
users are n” * (the Nash equilibrium proportion of agents adopting the proprictary software), n°° * (the Nash
equilibrium proportion of agents adopting the OS software) and nj’ * (the Nash equilibrium proportion of
developers among agents adopting the OS software). According to our specifications of £,(.),£,()andg(.),
given assumptions AQ,Al and A2, the typology of Nash equilibria of the second step sub-game can be

EU

exhaustively analyzed considering the possible values of parameters &, @,, ¢, uand d ,and the first step
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determined variables ¢ and c,. These cases are presented graphically in appendix I and summarized in the

following table:

Number of Number of Type of stable equilibria Conditions of
equilibria stable prevalence
equilibria
commercial software only [P]
Case 1 5 ) a(-p) >z,
OS software only [OS]
dg—c, <a(2p-1)+de,
. a(-u<z",
commercial software only [P]
Case 4 3 2 dg—c, <oQu-N+da,
. ’ dg—c <& +da -7
OS software only [OS] ' i
commercial software only [P] a-p)> =
Case 2 3 2 08 sottware only [O5] dg—c, >0 2u-+da,
dg—c, <@ +da, -
commercial software only [P] a(-p <"
Case 5 3 2 0S software only [OS] dg—c, >0 2u-1)+da,
dg—c, <a +da, -
. a(l-pw>c"
Case 3 1 1 commercial software only [P]
dg—c, >a +da, -<"
al-m<z"”
Case 6 1 1 commercial software only [P] dg—c, >a Qu-)+da,
dg—c, >a +da, -<"
. a(l-py<c”,
commercial software only [P] '
Case 7 3 2 - . dg—c, <o Qu-1)+da,
coexistence of the two
software [OS-P] dg—c, >a +da, -¢"

In some cases (cases 1, 4, 2 and 5), there are three Nash Equilibria and only two are stable. In these cases,
either the commercial or the OS software is adopted at equilibrium but the two software never simultaneously
coexist at the end of eductive process. This case exhibits a “winner-takes-all” situation. The area of attraction of
each "pooling" equilibria (see appendix 1) is defined by the place of the unstable "separating” equilibrium (E3):
when initial agents’ expectations about the adoption of the OS software are below a critical level, the proprietary
software will finally be adopted by all at the end of the eductive process. On the contrary, when expectations are
beyond this critical level, the OS software will finally prevail. Other cases correspond to one single stable
"pooling" equilibrium (cases 3 and 6) where either the commercial software or the OS software is adopted. The
last case (case 7) corresponds to two stable equilibria, one pooling and corresponding to a full adoption of the
commercial software and the other separating where one part of the population stabily adopts the commercial
software and the other the OS software.

These equilibria stand for one given (g,c, ) strategy of the firm. Solving backward, we then need to establish the

equilibria in the first sub-game.
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3.2 The first step

The first step of the game corresponds to the choice of the pair (q, ¢, ) maximising the expected profit of the
firm, given the possible choices of users when they consider the selected levels of these variables. We consider
this step in the general case, then with the linear-quadratic specification.

3.2.1 The general case

At this stage, the firm has to choose the couple (g,c, ) maximizing its objective function. As the second sub-
game equilibrium is generally not unique, the firm has to integrate in this objective function each possible stable
outcome associated with the second stage of the game ensuing from the pair (¢,c, ). The occurrence of these

stable equilibria and their corresponding payoffs are also to be considered. The behaviour of the firm towards
risk can at last influence the form of its objective function. By simplification, we suppose that the firm is risk-
neutral and only considers the expected profit generated by the different outcomes of the second step sub-game
as answers to its choices of step 1''. Suppose that there exists a maximum of n equilibria corresponding to the

profits 7, (g, (:L),iz': (g. ¢, ),..JL'” (g, (:L) and that the occurrence of each of them is given by the probability
distribution p, (g, C,‘), D, (¢, C,’),...p” (g, c,‘) with p, (b)+ p, (o )+ D, (.,.) =1. In this case, the expected
profit to be maximized can be expressed as:

7 =p(q.c )z (q.c,)+p,(qc )7 (q.c)+..+p(q.¢)x (q.c,)

The probability distribution p,, p,,..p, may have diverse origins (subjective or objective probabilities,
associated or not with previous observations of the distribution of users’ expectations and beliefs...). We

consider at this stage the case where the firm has a complete knowledge of the possible outcomes and the
stability areas of each of them, but no information about the possible consistent expectations that users may have

at the beginning of step 2 (according to A2). We then suppose that the expected level of OS-adoption 7% is
uniformly distributed on [0,1]. Given A2, the size of the respective stability areas of each equilibria then
provides the required distribution of probability generating the expected profit of the firm. Given the above
assumptions, we are able to prove the following general result:

Proposition 3: An optimal outcome always exists for the firm at the first step of the game (proof: see Appendix
2)

Corollary: An equilibrium of the two-step game always exists. When this equilibrium is not unique, equilibria
correspond (except for cases of vanishing measure), to a single level of functionalities and price (or license
cost) of the commercial software but to different levels of adoption of the commercial software and the OS
software

3.2.2 A numerical analysis of the linear-quadratic specification

Proposition 3 holds as well in the linear-quadratic case. However, as seen in section 3.1.2., things are
simpler in this case much simple, since there exists only one or two stable equilibria. The number of equilibria of

the second step sub-game however depends on the pair (g,c, ) chosen by the firm. For instance, cases 1, 2 and 3
can be generated by the same parameters ¢, , «,, =, w and d ,and by different values of the variables ¢ and

¢, (see Appendix I). However, cases 1 and 2 correspond to 2 stable pooling equilibria while only equilibrium of

full adoption of the commercial software corresponds to case 3, as depicted in Figure 4.

"' We can make this assumption since the probability for an unstable equilibrium to occur is of null mass.
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Fig. 4: Case 1: zone of attraction of the two stable equilibria

In this context, given the parameters generating cases 1, 2 and 3, the choice of the firm will be between i) a
(relatively) low level of quality and a (relatively) high level of prices, and ii) a (relatively) high level of quality
and a (relatively) low level of prices. The first case will provide high profits at the "good" equilibrium from the
firm’s point of view but the occurrence of this equilibrium is not guaranteed. The second case will provide
relatively low profits at the "good" equilibrium but this equilibrium is guaranteed (the OS software is crowded

out). Define as 7, the profit corresponding to the "good" equilibrium for the firm (i.e. the equilibrium with a
full adoption of the commercial software) and 7, the profit corresponding to the “bad” equilibrium for the firm

(i.e. the equilibrium with a full adoption of the commercial software). The expected profit of the firm is then
given by the following expression:

7 =p(q.e,)(n'e, - B4 ) +[1- p(a.¢,)](=B4") = p(a.¢,) (n"c,) - Bd"

where n’c = Bq’ figures the profit associated with the "good" equilibrium and —f4” the loss incurred with the
bad equilibrium (costs must be supported even if the commercial software is not adopted). p (g, c, )is deduced

from the size of the stability area of the "good" equilibrium, with p (g, c, ) =1 when there exists only 1 (stable)

equilibrium.

In a first analysis, we can illustrate the previous arguments by some numerical examples. Let us consider for

—

instance a typical case of “Case 1-2-3” (a‘ =ld=la =1,=02,u=02,c = ().1) , when the compatibility

externality (depicted in the linear case by Coefficient @, ) outweighs the adoption cost incurred by the marginal
user. In this case, let us bear in mind that the final outcome is always a winner-takes-all one, ending in the
crowding out of one of the two software. We can then plot the expected profit of the firm for different (g,c,)

strategies'”.

'2 For each strategy, we consider the relative positions of the U” and U°* curves. From this comparison, we
deduce the case (1-2-3) and compute the expected profit and the expected diffusion of the OS project

accordingly. If U” < O(Vi € [0, l]) , no user is willing to adopt the commercial software. Knowing that, the firm

does not make any investment on quality. Hence the firm’s profit is null in this case.



2006 Telecom Paris conference on the economics of ICT 197

Fig. 5: Firm’s expected profit (left) and OS expected diffusion (right) as a function of the quality and license cost charged by the firm
(d‘ =ld=lLe =1,8=02,u= 02,¢" = OAI) 3 77 =0.043 > 0 reached for (L‘L =06andq = 0.2) .

As one can see in the previous figure, the maximum expected profit (ﬂ""’“) is strictly positive and reached

for an interior value of the strategy set ((‘L =0.6andq = 0.2) . The right figure depicts the expected diffusion of

the OS software i.e. here the probability of the OS software to diffuse to the whole population. It shows how the
commercial firm can indirectly (and partially) control the diffusion of the OS software by setting different
strategies (price and quality). When it chooses a “low price — high quality” strategy, it can crowd out the
diffusion of the OS software (expected OS diffusion close to 0). However, we see in this example that the firm
has no incentive to do so due to the development cost. Instead, the expected diffusion of the OS software
corresponding to firm’s optimal choice is equal to 0.91. The firm faces a trade-off: either it selects a strategy that
crowds out the OS project by setting a high quality and/or low license cost, or it has the “opposite” strategy (low
quality and/or high price). In the last case, it obtains a maximal profit when the “P” equilibrium (no OS
adoption) is selected but faces a risk of massive adoption of the OS project, being then itself crowded out. In the
first case, this risk vanishes but the profit is realized when the “P” equilibrium decreases. In the case presented,
the optimal behaviour of the firm has to be comprehended as a balance between these two strategies. We could
also mitigate this result by taking into account the firm’s risk aversion. However, one could bet that such a
change would not change our results qualitatively. Intuitively, a more risk-adverse firm would likely minimize
the risk of being crowded out so that the optimal strategy would be more conservative (quality increase and/or
price decrease).

Let us now consider the case of a more “specific” software i.e. a software where specialized functionalities
are more prevalent in users’ utilities (¢ =5 instead of 1 in the previous case):
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Fig. 6: Firm’s expected profit (left) and OS expected diffusion (right) as a function of the quality and license cost charged by the firm
(a‘ =lLd=5a=1,8=02,u= 02,77 = OAI) 5 77 =008 >0 reached for (c, =25andq = l)A

We can see that the profit-maximizing strategy is here to develop all specialized functionalities (q‘ = 1) all

other parameters being constant. Hence, the firm has an incentive to invest in quality in order to differentiate its
software from the OS software. In this case, we can notice that the expected diffusion of the OS software is equal
to 0.88. Again the firm’s optimal strategy is not to crowd out the OS software.

Let us consider a third case characterized by opposite software features: generic functionalities are now
prevalent in agents’ decisions (d =0.1).

Fig. 7: Firm’s expected profit (left) and OS expected diffusion (right) as a function of the quality and license cost charged by the firm

(a‘ =Ld=0la =1,8=02,4=027C" = 0,1) 3 7™ =0.124 > 0 reached for (¢, =04 and g =1).
The firm does not to develop any specific functionality (g =0). Since users give more importance to

specific functionalities, the optimal strategy of the firm is to focus on generic functionalities and not to invest in
specialized ones. Again, one interesting feature is that the firm has again no interest in crowding out the OS
software.

3.3 Market failures and the welfare properties of the introduction of the
OS software

The multiple equilibria of the second step sub-game may generate market failures that we first analyze. We
then provide some elements to evaluate the welfare gains or prejudice resulting from the existence and
"competitive pressure” generated by the OS software.
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When the optimal quality / price pair {¢*,¢,*) involves the occurrence of multiple equilibria, market failure

emerges. Consider for instance in the linear-quadratic specification, the case where (g*,c,*) generates two

stable pooling equilibria, {n"*=1,np**=0,n"*=0}and {n” **=0,n)" **=u, n° **=1} . The comparison

of these pooling equilibria provides the following result in the linear-quadratic case:

Proposition 4: Under the linear-quadratic specification and when the optimal price / quality pair (q*,c,*)is

associated with two pooling stable equilibria at the second step sub-game,

i) if there is a coordination failure, the high level equilibrium is always the 'all-commercial’ one. All things
equal, this case corresponds to low develop t externaliti

ii) if there is conflict of interest, the conflict is between developers and part of or all end-users on the one
hand and the firm, with - or without - some other end-users on the other hand. All things equal, this case

corresponds to high develop t externalities. (proof: see Appendix 3)

The first part of the proposition points out cases where the low level of expectations relative to the adoption of
the commercial software may finally involve an "all OS" solution, which is not desirable even for developers.
The second part of the proposition establishes that when externalities of development are rather high, the "all
OS" solution is the more desirable for developers and part of end-users, while the other part of end-users and the
firm would have preferred, if possible, the "all commercial” equilibrium.

These results may be complemented by an equivalent proposition in the case where one of the stable
solutions is a separating equilibrium:

Proposition 5: Under the linear-quadratic specification and when the optimal price / quality pair (q*,c,*)is
associated with one 'all-commercial’ and one separating equilibrium at the second step sub-game,

i) if there is coordination failure, the high level equilibrium is always the 'all-commercial’ one. All things
equal, this case corresponds to low development externalities.

ii) if there is conflict of interest, the conflict is between developers and part of all end-users on the one hand,
and the firm and the other end-users on the other hand. All things equal, this case corresponds to high

develoj t externalities. (proof: see Appendix 3)

Proposition 5 confirms proposition 4. Due to the existence of externalities in each technology and in opposition
to the 'general result, the separating equilibrium is not efficient, even if the firm is not considered in the analysis
of welfare. Propositions 4 and 5 tend to disqualify the OS technology since it is possible to derive some result
asserting the equilibrium with the more OS than possible is always the best for the economy. This observation
however contrasts with the following result:

Proposition 6: Suppose that a (unique or not) pooling 'all commercial’ equilibrium is associated with the
optimal price / quality pair (q*,c,*)in a setting in which agents can choose between the commercial software

and the OS solution. Then this equilibrium is preferred by all users to the 'all commercial’ equilibrium
existing the same setting without any possibility to choose the OS software. (proof: see Appendix 3)

Proposition 6 counterbalances propositions 4 and 5. Even if the OS solution is not actually selected and adopted,
the existence of a 'potential competitor' for the commercial solution provides incentives for the producer to
lowering prices or improving quality of the commercial technology. The outcome is always positive for all users.
Propositions 4 and 5 compare the properties of the two possible equilibria when the OS is already present. Put
together, they show that the magnitude of the development externality is crucial to determine the agents that
benefit or are harmed when a particular equilibrium is selected. Interestingly, they show that, when a conflict of
interest arises, in some cases, this conflict is not only between the firm and the whole population of users.
Instead, it establishes that the interests of some users (those with high adoption cost) are associated to that of the
firm.
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4  Discussion and further research

This paper depicts the competition and coordination issues arising from the existence of OS projects: in a
framework where externalities favour lock-in and winner-takes-all situations, the competition between OS and
commercial software have been analyzed using a two-step game: in a first step, the firm sets the quality and the
price of its software. In a second step, end-users and developers react by adopting the commercial software or
engaging into the OS project. We have shown that such a sitvation often leads to multiple equilibria. Because the
commercial firm can influence but cannot entirely select the most favourable equilibrium, it faces a trade-off:
either it adopts a “low price — high quality” strategy and deters the OS project; or it adopts a “high price — low
quality” strategy and bears the risk of being crowded out by the OS software. We show that the strategy of the
commercial firm can be understood as a balance between these two basic strategies. Depending on the
preferences of the users, we have pointed out some cases where /) the firm has no interest to invest in quality or
ii) on the contrary, it has an incentive to develop all functionalities to maximize its profit.

These first findings can be discussed in several directions. First, we need to go further into the numerical
exploration of different scenarii. One issue is how the efficiency of the organization of the OS project (captured
by «, in our model) impacts on its potential diffusion. This impact can be analyzed within our framework, by
studying the reaction of the firm to alternative degrees of efficiency. Secondly, we could extend the current
analysis by considering an additional step during which the firm could revise its price-quality strategy. This
could be done using a repeated game. ITowever, such extension would raise many additional problems since
many choices are not easily reversible (adoption of users, quality of the firm).

Further, one could consider alternative strategies concerning the quality policy of the commercial firm. For
example, Lerer and Tirole [2001] argue that, in letting their own developers implicated in OS projects, firms
can understand competition better, by innovating as well as by using OS ideology to improve their production as
detecting skillful developers. Dahlander and Magnusson [2005] stress that the firms may directly benefit from
the OS communities by managing their activities, as the knowledge required to develop a software is not only
controlled by the firm but also by the surrounding communities. As the addition of a specific functionality may
sometimes be too costly, Krishnamurthy [2003] points out that firms may be encouraged to support OS projects
to lower their production costs. Such arguments leave room for a further analysis of new forms of cooperation
between OS and commercial software.
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Appendix 1: Nash equilibria of the Step 2 sub-game

Proof of Proposition 1: Given that n)° =inf n°,u , consider the choice made by agent i when she observes

the pair (g,c, ) at the second step of the game:

Choosing P if f,(n")+dg—c, 2 sup{O.f](n‘”]+df2 inf (n”,p) —c} }
Choosing OS if fl(n‘”)ﬁ—dfz inf(n"“‘,,u) -t 2 sup{(),f, (n”)+dq—c,_}

Choosing & if Ozsup{fI (n")+dg—c,, f,(n*)+df, inf(n” p) —c} }

Let n” :tP(nP,n"S), n? =1 (np,nos) and n? :z@(np,n"s) defined as
n” ={i}1 f,(n")+dg—c, 2 sup{O,f,(nOS)+df2 inf (%, u) -c ]
n” ={i}/ f; (n"‘)+df2 in[(n”"'.,u) -t 2 sup{().f1 (n”)#—dq—c,_ } and

n?:{i}/OZsup{f](np)+dq—c,_.ﬁ(n’7“)+df2 inf (. p) —¢! }

By construction, n” +n” +n? =1. It follows that (] is not independent but derived from ° () and 1% () .
Let t:{tp,tos} the transformation defined from ([o.1],[0.1])to ([o.1],[0,1]) with ¢"and ¢* such that
n" =1" (np,nm) and n® =¢° (nP,nm)‘ The transformation t:{rp,ros} then exhaustively describes the
choices of users when they expectations are given by n”and 7. The uility functions u® (nP, n? ) s
u’ (n".n““ )aud u? (n”,n‘”) are continuous from their arguments and then ¢ = {t",l"“ } is also continuous. The

transformation being defined from a compact set on itself, it admits at least a fixed point on this compact set
([0, 1], [o. 1]) . This (these) fixed point(s) are Nash equilibrium (equilibria) of the second step sub-game. Suppose

that {nP * %% *} is a (one of the) fixed point(s) of this transformation. The size of the population of developers
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adopting the open source software nj° * can then be deduced elementarily from the relation of definition

os . os
n *=inf n *u
b 4

Proof of Proposition 2: Let (g,c,)an cconomically viable pair and and »"", (0<n™ <1) and
definition, £, (ﬂm )+ dg' —c," 20 . Now consider the expected distribution of agents ‘{np,ﬂ:S ,nm} ={10,0}.

Individual utilities generated by this distribution are u” = f,(1)+dg" —c,” 2 f, (n”)-%—dq+ —c," 20 for the

i

commercial software and u”* = f, (0)+df, (0)— ¢, <0,Vi for the OS software. Whatever the agent i considered,
the inequality f| (n”)erq+ —c, > sup{O,ﬁ (0)+af, (0)—ci, } holds and{ﬂp .y Jlgs} ={1,0,0}, proving

that {np # n;ﬁ #n” *} ={1,0,0} is a Nash equilibrium and demonstrating Proposition 2.

Derivation of the Second Step Sub-Game Nash Equilibria: Given the linearization of functions £,(.), £, (.) and

the specification of the cost of use ¢,*, the possible outcomes of the second step sub-game can be described

—EU

exhaustively, according to the values of parameterse,, «,, ¢, pand d, and the first step determined

variables ¢ and ¢, . For each set of values of these parameters and variables, we simultancously use two related
figures which capture the role of expectations on the individual utilities associated with the three terms of the
choice (adopting the commercial software, the OS software or choosing reservation).

On the upper chart, we display the utility of the i agent respectively as P-user and OS-user while agents
j€[0,i] adopt the OS software and agents k € [i, 1] after her adopt the commercial one (we designate agent i as
the "marginal agent"). Intersections determine interior solutions, i.e., equilibria such that one part of agents
adopts OS and the other one the commercial software. The choice of the commercial software by all agents is
always a solution when 1", i.e. the utility of the marginal agent as P-user is non-negative when i=0. The

choice of the OS by all agents is also a solution when the utility « of the marginal agent when, as i =1, is such
that u” > u,0

First consider case 1 defined by the conditions ¢ (1-u) > c, dq- ¢, >—aand dg—c <au-1)+da,. The
equation of the curve providing the utility of the marginal agent if she chooses the commercial software is
((Jtl (1-i)+dq —CL) . The slope of the u” -curve of this marginal agent represented on figure la does not depend

on the type of agent (developer or end-user) examined but only on the level of externalities generated by the
commercial software, i.e., given A2, on the rank of the marginal agent. This explains the linearity of u/. The

. . L . . a,di .
equation corresponding to the utility generated by the OS software for the marginal agent is (Zli+‘—l if

U

ie [0, /1] and (0’15 + azd,%EEU ) if ie [‘u, 1] . As a consequence, the slope of u* depends on the rank of this

d as ie [O,ﬂ] and (0{ —ﬂ) as ie [u, 1] . According to the sign of this last term,
U

agent: this slope is ¢ + (e

we are able to distinguish two series of cases: i) cases where the adoption costs only dampen the effect of
adoption externalities and ii) cases where the opposite relation is verified (adoption costs are higher than
adoption externalities for the end-user). The curves 1/ and u7° may exhibit no, one or two intersections within

the interval [O,]] . Let us first consider the case of a single intersection. In this case, the intersection of the curves
u? and u?® corresponds to the critical level of adoption of the OS software sufficient to induce the adoption of
the OS software. Supposing that all agents j e [0,i] adopt the OS software, this intersection indicates that the i

indifferently adopts the OS software or the commercial one and the subsequent agents will prefer the commercial
software.



2006 Telecom Paris conference on the economics of ICT 203

Figure 1b provides the expected size of the OS software users’ population as a function of its expected level.
Given Al, Vi, u® 2u” =0. As a consequence, Al excludes that in any case, n° # 0. Hereby, n* =1-n® and

S

the transformation n® =¢%° (nP,no‘S) can be expressed as single variable function of n°°. It is then the

representation of the transformation n°° =¢* (np,nm) that Figure A-1b depicts. According to A2, agents are
supposed to adopt the OS software in the reverse order of their adoption costs (end users endowed with the
lowest adoption costs, adopt first). Thus, the intersections of this function with the 45° curve can be regarded as

levels the OS population such that if they are expected by the population, they are also confirmed by their
rational choices; these positions are Nash equilibria of the second step sub-game.

Figures 1a and 1b can be related in a simple way: as long as the i agent does not wish to adopt the OS software
when agents je [O,i] are expected to have adopted it, the function associating the desired level of adoption with
the expected level one remains below the 45° curve. The 45° curve is cut up on figure Ib with a vertical
intersection, since the (first) intersection of u” and u° is attained on figure la in an increasing part of function

u’® before the point i = g . This intersection defines a separating Nash equilibrium E3, in the sense that the

agents with low adoption costs adopt OS in E3 while the others use the commercial software. After this
os

intersection, the slope of the function u;" is still positive, even after { = . There then exists for a certain value

of i, a second level of OS users such that if the size of OS users is expected by agents greater than or equal to this
level, all agents choose to adopt OS. In this case (where the second equilibrium of section 3.2. rules as well), the
curve connecting the OS adoption level to the expected OS adoption level has the form depicted in figure 1b.
There is a Nash equilibrium E2 at the NE corner of the box. At last, when no agent is supposed to adopt OS, the
equilibrium E1 of Proposition 2 is at the SW corner of the box.

The local stability of the Nash equilibria can also be analyzed in the case of static expectations with the help of
figure 1b. Suppose thus that agents expect the size of the OS software users to be somewhere between equilibria
El and E3. Then, their answer will be for all to adopt the commercial software. We conclude that all initial
expectations of a relatively low level of OS software users rapidly drive to a Nash equilibrium where the OS
software is fully crowded out (E1). Now suppose now that the initial expected size of the OS software users is
somewhere between E3 and E2. Then, agents declaring choosing the OS software are more numerous than
expected; some of the agents having initially chosen to be proprietary software users change their strategy and
join agents declaring choosing the OS software. By successive iterations, the number of the OS software users
increases until reaching equilibrium E2, where only the OS software remains.

Other cases are possible, according to the values of parameters and first step variables. They are listed on figures
2 to 7. Note that the assumption that the commercial software is economically viable excludes all case where the
curve u? of he marginal agent has no positive intersection with the ordinate axis, excluding, jointly with A1, the

case where there is one single equilibrium with no adoption.
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In some cases (cases 1, 4, 2 and 5), there are three Nash Equilibria and only two of them are stable. In these
cases, either the commercial or the OS software is adopted at equilibrium but the two software never finally
coexist at the end of the eductive process. This case exhibits a “winner takes all” situation. The arca of attraction
of E1 and E2 is then defined by the place of t E3. Other cases correspond to one single stable "pooling”
equilibrium (cases 3 and 6) where cither E1 or E3 are the stable equilibria. The last case (case 7) corresponds to
two stable equilibria, Eland E2.

Appendix 2: Nash equilibria of the first step sub-game

Proof of Proposition 3: Consider the expected profit to be maximized when agents have no alternative other to
the adoption or the non adoption of the commercial software. This profit is then given by 7 =7u" ¢, —g (q)
where 7”7 figures the equilibrium level of adoption of commercial software by users when there is only one
possible solution for adoption. Given the identity of agents when their choices are limited to adopting the

commercial software or not adopting, the possible values for 7° when we exclude non-symmetric equilibria are
7°=0 or 7"=1. Constraints for the firm are0<g <1, ¢, 20and k +dq >c,(the reservation utility is

associated for users (o the possibility of not adopting). Given that for7z” = 0, the reservation constraint of users
is no longer satisfied and the profit of the firm vanishes, the optimal pair (7,, ) corresponds to 7'=1land to a
level of profit such that the whole 'social surplus’ is taken by the firm, i.e., k, + dg =¢, (which is the case where
all the "social surplus” is redistributed to the firm and corresponds to the monopoly equilibrium in the absence of
the OS-competitor), the profit of the firm isz =¢c,— ¢ (7)= k +dg—g (). The optimal quality is given by
7 =inf[L,§] with § such that g ((}) =d. The optimal price is then ¢, =inf [k +d.k +dg]. The profit
associated at the pair (7,Z, ) works as an upper limit to the profit of the firm when there exists a competitor,
since there is, in this last case, no shared externality between the commercial software and the OS solution, i.e.,

7= p(qc )z (g c)y<inf[k +dk +dg]-g[inf(1,g)] where 7 (q,c,) denotes the profit

associated to the i" equilibrium and P, (q, CL)IhC probability associated with this equilibrium when the OS-
solution 'competes’ with the commercial one. As 7 (-) is continuous regarding to all arguments, there exists also

a pair (g*c,*) which components are finite, associated with the profit 7z (q,(:L), that demonstrates

Proposition 3.

Appendix 3: Market Failures and Welfare Properties

Proof of Proposition 4: Suppose that the optimal quality / price pair (g*,c,*) involves case, the occurrence of
two stable equilibria, E, = {nP* =1, ngs* =0,n% %= O} and E, = {nP #x =), ngs wh= gy p% k= ]} in the linear-

quadratic. At E,, individual utility of users is uniform and given by u] =, +dg*—c,*. At E, udlity is
up’ =a, +a,d for the developers and u” = a; +a,d —¢¥ for the "last” end-users. For developers, the result

D D
of the comparison between the two equilibria is such that E; E, when @, <gq *—(cL*/ d ) and E, E; when

a, 2 q*—(c,*/d ) LI (q*.c,_*) is an optimal solution for the firm, the expected profit is non-negative and
EU
u' =, +dg*—c,*20. For the "last" end-users, the result of the comparison is E, E, when

—EU —EU
(C,*—c ) Eliyg (c,,* —; )

a, <q*— d and E, E, when o, 2¢%- ] . One concludes that the "all commercial”
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equilibrium E; is preferred by all users (and the firm) when @, < g*—(c,*/d) and that there exists conflict of

interest in the other cases.

Proof of Proposition 5: Suppose that the optimal quality / price pair (g*,c,*) involves case, the occurrence of
two stable equilibria, E; = {n"*=1n"*=0,n"%=0} and E; = {n"**=0,n)° **= g, n” **=17} with

#<n<1 in the linear-quadratic. At Ey, individual utility of users is uniform and given by u = @, +dg*—c,* .

os

At E; utility is u;’ =o77+@,d for the developers, u° :(1,17+(zzd7((:— o pu<i<n for the "first” end-

users, and u =gq, (l—I])erq*—cL*.ﬂSiSl, for the "last" end-users. For developers, the result of the

. L 0 a(-m) c* >
comparison between the two equilibria is such that E; E; when «, < q*+777 and E; E; when

a(l-n) o*

a, 2 g%+ 7 —j. For the i-end-users such that g <i <7, the result of the comparison between the two

EU ey a (1— EU iy
equilibria is such that E,; E; when a,<qg*+ l(d 77)— and E; E; when

¥ {i-#) —EU
Loall-n) o e ) v ) . ,
a,z2q*+ YR ] . For the i-end-users such that 77<i<1, the result of the comparison

EU iy a(l-n)

between the two equilibria is always E, Es. As a conclusion, if (IZSq*Jr'TfT, there is

o (1- 2 ¥
coordination failure and E; is the high level cquilibrium. If aZZq*-#%—l

interest: developers and a part of end-users prefer E while the firm and the other end-users prefer E5

, there is conflict of

Proof of Proposition 6: Consider the pair (E,FL)corresponding to the optimal price / quality solution when
uscrs have no other alternative than adopting or not the comm ercial software. T his solution is such (see proof of
proposition 3) that the firm takes the whole surplus and that users' utility vanishes, i.e. Vi, ul =, +dg—c, =0 .
The profitis then 7=¢, —ﬂ?z. It (q*,cﬁ)represen\s the optimal price / quality solution when users have the
choice between the 0§ and commercial software and ﬂ(El):cL* —ﬂq*zlhc profit of the firm in the case
[ .2 — 2
where the second step equilibrium is E . Suppose that ﬁ(E[):c ¥—Pq*  =m=¢c,— Bg . Then (see proof of
proposition 3), ¢,*=¢,, ¢* =q and Vi u/ (E))=a,+dq* —c,* = +dg—c, =0 . Consider the agent i=0,
i.e. the first developer. At E,, the uiility of this agent as an 0 S-user is «”° (E,)=0 in such a way that this agent
is indifferent between the two technologies. For expected amount of n” larger that O, this utility is

0s

n . . . .
u =an™ +a,d 2= >0,n)° =inf 2%, . One concludes that agent i=0 will choose 0§ against the

commercial software, except when 2%° =0. It is then excluded that E, will be a locally stable equilibrivm if

(¢*.¢,*)=(g.,¢,) and 7#*(g7,c,)=0 which disqualifies (7,, )as an equilibrium solution. 0 ne conclude that

E, is always such that Vi, u/ (E,) = +dg* —c,* >, +dg—c, =0, that dem onstrates proposition 6

1
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Bundling in Vertically Differentiated Communication Markets

Thierno Diallo”

May 2006
Abstract

We look at the competition and the welfare effects of bundling in the context of vertically
differentiated communication services (e.g. Television, Telephone and Internet). We consider a
two-stage game with two asymmetric firms (e.g. Telecom and Cable Operator). In the first stage
firms simultancously commit to adopt bundling or component pricing. These decisions give four
possible configurations: (i) a configuration where both firms use component pricing; (ii) a
configuration where both firms use bundling; and finally (iii) the two configurations where one
firm use bundling and the other firm does not. In the second stage firms set simultancously
prices. We show that bundling is a dominant strategy equilibrium for both firms. The reason is
that bundling increases the differentiation of services and reduces the intensity of price
competition. We also find that although the bundling-bundling equilibrium reduces consumers’
surplus, total economic welfare is higher than when both firms use component pricing.
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Industry Canada. Correspondance: Thierno Diallo, Assistant Professor, Département des sciences économiques et administratives,
Universitt du Québec a Chicoutimi, 555, boulevard de [I’Université, Chicoutimi (Québec) G7H 2Bl1, email:
thierno_diallo@uqac.ca



2006 Telecom Paris conference on the economics of ICT 210

1. Introduction

Today consumers are offered telephone, high speed Internet and television services by cable
operators and telecom companies. Cable operators supply broadband Internet access and voice
telephony in addition to their “traditional” video services. Similarly, telecom companies supply
telephone, video images and high speed Internet', Typically cable operators and telecoms require
subscribers to take their traditional service and they offer add-on services for an extra payment

that is lower than the stand alone price of these services.

The purchase of all services from a single supplier is said to be convenient for buyers. It is also
said to be a deterrent to churn ? because disappointment with one service can be compensated by

satisfaction with another service®.

It is believed that the traditional telephone operator provides better telephone service than the
cable operator, whereas the latter provides better television. Both offer a similar quality of high

speed Internet®. Consumers therefore have to choose, between lower quality telephone combined

! In Quebec the dominant cable operator, Videotron provides digital television, telephone and high-speed Internet
services with the coaxial cable technology while the dominant telecommunication company, Bell Canada provides
the same services with satellite transmission and twisted pair. Coaxial cable is the kind of cable used by cable TV
companies between the community antenna and the user homes and businesses. It carries broadband services for a
great distance. To offer high speed Internet services, a cable operator creates a data network that operates over its
hybrid fiber/ coax (HFC) plant. A twisted pair is an ordinary copper wire that connects home and business computers
to the telephone company. DSL (Digital Subscriber line) Internet access provided by the local telephone company
convert existing twisted-pair telephone lines into access paths for multimedia and high-speed data communications.
So with satellite and twisted pair technologies, a local telecommunication company can also supply same kind of
services as a local cable operator.

* The rate at which customer discontinues service (in order to shift to competitor) - among high usage customers, at
the expense of profit margins: Keith Damsell “Telecom bundling seem luring customers. Grouping services together
for lower prices builds loyalty, turn “churn” low. Study says “The Globe and Mail, 29 September 2003, at p.138,
citing Convergence Consulting Group Itd study: The Battle for the North American Couch Potatoes, and referring to
Cox Communications, extremely low churn rate with the triple play services of digital television, high speed internet
access, and local telephone services.

* On the other hand consumers can drop all services when they are disappointed with one of them.

* Indeed cable telephony has some limitations: e.g. it doesn’t work when there is power failure and drop out when
broadband demand (the ability of the user to view content across the internet that includes large files, such as video,
audio and 3D) is high. Also not all areas are served by the POC since hybrid fiber/ coax (HFC) plants are expensive
to install. Consequently additional costs of providing services to additional customers are higher for co-ax (HFC)
technology than twisted pair technology. On the other hand the television service of telecoms has also severe

2
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with high quality television offered by the cable operator, and higher quality telephone with

lower quality television offered by the telephone company.

This paper addresses the following questions: (i) under what conditions do suppliers bundle? that
is under what conditions does it sell two or more services as a package only? ; (ii) how does
bundling compare to component selling in terms of welfare? ; and (iii) what attitude should

competition authorities adopt toward such bundling?

There are no clear-cut results pertaining to the profitability and welfare effect of bundling as
opposed to separate selling of components. Adams and Yellen (1976), Schmalensee (1982,
1984), Mc Afee et al (1989), and Whinston (1990) show that under monopoly bundling raises
profits when variable costs are zero. However, the vast majority of consumer services are
supplied in non-monopolistic environments. Only few papers [(Matutes and Regibeau, 1989;
Economides, 1993; Anderson and Leruth, 1993; Kopalle and al, 1999)] examine the non-
monopolistic case where firms have the option of bundling. Theses papers assume horizontal

differentiation of services and their conclusions are numerical.

Economides (1993) considers a two-stage game and shows that the Nash equilibrium is mixed
bundling’ rather than component selling. Because competition is more intense under mixed
bundling, a prisoner’s dilemma arises, that is firms would be better off if they could commit not
to bundle. Anderson and Leruth (1993) show in a two-stage model that the Nash equilibrium is
both firms offer components selling. The reason is that firms fear the extra degree of competition
intrinsic to mixed bundling. Kopalle and al (1999) reconcile the result of Economides (1993) and
Anderson and Leruth (1993) by incorporating the role of market expansion on equilibrium
bundling strategics. They show that for complementary components mixed bundling dominates

component selling only when it creates a new market for the bundle.

limitations in competing with cable TV. It encounters some constraints due to broadband transmission, to cities’
architectures, to weather conditions and it needs an installation of a non esthetical device, the dish.

° Mixed bundling means that the packages as well as the individual components of the package are available.

3
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Matutes and Regibeau (1992) consider a game where in the first stage there is a choice between
compatibility versus incompatibility®. In the second and the third stage of the game firms choose
the selling strategy and prices respectively. Matutes and Regibeau ask whether firms would
choose to make their products compatible and whether they would sell their products as a bundle.
For compatible components, they find that, depending on consumer’s reservation price there can
be two kinds of equilibria. In the first, one firm bundles and one firm does not. In the second,
both firms bundle’.

None of the aforementioned papers (i) is concerned with vertically differentiated services; (ii)
They do not give clear results about the welfare effect of bundling. The underlying motivation of
this paper is to analyze the competition and the welfare effect of bundling in the communication
market within the context of vertically differentiated services. We consider a two-stage game
with two asymmetric firms. In the first stage firms simultaneously commit to use bundling or
component pricing. These decisions give four possible configurations: (i) a configuration where
both firms use component pricing; (ii) a configuration where both firms use bundling; and finally
(iii) the two configurations where one firm use bundling and the other firm does not. In the

second stage firms set prices simultaneously.

We show that bundling is a dominant strategy equilibrium for both firms. The reason is that
bundling increases the differentiation of services and reduces the intensity of price competition®.
We also find that although the bundling-bundling equilibrium reduces consumers’ surplus, the

total economic welfare is higher than when both firms use component pricing.

® A component is incompatible with components sold by other firms’, if it cannot be assembled with them to form a
usable system. The economic consequence of compatibility versus incompatibility have been examined by Matutes
and Regibeau (1988), Economides (1989, 1991), and Einhorn (1992). They have looked at the case where each firm
supplied all the necessary goods.

7 The first equilibrium occurs when consumer’s reservation price is low, while the second one occurs when it is high.

8 Chen (1997) also analyzes bundling as differentiation tool. He studies the case where two sellers compete in a first
market, and both also sell another product in a second competitive market. Absent bundling, Bertrand competition
drives both sellers’ profits in the first market to zero. If one seller uses bundling and the other does not, however,
both can earn positive profits since the bundle and the individual first-market product are effectively differentiated
products.
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The paper is structured as follows. In section 2, we present a duopoly model, where each firm has
the choice to sell its services either separately or as a bundle. In section 3, we analyze the game.
In section 4, we derive the equilibrium selling strategy of each firm. In section 5, we analyze the
welfare consequences of bundling. In section 6, we provide an application of the model to the

communication market and we conclude.

2. The Model

There are two firms, denoted % and /. E.g. firm 4 is a telecom company and firm / is a cable
operator. Each firm sells two services, denoted 4 and B. E.g. service A4 is a telephone service
and service B is an Internet service. The service 4 comes in two qualities, @, and a, supplied
respectively by firm 4 and firm /, a, >a, > 0. The quality b of service B is the same for both

firms. Both the variable cost and the fixed cost are zero for each service. Every consumer

demands one or zero unit of service of 4 and/or B.

A consumer with a parameter 6 derives a utility 6a, from quality a, of service 4, i=h,l.
Similarly, a consumer with a parameter y derives a utility y» from quality b of service B. If the
consumer chooses not to buy a service, she receives her reference utility which is normalized to
zero. A consumer with preference indices (¢,7) who buys one unit of 4 of quality a, at price p,
and one unit of B at price p, receives a net surplus:

U=(la,~p)+(b-p,).i=hl
Each consumer makes her purchase decision to maximize her consumer surplus. Consumer

preference indices @ and y are independently and uniformly distributed on[0,1]¢ [0,1].

We model the competition as a two-stage game. In the first stage, firms decide whether to bundle,
or not to bundle; in the second stage’ they set prices. There are four possible subgames at stage 2:

(i) (C,,C,) denotes the game where both firms sell components separately; (ii) (B, ,B,) denotes

° Firms observe the choices made in the first stage.
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the game where both firms bundle; (iii) (B,,C,) denotes the game where firm / bundles, and firm
[ sells its components separately; and (iv)(C,,B,) denotes the game where firm 4 sells its
components separately, and firm / bundles. We will examine under what conditions cach of the

subgames is an equilibrium.

3. Price determination

3.1 Case (i):(C,.C,), Pure Components by both Firms

Since both firms produce the same quality of service B, Bertrand competition insures that its

price is driven down to marginal cost, which is zero. With regard to service 4, we know' that an

Uoﬂoﬂ

equilibrium with two active firms requires . We designate by 0 the consumer

a, 4
indifferent between not purchasing and purchasing one unit of 4,, and by 6 the consumer who
is indifferent between purchasing 4, and 4, . Figure 1 displays market shares as (1— 0 ) for firm A

and (5 — @) for firm [ when firms compete in prices.

Nothing 4, A,

3

Figure 1. Market areas under the regime (C,,C,)

19 See Tirole (1988)

! The condition states that the price per unit of quality is higher for a , than for @, . This means that low quality is

not dominated by high quality. If low quality is dominated by high quality then the firm with the low quality exits the
market.
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The firms’ profits are:
7% = p,(1-=0) for firm h,

7 = p, (6 - 8) for firm 1,

where @ =22 andd =22~ 2L prices are chosen optimally when they satisfy the conditions
a, a, —a,

below

— 2(‘113 — ah“/) _ (“h — al)al

;and p, =
4a, —aq, 4a, —aq,

h

Then:

C:4a:(ah_al) nd C:“hal(“h_al)
"o @a,-a)’ T (e -a)

3.2 Case (ii):(8,,B,), Bundling by both Firms:

h>

Denote by p., and p,, the prices of bundles 4,8 and A4,B respectively. The individual-
rationality constraints are
for consumers of 4,8 : Ga, +yb—pg, 00, (R,)

for consumers of 4,8 : Oa, +yb—pg ¢ 0. (R)

Self-selection constraints are

for consumers of 4,B : Oa, +yb—ps 0 O0a,+b—pg, )

for consumers of 4,B : Oa, +yb—pg O Ou, + 10— pg, . S)

The condition Ga, +yb— pg, ¢ Max(0,6a, + yb— p;,) must be satisfied by buyers of 4, 8. The

condition 6, + yb — pg ¢ Max(0,6a, + yb — pg,) must be satisfied by buyers of 4,8.
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We find again that market areas depend on the ranking of price per unit of quality of service A.

To sec how, we define the preference parameter of the consumer indifferent between the

bundles 4,8 and 4,8 by 0 oLs"Pa distinguish three cases.

a, —4a,
Case 1: Par  Par
ah al
Case 2: Lo o Pat ang g <1.
a, a;
Case 3: Par o Pa qng g >1
ah al

In case | the price per unit of quality of A,B is lower than price per unit of quality of A4,B. In
case 2 and case 3 the price per unit of quality of A,B is higher than the price per unit of quality
of 4,B. The difference between case 2 and case 3 is that in the latter there is no consumer

indifferent between 4, Band 4,B .
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th < pGl .
ah al

Case 1:

The price of bundle 4,B per unit of quality of service 4 is lower than the price of bundle 4,8
per unit of quality of service 4. The lines labelled R,and R, in Figure 2 are the individual-

rationality constraints of high and low quality buyers.

A
)/ S 1 Sh
1
Do
b
AB
Rh
Pa
b
. .
r \\\@g
\ »
0 0 | fu 1 0

Paon < Par
a, a

h

Figure 2: Market areas under the regime (B, ,B,)when

The lines S, and S, represent'? the self-selection constraint faced by consumers. Consumers with
preference parameters above R, derive positive utility from 4, 8. Consumers with preference

parameters above R, derive positive utility from 4,8 . We note that S, ,S,,R, and R, intersect

I ©0 ©th_pGl ;7* ©ahpGl_alth
a,—a, a, —a,

12 The constraints S »and S, yield the same line.
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The high quality firm serves consumers with preference parameters ¢ J [¢7,1] and above R, ; the

low quality firm serves consumers with preference parameters 0) [0,07] and above R, . The size

*\2
of market served by the firm /2 is D, =1-6" — (g—) and the size of market served by the firm /
ah
is Dy, =0"(1- % - %) . Firm £ and firm / profit functions’ are respectively:

PB _ PB _
7, =PaDg and7;” = pyDg,

In contrast to the standard model of single differentiated good, we find that there can be two

P < Pai 13
a,

d

active firms even when . The Difference is as follows: in standard models of a single

a,

differentiated good, consumers make the comparison on a service by service basis. If 4, is
dominated by 4,, all consumers obtain more surplus from 4, than from4,. Nobody
purchases 4,. We also know that for service B, Bertrand competition and zero marginal cost
imply that consumers obtain B for free from both firms. Thus firm / is excluded from market 4,
but remains in market B. In the regime of (B,,B,) there is a competition for vertically

differentiated system goods. Therefore, the best available alternative for consumers who wish to

purchase only service B is to purchase the low quality bundle 4,B. In that case, if 4, is
dominated by 4, the low quality firm can survive in both markets because it serves the bundle
4,B to consumers who care very little about service 4, while the high quality firm serves the

bundle A4, B to consumers who care for service 4 and for service B.

1 That is the low quality system is dominated by the high quality system.

10
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Case 2: Par o Pot qng g <1.

a, a,

The price of bundle A4, B per unit of quality of service 4 is higher than the price of bundle 4,8
per unit of quality of service 4 and there exist a consumer who is indifferent between the bundles.

Market areas are shown in Figure 3.

4 S, =5,
1
Pon
b
/]
AZB /lhB
Par
b
A
ay
L .
Pai 3 7 "
*0 al% N ! 1
4 1
. e N o . N - S o
Figure 3: Market areas under the regime (B,,B,)when == 0 =~ and & <I.
a, a,

The high quality firm serves consumers with preference parameters @) [0°,1] and above R,. The
low quality firm serves consumers with preference parameters @) [0,0"] and above R, .

Consumers with preference parameters below R, do not purchase at all. The market areas for

A,B and 4,B are respectively: D, =1-6" and D, =" 1_(2[)b0—[)~ .
a/

11
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Case 3: Pa o Par angg o1,
ah al

The price of bundle A4, B per unit of quality of service A4 is higher than the price of bundle 4,8
per unit of quality of service 4 and nobody is indifferent between the bundles. Market areas are

displayed in Figure 4.

A

4 545,
/ ///
/

s
s

Figure 4: Market areas under the regime (B,, B,) when Lo Pa ang g 01.
@ @

Because®” 0 1, the demand for the bundle A,B is zero. The low quality firm serves consumers
with preference parameters é) [0,1] and aboveR, . Consumers with preference parameters

below R, do not purchase at all. The market arcas for 4,8 and 4,8 are respectively: D, =0

(Pcz)z

and D, =1-
“ 2ba,

" In that case , firm s makes zero profit and it easy to see that this is not an equilibrium because firm / is always

better off (makes positive profits) by choosing its price such that g <l1.

12
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3.2.1 Determination of the equilibrium prices in (38,,B,)

In case 1 the first order conditions are:

2

f”f —1- 2pa _ 3 apg i a i 2a,pg, » _4y _Pa -0
Gl
iz a,—-a, 2a, a,—aq a, —a (ah —a )2 2 a,-q
f”!B a1(pch)2 1 a,+q 3 3a, 2
= SN L of ¢ B - O S B 3 + —+— =0
e = Pa T o ey T e T (Parpa)+ ) (7))

We can see that the first order conditions are quite complex. We obtain similar complicated first

order conditions for all others cases. For this reason, we search the price equilibria numerically

for a range of values of g, anda, .

In case 1, the equilibrium prices that we obtain always satisfyM <Pa Figure 5 shows the
h al

equilibrium values of Por and L6L for different values ofa i

a a
s,
A 4 =02, b=0.3
2 /0’/4

1 /
8 Pg,
06
- = —a—=8—8—32 P
0.4 * "a[
0.2
0

0.6 0.7 0.8 0.9 1.0 11 a,

h

Figure 5: Comparison of prices per unit of quality under regime (B,,B,)

Lo, Par Therefore, we

In case 2 and 3, the equilibrium prices that we obtain do not satisfy
a, a

will only look at case 1.

13
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It is interesting to compare profits in(B,,B,) to profits in(C,,C,). The profits under the
regime (C,,C,) and the regime (B,,B,) for different values of a, are shown in Figure 6. z,»"" is
Gy Cy

always higher than 7. . Similarly, 7% is always higher than z*“ . We obtain similar results

for various values of a, .

04

03

02

0.1

Figure 6: Comparison of firms’ profits under the regimes (C,,C,)and(B,,B,).

We see that both firms are better when they bundle. The reason is that bundling affects the
intensity of competition via two channels: (i) it reduces the intensity of the competition for
service B by increasing differentiation; and (ii) it increases the intensity of the competition for
service 4 by reducing differentiation. The net effect of bundling is a decrease of competition
between the two firms because the competition for B under component pricing is extreme

(Bertrand competition). Therefore each makes more profit in the subgame (B,,B,) than in the
subgame (C,,C,).

3.3 Case (iii):(8,,C,), Bundling by firm /4, Pure Component Selling by firm /

The individual-rationality constraints are now

for consumers of 4,B : Ga,+—-ps 00, (R,
for consumers of 4, : Ga,—p, 00 , (R)
for consumers of B : W-py 00 (R,)

14
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for consumers of 4, +B " : Oa, +yb—p,—py ©0.(R,)

The self-selection constraints are

for consumers of 4,8 : ba, +yb— pg, ¢ Max(6a, +yb—p, — py.0a, — p,, b — py).(S;)

for consumers of 4, : 6a, — p, O Max(6a, +yb— pg,;6a,+y0—p, — py;vb—py) , (S)

for consumers of B : yb— p, O Max(6a, +yb— pg,;6a, +b—p, — py:6a, — p,) , (S,)

for consumers of 4, + B b, +yb—p, — p, O Max(Ga, + yp— pg,; 10— pyi6a, —p,). (S,)

The condition a, + yb — pg, ¢ Max(0,6a, + yb— p, — p.6a, — p,,yb— p,) must be satisfied by
buyers of 4,B.

The condition fu, — p, ¢ Max(0,6u, + yb — pg,;0a, + ¥b— p, — py; b — p,) must be satisfied by
buyers of 4, alone.
The condition b —p, 0 Max(0,0u, + o — p,; e, + 90— p, — p,;6a, — p,) must be satisfied by
buyers of B alone.

And finally the condition 8a, + b — p, — p, ¢ Max(0,6a, + yb — p, ) must be satisfied by buyers

ofboth 4, and B .

From S, , we derive that the preference index of the consumer indifferent between purchasing

A4,B and purchasing 4, and B separately is OLA P "Ps  Note that S,, R,, and R,
a4

. P N | a . L , o,
intersect at / © &27 ©E(ﬂ5,,——h p,) .y can be understood as the implicit price per unit of
Q a

quality of B, when the quality of 4 is valued at the price set by firm /. Note also that R, , R,, and

15 Consumers of A, + B means consumers of both A, and B but each component is purchased separately.

15
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S, intersect at M;p—; 'S The market areas depend on whether 7, the implicit price per

a,
unit of quality of B is greater, lower or equal to pb—” the explicit price per unit of quality of B sct

by firm /. We now distinguish three cases.

Case 1: Per > D+ Py andf/>%.

. - Ps
Case 2: DPon > P+ Py and;/s7.
Case 3: Pon <P+ Dy -

In case 1 and case 2 the price of the bundle 4,B is higher than the price of both 4, and B. The
difference between the two cases is that in case 1 the implicit price per unit of quality of B is
greater than the explicit price per unit of quality of B set by firm /. While in case 2 the implicit
price per unit of quality of B is lower than the explicit price per unit of quality of B set by firm 1.

In case 3 the price of the bundle 4,B is lower than the price of both 4, and B.

1 a, N
1¢ Service B is sold as part of the bundle 4, B. Remark that p—; < Z(th - P,)©y can be written as:
a
Pan"Py > ﬂ The ratio Pa"Py represents the implicit price per unit of quality of A, when it is sold as part
@, & 4
of the bundle A, B . Thus market areas depend on whether this implicit price per unit of quality is greater, lower or

equal to the explicit price per unit of quality of A, .

16
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Case 1: Do > P+, and ;7>p73

It is the case where the implicit price per unit of quality of B is larger than the explicit price per

unit of quality of B. Figure 7 shows that parameter space divides into five se:gments17

N
p
B R,
T 1 R
P = Pa—P,
q Pa—Ps 6 a-aq 6

@

Figure 7: Market areas under the regime (B,,C,) when pg, > p, + p, and ;9>p73

Consumers with preference parameters to the right of S, and above S, purchase the bundle 4, B.

(1s)

The market arca of those consumers is Dy, -1-6-
2b(a, —a))

. Consumers with preference
parameters between S, and S, and below R, purchase 4, alone. The market area of those

consumers isD, = % /I . Consumers with preference parameters to
, 4,

2 2(‘1/‘ - a/)

the left of S, , to the right of §,, and above R, purchase 4, and B. The market area of those

. N Don=Pi— L1
" We recall that 0 @2 — 21— Ps andy ©—(pg, —ﬂp,).
a, —a, b a,

17
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h5_Pa —Ps I_P_B
b

consumers isD, ., = 0 . Finally consumers with preference parameter to
a,

the left of §, and above R, purchase B alone. The market area of those consumers

Pan—Ps q_ l;—"’ . Others don’t purchase.

a, )

isD, =

Case 2: Doy > P, + pp and }7_%9

It is the case where the implicit price per unit of quality of B is lower than the explicit price per

unit of quality of B. Figure 8 shows that parameter space divides into four segments.

}/ A
R 1
1
Pon
b
ﬁ 5 147118
ninl”
b [~
JA/ Lor R,
S
l T~ Lt
0 ) Pe =D,
9 _ Gh_FI
Pon— Py a, a,—q, 0
@,
Figure 8: Market areas under the regime (B,,C,)when p., > p, + p, and ;7Sp_73

The allocation of consumers is as follows: consumers with preference parameters to the right

of §,, above R, and above S, purchase 4,B. Those with preference parameters to the left of S,

18
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and above R, purchase B alone. Finally consumers with preference parameter to the right of R,
and below S, purchase 4, alone. Others don’t purchase.

We sec in Figure 8 that 0<L87Ps 4ng S, is to the right of S, . Therefore nobody buys 4,+ 8,

a,
that is no consumer purchases B separately when she also purchases 4, " The reason is that the
explicit price of B is higher than the implicit price of B when purchased as part in the

bundle 4,B.

For the particular case where ﬁ@pf, we have §, € §, € R, and the allocation of consumers

in the parameter space is the same as above.

' Recall that buy 4, + B means buy both A, and B .

19
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Case 3: Pen S P+ Py

It is the case where consumers who purchase B separately, also purchase 4, and pay for both
services a price higher than the price of the bundle 4, B. In this case the demand for both 4,
and B is zero since consumers can purchase 4, B, that is they can get a better bundle at a lower

price. But consumers purchase 4, alone and B alone. Market areas are shown in Figure 9.

}/ A
R,
s, 1
Pon
» XB
P
la R77
th—pl\
b
}/ Sh
1
~ Pon—DPs Por— P, "
0 a, a,—q o

Figure 9: Market areas under the regime (B,,C,) when pg, < p, + p,

Figure 9 depicts a similar pattern as for Figure 3.8. Therefore case 2 and case 3 give the same

allocation of consumers in the parameter space.

20
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3.3.1 Determination of the equilibrium prices in(3,,C,)

Here also the first order conditions are quite complex. We search the price equilibria numerically
for a range of values of @,anda,. Figure 10 shows the equilibrium values of 7 and IZ—B for a
range of values ofa, ' in case 1. The equilibrium prices that we obtain always satisfy 7 >p—bB. In

case 2 and 3, the equilibrium prices that we obtain do not satisfy}”/spf. Therefore, we will only

look at case 1.

=02, b=0.3
0.5
0.4 — ; a
0.3 / Ed 7;@'(170/,‘”!7[)
/ b q
0.2
0.1 {—w— . —= s Ps
0 : b
1 2 3 4 5 6 a,

Figure 10: Comparison of prices per unit of quality under the regime of (B,,C,)

Note that gap between the explicit price of service B and the implicit price of service B becomes

larger when a, becomes larger.

' The equilibrium condition Py o ﬁ is not satisfied for the parameter values that we have chooses for simulation.
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3.4. Case (iv):(C,,B,), Pure Component Selling by firm 4, Bundling by firm /

The participation constraints are

for consumers of A4,B : Oa, +yb—pg €0, (R)
for consumers of 4, : Oa, —p, ¢ 0, (R,)
for consumers of B : w—p, 00, (R)
for consumers of 4, + B : Oa, +yb—p,—p; 00.(R,)

The self-selection constraints are

for consumers of 4,B :0a, + yb— p, ¢ Max(0,0a, + yb—p, — p;.0u, — p,.vb—py).(S,)
for consumers of 4, :0a, — p, ¢ Max(Oa, + yb— pg,;0a, + b —p, —pgib—pg). (S)
for consumers of B :yb—p, O Max(Ga, + yb— ps; 00, +o—p, —pyiba, —p,), (S,)

for consumers of 4, + B:6a, + yb—p, — p, O Max(Ga, + yb— pg; 0 — pyi6a, — p,).(S,,)

The condition 6, + yb — p, ¢ Max(0;6a, + yb— p, — p;;6a, — p,; b — p,) must be satisfied by
buyers of 4,8.

The condition éu, — p, O Max(0;8a, + yb — pg,;0a, + ¥b — p, — py; b — p,) must be satisfied by
buyers of A4, alone.

The condition yb— p, O Max(0;6a, + yb — pg,;6a, + b — p, — py;6a, — p,) must be satisfied by
buyers of B alone.

And finally 6a, + b —p, — py O Max(0;6a, + yb — pg,;6a, — p,; 70— py) must be satisfied by
buyers of both 4, and B .

» Consumers of A4 , + B means consumers of both 4, and B but each component is purchased separately.
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FromS, andR,, we derive that the preference index of the consumer indifferent between

purchasing 4, B and purchasing A, and B separately is & M Now S,, R, ,and R,
@ =4y

. AN | a N T .
intersect at I = ﬂ;;V ©Z—7(PG/ ——Lp,) .7 can be understood as the implicit price per unit of
a, a,

quality of B, when the quality of 4 is valued at the price set by firm 4. Note also that R, , R,,

and S, intersect at M;pf 2l The market arcas depend on whether this implicit price is
a

greater, lower or equal to the explicit price per unit of quality of B set by firm h. There are now

four cases to consider that correspond to number of cells in Table 1.2

Table 1: Different cases under the regime of (C,,5,)

" _Ps "\ Ps

y<—= o8

e b V4 b

Dy S DPg <Dy +Pp Case 1 Casc 2
Per < Py Case 3 Case 4

In all cells except cell 3 we have 8<1, i.e. the preference parameter of the consumer indifferent

between 4,B and both 4, and B is lower than one. For cell 3, we consider separately the case

where Ié<1 and the case wherego 1.

, 1 a a) — -
*! Also remark that Ps <=(pg ——1[7,1) ©p can be written as: Pa—Ps >ﬂ . The ratio Pa
b b a, q, a, a,

B
represents

the implicit price per unit of quality of A, when it is sold as part of the bundle 4, B . Thus market areas depends on
whether this implicit price per unit of quality is greater, lower or equal to the explicit price per unit of quality of A, .

* There is no equilibrium with p;, > p, + p, because nobody buys 4,B .
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Case 1: Py < Pou <p,+pp and y<1;7—’9

Figure 11 shows a segmentation of the space of preference parameters into five segments.
9 +Ps =Pt . o
0 =211 Ps " Pa i derived from S,.

a, —4q,
A
v s,
1 \ S}I
P \ B R,
Gi —
b \
AB | 4tB
\\\
Py \ 7 S/—-—"'R
&) b e b
¥ ™~
pGlb B \ \\/:[N
= N
1Z2 >
Po—Ps Pa O
a . 0 ! 0

Figure 11: Market areas under the regime (C,,B,)when p, < p;, < p, + p, and

)

y<l2

b

Consumers with preference parameters to the left of S, , to the right S, and above S, and R,

purchase 4, B . The market area of those consumers is:

Py Pa—Ps\ 1 Py °.7 Dg—Dp % Pe— Py Py 7V
D, =(1-Z5y(0- 2828y 4 (B2 y)(0-2L—E8y D, =(0-24—5)y1 -2 -0,
o = b)( “ ) 2(]7 X a ), D =( . ) 2 2)

Consumers with preference parameters to the right of §,and aboveS, purchase both 4,

and B .Consumers with preference parameters to the left of S, and above R, , purchase B alone.

24



2006 Telecom Paris conference on the economics of ICT 233

Finally consumers with preference parameters to the right of R, and below S, purchase A4, only.

Demands D, for 4, and D, for Bare respectively:

D, :1-3%(3-&)(’;—%;),%(103 :(1-’;—3)(1-?”7”0% “ Py

h al

The others consumers do not purchase.
3 . " Ps
Case 2: P < p, and ;/<7

When ;§<l

Figure 12 displays also a segmentation of the space of preference parameters into five segments.

We obtain the same segmentation of preference parameters space than in case 1. Therefore

A
demands in case 2 when @ <1 are similar to demands in case 1.

v s,

\ | /
P_B\ | 1 R,
b N
L7
1
/\Wk
- 1 >
1Z 14
Por= D, | Gla/ . P, !:;:1 ; 1 12

m pB ]
wenp. < p, y<—andO<1.
£ Gl Fh? A
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When 001

Figure 13 shows a segmentation of the space of preference parameters into three segments.

Rh
1
S,
A8
Kb
S,
M
B P - 1 2
S 0
Po, P b )
b

Figure 13: Market arcas under the regime (C,,B,)when p, <p, , 7 <%and9<>1

Consumers with preference parameters to the right of S,, above R, and above S, purchase 4,B.
Those with preference parameters to the left of S,and above R, , purchase B alone. Consumers
with preference parameters below S, purchase 4, only, to the right S, and above §, and R,

purchase 4, B . Others don’t purchase. No one purchases both 4, and B.
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Case 3: Py < Ppg <p,+py and yOpTB

Figure 14 shows segmentation of the space of preference parameters into four segments.

7/ Ih Rh Sb

Q-l;c

A\ 4

Poi— Py
Glb h R\\é\z “

QO

Figure 14: Market areas under the regime (C,,B,) when p,, < p, + p, , yOp—h” and pg, > p,

Consumers with preference parameters to the right R, and above R, purchase both 4, and B .
Those with preference parameters to the left of R, and above R, , purchase B alone. Consumers
with preference parameters to the right R, and below R, purchase 4, only. Others don’t

purchase. Demand for 4,B is zero.
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Case 4: Po < p, and )/OPTB

Figure 15 depicts the same segmentation of preference parameters space than in case 3. Therefore

demands in cases 4 are similar to demands in case 3.

]/ A
s, RS,
1 N =
Pa B S,
b N 4 +B//
AN /
\ ’ / ’/
A d
N
Py
b S SN R,
\\ A\ 5 \h\, >
D Py Peps 1 0
— a a a4
b K !
m
0
np
Figure 15: Market arcas under the regime (C,, B,) when p,, < p, and y 022
i= o \~hs=17 61 i /i b
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3.3.2 Determination of the equilibrium prices in(C,, B,)

"
We note that there is no duopoly equilibrium with }/OPTB because this condition entails zero

sales by the low quality firm. Therefore, the remaining case to analyze is the case where y pyal

(a} (o}
and #<1 or A9 1. So the question is what subcase constitutes a Nash equilibrium in prices?

As in the previous sections, analytical difficulties lead us to search the price equilibria

numerically for a range of values of a,anda,. Figure 16 displays the value of y and IZ—B for a

3

range of values ofa, . We find that the only equilibrium prices that we ever get always are

consistent with y < % Also at equilibrium 6 <1. Therefore we look only at case 1 when 6<1.

p @ =02, b=0.3
0.25
02 — . B
0.15 / b
0.1 ./_,-//. - N
0.05 -/ 7

04 0.5 0.6 0.7 0.8 09 4
h

Figure 16: Equilibrium characteristic of the subgame (C,, B,)

Here also the gap between the explicit price of service B and the implicit price of service B

becomes larger when a, becomes larger.

n
 The equilibrium condition y ¢ Py is not satisfied for the parameter values that we have chooses for simulation.
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4. Equilibrium Strategy of the Game

We now compare profit under each of the four possibilities. We let a,and a, vary in the
interval[0.2,+x[ . Figure 17 shows firms’ profit in each possibility. We always find that:

”fh'Bl 0 ”hChvBl I ﬂ-]l’fhvcl 0 ”}?h‘cl
”[BIMBI O ”[B,,,C, O 7Z-IChvBI O ﬂlcluc/

We conclude that (B, ,B,)is an equilibrium in dominant strategy.

T
0,4
—— B,.Ci
et T,
B/I'B/

0,1 —*— 7T,
T T T T T Ch,BI
04 05 06 07 08 09 | T
I 72-/ L 4

Figure 17: Equilibrium Strategy of the Game

Thus we state the following result:

1) Pure bundling is a dominant strategy equilibrium for both firms.

Bundling is a dominant strategy for both firms because it reduces the intensity of the competition
between the two firms by increasing the differentiation of services. Therefore firms’ profits are

higher under (B,,B,) than under the other subgames where one of two firms at least sells its

services separately.
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5.  Welfare Implications

Now let us see how consumers’ surplus and social welfare are affected when the regime shifts

from (C,,C)) to(B,,B,).

For(C,,C,), consumers’ surplus denoted by CS* is:

1 g 1
CS€ = (6, —P,)dO+ (Ba,-P)dO+ (y—0)dy.
3

a 0
The first, second and third expression of CS* are respectively the surplus of purchasers of 4,, 4,
and B . We obtain:

e

g? ~ 6 -8°
2 )_ph(1_9)+al( P

CS° =a,(

o
)—p(0-0)+—

2
The social welfare denoted by SW© gives:

SWE=CSC +r + g,

For(B,,B,), the surplus of consumers of 4, B denoted by CS; is:

Pon

ay 1 1
CS: = ot (6, +y — pg)dydo + O(Hah +7 = Pa)drdo
P Gr g Por
1 O (@0 -py)’
cs? =% yqvo —2Pay ko, Y, + o
R e

While the surplus of consumers of 4,B is:
» Pg; P 1 P
CS; = oy (O, +y—pg)dody + , (Ba, +y — pg,)dody
7' a; Par
]_ (}/* - pc])3

0 ) . .
s =i+ (pe) =27 +a,(1-7)
2 6a,

Thus, consumers’ surplus under (B,, B,) is:

cs?=cs?+C
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The social welfare under (B,, B,)denoted by SW”* is:

SW® =CS® +xlP 4+ gl?

We now compare social welfare under (C,,C,) and (B,,B,) for g,and a, varying in the
interval[0.2,+x[ . Figure 18 displays the total economic welfare under (C,,C,) and (B,,B,). It

shows that:

SW?>Sswe.

SwW
1.2

1 /

/./,,./—f*:/”"""

0,8 '—-,’;-"”—pl . SWB

0,6 c
- Sw
0,4
02
0 T T T T T
0,5 0,6 0,7 0,8 0,9 1 1.1 a
h

Figure 18: Total welfare under the regimes of (C,,C,) and (B,,B,)

Thus we state the following result:

(ii) A shift from (C,,C,) to (B,,B,) results in a decrease in social welfare when there is

a small differentiation between services.

It is obvious that bundling in this context reduces consumers’surplus. Indeed bundling increases

prices and there are more constraints under the regime of (B, , B, ) because to obtain B consumers
must purchase 4,8 even though they don’t want 4. So for welfare to increase, aggregate profits

must raise enough to offset the reduction of aggregate consumer surplus and then result in a
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potential efficiency gain. For all the parameters we have chooseen we find that total welfare

increase.

6. Concluding Remarks

In the traditional literature on bundling by duopolists, the conclusion is bundling is a dominant
strategy equilibrium for both firms but it is not a profitable strategy for both firms. We find also
that bundling is a dominant strategy equilibrium. But contrary to other studies, we find that
bundling is a profitable strategy for both firms. The reason is that in the context of vertically
differentiated services, bundling can be used as differentiation tool. It then reduces the intensity
of competition between the firms and then they make more profits under bundling than they

would under component selling. We also find that bundling increases total welfare.

Cable operators and telecommunication companies offer the combination of telephone,
television, and Internet as a bundled service. Our results suggest that they would compete more
vigorously and would realize less profit if there were restriction on bundling. If buyers care for
the quality of services their surplus is reduced under bundling. However, the fact that a single
supplier offers all services makes bundling convenient for buyers. So the benefit of the
convenience must be balanced with the reduction of consumers’ surplus to obtain the effects of
bundling on buyers’ welfare. Also authorities must decide what weight they give to the buyers’

surplus and to the suppliers’ profits to obtain the net welfare effects of bundling.

Our result should be interpreted under the assumptions that both the variable cost and the fixed
cost are zero for each service and services are vertically differentiated. It would be interesting to
analyze the case where the fixed costs are positive. Also since we know that firms in
communication markets are both horizontally and vertically differentiated, we can study both

differentiations to see how the results of this paper are robust to these assumptions.
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Conference on the economics of Information and Communication Technologies
Paris, June 23-24, 2006

Plenary Session 5:
"Antitrust Policy, the Theory of Market Leaders and the New Economy" by Federico Etro

Comments by David Encaoua, Centre Economie Sorbonne, Université de Paris 1

There are three possible lectures of this interesting paper by Federico Etro.

1. It can be seen as an economic defense of Microsoft in its case against the
European Commission.

2. It has also a more general objective as it presents a new economic argument
in favour of business practices by dominant firms in the New Economy that
were considered abusive from an old antitrust perspective.

3. Finally it presents a contribution in theoretical 10, which overcomes the
difficulties raised by the usual interpretation of the commitment strategies
made by Stackelberg leaders, according to whether they are aggressive or
accommodating.

I will concentrate my comments on discussing the theoretical contribution and
presenting some remarks on the links between competition and innovation in the New
Economy.

I/ The theoretical contribution.

The central contribution of Etro (Aggressive Leaders, RJE, 2006) states that a
Stackelberg leader, who commits to an investment that affects the outcome of a free
entry competition, chooses an investment level that makes him always aggressive
rather than accommodating, independently of the nature of market competition.

In other words, in a free-entry equilibrium, the Stackelberg leader is either a Top Dog
(i.e. he over invests) when the investment increases his marginal profit or a Lean and
Hungry Look (i.e. he under invests) when the investment decreases his marginal
profit.

This important result must be contrasted to the usual outcome predicted by Fudenberg
and Tirole (The Fat Cat effect, the Puppy Dog Ploy and the Lean and Hungry Look,
AER, PP, 1984), according to which an aggressive behaviour holds when competition
in the market occurs in strategic substitutes (quantities), whereas, with strategic
complements (prices), the strategic leader is accommodating (he is a Puppy Dog when
the investment increases the marginal profit and a Fat Cat when the investment
decreases the marginal profit).

The main difference between Fudenberg and Tirole and Etro results lie in the
assumption of free-entry that Etro introduces.
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Introducing Stackelberg with free-entry appcars therefore as an interesting and
fruitful idea and one must recognize that this framework gives insightful results to
analyze some business practices by market leaders.

Let me make three comments on the theoretical contribution.

First comment: The framework assumes that the external effect in the profit function
is additively separable and perfectly symmetric.

a/ While this assumption covers a wide array of situations, it leaves away some others.
For instance, linear demands derived from a quadratic utility or from a vertical
differentiation framework do not fit this assumption whenever price competition
prevails. It would be interesting to examine how the main results are affected by
relaxing this assumption. Particularly, if the external effect depends on the identity of
each competitor, it seems unlikely that the leader’s investment affects only the number
of competitors (in the free-entry equilibrium) and not their own strategics, as it
happens under the present assumption.

b/ Moreover, the presence of heterogeneous competitors may be an important
determinant of the intensity of competition. In a recent paper, Jan Boone (Balance of
power, mimeo, Tilburg U. 2004) argues that the efficiency distribution of players in a
game determine how aggressively these players interact. Players fight aggressively
inefficient players but play softly against equally or more efficient players. This idea
leads to predictions concerning the role of entry that are different from Etro. While
Etro finds that free entry of equally efficient competitors leads to an aggressive
behaviour of the market leader, Boone's finds that entry by new firms leads to a less
aggressive outcome if it creates a balance of power with the incumbent.

How can one reconcile these two antagonistic results: in one hand entry by equally
efficient firms pushes incumbents toward an accommodating behaviour (Boone’s
perspective) and in the other hand entry by equally efficient firms pushes market
leaders to an aggressive behaviour that results in less entry (Etro’s perspective)?

¢/ Third, it is quite possible that a symmetric model leads to an asymmetric
equilibrium outcome. For instance, this would arise if profit functions were convex
rather than concave. In this case, corner solutions arise. An asymmetric outcome
would also prevail in presence of network externalities that lead to tipping to a
peculiar technology, which is the only stable equilibrium.

d/ Finally, many other questions arise that are not addressed by Etro. For instance,
what happens whenever entry is not simultaneous as in Nash equilibrium, but rather
sequential? Who supports the cost of the strategic investment that reduces the number
of entrants when coexist in the market more than one leader?

It would be interesting to address these questions or at least some of them to test the
robustness of the outcome of the Stackelberg equilibrium with free-entry. Once more,
the idea of introducing this equilibrium is very interesting but the results depend so far
on the specific assumption on the external effect.

Second comment: The more or less explicit objective of the aggressive leader’s
theory is to give some new economic foundations to antitrust policy, based on the
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following principle: while business practices by market leaders are aggressive against
competitors, they do not harm consumers and therefore they should not be considered
as being abusive.

I think that this corresponds presumably to an excessive interpretation of the
aggressive leader’s theory. Let me clarify this point.

The distinction between normal competition and abusive competition is not evident
for an economist. I agree completely with Etro’s claim that preserving the competitive
process must not be confused with protecting competitors and I also agree that the
application by the Commission of Article 82 related to abuse of dominance has been
misleading. This is likely a consequence of the German ordo-liberal doctrine
according to which the favoured competition law standard should be to constrain
dominant firms to act as if they were constrained by competition (or in another way as
if they were not dominant!) The practical implication of this doctrine has been to
disallow impediment competition, hindering competitor’s ability to offer better deals to
consumers, while allowing performance competition based on competition on the
merits. Impediment competition is abusive while performance competition is normal.
However, the distinction between normal competition and abusive competition is very

difficult to reach and may lead to mistakes betrayed by the Coase famous criticism: “/f

an economist finds something — a business practice of one sort or another — than he
does not understand, he looks for a monopoly explanation. And as in this field we are
very ignorant, the number of un-understandable practices tends to be very large, and
the reliance on monopoly explanations, frequent”. (Industrial Organization: a proposal
for research, in Fuchs ed. NBER, 1972)

In some sense, one objective of Etro’s analysis is to try to give a more precise meaning
on what is competition on the merits and what could be achieved under it. According
to Etro, normal competition between market incumbents and potential competitors
should recognize that market leaders have a first mover advantage and that they know
that entrants compete until achieving any profit opportunity, all of this being common
knowledge. The consequence is that some practices that are considered on a priori
grounds as being abusive appear to be rather aggressive and in favour of consumers
when they are examined with this precise perspective in mind. I agree.

However, it does not mean that all business practices emanating from market leaders
are necessarily free of charge. In my view, the only practical policy recommendation
that can be derived is that the market leaders practices must be evaluated according to
their consequences (economic effects-based approach) rather than assessed according
to a priori categorizations (form-based approach), or in other words that application of
a rule of reason must be definitely preferred to a per se prohibition.

The underlying principles by reference to which abusive conduct can be distinguished
from normal competition on the merits have to be clarified.

Three approaches (John Vickers, Abuse of market power, EJ, 2005) have been
proposed to solve this question: the sacrifice test, the as-efficient competitor test and
the consumer harm test.

The sacrifice test asks whether the dominant firm business practice in question would
be profitable independently of its intent to eliminate or lessen the number of
competitors. Clearly, this test does not satisfy the Stackelberg equilibrium with free
entry equilibrium. This test can also be rejected on the logical grounds that eliminating
or lessening competitors must not be discarded since it is a form of normal
competition.
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The as-efficient competitor test asks whether the dominant firm business practice in
question eliminates competitors that are as efficient as the dominant firm. While this
test appears to better accord with protecting competition rather than competitors, it
does not satisfy any more the Stackelberg equilibrium with free entry framework.
Moreover, the as-efficient test is difficult to enforce, particularly when products are
differentiated.

Finally, the consumer harm test asks whether the dominant firm business practice in
question excludes competitors whose presence would enhance consumer surplus. It is
probably the most coherent test. It is important to remark that it may lead to an
outcome that is quite different from the one reached in a Stackelberg equilibrium with
free-entry. The main reason is that free entry may involve either excessive or
insufficient entry relatively to the social optimum.

This is why, in my view, it is very difficult to transform the aggressive leader’s theory
into an economic principle on which antitrust policy could rely.

Third comment: A deeper discussion of barriers to entry, putting more emphasis on
the distinction between economic and antitrust barriers to entry, would be useful. The
recent contribution by McAfee, Mialon and Williams (What is a barrier to entry?
AER, PP, 2004) could be used as a starter. An economist’s view of barriers to entry
seems more in line with Stigler’s perspective according to which barriers to entry exist
when there is some cost that is borne by the entrants but not by the incumbents. The
antitrust perspective seems to be slightly different. It identifies a barrier to entry to any
cost that simply delays entry. Therefore, while Stackelberg equilibrium with free entry
is in line with Marshall Analysis and corresponds to long-term equilibrium, it is not
clear what time horizon should be taken in an antitrust perspective. If free entry
involves a very long delay, the antitrust authority could be interested by the short or
medium term consequences of a business strategy. This is another reason why
Stackelberg with free entry may be an inappropriate framework for antitrust purpose.

II Antitrust and innovation in the New Economy.

Does the New Economy, with its focus on innovative markets, require a new antitrust
policy approach? This is a largely debated question to which Etro seems to argue for a
definitely Yes answer. Let me develop here some arguments (Encaoua and Hollander,
OXREP, 2002).

Competition policy in innovative industries is liable to affect welfare through three
distinct channels. First is the intensity of the race to innovate. In innovative industries,
competition for the market is crucial. Second is the competition for knowledge
diffusion or in other words competition in the licensing and technology markets. Third
is the competition in the new product markets that affect variables such as prices and
qualities. These three channels are closely intertwined and raise interesting questions,
both at a conceptual level and at a policy perspective level.

Conceptual level: Clearly, competition for the market and not only competition in the
market matters in a dynamic framework. In the Schumpeterian endogenous growth
literature, it has been generally assumed that the market life of a technological leader
is equal to the expected life of its innovation. As soon as a new innovation appears,
even if non-drastic, the previous leader is replaced by the new innovator and this
process of permanent leapfrogging or creative destruction is supposed to be at the
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heart of economic growth. Clearly, this no leadership persistency assumption
contradicts or at least does not fit the real word observation.

In one of his papers, Etro (Innovation by Leaders, EJ, 2004) shows that in a patent
race involving a technological incumbent and an endogenous number of competitors
determined by the free-entry condition, the incumbent has a higher incentive to
innovate when endowed with a first mover advantage in choosing his R&D effort.
This result, which goes against the classical replacement effect, shows once more the
strength of the notion of Stackelberg equilibrium with free entry'. There is now a
growing part of the endogenous growth literature that tries to depart from the
leapfrogging assumption.

Can we draw some robust conclusions from these analyses concerning the respective
role of incumbents and entrants in the process of innovation? I think it would be
premature to do it. The welfare comparisons of the leapfrogging and persistent-
leadership equilibria are still incomplete. Even if it is justified to abandon the idea that
leadership persistency plays no role in the innovation and growth process, it would be
un-wise to abandon the idea that the path-breaking avenues opened by new entrants
and the Darwinian selection mechanisms remain prominent in the process of
competition for the market. It seems difficult to derive from these models firm
conclusions prescribing neither to exempt technological leaders from antitrust scrutiny
nor to exempt newcomers from antitrust law.

Therefore, it seems to me that antitrust policy does not go in a bad or wrong direction
when it enlarges its scope by trying to maintain rivalry not only in the product market
but also in the technology market and the innovation market.

Policy level: Two important questions arise.

The first question concerns the links, more precisely the strong complementarities that
exist between technology policy and competition policy in the New Economy.

The second question concerns the relationship between competition and intellectual
property. In my view, these questions are among the most challenging policy questions
of the New Economy. I have no time to develop them in detail here, but I would just
make two remarks’.

The problem of the right balance between integrated technology policy and
competition policy.

In the New Economy, we need a right balance between competition policy and
technology policy, because, contrary to what is sometimes believed, especially among
antitrust enforcers, competition policy alone, with its emphasis on free market
principles, does not provide sufficient incentives to innovate, even in the presence of
intellectual property rights. Many reasons can be invocated.

- One of them is that the incentive to innovate is not perfectly correlated with the
intensity of market competition. Theoretical and empirical analyses (Aghion and
Griffith, Competition and Growth, 2005, MIT Press) show that there exists an inverted
U relationship between competition and innovation. After some threshold, the

! Denicolo (Growth with non-drastic innovations and the persistence of the leadership, EER, 2001) reaches also a
similar conclusion. When the current leader has a move advantage in the next patent race, the value of being a
leader exceeds temporary monopoly profit, as the leader reaps an extra-profit in the next patent race with free
entry by outsiders.

2 More details can be found in the report by Encaoua — Guesnerie (2006) “Les Politiques de la Concurrence”
that can be downloaded: http:/www.cae.gouv.fr/
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competition pressure is no more associated to a higher incentive to innovate®.
Moreover, competition intensity does not appear as the most important determinant of
the incentive to innovate.

- Another reason is that in global markets, intellectual property rights are less
protective as they would be if leaders of industrialized countries were absent from
countries where IP is less stringent. Even in industrialized countries, patents are not
ironclad property rights®,

- A third reason is that the complementarities between different dimensions of
structural economic policies, such as competition, regulation and innovation, are not
always exploited. For instance, it is not sufficient to rely on environmental objectives
alone to promote the introduction of cleaner technologies. The achievement of
environmental as well as innovation goals requires a carefully crafted combination of
environmental and technology policies.

For all these reasons, a right balance between different public policy instruments to
stimulate innovation and complement individual incentives is needed. In a global
world, such coordination is unavoidable, even if it is very complicated to enforce. For
instance, it is now largely admitted that private partnerships to form joint research
ventures exempted from antitrust enforcement may be beneficial. Private-public
partnerships involving science-industry cooperation are also one form of
complementarities that has to be encouraged.

It has been argued that one of the reasons behind the current technological gap
between Europe and US is the unbalanced development of the structural policies
devoted respectively to technology and competition in Europe. While technological
policy remains largely un-integrated at the European level, an integrated competition
policy has been used as the main instrument of the European market. By contrast, the
complementarities between technology policy and competition policy have been
largely perceived and exploited in the US®.

Intellectual property rights and competition rules.

It is now largely admitted that the reinforcement of patent rights and the extension of
the patentability subject matters are not necessarily coincident with higher R&D effort.
One of the reasons is that patents are not ironclad property rights but only probabilistic
rights. Other forms of protection, such as trade secrecy, first mover advantages and
exploitation of lead-time are very often preferred forms of protection, at least in
industries where knowledge is not a blue print easily imitable. However, even if
patents do not always appear as the best form of protection, innovators may
nevertheless prefer to patent their innovations for many reasons, one of them being
that holding a patent offers the possibility to avoid a trial and settle a dispute against
an alleged infringer through a licensing agreement. Alleged infringers may also prefer
to avoid a litigation process not only because litigation is costly and uncertain but also
because winning the lawsuit against a patent holder involves a free-riding aspect,
insofar as other competitors benefit from the asserted patent’s invalidity. Therefore,

* For a challenging view, see Encaoua — Ulph (2004), Catching-up or Leapfrogging ? The effects of competition
on innovation and growth, mimeo, EUREqua, Paris I.

* See Encaoua — Lefouili (2006), Choosing Intellectual Protection : Imitation, Patent Strength and Licensing,
CESifo WP 1715

* The chapter 8 (Innovation Today: A Private-Public Partnership) of the recent Scotchmer’s book (Innovation
and Incentives, MIT 2004) is entirely devoted to illustrate the role of such complementary instruments as public
procurement, R&D incentives given to small enterprises, licensing and antitrust exemptions, spin offs between
military and civil projects, etc.
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private settlements taking the form of a licensing agreement offer an alternative to
litigation and are very frequent. However private settlements raise serious concerns to
antitrust enforcers’.

Once again, IPR, knowledge diffusion and competition issues appear at the forefront
of the New Economy and it would be too simplistic to reduce these questions to the
aggressive leader’s theory, despite the big interest of this theory.

® Farrell and Shapiro (How strong are weak patents? Mimeo Berkeley, 2005) explain why the royalty rate paid
by the licensee may not depend on the patent strength, as a natural benchmark would command. Licensing very
bad quality patents may involve as-high royalty rate as if the patent was undoubtful. Moreover the patentee pays
a fixed fee to the licensee to compensate its loss in the market. While the two parties maximise their joint profits,
such settlements harm consumers.
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Antitrust Policy, the Theory of Market Leaders
and the New Economy

by Federico Etro*
June 2006

The New Economy, characterized by dynamic, global and innovative mar-
kets, requires a new way to approach many economic issues and also a new
way to approach policymaking. This work will analyse a new approach toward
competition policy based on recent progress in the theory of market leaders and
discuss its implications with special reference to markets in the New Economy,
whose distinctive features, namely high fixed costs of R&D, less relevand mar-
ginal costs of production and network effects, require a different approach from
traditional markets. Close attention will be goven to the software market, whose
market leader has been (and still is) the subject of the attention of antitrust
authorities around the world. For a more comprehensive discussion on these
theoretical and applied issues see Etro (2007).

The work is organized as follows. In Sectionl I will present a brief overview
of antitrust policy in US and EU and I will try to motivate the need for a new
approach to competition policy, especially for the markets in the New Economy.
Section 2 will survey the traditional approaches to competition policy, while Sec-
tion 3 will present the innovations associated with the theory of market leaders.
Section 4 will apply the new approach to general issues of abuse of dominance
with particular reference to the software market and to the Microsoft case. Sec-
tion 5 will deal with bundling issues again with reference to the software market.
Sections 6 will move to competition for the markets and to interoperability is-
sues which are crucial for the dynamic markets of the New Economy. Section
7 concludes, while the Appendix contains some more technical results on the
behaviour of market leaders.

1 Competition Policy in US and EU

In the United States the main federal antitrust statute is the Sherman Act of
1890, which was developed in reaction to the widespread growth of large scale
business trusts. Section 1 prohibits restraints of trade in general, while Section
2 deals with monopolization stating that:

1The author is Associate Professor of Economics at the University of Milan (Bicocca).
Email: fetro@intertic.org.
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“Every person who shall monopolize, or attempt to monopolize,
or combine or conspire with any other person or persons, to monop-
olize any part of trade or commerce among the several States, or
with foreign nations, shall be deemed guilty of a felony”

Enforcement is shared by the Antitrust Division of the Department of Jus-
tice and by the Federal Trade Commission. The current interpretation of US
antitrust law associates abusive conduct with predatory or anticompetitive ac-
tions having the specific intent to acquire, preserve or enhance monopoly power
distinguished from acquisition through a superior product, business acumen or
historical accident. It is generally accepted that an action is anticompetitive
when it harms consumers.

In Europe competition policy has a more recent history which is mostly
associated with the creation of the European Union and its coordination of
policies for the promotion of free competition in the internal market. The main
provisions of European Competition Law concerning abuse of dominance are
contained in the Article 82 of the Treaty of the European Communities which
states that:

“Any abuse by one or more undertakings of a dominant position
within the common market or in a substantial part of it shall be pro-
hibited as incompatible with the common market in so far as it may
affect trade between Member States. Such abuse may, in particular,
consist in: (a) directly or indirectly imposing unfair purchase or sell-
ing prices or other unfair trading conditions; (b) limiting production,
markets or technical development to the prejudice of consumers; (c)
applying dissimilar conditions to equivalent transactions with other
trading parties, thereby placing them at competitive disadvantage;
(d) making the conclusion of contracts subject to acceptance by
other parties of supplementary obligations which, by their nature or
according to commercial usage, have no connection with the subject
of such contracts.”

This article (as Article 81 on horizontal and vertical agreements and the
Merger Regulation) is part of the law of each member state and is enforced
by the European Commission (in particular the Directorate General for Com-
petition) and by all the National Competition Authorities. The application of
EU competition law on abuse of dominance involves the finding of a dominance
position and of an abusive behaviour of the dominant firm, usually associated
with excessive pricing or with exclusionary practices as predatory pricing, re-
bates, tying or bundling, exclusive dealing or refusal to supply. However, the
analysis of both dominance and abusive behaviour entails complex economic
considerations and is the subject of an on going process of revision. A recent
document, European Commission (2005), has proposed a new approach to ex-
clusionary abuses under Article 82 which gives an important indication as to
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how the Commission may approach antitrust cases in the future. The purpose
of Article 82 is defined as “the protection of competition on the market as a
means of enhancing consumer welfare and of ensuring an efficient allocation
of resources”. This implies that antitrust should protect competition and not
competitors and be based on an economic approach aiming at the maximization
of consumer welfare and allocative efficiency rather than based on a legalistic
approach, something which appears much more in line with the US approach.

Many economists have pointed out the necessity of a closer focus on consumer
welfare in the implementation of competition policy with specific reference to
abuses of dominance. While antitrust legislation was written with this objective
in mind, its concrete application, especially within the post-Chicago approach,
has often been biased against market leaders and in defence of their competitors
rather than toward the defence of competition and of the interests of consumers.
The two objectives do not necessarily overlap. The development of the New
Economy, characterized by very dynamic and innovative markets, has increased
the pressure for a new approach, already somewhat developed in the United
States, but just in progress in the European Union.

A new approach to competition policy should be based on rigorous eco-
nomic analysis, from both a theoretical and an empirical point of view. In an
important EU Report, Rey et al. (2005) emphasize this element in the antitrust
procedure: “a natural process would consist of asking the competition authority
to first identify a consistent story of competitive harm, identifying the economic
theory or theories on which the story is based, as well as the facts which sup-
port the theory as opposed to competing theories. Next, the firm should have
the opportunity to present its defence, presumably to provide a counter-story
indicating that the practice in question is not anticompetitive, but is in fact
a legitimate, perhaps even pro-competitive business practice.” Moreover, any
theory of the market structure able to provide guidance in detecting abuses of
dominant positions should: 1) take into account the role and the strategies of
dominant firms; 2) describe the equilibrium outcomes taking into account the
role of barriers to entry and of fixed costs of entry (which can endogenously
determine entry of competitors) and in function of the demand and supply con-
ditions; and 3) provide welfare comparisons under alternative set-ups.

In this paper I will try to argue that, while the Chicago school and the
post-Chicago approach failed to provide a unified framework which matches
these requirements, the theory of market leaders formalized for instance in Etro
(2004, 2006a,b, 2007) has provided a possible alternative. The general principle
proved in this new research is that dominant firms may behave in an anti-
competitive way, accommodating or predatory, in markets where the number of
firms is exogenous, while they always behave in an aggressive way when entry
into the market is endogenous, which should be the relevant case in many situ-
ations: in these, a large market share of the market leader is a consequence of
its aggressive strategies
of its market power. Hence, markets with high concentration due to the pres-

and of the endogenous entry, and not the consequence
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ence of a market leadership are perfectly consistent with efficiency. This has
major implications for competition policy: while the old approach to abuses of
dominant positions needs to verify dominance through structural indicators and
the existence of a certain abusive behaviour, we suggest that there is not a well
founded reason to associate high levels of concentration with market power and
a consistent approach to abuse of dominance would just need to verify the exis-
tence of harm to consumers. As Rey et al. (2005) correctly point out, “the case
law tradition of having separate assessments of dominance and of abusiveness
of behaviour simplifies procedures, but this simplification involves a loss of pre-
cision in the implementation of the legal norm. The structural indicators which
traditionally serve as proxies for ‘dominance’ provide an appropriate measure
of power in some markets, but not in others”, notably in markets where entry
is an important factor (a concentration index is uniquely concerned with actual
competition and ignore potential competition) and when innovation is impor-
tant (a concentration index can deal with competition in the market, not for
the market).

The main policy implication of the theory of market leaders emerges under
(imperfect) competition in prices. In this typical situation, while the tradi-
tional approach (the so-called post-Chicago approach) tends to associate aggres-
sive pricing strategies with predatory (and hence anti-competitive and welfare-
decreasing) purposes, in Etro (2006a) we proved that, whenever entry of firms
in the market is endogenous (as often it is), an aggressive pricing strategy is
a pro-competitive strategy which generally does not have an exclusionary pur-
pose, but rather can enhance allocative efficiency and consumer welfare. The
same holds for other strategies which typically have exclusionary motivations in
the traditional view, like bundling strategies. Clearly, when entry is not endoge-
nous and the leader and its followers cannot be threatened by further entry, the
behaviour of the leader could be anti-competitive in line with the post-Chicago
approach, but antitrust should intervene only in these cases (beyond its usual
role against collusive behaviour).

Finally, notice that what matters is not only welfare of current consumers
but also that of future ones. Rey et al. (2005) provide a simple example on the
problem of monopoly pricing: “One response to the problem might be for the
competition authority to intervene, citing excessive pricing by a monopolist as
an infraction of the abuse-of-dominance prohibition in Article 82 of the Treaty.
Another response might be to leave the matter alone, hoping that the profits
that the monopolist earns will spur innovation or imitation and entry into the
market, so that, eventually, the problem will be solved by competition.” What
the theory of market leaders suggests on this matter, as shown in Etro (2004),
is that the dynamic gains in efficiency due to a leadership position in innovative
markets can be quite high as long as entry in the market for innovation is
endogenous: the leadership of a firm may persist because of its high incentives
to invest in R&D under the threat of entry; neverthe
as a signal of abusive conduct, but, oddly enough, as the result of competitive

s, this should not be s

11
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pressure.

The recent document of the European Commission (2005) has inspired a
wide debate on the proper aims and methods of antitrust policy in Europe.
While the aim of this proposal is to enhance consumer welfare and to protect
competition and not competitors, we have some concern that these principles
are not fully carried through into certain aspects of the analytic framework. As
of now, the approach of the European Commission appears partly in line with
outdated views, for instance when it stresses an excessive reliance on market
shares in determining dominance. The novel part on the efficiency defences
for dominant firms appears to be going in the right direction since it allows
otherwise abusive strategies if they create a net efliciency gain (which bene-
fits consumers).? Nevertheless, the effectiveness of these rules in safeguarding
consumer welfare is weakened when it is stated that some firms are virtually
excluded from the possibility of an efficiency defence. In particular, a strange
concept of market position “approaching that of a monopoly” is introduced and
associated with market shares above 75%, something without any justification in
economic theory: a firm is a monopoly or is not (in which case, its behaviour is
constrained by competitors), but it cannot be an “almost monopoly” or a “near
monopoly”. From an economic point of view, the real missing concept, which
defines firms with high market shares but not monopolizing the all market, is
that of a Stackelberg leader with endogenous entry, which is the subject of the
analysis of the theory of market leaders (see ICC, 2006, for a more extensive
discussion of such an approach).

2 Chicago and post-Chicago Approaches

In this section I am going to review the traditional approaches to antitrust policy
on abuse of dominance and start comparing them with the insights of the recent
theoretical attempts to build a comprehensive theory of market leadership and
competition policy. In our view, a fully fledged model of the behaviour of market
leaders is a necessary toolkit for deriving implications for antitrust policy, but
it is not necessarily part of the endowment of the traditional theories.

The traditional “pre-Chicago” approach was mostly based on basic mod-
els of imperfect competition associating market power, high market shares and
abusive conduct with the typical behaviour of monopolists. Such a naive view
has been challenged in the 60s and 70s by the “Chicago approach” whose main
merit has been to show that, when there are potential entrants in a given sector,

2This can happen in two ways: through an objective necessity defence “where the dominant
company is able to show that the otherwise abusive conduct is actually necessary conduct on
the basis of objective factors external to the parties involved and in particular external to
the dominant company” or a meeting competition defence “where the dominant company is
able to show that the otherwise abusive conduct is actually a loss-minimising reaction to
competition from others”.

(<31
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aggressive strategies that would be suspect, such as bundling, price discrimina-
tion and exclusive dealing, are not necessarily anti-competitive but may instead
have a strong efliciency rationale. More recent theories, often associated with
the so-called “post-Chicago” approach, have however shown that in the presence
of pervasive market imperfections, the above strategies can be anti-competitive
because they are aimed at deterring entry in the short run and protect mo-
nopolistic rents in the long run. Broadly speaking, US antitrust authorities
have been highly influenced by all these approaches over time, while it is hard
to claim that the same is true of the EU antitrust authorities. As has recently
been pointed out by Ahlborn, Evans and Padilla (2004), “in Europe it has taken
longer for new developments in economic theory to affect competition policy.
While U.S. antitrust has been influenced by Chicago school and post-Chicago
school theories, pre-Chicago school considerations still play a role in Europe,
albeit at times dressed up in post-Chicago clothing”.

I believe that these traditional approaches gave important insights into many
antitrust issues, but they failed to provide a complete understanding of the be-
haviour of market leaders. The Chicago approach limited most of its analysis
to either monopolistic or perfectly competitive markets, and in a few cases, to
markets characterized by a monopolist and a competitive fringe of potential
entrants. For instance, according to the Chicago school there is not such a
thing as predatory pricing, that is reducing prices below costs to induce exit
by the competitors so as to compensate the initial losses with future profits:
if the incumbent can sustain such initial losses, also any other competitor can
do it as long as credit markets are properly working, hence predatory pricing
would not be eflective to start with. This approach failed to provide results
that were robust enough to withstand fully-fledged game-theoretical analysis
of dynamic competition between incumbents and entrants. Somewhat related
with it are the theory of contestable markets of Baumol, Panzar and Willig
(1982) and the initial literature on entry deterrence associated with the socalled
Bain-Modigliani-Sylos Labini framework. However, even if the initial theoreti-
cal contributions took into consideration the effects of entry on the behaviour
of market leaders, these were not developed in a coherent game theoretic frame-
work and were substantially limited to the case of competition with perfectly
substitutable goods and constant or decreasing marginal costs.

In the 80s and 90s, post-Chicago research studied more complex market
structures within a solid game-theoretic framework and introduced welfare con-
siderations so as to derive sound normative implications, which represents one of
the main contributions of this approach. However, in most cases, this literature
studied the behaviour of incumbent monopolists facing a single potential en-
trant. To cite the most famous works with strong re
this was the case of the Dixit model of entry deterrence, of the models by Kreps
and Wilson (1982) and Milgrom and Roberts (1982) of predatory pricing,® of

vance for antitrust issues,

3The post-Chicago school as shown that in presence of asymmetric information between
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those by Fudenberg and Tirole (1984) and by Bulow et al. (1985) of strategic
investment, of the Bonanno and Vickers (1988) model of vertical restraints, of
the Whinston (1990) model of bundling for entry deterrence purposes, and of
many other works, often based on analysis of Stackelberg duopolies (that is,
markets with one leader and one follower).* Also most of the standard results
on the behaviour of incumbents in terms of pricing, R&D investments, quality
choices, vertical and horizontal differentiation are derived in models of Stack-
elberg duopoly, where the incumbent chooses its own strategies in competition
with a single entrant. While this analysis simplifies the interaction between
incumbents and competitors, it can be highly misleading, since it assumes away
the possibility of endogenous entry, and hence limits its relevance to situations
where the incumbent has already an exogenous amount of market power.

It is not surprising that the results of the post-Chicago approach are sys-
tematically biased toward an anti-competitive role by incumbents: these engage
in aggressive pricing, threaten or undertake overinvestments in complementary
markets, impose exclusive dealing contracts, or bundle their goods with the sole
purpose of deterring competitor entry. Otherwise they engage in accommo-
dating pricing, underinvest in product improvements and differentiation, and
stifle innovation. In such a simple world, what antitrust authorities should do
is unambiguously to fight against incumbents: punish their aggressive pricing
strategies as predatory, and their accommodating pricing strategies as well (but
in this case as monopolistic strategies), punish investments in complementary
markets as attempts to monopolize them, forbid bundling strategies, and so on.
The bottom line is that antitrust authorities should sanction virtually all be-
haviours of the incumbents which do not conform to those of their competitors.

The fallacy of this line of thought, in my view, derives from a simple fact: it is
based on a partial theory which does not take into account that, at least in most
cases, entry by competitors is not an exogenous fact, but an endogenous decision.
Whether entry is more or less costly, entry is an endogenous decision by the
potential competitors, especially in global markets as most markets in the New
Economy. There are two different kinds of constraints on entry. The definition
of barriers to entry has been quite debated in the literature. Bain associated
them with the situation in which established firms can elevate their selling prices
above minimal average costs of production without inducing entry in the long
run, Stigler with costs of production which must be borne by firms which seek
to enter an industry but not borne by incumbents. A similar approach has
been prevailing more recently (Baumol, Panzar and Willig, 1982), so that we
can talk of barriers to entry as sunk costs of entry for the competitors which
are above the corresponding costs of the incumbent (or have been already paid
by the incumbent). On the contrary, simple fized costs of entry are equally

firms, of credit market imperfections and of strategic commitments to undertake preliminary
investments the above argument breaks down and predatory pricing can be an equilibrium
strategy for the incumbent and deter entry.

4See Motta (2004) for a survey.
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faced by the incumbent and the followers to produce in the market, but they
also constrain entry. Actually, while there is a fundamental difference between
the two concepts, their role in constraining entry, and hence in endogenizing
it, is basically the same. In our view, only a comprehensive understanding of
the behaviour of incumbents when entry is endogenous and when it is not can
provide the required tools to judge real world markets.

3 The Theory of Market Leaders

The theory of market leaders clarifies the role of market leaders under more
general conditions than the post-Chicago approach. In this section we will
discuss its results and compare its implications for antitrust with those of the
traditional approach.

Let us start from a general model of Stackelberg competition in which a
main difference between the new and the old approach emerges. Consider a
market with price competition between firms offering imperfectly substitutable
goods, zero marginal costs of production, for simplicity, and & sunk cost of
entry S which the market leader does not bear. When a firm sets the price

p; and the other firms set their prices p;, demand is D pi,Zg(pj) . We
Fiad

assume that demand is decreasing in the first argument: a higher price by 4
reduces i’s demand. Moreover demand is also decreasing in the second argument
while the function g(p) is decreasing in the price, so that a higher price by
any firm j increases demand for firm 4, as reasonable. This demand function
generalizes most common demand functions used by economists, as those derived
by isoelastic utilities, Logit demands, constant expenditure demands and the
Dixit-Stiglitz demand (see the Appendix). Finally, profits for the leader are:

7w =piD |pr, Y 9(p;)
JEL

while profits for a follower j are:

m=p:D |pis>_gps)| —
J#i

Consider first the simple case with just a single follower, which was the subject
of analysis of most literature in the post-Chicago approach. When the sunk cost
S is small enough, the follower is active in equilibrium and chooses its own price,
say pr, as a function of the price of the leader py, according to the optimality
condition:

Dilpr, 9(pe)lpr + Dlpe, 9(pL)] = 0
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Under standard conditions (strategic complementarity), this implies a price in-
creasing in the price of the leader. Then the leader chooses its own price taking
this into account, according to the optimality condition:

Dilpr, g(pr)lpr + Dlpr, g(pr)] + Dalpy, U([‘F)]!]/(I‘F)g% =0
Since the last term is positive, we can conclude that py > pp. The intuition of
this outcome is quite simple. The leader is aware that the higher will be its own
price, the higher will be the price chosen by the follower, and both firms will
have large profits. Hence the leader exploits its first mover advantage to set a
high price.

A fundamental contribution by Dixit (1980) and Fudenberg and Tirole (1984),
at the origins of the post-Chicago approach, was to show that, when the sunk
cost S is high enough, the optimal strategy for the leaders may be an entry
deterring strategy which requires a low enough price of the leader. The policy
implication was immediate: any low pricing strategy by a leader must be as-
sociated with predatory pricing, otherwise a market leader would prefer to be
accomodating setting high prices.

Unfortunately, this story has a simple but pervasive problem. Let us go
back to the hypothetical situation in which the sunk cost S is small enough,
so that the follower is active in the duopoly equilibrium. In such a situation it
may well be the case that one or more other firms could also find profitable to
enter in this market after bearing the small sunk cost. If this is the case, and
this must be the when S is small enough, the right equilibrium concept
for this market has to take endogenous entry in consideration. In Etro (2002)
I have solved for this equilibrium, showing that it is characterized by the same
optimality condition for each follower as above:

Di(pr,)pr + D(pr,-) =0

an endogenous entry condition equating gross profits of each follower to the
sunk cost of entry:
D(pr, Jpr =S

and the following optimality condition for the leader:®

Di(pr, )pr + D(pr, ") — Da(pr,-)d (pr)pr =0

5Proof: Equilibrium demand for the followers is D[pr, g(pr.) +(n—2)g(pr)] where n is the
number of firms active in the market. The equilibrium first order condition and the endogenous
entry condition for the followers pin down both arguments pp and 3 = g(pL) + (n — 2)g(pr)
independently from the leader’strategy pr: only the number of firms changes with the price
of the leader. Ience, the profits of the leader can be written as:

71, = prDlpr, (n — Vglpr)] = pr.Dlpr, B + 9(pr) — 9(p1)]

whose maximization provides the equilibrium first order condition in the text.
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Now the last term is negative, suggesting that p; < pp. When entry is endoge-
nous, whether just one or many followers end up entering in the market, the
leader is always aggressive setting a lower price than each one of the entrant.
Hence, a low pricing strategy is associated with a normal strategy of the market
leader when entry is endogenous, and not with entry deterrence purposes.

This is the general principle emerging from the theory of market leaders,
at, the basis of our critique to the post-Chicago approach to antitrust. It actu-
ally emerges in more general situations, as shown by Etro (2006a): whenever
the leader can engage in preliminary investments, while in duopoly it will bias
them strategically to increase its price in the market, under endogenous en-
try it will bias them in the opposite way, to decrease its price in the market.
For instance, if a cost reducing technology exists, Fudenberg and Tirole (1984)
have shown that a duopoly leader will underinvest in it, while Etro (2006a) has
shown that the same leader will overinvest in it a long as entry in the market
is endogenous. This outcome emerges in many other contexts with surprising
results with respect to investments in R&D and exploitation of network effects,
important factors in markets of the New Economy, in case of bundling of goods
and many other situations: some of these are examined in detail in the Ap-
pendix. The general point is that in any market where entry is endogenous,
the leader always overinvests to gain a strategic advantage and conquer a larger
market share; however, this results in a reduction in prices with a net gain for
consumers.

Until now we considered a market structure which is quite standard be-
cause goods are imperfect substitute. However, our results become even more
drammatic under certain conditions, in particular with quantity competition
and homogenous goods. To see why this happens, imagine a market of homo-
geneous products where production requires again a fixed sunk cost S and a
zero marginal cost of production. Moreover, imagine that firms choose their
production level and the market price just equates demand and supply. Such
a simple structure approximates the situation in many sectors where product
differentiation is not very important but there are high costs to starting produc-
tion: this is typical of energy and telecommunication industries and many other
high-tech sectors of the New Economy. The assumption of constant (and indeed
zero) marginal cost matches the conditions of some markets, as the software one,
where variable costs are negligible compared to R&D expenditure.

Imagine that inverse demand is a decreasing function of total production,
p (> x;). Profits of the leader are now:

L = ILP (Zl‘j)

while the profits of each follower are:

T = T;p (le) -5

10
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As well known, a Stackelberg duopoly would imply & division of the market
between the leader and the follower. Stackelberg equilibrium with endogenous
entry, however, generates a different result. If the supply of the leader zj, is
small enough followers will be active and their supply = will satisfy the first
order condition:

p(X) +2p/(X) =0

where X =" x; is total production. The endogenous entry condition will be:
p(X) =S

It is clear that these two conditions will pin down both the strategy of the
followers z, and total production X, and hence the price p(X). Hence the
perceived profit of the leader becomes:

7w = zp(X)

which is always trivially increasing in its supply. Hence the leader will always
produce as much as possible. No other firm will find convenient to enter in
the market, but nevertheless the price will be determined by the free entry
condition and hence it will be the same as in absence of the leader. Notice that
the same result would emerge with any kind of constant or decreasing marginal
cost function.

Etro (2002) also proves that this outcome is better for consumers than the
free entry equilibrium without a leadership, but the point here is simpler: un-
der certain technological conditions, it is natural for the leader to conquer a
large market share while supplying it at a competitive price determined by
a zero profit condition. These technological conditions amount to high sunk
costs or fixed costs of production (which may be R&D costs) and constant mar-
ginal costs of production. Of course network effect would even strenghten the
result, as shown in the Appendix. On the other side, introducing imperfect sub-
stitutability or increasing marginal costs would allow the followers to conquer
market shares. Nevertheless, the general principle would always hold: the leader
would be aggressive and price below its followers retaining a larger market share
because of the competitive pressure.

This discussion implies two main conclusions. First, a leading market posi-
tion associated with aggressive strategic investments can be the consequence of
a competitive market environment and not the result of market power. In other
words, the theory of market leaders suggests that it would be better to differen-
tiate market leaders from dominant firms: market leaders have some strategic
competitive advantage over their competitors, but only when they can use it to
prevent effective competition and harm consumers should they be considered to
be dominant and their behavoiur potentially abusive. The point is to understand
when market leaders can prevent effective competition and when they cannot.
Second, whenever firms engage in price competition, the post-Chicago approach

11
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associates aggressive pricing or other aggressive strategies with a predatory pur-
pose, while the theory of market leaders provides arguments that an aggressive
strategy is generally pro-competitive and without exclusionary purposes.

4 The Software Market and the Microsoft Case

As a case study, consider the software market, one of the markets of the so-
called New Economy, developed in the very last decades through progress in the
Information & Communication Technology. In the 1960s, the computer industry
was dominated by IBM, which manufactured expensive mainframe computers
that were used by large enterprise customers; at the time, very few consumers
had access to computers. Apart from IBM, mainframes were offered by firms
such as Bull, Burroughs, Data General, Fujitsu, ICL, Nixdorf and Sperry-Rand.
There was little or no interoperability among mainframes from different vendors.
For the most part, an enterprise customer was required to choose an all IBM
solution or an all Nixdorf solution. In the 1970s, Digital Equipment achieved
considerable success with a line of less expensive minicomputers that were well-
suited to engineering and scientific tasks. Again, however, there was little or
no interoperability between these minicomputers and mainframes offered by
IBM and others. The structure of the industry at that time was still largely
vertical. By 1980, a number of companies had started offering less expensive
microcomputers which were not interoperable with one another: early PCs by
Tandy, Apple, Commodore and Atari ran their own operating systems, meaning
that applications written for one brand of PC would not run on any other
brand: the industry was fragmented. In mid-1980, IBM announced plans to
introduce an IBM personal computer. The first one was offered with a choice of
three operating systems: CP/M-86 from Digital Research, UCSD-P System and
MS-DOS from Microsoft, a company founded by Bill Gates, a young software
architect who dropped Harvard to create what was going to become a symbol
of market leadership.

To understand the peculiarities of the software market in general it is conve-
nient to focus briefly on the main functions of PC operating systems (OSs). The
main one is to serve as a platform on which applications (such as spreadsheets
or word processors) can be created by software developers. OSs supply different
types of functionality, referred to as system services, that software developers
can call upon in creating their applications. These systems services are made
available through Application Programming Interfaces (APIs). When an appli-
cation calls a particular API, the operating system supplies the system service
associated with that API by causing the microprocessor to execute a specified
set of instructions. Software developers need well-defined platforms that remain
stable over time. They need to know whether the system services on which their
applications rely will be present on any given PC. If they did not, then software
developers would have to write the software code to provide equivalent function-
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ality in their own applications, generating redundancy, inefficiency and a lack
of interoperability.® Moreover, modern OSs provide a user interface, the means
by which a user interacts with his computer. User interfaces for computers have
evolved dramatically over the last decades, from punch card readers, to teletype
terminals, to character-based user interfaces, to Graphical User Interfaces, first
introduced by Apple with Macintosh. Finally, operating systems enable users
to find and use information contained in various storage devices: local ones,
such as a floppy diskette, a CD-ROM drive or the hard drive built into a PC,
or remote, such as local area networks that connect computers in a particular
office, wide area networks that connect computers in geographically separated
offices, and the Internet.

Over time, the OSs of Microsoft became the most popular because Microsoft
continually added new functionality to the operating system and licensed it to a
wide range of computer manufacturers with extremely aggressive pricing strate-
gies. Microsoft recognised early on that an OS that served as a common platform
for developing applications and could run on a wide range of PCs would pro-
vide substantial benefits to consumers. Among other advantages, development
costs would fall and a broader array of products would become available be-
cause products could be developed for the common platform rather than for a
large number of different platforms. By providing a single operating system that
ran on multiple brands of PCs, Microsoft enabled software developers to cre-
ate applications, confident that users could run those applications on PCs from
many different computer manufacturers. In addition, applications developed for
a single platform were more easily interoperable because they were relying on
the same functionality supplied by the underlying OS. In other words, network
effects were created.”

In 1981, Microsoft released its first operating system, MS-DOS, which had
a character-based user interface that required users to type specific instructions
to perform tasks. In 1985, Microsoft introduced a new product called Windows
that included a GUI, enabling users to perform tasks by clicking on icons on the
screen using a pointing device called a mouse. Windows 3.0, shipped in 1990,
was the first commercially successful version of Windows. In 1995, Microsoft
released Windows 95, which integrated the functionality of Windows 3.1 and

SFor instance, the UNIX operating system, developed by Bell Laboratories in the 1970s
was not preserved as a common platform but was instead allowed to fragment. TBM, Siemens,
Silicon Graphics and many other firms created their own versions of UNIX, which were all
different from one another. As a result, applications written for one version of UNIX frequently
will not run on other versions.

"Nowadays, computer manufacturers benefit because their PCs can run the many appli-
cations written for Windows and because users are familiar with the Windows user interface.
Software developers benefit because their applications can rely on system services exposed by
Windows via published APIs and because they can write applications with assurance that
they will run on a broad range of PCs. Consumers benefit because they can choose from
among thousands of PC models and applications that will all work well with one another and
because such broad compatibility fosters intense competition among computer manufacturers
and software developers to deliver improved products at attractive prices.
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MS-DOS in a single operating system. In 2000, Microsoft shipped Windows 2000
Professional, a new generation of PC operating system built on a more stable
and reliable software code base than earlier versions of Windows. Windows XP
and the forthcoming Vista represent furthers evolution of the operating system,
with a range of added functionality for both business and home users. Even if
official and unanimous data are unavailable, consistent evidence suggests that
the market share of Windows on sales of OSs for PCs rapidly increased toward
80% in the first half of the 90s to gradually arrive at 92% in 1996, 94% in 1997,
95% in 1998 and remained basically at this level since then:® meanwhile the
average consumer price of Windows (calculated as average revenue per licence
in OEM channel based on Microsoft sales) was constant around 44-453.
Beyond OSs, Microsoft produces very successful applications. Some essential

applications have been freely bundled with the operating system: for instance
a basic word processing software, WordPad, a browser to access Internet and
media player functionalities have been gradually added for free to subsequent
versions of Windows when they became standard components of a modern OS.
Other more sophisticated applications are supplied separately. Most notably
this is the case of the Office Suite consisting of the advanced word proces-
sor Word, the spreasheet Fzcel, the software for presentations PowerPoint and
more. The main two applications, Word and Excel, have been successfully com-
peting against alternative products like WordPerfect, WordStar, AmiPro and
others on one side and Lolus, Quattro and others on the other side. Liebowitz
and Margolis (1999) have shown convincing evidence for which a better qual-
ity /price ratio together with network effects were at the basis of this success (it
is important to notice that Microsoft achieved leadership in the Macintosh mar-
ket, hence without exploiting the presence of its own OS, considerably earlier
than in the PC market).® In the market for word processing applications, Mi-
crosoft’s market share was hardly above 10% at the end of the 80s, to gradually
increase at 28% in 1990, 40% in 1991, 45% in 1992, 50% in 1993, 65% in 1994,
79% in 1995, 89 in 1996, 94% in 1997 and to arrive at 95% in 1998, meanwhile
the average consumer price of Word (calculated as average revenue per license)
decreased from 2353 in 1988 to 39% in 2001.1° Tn the market for spreadsheet
applications, Microsoft followed a similar progress, with a market share of 18%
in 1990, 34% in 1991, 43% in 1992, 46% in 1993, 68% in 1994, 76% in 1995,
84% in 1996, 91% in 1997 and 94% in 1998, with minor progress in the following
years, while the average consumer price of Excel was decreasing from 249$ in
1988 to 428 in 2001.

80f course the market share of Windows is lower if we take in consideration Macintosh
computers as well.

9Microsoft did not achieve large market shares for other important applications, for instance
for personal finance software.

10The market for word processing software includes many other nihe products. For instance,
this paper is written with Scientific Word, a software that is particularly useful for scientific
writing and academic purposes in general, but which is also largely more expensive than Word.
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The leading position of Microsoft induced large opposition in the industry
and the emergence of multiple antitrust cases with importance at a global level.
In the main Microsoft vs US case, the software company was accused of mo-
nopolizing the PC operating systems market for Intel-compatible computers,
tying its Windows operating system with the Internet Ezplorer browser with
predatory purposes and to engage in anti-competitive contractual agreeements
with computer manufacturers and Internet service providers. After an initial
decision which imposed heavy behavioural and structural remedies on Microsoft,
including the break up in a operating system and an application company (the
socalled “Baby Bills”), the November 2002 ruling of the District of Court de-
cided only to impose behavioural remedies aimed at preventing Microsoft from
adopting exclusionary strategies against firms challenging its market power in
the market for operating systems.

The Microsoft vs KU case was developed on very similar issues and, at the
time of writing, it is still unresolved. In the March 2004 decision, the Euro-
pean Commission imposed the largest fine in the history of antitrust, required
Microsoft to issue a version of its Windows operating system without Media
Player, and mandated the licensing of intellectual property to enable interoper-
ability between Windows PCs and work group servers and competitor products.
Microsoft’s Appeal of the decision was heart by the European Court of First
Instance in April 2006 and a decision is expected by the end of the year.

A common element in both cases has been the substantial involvement of
competitors of Microsoft on the side of the antitrust authorities, something
that usually can create suspicion on the fact that a firm is really behaving
as a monopolist rather than as an aggressive competitor. In a neat article
on Business Week, Robert Barro (1998) noticed that “[a] sad sidelight in the
Microsoft case is the cooperation of its competitors, Netscape, Sun and Oracle
Corp., with the government. One might have expected these robust innovators
to rise above the category of whiner corporations... The real problem is that
whining can sometimes be profitable, because the political process makes it
so. The remedy requires a shift in public policies to provide less reward for
whining. The bottom line is that the best policy for the government in the
computer industry is to stay out of it.” Nevertheless in the European case Sun,
Oracle, Novell, IBM and the Free Software Movement are active sides against
Microsoft.

The technological conditions in the software market are well known. Pro-
ducing software (whether it is an operating system or a particular application)
takes a very high up-front investment and a constant marginal cost which, as
is well known, is close to zero. The entry conditions in this market are more
debated, but there are good reasons to believe that even though entry into the
software market may entail large costs, it is substantially open, i.e. endogenous.
First of all, there are already many firms producing OSs (as IBM, Red Hat,
Oracle, Sun, Apple, HP, Compaq, Data General,...), and even more potential
entrants — think of the giants in adjacent sectors of the New Economy (hardware
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and telecommunications in particular). Second, it is hard to think of a market
which is more “global” than the software market: demand comes from all over
the world, transport costs are virtually zero, the knowledge required to build
SO[‘I ware is eas

y accessible worldwide and competition is global. Nevertheless,
it has been claimed that in the market for PC (or client) operating systems,
the high number of applications developed by many different firms for Windows
represents a substantial barrier to entry. Unfortunately, such a claim usually
leads to misleading conclusions. It is true that competitors need to offer (and
some do offer already) a number of standard and technologically mature appli-
cations upon entry to match the high quality of the Windows package, but the
cost of offering these applications is unlikely to be prohibitive compared to the
global size of this market. There are at least two reasons for this. First, notice
that the alleged “applications barrier to entry” is often erroneously associated
with thousands of applications written for Windows, while it is actually limited
to a handful of applications such as word processing, spreadsheet, graphics and
communications software, which really satisfy the needs of most active computer
users (McKenzie, 2001). Second, the competitors of Microsoft should not (and
the existing ones do not) even finance the development of all the needed applica-
tions: as Microsoft did in most cases, they should just fund and encourage other
firms to write applications for their operating system (or have old applications
originally written for other operating systems “ported to” theirs). Finally, it is
important to emphasize that if we look at competition in the software market in
a dynamic sense, that is competition for the market (as opposed to competition
in the market), there is no doubt that the opportunity to invest in innovations
for future, better software is widely open not only to large companies in the
New Economy, but even to smaller ones.

Summarizing, the software market is characterized by high entry costs, con-
stant marginal costs close to zero and substantially open access by competitors
able to create new software. According to the new theory of market leaders
these are the ideal conditions under which we should expect a leader to produce
for the whole market with very aggressive (low) prices. Hence, it should not
be surprising that, at least in the market for operating systems, a single firm,
Microsoft, has such a large market share. We can see the same fact from a
different perspective: since entry into the software market is endogenous, the
leader has to keep prices low enough to expand its market share to almost the
whole market. Notice that network externalities require these prices to be even
lower because competitors could (and indeed try to) offer their alternative soft-
ware at even lower prices to build their own network effects. Notice that low
prices in presence of network effects are very common and often extreme: most
email services as Yahoo, search engines as Google and social networks as aS-
mallWorld are free because this is the best strategy available for their leading
suppliers under the constraint of effective competition. All these market leaders
gain from collateral services, and, for sure, their leaderships have nothing to do
with dominance.

16

266



2006 Telecom Paris conference on the economics of ICT

The extremely low price of Windows represents a double proof of our argu-
ments above. Assume for simplicity that the marginal cost of producing Win-
dows is zero, and that the price of hardware is constant and independent from
the price of Windows. Standard economic theory implies that the monopolistic
price for an operating system should be the price of the hardware divided by
e— 1, where € is the elasticity of demand for PCs (including both hardware and
software):'* it means that a 1% increase in the price of PCs reduces demand by
€%. Now, the above relationship tells us that, if the basic price of the hardware
is 1000 Euros, which is about the current average price for PCs, the monopo-
listic price for Windows would be 1000 Euros if € = 2, 500 Euros if e = 3, 333
Euros if € = 4 and so on. It would take really unreasonable values of demand
elasticity to even get close to the real price of Windows, which is around 50
Euros. Moreover, this is a very conservative estimate of the monopolistic price.
In the real world, we can imagine that the price of hardware is not independent
from the price of Windows: if the latter would double tomorrow, hardware pro-
ducers would be forced to reduce somewhat their prices (eventually switching
to lower cost techniques and/or lower quality products). Even if this effect may
be limited by the high level of competition in the hardware sector, it goes in the
direction of increasing further the monopolistic price of Windows, that is, even
beyond the real price of Windows.'?

What does all this tell us? Simply that Microsoft is not an unconstrained
price-setter, while its prices are limited well below the monopolistic price to
compete aggressively with the other firms active in the operating system market
and with the potential entrants in it. Economides (2001) concludes in a similar
fashion: “Microsoft priced low because of the threat of competition. This means
that Microsoft believed that it could not price higher it if were to maintain its
market position.” McKenzie (2001) supports this view: “some firms with high
market shares might act more like competitors than other firms in markets where
they have much smaller market shares. The reason is that the threat posed by
potential competitors in a highly concentrated market can be more constraining
than the competitive threat of actual competitors in less-concentrated markets”.

What the post-Chicago approach suggested about leaders in markets with
price competition was that they should be accommodating and exploit their
market power, setting higher prices than competitors, or otherwise engage in

11See Etro (2006b).

121t has been claimed that low Windows pricing may be explained with the higher pricing of
the complementary applications, as the Microsoft Office suite. However, the combined price of
Windows and the average application package sold with it is still below the monopolistic price.
Moreover, these applications are not sold at lower prices for other operating systems. Finally,
as Economides (2001) pointed out, “Windows has the ability to collect surplus from the whole
assortment of applications that run on top of it. Keeping Windows’ price artificially low
would subsidize not only MS-Office, but also the whole array of tens of thousands of Windows
applications that are not produced by Microsoft. Therefore, even if Microsoft had a monopoly
power in the Office market, keeping the price of Windows low is definitely not the optimal
way to collect surplus.”
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predatory pricing and, after having conquered the whole market, increase prices.
But in the last 10-15 years of global leadership, Microsoft has done neither of
these things. It has been constantly aggressive, as any firm under the threat of
competitive pressure would be. The theory of market leaders has shown that a
market leader in these conditions would price above marginal cost in such a way
to compensate for the fixed costs of investment and obtain a profit margin (over
the average costs of production) thanks to the economies of scale derived from
the large (worldwide in the case of Microsoft) scale of production. Its (quality
adjusted) price should be slightly below that of its immediate competitors or
just low enough to avoid that they can exploit profitable opportunities increasing
their prices. Where other theories cannot, the theory of market leaders can make
perfect sense of Microsoft’s large market share, large profits and relatively low
prices in a global and open market.

5 Bundling

One of the issues where the new theory of market leaders applies and provides
new insights for antitrust policy is bundling, that is, the combination of two
separate products in a single one sold alone. Notice that tying refers to selling
one product (the tying product) conditional on the purchase of another one
(the tied product), but there will not be any substantial difference between
the two for our purposes. Virtually any product is a bundle since it combines
multiple basic products which could be or are sold separately: a car bundles
many separate components, shoes bundle shoes without laces and shoelaces, a
computer bundles hardware, a operating system and basic software applications
of general interest. In some cases bundling is just a contractual restriction
used to force customers to purchase an ancillary product in an aftermarket for
goods or services, while in other cases bundling improves a finished product by
integrating new components or features into it: of course, only the first situation
should be subject to antitrust investigation.

The Chicago school has advanced efficiency rationales in favour of bundling
with positive, or at worst ambiguous, consequences on welfare, including produc-
tion or distribution cost savings, reduction in transaction costs for customers,
protection of intellectual property, product improvements, quality assurance
and legitimate price responses. Moreover, according to the so-called “single
monopoly profit theorem”, as long as the secondary market is competitive, a
monopolist in a separate market cannot increase its profits in the former by
tying the two products. Actually, in the presence of complementarities,
only gain from having competition and high sales in the secondary market to en-
hance demand in its monopolistic market. A similar theory has been advanced
by Economides (2001) to explain the tying strategies of Microsoft. With partic-
ular reference to the US case, Economides (2001) notes that Microsoft could not
have been interested in the browser market when this was perfectly competitive,

it can

S,
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but only when this market became dominated by Netscape for two main rea-
sons. “First, Netscape had a dominant position in the browser market, thereby
taking away from Microsoft’s operating system profits to the extent that Win-
dows was used together with the Navigator. Second, as the markets for Internet
applications and electronic commerce exploded, the potential loss to Microsoft
from not having a top browser increased significantly... Clearly, Microsoft had
a pro-competitive incentive to freely distribute IE since that would stimulate
demand for the Windows platform.” The very same point could be made for the
free distribution of Media Player with Windows, the subject of the tying part
of the EU case.

THowever, the post-Chicago approach, starting with Whinston (1990), has
shown that, when the bundling firm has some market power, bundles can have
a predatory purpose, that is, they can deter entry in the tied product market
to expand monopolistic power and reduce consumer welfare, at least in the long
run. Summarizing the past economic research in the field, Tirole (2005) has
concluded that tying should be submitted to a rule-of-reason standard, since it
can have both efficiency and anti-competitive purposes. As formally shown in
the Appendix, the theory of market leaders emphasizes that bundling by the
incumbent is just an aggressive (pro-competitive) strategy of the incumbent for
a competitive tied product market, may not have a specific entry deterrence
purpose, and may increase welfare even without taking efficiency reasons into
account.

Here, to derive the intuitions of these results, let us adopt the strongest
bias against the bundling firm, imagining that this is a monopolist in a primary
market which is also active in a secondary market, and that there are no tech-
nological efficiencies emerging from bundling goods in the two markets. The
Chicago school has studied such a situation when the secondary market is per-
fectly competitive, that is, firms price at marginal cost and earn no extra profits:
in such a case, the monopolist has no incentives to bundle because this could
only reduce demand in the primary market. The post-Chicago approach has
studied the same situation when the secondary market is not perfectly compet-
itive and there is actually one single firm active strategically and no possibility
for other firms to enter: then, the only reason why the monopolist would adopt
a bundling strategy is to induce exit of the rival in the secondary market. The
new theory of market leaders has studied again the same situation but with an
imperfectly competitive secondary market, where firms decide “endogenously”
whether to enter or not. In this case, the purpose of bundling has nothing to
do with entry deterrence, it is just an aggressive strategy (but not a predatory
one) which has pro-competitive effects: it reduces the combined price level and
increases welfare. Technically, the market leader can exploit a larger scale of
production for the bundle to offer it at a competitive price: bundling the two
products works as a commitment device to be aggressive, that is to produce
more for the secondary market and hence to be able to adopt a lower price. As
a consequence, the leader can exploit larger scale economies, reduce the average
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price level for consumers and hence increase welfare.

Summarizing, when approaching a bundling case we need to verify the en-
try conditions of the secondary market. If there is a dominant firm in this
market as well, the main problem is not the bundling strategy, but the lack of
competition in the secondary market, and it should be addressed within that
market: punishing the bundling strategy would just guarantee the monopolistic
(or duopolistic) rents of the dominant firm in the secondary market. However,
things are different when the secondary market is not monopolized but open to
endogenous entry (even if it is not perfectly competitive, in the sense that firms
do not price at marginal cost). In such a case bundling is a pro-competitive
strategy and punishing it would hurt consumers.'?

In the case of Microsoft, we have the impression that in both bundling cases,
that of Windows with Internet Explorer and that of Windows with Media Player,
the tied market was and still is characterized by endogenous entry: just think
of new successfull browsers as Mozilla or Firefox and media player software
as RealPlayer, Quick or, more recently, Macromedia Flash. Consequently the
bundling strategy of Microsoft could be simply seen as an aggressive and compet-
itive strategy of a market leader active in a secondary market with endogenous
entry.'*

6 Innovation and Interoperability

Competition in high-tech markets is dynamic in the Schumpeterian sense that
it takes place as competition for the market in a so-called winner-takes-all-race,
and such an element requires an even deeper rethinking of antitrust policy than
suggested in the analysis of the previous sections, which were mostly focused on
a static concept of competition in the market.

Economic research has emphasized the positive relationship linking patents
to investments in innovation and these investments to technological progress and
growth. In the New Economy and high-tech sectors in general firms compete
mainly by innovating. This is possible as long as there are well defined IPRs,
and especially patents, protecting their innovations and investments, which is

13Looking at the approach of the European Commission (2003), it appears that its positive
principles are not fully carried through into the discussion on bundling. For instance, the
standard of proof the Commission is required to meet to establish harmful foreclosure effects
is too low, particularly in light of the fact that the analysis of foreclosure effects can be
speculative in nature. In the case of bundling, actual market foreclosure effects are not
required by the Discussion Paper: it is enough that such effects are “likely” to occur. In
other words, the mere risk of foreclosure can result in a finding against a dominant company.
A standard of proof that requires convincing evidence will help ensure that companies will
not be deterred from bringing new products to market as a result of concerns about remote,
potential foreclosure effects.

14 Notice that the defensive strategy of Microsoft in the EU case appears to be unrelated with
this point, but based on the fact that a modern OS must include mediaplayer functionalities
and hence there should not even be an issue about bundling.
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ultimately what leads to technological progress in our economies. Moreover,
even if most economists are used to thinking about market leaders as firms with
weaker incentives to invest in R&D, recent theoretical and empirical research
has also found that market leaders play a crucial role in the innovative activity.
The recent theories of market leadership have clarified the mechanics of these
results. In a sense, patents drive competition through innovation in these mar-
kets and induce technological progress led by market leaders. For instance, in
Etro (2004) and in a simpler model in the Appendix, I have shown that domi-
nant firms have more incentives to invest in innovation than the outsiders when
the patent race is characterized by endogenous entry, as long as the dominant
firms have a leadership. The crucial thing here is that dominant firms often
remain dominant thanks to their investments, but this should not be seen as
evidence of inefficiency or of monopolistic power, but rather as a proof of the
opposite: the competitive environment spurs investment by leaders and conse-
quently induces a chance that their dominance persists. According to a recent
Economic Focus of the Economist on this research (May 20th 2004, “Slackers or
Pace-setters? Monopolies may have more incentive to innovate than economists
have thought”), competitive pressure is the key to why:

“a market leader has a greater incentive than any other firm to
keep innovating and thus stay on top. Blessed with scale and market
knowledge, it is better placed than potential rivals to commit itself to
financing innovations. Oddly—paradoxically, if you like—in fighting
to maintain its monopoly it acts more competitively than firms in
markets in which there is no obviously dominant player. ..

The most important requirement for this result is a lack of barri-
ers to entry: these might include, for example, big capital outlays to
fund the building of new laboratories, or regulatory or licensing re-
strictions that make it hard for new firms to threaten an incumbent.
If there are no such barriers, a monopolist will have an excellent rea-
son to innovate before any potential competitor comes up with the
next new thing. It stands to lose its current, bloated profits if it does
not; it stands to gain plenty from continued market dominance if it
does. .. the fact that a dominant firm remains on top might actually
be strong evidence of vigorous competition.

But what if there are barriers to entry? These tend to make the
dominant firm less aggressive in investing in new technologies—in
essence, because its monopoly with the existing technology is less
likely to be challenged. Over time, however, other companies can
innovate and gradually overcome the barriers - “leapfrogging”, as
Mr Etro calls it. Meanwhile, the monopolist lives on marked time,
burning off the fat of its past innovations.”

Clearly, this has strong implications for industrial policy. What the above
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theory suggests is that dominant firms in high-tech sectors investing a lot in
innovation may create an efficient situation.'®

New ideas are often protected with patents, but these are not the only form
of protection for innovations. Not all inventive and innovative activities fall
under the scope of patentability and it is not always in the interest of a firm
to patent every single innovation. In most high-tech sectors, firms adopt a
combination of patents and trade secrets to protect products which are the
result of multiple innovations. Defending (intellectual or material) property
rights is one of the fundamental conditions for a proper functioning of the market
economy: defending trade secrets has not a minor role in this context. Things
get even more complicated in high-tech sectors of the New Economy. In these
sectors trade secrets often cover fundamental innovations and protecting them
amounts to promote new fundamental innovations, which are the main engine
of growth. In some fields, however, there maybe, at least apparently, a trade-off

15The EU approach to antitrust deals with issues concerning innovation and IPRs in the
discipline on refusals to supply, that is, situations where a dominant company denies a buyer
access to an input in order to exclude that buyer from participating in an economic activity.
Four conditions have to be fulfilled in order to find a termination of such a supply relation-
ship to be abusive: i) the behaviour must be properly characterised as a termination of the
supply arrangement; ii) the refusing undertaking must be dominant; iii) the refusal must be
likely to have a negative effect on competition; and iv) the refusal must not be justified ob-
jectively or by efficiencies. Only when the dominant supplier has not previously supplied the
input to a potential buyer, as for IPRs, an additional criterion is added: the input must be
“indispensable” to carry on normal economic activity in the downstream market (a so-called
“essential facility”). Nevertheless, the European Commission (2005) correctly pointed out
that “to maintain incentives to invest and innovate, the dominant firm must not be unduly
restricted in the exploitation of valuable results of the investment. For these reasons the
dominant firm should normally be free to seek compensation for successful projects that is
sufficient to maintain investment incentives, taking the risk of failed projects into account. To
achieve such compensation, it may be necessary for the dominant firm to exclude others from
access to the input for a certain period of time. The risks facing the parties and the sunk
investment that must be committed may thus mean that a dominant firm should be allowed
to exclude others for a certain period of time in order to ensure an adequate return on such
investment, even when this entails eliminating effective competition during this period”.

The proposal clearly states the priority of IPR protection, saying that “[ilmposing on the
holder of the rights the obligation to grant to third parties a licence for the supply of products
incorporating the IPR, even in return for a reasonable royalty, would lead to the holder
being deprived of the substance of the exclusive right”. Hence, another more restrictive
criterion is added in the case of a refusal to license IPRs: the undertaking which requests
the licence should intend to produce new goods or services not offered by the owner of the
IPRs and for which there is a potential consumer demand. This additional criterion is in line
with established case-law, but the Commission introduces an exception to this criterion. It
states that a refusal to license IPR-protected technology which is indispensable for follow-
on innovation may be abusive even if the license is not sought to directly incorporate the
technology in clearly identifiable new goods and services, since the refusal to license an IPR-

protected technology “should not impair consumers’ ability to benefit from innovation brought
about by the dominant undertaking’s competitors”. However, this exception is not motivated
by economic analysis and is inconsistent with mainstream theories. There are no serious
economic arguments supporting the view that weakening TPRs would strengthen innovation
in the long run: such an approach on this matter may have negative consequences for EU
innovation in the long run.
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between trade secret protection and “interoperability” between products, which
is, broadly speaking, the ability to exchange and use information and data,
especially in networks. For instance, take in consideration the leading on line
search engine in the world, Google. We may look at its patented innovations,
but after that, we would need to know its trade secrets to fully discover the
mechanism of its precious algorithms. This would help many software companies
and websites to interoperate with Google even better than they already do, as
it would allow other search engines to improve their performances compared to
that of the leading search engine. But after that, we can bet, few companies
would invest huge resources and take substantial risks to create a leading search
engine or other brilliant ideas like Google when they can just free ride on others’
ideas. The same argument would apply for the trade secrets of Microsoft on the
source codes of its successful operating system Windows and to many other trade
secrets of innovative leading companies. Any forced disclosure of similar trade
secrets represents an expropriation of legitimate investments and establishes
inappropriate legal standards with perverse effects on the incentives to innovate.

Fortunately, giving up to the precious role of trade secrets, or other IPRs, in
promoting innovations is not the only way to solve interoperability challenges.
The market can do it much better: valuable ideas can be selectively commer-
cialized on a voluntary basis through licenses. Coase (1960) has clarified that
whenever there is social value to generate, the market will properly allocate
all property rights, including intellectual ones, insuring the accessibility of the
information that fuels interoperability and acknowledging legitimate ownership
rights of the innovators, and hence enhancing R&D investments. Finally, in
presence of network effects, dynamic market forces can do even more: as long
as IPRs are well protected and firms can invest with the safe confidence that
successful innovations will be rewarded, market forces can select the best stan-
dard when multiple standards are available and interoperability is only partial.
In a famous book, Liebowitz and Margolis (1999) have shown that this was
the case in many episodes. For instance, in the adoption of the QWERTY
keybord (so-called from the first five letters on the top left): for years it has
been claimed that the allocation of letters of this keyboard was an ineflicient
standard, while these researchers found out that all the evidence suggests that
the Qwerty keyboard, somehow selected by the market, is not worse than any
other alternative. In conclusion, also in this field, markets can properly balance
the short run and long run interests of the consumers better than policymakers:
promote innovation, enable an efficient degree of interoperability and select the
best standards.'®

16The approach of the European Commission (2005) on this subject in the proposed guide-
lines for the application of Art. 82 is quite ambiguous. In the section on refusals to supply,
they state that although “there is no general obligation even for dominant companies to ensure
interoperability, leveraging market power from one market to another by refusing interoper-
ability information may be an abuse of a dominant position”. Tt is added that even if such
information may be considered a trade secret “it may not be appropriate to apply to such
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To go back once again to our case study of the software market and the Mi-
crosoft case, a lot of the residual contrast between Microsoft and the European
Commission depends on the approach to interoperability. The Commission’s
March 2004 antitrust decision mandated the licensing of intellectual property
to enable interoperability between Windows PCs and work group servers and
competitor products. This point has turned out to be the most problematic in
the case. In reality, as we have suggested earlier, the degree of interoperability
in the computer industry is uncomparably high compared to just a few years
ago. At the time of writing, Microsoft’s offer of access to Windows source code,
including for technologies that are covered by patents and trade secrets, seems
to have not convinced the Furopean Commission. Nevertheless, its case appears
weaker than in 2004: Microsoft was also forced to licence more than a hundred
technologies and in Europe not one of its competitors has taken out a license, a
sign that the existing level of interoperability was not as low as it was depicted.

7 Conclusion

In conclusion I would like to briefly point out the main message of this paper.
Recent progress in the theory of market leaders suggests that the post-Chicago
approach to abuse of dominance can be problematic for markets characterized by
endogenous entry conditions. In particular when investments in R&D represent
a large portion of the costs of production and constrain entry, marginal costs

are approximately constant and small, and network effects are present, equilib-
rium market structures are naturally characterized by large marker shares for
the leaders. These are the results of their aggressive pricing and investments
strategies which are forced by competitive pressure in the market and for the
market. Hence, antitrust authorities should be more careful in associating large
market shares and aggressive strategies with abuse of dominance in the dynamic
markets of the New Economy. Hopefully, these results may contribute to the
current debate on the reform of the EU approach to competition policy.
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APPENDIX

In this appendix I will present a general model of strategic investment and Nash
competition based on Etro (2006a). Consider n firms choosing a strategic variable

z; > 0 with i = 1,2,...,n. They all compete in Nash strategies, that is taking as
given the strategies of each other. These strategies deliver for each firm i the net profit
function:

mi =1 (2, B k) = F (1

where F' > 0 is a fixed cost of production. The first argument is the strategy of firm
% and T assume that gross profits are quasiconcave in ;.

The second argument represents the effects (or spillovers) induced by the strategies
of the other firms on firm ¢’s profits, summarized by 3; = Z;:W,k#i h(zy) for some
function h(.r) which is assumed positive, differentiable and increasing. These spillovers
exert a negative effect on profits, IIs < 0. In general, the cross effect II;2 could be
positive, so that we have strategic complementarity (SC), or negative so that we have
strategic substitutability (SS). T will define strategy x; as aggressive compared to
strategy x; when x; > x; and accommodating when the opposite holds. Notice that
a more aggressive strategy by one firm reduces the profits of the other firms.

The last argument of the profit function is a profit enhancing factor (IIs > 0)
which for all firms except the leader is constant at a level k. Only the leader is able to

make a strategic precommitment on k in a preliminary stage. The cost of its strategic
investment is given by the function f(k) with f’(k) > 0 and f”(k) > 0. Our focus
will be exactly on the incentives for this firm to undertake such an investment so as
to maximize its total profits:'”

wp(k) = 1F (xp, B, k) — f(k) — F 2

where z, is the strategy of the leader and 3 = Z]fL h(z;). We will say that the

investment makes the leader tough when H{B > 0, that is an increase in k increases

17To avoid confusion, T will add the label I to denote the profit function, the strategy and
the spillovers of the leader.
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the marginal profitability of its strategy, while the investment makes the leader soft
in the opposite case (I < 0).

Most of the commonly used models of oligopolistic competition in quantities and
in prices are nested in our general specification.'® For instance, consider a market
with quantity competition so that the strategy x; represents the quantity produced
by firm ¢. The corresponding inverse demand for firm i is p; = p [17‘ Z]iz h(z;)
which is decreasing in both arguments (goods are substitutes). The cost function is
c(z;) with ¢/(-) > 0. It follows that gross profits for firm ¢ are:

I (x4, Bi) = wip (@i, i) — (i) (3)

Examples include linear and isoelastic demands and other common cases. This set up
satisfies our general assumptions under weak conditions and can locally imply SS (as
in most cases) or SC.

Consider now models of price competition where p; is the price of firm 7. Any
model with direct demand:

n

Di=D|p;, Y. glp;)| where Dy <0, Dy <0, g(p) <0
J=L5#

is nested in our general framework after setting x; = 1/p; and h(z;) = g(1/x;). This
specification guarantees that goods are substitutes in a standard way since 9 D; / ap j =
Dag’ (p]) > 0. Examples include models of price competition with isoelastic demand,
Logit demand, constant expenditure demand'® and other demand functions as in the
general class due too Dixit and Stiglitz. Adopting, just for simplicity, a constant
marginal cost ¢, we obtain the gross profits for firm %:

0 (zs, ) — (I — i — &) D (4 By) (4)

180ther models of oligopolistic interaction such as patent races and contests are also nested
in my general framework, but I have discussed them elsewhere (Etro, 2002; 2004). In the
following examples 1 omit the variable k for simplicity.

19For instance, consider a isoelastic utility like u = [E}Ll Cj@r, where ¢ € (0,1] and
v € (0,1/0). Demand for good 4 can be derived as:

’1Hu -
7 =
[ i=1Pi ]

which is nested in our framework after setting g(p) = p—¢/(21=9). The Logit demand is

D; x

which requires g(p) = e~ *P. Notice that linear demands are not nested in our model.
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which is nested in our general model and, under weak conditions assumed through the
paper, implies SC.

‘We can now note that a more aggressive strategy corresponds to a larger production
level in models of quantity competition and a lower price under price competition. In
these models, we can introduce many kinds of preliminary investments, as we will see
later on.

Strategic investment by the leader

We will now solve for the equilibrium in the two-stage model where the leader
chooses its preliminary investment in the first stage and all firms compete in Nash
strategies in the second stage.

For a given preliminary investment k by the leader, the second stage where firms
compete in Nash strategies is characterized by a system of 7 optimality conditions.
For the sake of simplicity, I follow Fudenberg and Tirole (1984) by assuming that a
unique symmetric equilibrium exists and that there is entry of some followers for any
possible preliminary investment. Given the symmetry of the model, in equilibrium
each follower chooses a common strategy x and the leader chooses a strategy xp
satisfying the optimality conditions:

0 [z, (n — 2)h(x) + h(zp), k] =0 (5)

F [zp, (n — Dh(z), k] =0 (6)

where I use the fact that in equilibrium the spillovers of each follower is 3 = (n —
2)h(x) + h(zr) and of the leader is 8, = (n — 1)h(z).

Before analyzing the model with free entry, it is convenient to briefly summarize the
results in the presence of barriers to entry. The system above provides the equilibrium
values of the strategies as functions of the preliminary investment, I(k) and IL(L‘),
whose comparative statics can be easily derived. In the first stage the leader chooses
its investment % to maximize:

wp(k) = WX {xp(k), (n— Dh|z(E)], kY — f(k) — F
and it is immediate to obtain the optimality condition:

K (zp )T IILTT
ok + w — (k) (7

where the second term on the left hand side represents the strategic incentive to commit
to k.2° The sign of this incentive is the opposite of the sign of HUH%. Hence, we
have the following traditional result: under barriers to entry: 1) when the leader is
tough (IT¥4 > 0), strategic over (under)-investment occurs under SS (SC), inducing

20 ere
my
(n—1)n'(x)

is positive by the assumption of the stability of the system.

Q= [M11 + (n = 2) I (@) T12] + 5010
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a “top dog” (“puppy dog”) strategy; 2) when the leader is soft (H1L3 < 0), strategic
under (over)-investment occurs under SS (SC), inducing a “lean and hungry” (“fat
cat”) strategy.

The intuition behind this result is important for what follows. Basically, under
SS the leader gains from committing to an aggressive behaviour in the market and
can accomplish such a task by overinvesting or underinvesting strategically when the
investment promotes aggressive or accommodating behaviour. Otherwise, under SC
the leader tries to commit to accommodating behaviour in the market and can achieve
this by adopting the opposite kind of strategy. The ultimate behaviour of the leader
in the market depends on whether strategies are substitutes or complements.

T will now consider the case of endogenous entry assuming that the number of
potential entrants is great enough that a zero profit condition pins down the number
of active firms, n.2! The equilibrium conditions in the second stage for a given pre-
liminary investment k are the optimality conditions derived before and the zero profit
condition for the followers:

U [z, (n— 2)h(z) + h(zr), k] = F (8)

We can now prove that a change in the strategic commitment by the leader does
not affect the equilibrium strategies of the other firms, but it reduces their equilibrium
number. Let us use the fact that S, = 3 + h(z) — h(zp) to rewrite the three
equilibrium equations in terms of x, 3 and x:

)

This system is block recursive and stable under the condition H{‘l —h'(z L)Hf2 < 0.
The first two equations provide the equilibrium values for the strategy of the followers

11 (.’l,’,ﬁ’, l:) =F, 1L (.’l;, B k) =0, H|L |zr, B+ h(x) — h(zg), k] =0

and their spillovers, z and 3, which are independent of k, while the last equation
provides the equilibrium strategy of the leader 27, (k) as a function of k with zr, (k) = «
and: L

H13
Iy — W (@)1l

In the first stage the optimal choice of investment k& for the leader maximizes:

2 (k) = ; 0 for 11l ; 0 (9)

an(k) =0 {op(k), B+ W) — hlzp (k)] k} — flk) — F

and hence it satisfies the optimality condition:

. L1L
1k 4 M ) 1l = f'(k) (10)
z —
My — W ()1,
where the sign of the second term is just the sign of 1111“3, This implies that the leader
has a positive strategic incentive to invest when it is tough (Hf3 > 0) and a negative
one when it is soft.

21 Ag customary in the literature, I will assume 7 is a real number.
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Since our focus is on the strategic incentive to invest, I will normalize the profit
functions in such a way that, in absence of strategic motivations, the leader would
choose k =k resulting in a symmetric situation with the other firms.?? Consequently
we can conclude that a tough leader overinvests compared to the other firms, in the
sense that k > &, while a soft leader underinvests. We also noticed that a tough leader
is made more aggressive by overinvesting and a soft leader is made more aggressive by
underinvesting. Finally, the strategy of the other firms is independent of the investment
of the leader. Hence, we can conclude that the leader will be always more aggressive
in the market than any other firm. Summarizing, we have:

Under Nash competition with endogenous entry, when the strategic investment
makes the leader tough (soft), over (under)-investment occurs, but the leader is always
more aggressive than the other firms.

Basically, under free entry, the taxonomy of Fudenberg and Tirole (1984) boils
down to two simple kinds of investment and an unambiguous aggressive behaviour in
the market: whenever H% > 0, it is always optimal to adopt a “top dog” strategy
with overinvestment in the first stage so as to be aggressive in the second stage; while
when H1L3 < 0 we always have a “lean and hungry” look with underinvestment, but
the behaviour in the second stage is still aggressive. Strategic investment is always
used as a commitment to be more aggressive in a market with free entry, and this does
not depend on the kind of competition or strategic interaction between the firms. As
we will see in the applications of the next section, the result is particularly drastic for
markets with price competition. In these markets, leaders are accommodating in the
presence of entry barriers (choosing higher prices than their competitors), but they are
aggressive under [ree entry (choosing lower prices). This difference may be useful for
empirical research on barriers to entry and may have crucial implications for anti-trust
policy.

Applications

‘We will now apply the above results to a number of basic industrial organiza-
tion situations, with particular reference to specific features of markets of the New
Economy: R&D investments, network externalities and bundling issues.

RED Investments

Our first application is to a standard situation where a firm can adopt preliminary
R&D investments to improve its production technology and hence reduce its cost
function. Traditional results on the opportunity of these investments for market leaders
are ambiguous when the number of firms is exogenous, but, as [ will show, they are not
when entry is endogenous. From now on, [ will assume for simplicity that marginal

22This requires HSL (z. 8, Z;) = f/(k). Such a normalization does not affect qualitatively the
incentives to adopt strategic investments and has a realistic motivation. We can imagine that
all firms choose k but only the leader can do it before the others and commit to it, hence only
a strategic motivation can induce the leader to choose a different investment.
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costs are constant. Here, the leader can invest k& and reduce its marginal cost to
c(k) > 0 with ¢/ (k) < 0, while the marginal cost is constant for all the other firms.

Consider first a model of quantity competition. The gross profit of the leader
becomes:

1% (wg, Br, k) = wop (21, B) — clk)or (11)

Notice that in such a model, H1L~z has an ambiguous sign, but H1L3 =—d (k) >0,
hence the leader may overinvest or underinvest in R&D under barriers to entry, but,
will always overinvest in R&D and produce more than the other firms when entry is
free. For instance assuming inverse demand p = a — Y_ x; with ¢(k) = ¢ — dk and
F(E) = E?/2, for d small enough the leader invests:

2dVF

L

in cost reductions and produces:

VF
S Y
while all entrants produce x = \/F (while for a large enough d the leader would invest
more to deter entry and to remain alone in the market).
Consider now the model of price competition where the leader can invest to reduce
its marginal costs in the same way and its profit function becomes:

0" (zp, By, k) = [i c(k)} D (i,m) (12)

where Hfg = (k)D1/z3 > 0. Hence, underinvestment in R&D emerges when there
are barriers to entry, but overinvestment is optimal when there is free entry. Whenever
entry is endogenous, the leader wants to improve its cost function to be more aggressive
in the market by selling its good at a lower price. Summarizing, we have:23

Under both quantity and price competition with endogenous entry, a firm has
always an incentive to overinvest in R&D to reduce costs and to be more aggressive
than the others in the market.

Network externalities and learning by doing

Consider now dynamic models where profitability depends on past strategies. For
instance, learning by doing implies that the cost function is decreasing in past produc-
tion. This is the typical case of the aircraft industry (Boeing, Airbus), the production
of chips (Intel) and many other sectors with a fast technological progress. Network

23Welfare analysis is beyond the scope of this paper, but in this case one can show that
a leadership improves the allocation of resources. This is not due only to the cost reduction
but also to the reduction in the number of firms since, as well known, Cournot and Bertrand
equilibria with free entry are characterized by excessive entry.
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externalities imply that demand is enhanced by past production and the consequent
diffusion of the product across customers. This may be the case of the markets for oper-
atying systems and general softwares (Microsoft), computers (IBM, Hewlett Packard)
or wireless and broadband communications (Nokia, Motorola).

In these contexts it is natural to think in terms of quantity competition and, for
simplicity, following Bulow et al. (1985), [ will focus on two period models with the
leader alone in the market in the first period and facing free entry in the second period.
In case of learning by doing the leader will always overproduce initially to exploit the
learning curve. In case of demand externalities the leader will overproduce initially
to create network effects, which broadly matches pricing strategies by leaders in high
tech sectors characterized by network externalities.

To formalize these results in the simplest setting, assume perfectly substitute
goods. Imagine that in the first period the leader produces k facing the inverse demand
p(k) and a marginal cost ¢. In the second period other firms compete in quantities
and the leader faces the inverse demand p(zy, + 51 )¢(k) where ¢(k) is some increas-
ing function of past production, which is a measure of the diffusion of the product
across consumers (and induces the network externality), while the marginal cost ¢(k)
is decreasing in past production (because of learning by doing). The profit function
for the leader becomes:

1" (zp, Br. k) = kp(k) — ck+ 8 [p(zr, + Br)o(k) — (k)] 21, (13)
where § < 1 is the discount factor. In this case in equilibrium we have IIf; =
0 (@' (k)/c(k)d(k) — ¢/(k)] > 0 which already suggests that the initial monopolist
will overproduce to be more aggressive when the market opens up. Moreover, the
choice of initial production will satisfy:

p(k) + kp'(k) = ¢ — bz, [pg/ (k) — (k)] — oz pc(k) [¢ (k)/¢(k) — ¢ (k)/e(k)]

which equates marginal revenue to effective marginal cost. The latter includes the
myopic marginal cost ¢, a second term which represents the direct benefit due to the
network effects on future demand and costs and a last term representing the indirect
(strategic) benefits due to the commitment to adopt a more aggressive strategy in the
future. Summarizing:

Under learning by doing and network externalities a firm has always an incentive
to overproduce initially so as to be more aggressive when endogenous entry takes place
in the future.

Notice that the leader may engage in dumping (pricing below marginal cost) in the
first period (if the discount factor is large enough), but this may well be beneficial to
consumers in both periods (see Economides, 2001, for a related analysis of the software
market).

Bundling

There has been a lot of attention in the economic literature on the rationale for
bundling products rather than selling them separately. A fundamental reason for this
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is that many antitrust cases have focused on such a practice as an anti-competitive
device. This paper tries to derive some general results on why firms bundle their
products and some welfare implications.

According to the traditional leverage theory of tied good sales, monopolists would
bundle their products with others for competitive or partially competitive markets to
extend their monopolistic power. Such a view as been criticized by the Chicago school
because it would erroneously claim that a firm can artificially increase monopolistic
profits from a competitive market. Bundling should have different motivations, as
price discrimination or creation of joint economies, whose welfare consequences are
ambiguous and sometimes even positive.

Whinston (1990) has changed the terms of the discussion trying to verify how
a monopolist can affect strategic interaction with competitors in another market by
bundling. His main finding is that the only reason why a monopolist could bundle
is to deter entry (as in Dixit, 1980), which has typically negative effects on welfare.
His analysis is based on price competition between two firms, hence strategic com-
plementarity holds, and it can be extended in many directions, especially including
complementarities between products.

‘We depart from this analysis and consider a more general model where there may
be more firms and alternative market structures. In particular, under free entry,
bundling may become the optimal aggressive strategy. In this case, bundling does
not need to have an exclusionary purpose as assumed by the leverage theory, and the
reduction in the price of the two bundled goods together can also benefit consumers.
Such an analysis may apply to the bundling of Windows with Internet Explorer and
Media Player at no extra price (see Economides, 2001), which, nevertheless, has been
harshly treated by the US and EU antitrust authorities.

To make our point in a neat way, let us follow the example by Whinston (1990),
who has shown that a monopolist in one market does not have incentives to bundle
its product with another one sold in a duopolistic market (unless this deters entry in
the latter), and that this corresponds to a “puppy dog” (accomodating) strategy (see
Fudenberg and Tirole, 1984). However, under free entry, bundling may become the
optimal “top dog” (aggressive) strategy.

Tmagine that a monopolistic market is characterized by zero costs of production
and unitary demand at price v, which corresponds to the valuation of the good. For
simplicity, there are no complementarities with a good produced in another market
which is characterized by standard price competition, a fixed cost F' and a constant
marginal cost c.

Gross profits for the monopolist without bundling are:

I (pas, Bu) = v+ (pas — ) D (pas, Bus) — F (14)

while profits for the other firms are IT* (pi, Bi) = (pi — ¢) D (pi, B;) — F'. In Bertrand
equilibrium with free entry the monopolist enjoys just the profits g
Under bundling, demand for the monopolist is constrained by demand for the

= v.

other good, which is assumed less than unitary. Given a bundle price corresponding
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to Py = v+ pyy, profits for the monopolist become TIMB = (Py; — ¢) D(Py —
v, Bar) = (pm +v — ¢) D (par, Bar), while the other firms have the same objective
function as before. In Bertrand equilibrium the monopolist chooses the price Py

satisfying:

(pas +v—c)Dy|par, (n— Vg(p)] + D [pag, (n — 1)g(p)] = 0 (15)

while each one of the other firms chooses p satisfying:
(p — D1 p,9(par) + (n— 2)g9(p)] + Dlp, glpar) + (n— 2)g(p)] =0 (16)
If endogenous entry holds, the number of firms satisfies also:
(p—c)DIp, glpar) + (n = 2)g(p)] = F (17)
so that the profit of the monopolist becomes:
P = (par + v — ) D [pw, (n — 1)g(p)]

Notice that if we define 3 = g(pas) + (n — 2)g(p) the equilibrium spillovers re-
ceived by the entrants as a consequence of the price chosen by their competitors, the
equilibrium conditions jointly determine the price of the entrants p and 3 indepen-
dently from the price of the monopolist. Hence, using Sy = 58+ g(p) — g(par) we
can rewrite the equilibrium first order condition of the monopolist as an implicit ex-
pression for pas = pPas ('U)7 and it is immediate to derive that the equilibrium price
of the secondary good decided by the monopolist has to be decreasing in v.2* As
well known from the theory of market leaders (Etro, 2006a), even under price compe-
tition, any strategic commitment is undertaken with the aim of being aggressive on
the market. Nevertheless, when v is small enough, the equilibrium does not imply
exclusion of other firms. Clearly, if the profit in the primary market is large enough,
the monopolist may find convenient to offer such a large discount on the bundle that
all its competitors will have to exit the market, but this only happens under retrictive
conditions.

Clearly bundling is optimal if II"#Z > II™ | and we need to verify under which
conditions this happens. The first element to take in consideration is the way in which
bundling changes the strategy of the monopolist. Since H‘f“ﬁ — Hi” =vD; <0,
bundling makes the monopolist tough. This implies that the monopolist is led to
reduce the effective price in the other market by choosing a low price of the bundle.

24Tn particular we have:

0

dpy _ =Dilpar, B+ 9(p) — g(par)]
v A =
where A = 2Dy + (pas + v — ¢)[D11 — ¢'(par) D12] — ¢/ (par) D2 < 0 by the stability of the
equilibrium system. In other words, the price of the bundle increases less than proportionally
with v or the monopolist offers the bundle with a discount on the secondary good compared
to its competitors.
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Since strategic complementarity holds, a price decrease by the monopolist induces
the other firms to decrease their prices. Under barriers to entry, as in the Whinston
(1990) model with two firms, this reduces profits of all firms in the other market, hence
bundling is never optimal unless it manages to deter entry.

Under free entry, however, result can change: bundling can now be an effective
device to outplace some of the other firms without deterring entry but creating some
profits for the monopolist in the other market through an aggressive strategy. In
particular, bundling is optimal if the low price of the bundle increases profits in the
competitive market more than it reduces them in the monopolistic one. It is easy to
verify that bundling is optimal if:

(pm — ¢)Dpu, (n— L)gp)] = F > v{l — D [pum, (n — 1)g(p)]}

whose left hand side is the gain in profits in the competitive market and whose right
hand side is the loss in profits in the monopolistic market.

Moreover, in this case, bundling does not need to have an exclusionary purpose as
assumed by the leverage theory of tied good sales. The reduction in the price of the
two bundled goods together can also benefit consumers. This is even more likely when
they are complements.
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I Introduction

Nearly every new technology diffuses in an s-shape. Not surprisingly then, every theory of
technology diffusion will be able to replicate an s-shaped pattern. The underlying mechanisms
of different theories however are quite varied (see Geroski, 2000 for an extensive discussion
of models of technology diffusion). In empirical work therefore it has been difficult to
discriminate between different theories of diffusion, precisely because they all generate the

same s-shape.

The literature proposes three main mechanisms by which a consumer technology can diffuse
in an s-shape. First, consumers may learn about the product at different times. If information
spreads by word-of-mouth, we obtain a slow start (because there are few people with
experience of the new technology), a period of rapid diffusion (after critical mass is reached),
and a tapering-off (because the few non-adopters are hard to reach). A second plausible
mechanism is that adopters may have different preferences for the new technology an adopt in
their order of preference, and assuming that the distribution of preferences is unimodal (e.g.
normal), the highest density of adopter preferences corresponds to phase of most rapid
diffusion. Finally, network effects can also lead to an s-shaped diffusion path — early adopters
have little reason to adopt duc to a lack of network size, late adopters are likely to have a low
preference for the new technology and are unlikely to be swayed by others using them, while
the mass market will adopt as soon as a sufficient network size is reached, which creates a

snowball effect as more consumers adopt because more consumers have adopted.

One of the main problems in empirical economics is the difficulty of disentangling these
effects. We propose a simple method that allows us to assess the relative strength of network
effects and heterogeneity effects and find that consumer heterogeneity appears much more

important in determining usage patterns than network effects. Further, the substitutability
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between old and new technological generations is an important issue in the study of new

technologies and in cellular telephony in particular. We shed some light on this question by
considering relationship between the fixed-line and cellular telephony in different stages of
the diffusion curve and find elements of both complementarity and substitutability between

these two services.

The paper proceeds as follows: In Section 11, we briefly describe the global cellular
telecommunications industry and then briefly review the existing literature on cellular
telecommunications in Section III. We then describe our data and give some descriptive
statistics in Section IV. Our empirical results are presented in Section V and a discussion

follows in Section VI. Section VII concludes.

I The global cellular telecommunications industry

The recent history and general features of the cellular telecommunications industry are
discussed in detail in Grajek (2004), Koski and Kretschmer (2005a) and Gruber and Verboven
(2001). Here, we only give a brief history of the technological improvements and the

corresponding generation changes over time.

In most countries, cellular phones were first available to end consumers in the eighties. The
technology initially used was based on analogue signal transmission, which was relatively
inefficient and unreliable. In some countries, first-generation (1G) cellular networks reached
their capacity relatively quickly, leading to lower service quality in general and congestion for
initiating calls in particular. As soon as digital technology (second generation, 2G) had
matured enough to present a credible alternative to analogue cellular, it was introduced
gradually across the world (Dekimpe et al, 2000). Several different technological standards
were in existence in different countries — for example, GSM in Europe, PDCS in Japan — and

some countries — most notably the US — even introduced several standards in one country.
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Technological competition between standards within countries has been suggested to have
slowed down overall diffusion (Koski and Kretschmer, 2005a), but may have had the long-
term effect of fostering technological progress for future generations (Cabral and Kretschmer,
forthcoming). In addition to 2G’s improved reliability and network capacity, 2G phones also
had SMS functionality, which enabled users to send short text messages to each other and was
a huge success among younger users, especially in Asia and Europe.' Following the success
of 2G, a third generation with more advanced data transmission facilities was developed and

is currently being rolled out.

For our sample period 1998- 2004 however, 2G cellular was dominant. Second generation
telephony itself displayed significant technological progress, with handsets becoming smaller
and containing an increasing number of additional functions (Koski and Kretschmer, 2005b).
Apart from the ongoing technological innovations on the product side, there were also

significant innovations on the pricing and services side.

First-generation cellular phones were mainly targeted at business customers for several
reasons: First, most handsets were rather heavy and thus used predominantly in cars,” which,
in combination with very high tariffs, was attractive only to business customers. With the
introduction of digital cellular telephony, however, the focus was on capturing the mass

market in order to make the technology succeed commercially.

Penetration pricing: Early attempts by second-generation cellphone operators were targeted at
gaining a critical mass of consumers. Since later adopters would be basing their adoption
decisions on those of early adopters, operators were willing to take a loss, or at least price
aggressively to grow their installed base. With lock-in contracts over one, sometimes two

years, this penetration pricing was profitable (Farrell and Klemperer, 2005).

! In the US, text messaging had not caught on and the average user was sending 203 text messages a year
compared to 651 in China (http://www.newsmax.com/archives/articles/2005/8/11/135257.shtml).

? One of the largest cellphone stores in the UK, founded in 1989, has only recently been renamed “The Phone
House” from the original “Carphone Warehouse™.
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Handset subsidies: Most cellular handsets were, and still are, heavily subsidized. This was a
strategy to get consumers to adopt in the first place, as handsets were typically the most
expensive part of getting a cellphone connected.® Quite frequently then, basic handsets are

294

given away “for free”” if the consumer signed up for a long-term contract. This is a particular

form of product cross-subsidization to overcome the installed-base problem.

Prepaid contracts (Pay-as-you-go): Possibly the most successful strategy of moving cellular
telephony into the mass market was the introduction of pay-as-you-go contracts. These
contracts involve no monthly fee, but a higher cost per call. Such contracts are especially
attractive for low-frequency users for whom this fee would be too high to warrant the few
calls they make or who do not have access to a bank account to st up a monthly debit. The
introduction of pay-as-you-go tariffs coincided with a rapid increase in diffusion speed, and

most of the growth in later stages of diffusion came from prepaid users.

Tariff proliferation: Finally, with an increase in competition and increasingly fine market
segmentation, the number of tariffs has proliferated enormously. This has two eftects: First, it
could serve as a collusive device by confusing consumers (Hornig, 2005), and second, it
could enable consumers to make more fine-grained decisions based on their expected calling
patterns (Miravete and Roller, 2004, Narayanan, Chintagunta and Miravete, 2005). The fact
that consumers seem to switch quite readily between contracts to optimize their behavior
(Miravete and Réller, 2004) suggests that consumers will have some degree of uncertainty
about their future calling patterns, but eventually settle on the contract that suits their

consumption behavior best.

* Initially, operators charged a connection fee similar to the fixed-line market, but competition among operators
forces and an unwillingness of consumers to pay for the privilege of going to a shop and having a shop assistant
“activate” the connection by clicking a button put paid to this practice.

* Most commonly, operators would charge £/$/€ 1 for a handset that typically cost about $100 to produce. There
are instances however of “paying” consumers to buy a handset: In France, a Siemens S35 was sold in connection
with a contract for FFR190 and contained a voucher for a FFR200 reimbursement if sent to the mobile operator.
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III  Studies on cellular diffusion

An increasing number of studies have looked at the diffusion of cellular telephony in several
countries. Single-country studies (e.g. Grajek, 2004, Doganoglu and Grzybowski, 2004)
typically impose more structure on the diffusion process and try to discriminate between the
price effect on diffusion and the network effect. On the other hand, multi-country studies
often focused on identifying regulatory, economic, or competitive covariates that affect
diffusion (e.g. Gruber and Verboven, 2001, Koski and Kretschmer, 2005a). What most studies
have in common is that s-shaped diffusion (or segments of the s-curve) is either assumed from
the outset or generated through lagged dependent variables. In most existing studies however,
the a-priori assumption of an s-shaped curve, while realistic, leaves out the question of what
mechanisms generate it. In particular, by imposing an s-shape ex-ante it is difficult to make

any inferences about the underlying distribution of preference parameters in the population.

This is not necessarily a problem if the researcher is predominantly concerned with the
identification and forecasting of macro-trends of the existing or similar future technologies.
For example, Portugal entered the 2G cellular market in 1992, and early results on diffusion
speed may have been helpful to predict the take-up in geographically (e.g. Spain — 2G service
started in 1994) or culturally close (e.g. Brazil — 1996 start date) countries. Controlling for
other determinants of technology diffusion, researchers can also attempt to identify the
strength of network effects by comparing the slope of an actual diffusion curve with one that

would have been generated if there were no network effects.

The mere shape of a diffusion curve is less helpful however for actors that actively want to
influence the diffusion curve. For example, regulators or governments interested in
accelerating the speed of technology diffusion will want to know what the effect of a subsidy
for early adopters versus general information provision will be (Stoneman and David, 1986).

If diffusion is driven by an epidemic process, information provision is likely to be more
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efficient, while a network technology will benefit from building up a critical mass of adopters.
Similarly, firms planning to introduce a new technology will assess the benefits of a
penetration pricing strategy in terms of their short-term losses versus the long-term expected
benefits, both of which are affected by the distribution of preferences and the extent of
network effects. An empirical procedure that permits discrimination between the different
causes for technology diffusion is therefore likely to be beneficial to both policymakers and

firms.

Another factor influencing the cellular telephony diffusion that has drawn researcher’
attention is substitution between different gencrations of telecommunications technologies.
Intergenerational effects have been studied both between the cellular and the fixed-line
technologices (Sung ct al., 2000) and between different generations of the cellular technology
(Liikanen et al., 2004). Our contribution to that literature is twofold: first we report some
results on fixed-mobile substitution usage in terms of usage, second we consider possible

change in the substitution pattern depending on the stage of cellular diffusion.

1V Data

We draw our data predominantly from two sources: The Informa Telecoms & Media’s World
Cellular GSM Datapack and the Merrill Lynch’s Global Wireless Matrix. The Informa T&M
data has been used in previous studies (e.g. Koski and Kretschmer, 2005a) and covers the
number of subscribers for individual mobile operators, average prices and technological
standards in considerable detail. Informa Telecoms and & Media is a provider of market and
business intelligence to commercial entities in the mobile and media industries. Buyers of this
data base commercial and marketing decisions on the data, thus ensuring a high level of

accuracy. Merrill Lynch, a US-based investment bank, publishes a quarterly report on the
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development of the global cellular telephony market as a service to their clients and industry
observers. ML reports, among other data, the total number of called minutes per operator,

which can be used to construct an average usage per consumer.

Obtaining data often involves a tradeoff between the level of detail (which is often higher in
commercial datasets) and the reliability of the data (which is generally regarded higher for
data collected by non-commercial organizations). In order to minimize these problems, we
triangulated the data with available public data sources (OECD’s Communications Outlook,
ITU’s Telecommunications Indicators) and found that the variables common to both private

and public data were comparable, so that we are quite confident that our data is accurate.

To complement our main data sources, we additionally use IMF’s International Financial
Statistics (for GDP) and World Bank’s World Development Indicators (for population,
telephone mainlines, and average cost of a local call). The disadvantage of the WDI database
is that it only provides yearly time series. To arrive at the quarterly series we therefore

linearly interpolated the variables.

Descriptive statistics

Table 1 gives descriptive statistics of our variables. Looking at time trends of our variables of
interest in table 2, we can see that the increased penetration of cellphones in our sample
coincides with a significant increase in the share of prepaid consumers. We also find a clear
downward trend in cellular service prices in our sample and an upward trend in average
usage. Contrary to the cellular telephony, fixed-line telephony experienced a slight decrease

in subscription over the period studied. Fixed-line prices exhibited no significant trend.

Our data reflects some of the interesting dynamics in the cellular phone industry in the late
1990 and early 2000s. Diffusion was rapid — penetration rates increased almost four-fold over

six years — and prepaid usage went from being an option chosen by one cellphone subscriber
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in four to the option preferred by 50% of users. Of course, a look at our sample average is
likely to hide a number of idiosyncrasies, in particular some of the effects we are interested in.

We therefore consider the diffusion and usage patterns of two individual countries.

Two examples — Chile and Malaysia

Our goal is to link usage patterns to different stages of the diffusion curve. The following

figures plot diffusion and average usage in Chile and Malaysia, respectively.
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Figure 1: Chile, Diffusion and average usage, 9/98 — 9/04
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Figure 2: Malaysia, Diffusion and average usage, 9/98 — 9/04

From figure 1 we can see that Chile seems to follow the pattern of first increasing, then
decreasing average usage. Figure 2 shows that average usage in Malaysia is decreasing fairly
steadily over time. Simple regressions confirm that a linear time trend yields a poor fit for
Chile (Slope: -.201, R* = .008), while it generates a relatively good fit for Malaysia (Slope:
-1.048, R* = 374). Including a nonlinear term improves results for Chile to an R* of .253,

while results remain similar for Malaysia (R2 =.423).

The above descriptive statistics suggest that usage patterns can vary significantly across
countries, despite the fact that diffusion is s-shaped in both countries. Clearly, these statistics
should be interpreted with caution since we do not control for important country- and firm-
level variables. For example, it may be significant that Malaysia had an approximately 50%
higher penetration rate throughout the sample and that the Malay economy grew by about
55% in the same time period versus 20% growth in Chile. The different patterns in average

usage suggest that cross-country usage is worth studying in more detail. In the following
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section therefore, we will first run some fairly standard diffusion regression before looking at

determinants of average usage by cellular operator.

\Y Empirical specification and results

Global diffusion of mobile telephony

We start our empirical analysis by looking at the diffusion of mobile penetration in countries
from our sample. The wide coverage of the sample implies that we consider countries that
already reached near full penetration along with countries in which mobile telephony just
takes off. To provide some descriptive summary of the diffusion process we estimate country-

wise logistic diffusion equation of the form:

SUBS”

SUBS, =——MM— |
1+exp(—f(t —171))

Q)

1

where SUBS” = yPOP.
SUBS; denotes the number of subscribers at time ¢, and POP measures the population of a
country. The potential number of adopters SUBS *, i.e. the saturation level to which SUBS;
converges, is assumed to be equal to a fraction y of the total country’s population. The other
two parameters describing the diffusion process, 7 and f, stand for timing and speed of the
diffusion respectively. 7 indicates the inflection point of the logistic s-curve, thereby shifting
the curve forwards and backwards. f§ gives the growth rate of SUBS; relative to its distance to

dSUBS, 1 _ ,SUBS -SUBS,

the saturation level: = +
dt  SUBS, SUBS

. In particular, the growth rate

attains its maximum, g, at the inflection point ¢ = 7.

Table 3 presents Nonlinear Least Squares (NLS) estimates of the country-wise regressions.

7 is measured in quarters: the average 7 is approximately 163, which corresponds to the 4™

10
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quarter of 2000. In order to stress the different diffusion stage across countries in our sample,

we draw the actual and fitted penetration levels for three groups of countries: leaders,

followers, and laggards, based on the estimates of the timing coefficient 7 in figures 3 — 5.
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Figure 3. Leaders’ mobile penetration diffusion
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Figure 5. Laggards’ mobile penetration diffusion
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Usage regressions

In a second step, we run regressions on the average usage of adopters in our sample countries.
Usage intensity has so far been largely ignored in the literature on cellular telephony and
many other communication technologies, which is surprising given the implications of
different usage patterns for firms and policymakers. For example, firms will most likely
consider a technology that is widely adopted, but not used intensively, a failure because it
does not generate a steady revenue stream for the firm. Similarly, patterns of replacement of
an existing technology will be different depending on the usage intensity of the new
technology — adoption subsidies that make it casy for users to own multiple devices but
continue using the incumbent technology are not particularly beneficial, both from a firm’s
and society’s point of view. After having established in the previous section that diffusion of
cellular telephony follows the expected pattern and having identified countries at different
diffusion stages, we therefore take average usage intensity as the dependent variable and try to
identify the determinants of usage intensity in our sample of countries. Note that our dataset
allows us to run usage regressions on an operator level. This is useful since operators in the
same country may have different characteristics, for example the proportion of prepaid users
or the installed base of subscribers, which both are expected to have an impact on the average
usage intensity of this particular operator. Of course, including average prices by operator lets

us uncover own-price and cross-price effects on communication demands.

Our baseline specification of the cellular phone usage reads as follows:

MoUy, = ay + p* CellPy + Bo* CellPigjy + Bs*FixedPy + fs*CellSubsij + ps*CellSubsigjy +
+ Be*FixedSubsi + y*Xy + e, @

where subscripts 1, j, and t stand for country, cellphone operator, and time, respectively. The

dependent variable is the average monthly minutes of use. We consider both own and cross
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price effects on cellphone usage by including the operator’s (j) own price, the average price of
other cellphone operators in the country (), as well as the price of local fixed-line
connection, in the regressions. Similarly, we distinguish between the operator’s own network
of subscribers, the subscribers to other cellphone operators, and the fixed-line subscribers. To
facilitate international comparability, all price variables are in US cents and the subscribers

variables are normalized by the total country’s population.

The vector X contains a number of other factors that correlate with usage: GDP per capita,
share of prepaid-card users in the own subscriber base, and the time on air. GDP controls for
income effects on cellphone usage. The share of prepaid-card users in the own subscriber base
captures the impact of nonlinear pricing and self sclection of consumers into the light users’
group. The time-on-air variable that indicates the time since the launch of the service by an
operator captures the increasing usability of cellular telephone due to network roll-out and
possibly consumer habit formation. Finally, the a;s capture the unobserved heterogeneity
across countries and operators driven by different pricing regimes (Receiving Party Pays vs.
Calling Party Pays), different tastes for communications services (Italians tends to talk more
than Swedes), incumbent’s first-mover advantage, and other country and operator-specific

effects that are time invariant.

The standard textbook argument suggests positive cross-price elasticity for substitutes and
negative one for complements. We then expect a positive coefficient on the price of other
cellphone operators in equation (2), as the cellular services offered by competing operators
are clearly substitutes. The relationship between fixed-line and cellular phones is less clear.
The empirical literature finds evidence of both substitution and complementarity between
them by looking at subscription rates (Ahn and Lee, 1999; Barros, Cadima, 2000; Sung, Kim,
and Lee, 2000; Rodini, Ward, and Woroch, 2003). In our setting, the

substitution/complementarity between fixed-line and cellular service is primarily captured by

14
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the cross-price effect. The coefficient on fixed-line subscriber network, however, is also
indicative of the relationship between these two communications platforms. For instance, a
negative effect of fixed-line network size on cellular usage in equation (2) would suggest
shifting usage between the platforms induced by a subscription decision, i.c. a substitution

relationship.

The subscriber network variables in equation (2)—the main focus of this study—capture the
changing cellphone usage patterns along with the diffusion of the cellular service among
consumers. By including these variables we intend to shed some light on the mechanisms
behind the diffusion process. As already mentioned, the economic literature delivers some
predictions concerning the usage intensity of a diffusing technology. If the diffusion is solely
driven by consumer heterogencity—accompanied by falling price or increasing quality over
time—,we expect a negative coefficient on the network size variable, as subscribers that are
added to the network later on decrease the average usage intensity. This effect can be linked
to the Stoneman’s (1999) rank effect, which says that carlier (later) adopters have a higher
(lower) preference for the product. If, however, strong network effects are present, we expect
that increasing communications opportunities due to growing network will offset the rank
effect leading to an increasing usage intensity of a network (Cabral, 2002). Depending on
which of the effects dominates—rank/consumer-heterogeneity effect or network effect—the

own cellular network variable will carry negative or positive sign, respectively.5

Unlike the rank effect, the network effect will also work for subscribers to the other cellular
operators (~) within a country.® This is because by adding additional subscribers to the
competing cellular networks the overall network and thereby communications opportunities

grow while leaving the composition of the own subscriber base unchanged. On the other

* The word-of-mouth diffusion models do not deliver any prediction concerning the usage intensity of a diffusing
technology.

® This is true to the extent that the network effects operate on the cellular industry level and not solely on the
operator level.
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hand, the subscribers-to-the-other-cellular-operators variable, unlike own-subscribers
variable, captures the substitution effect that we already mentioned in the case of fixed-mobile
substitution. Although, holding fixed-line and cellular connection at the same time—a
prerequisite for the usage substitution between platforms—is much more common than
holding two cellular connections with different operators; the latter is also observed, in
particular in the matured cellular telecom markets (Wireless Intelligence, 2006). We then
expect the sign on the network of the other cellular operators in equation (2) to be determined

be the relative extent of the network and the substitution effects.”

Finally, we expect cellphone usage to exhibit positive income effect, captured by the positive
cocfficient on GDP in equation (2). The other control variables: the share of prepaid users in
the operator’s network and the time on air are expected to have negative and positive effect on

cellphone usage, respectively.

Our regression results are reported in tables 4 and 5. To strip out operator-specific effects a;s,
we apply first-differenced (FD) estimation.® Further, to test robustness of our results, we
consider two alternatives to the linear specification in (2): the log-linear and the log-log
specifications. Besides the robustness check, the log-log specification is useful, as its
coefficients can be interpreted as elasticities. Finally, we control for the possible endogeneity
of prices and adoption decision in the usage equation by applying instrumental variable (IV)
technique. We take the number of cellular operators and country-specific time dummies as

instruments for prices and for subscriber figures we take their values lagged by 2 periods.

We start interpretation of our empirical results by looking at the FD regressions (table 4). In

general, our control variables—share of prepay users, time on air, and GDP—are significant

7 By the same token, we might expect the fixed-line-subscribers variable to also capture some network effects;
although, the extent of the network effects between fixed and cellular networks is most likely to be smaller than
between cellular networks of different operators.

# An alternative would be to use fixed-cffects (FE) estimation. The high autocorrelation of the error term (close
to 1) that we found under FE suggested that FD provides more efficient estimates (Wooldridge, 2002).
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and have expected signs across specifications. The average usage on an operator network
decreases with the share of prepay users and increase with the time on air as well as GDP.
Further, we find a consistent negative own-price effect and a consistent positive cross-price
effect on cellphone usage. These effects are strongly significant across all specifications.
From the linear specification we read that an increase of the revenue per minute from cellular
service by 1 US cent is accompanied by a decrease in the average monthly usage of a
customer by 1.8 minutes. In terms of elasticity, the corresponding coefficient in the log-log
specification equals -0.36. The magnitude of the cross-price effect is smaller, as we expect

from imperfect substitutes.

The price of fixed-line telephony, however, is not significant when entered in simple form
into the estimation equation. To further investigate the relationship between the old and the
new telecommunications technologies we interact the fixed-line price with a diffusion stage
indicator. The indicator is constructed from the estimates of the country-wise diffusion
regressions (table 3) and equals one in periods after a country reached the inflection point of
the cellular telephony diffusion (z) and zero otherwise. The motivation behind the varying
fixed-price coefficient is that the relationship between the old and the new
telecommunications technology might be quite different depending on the diffusion stage of
the latter. Initially, when the market penetration of cellphones is low, we might expect a lot of
traffic between the fixed-line and the cellular networks, as only very few contacts have a
cellular connection. On the other hand, when the cellular market penetration reaches full
market size, all communications needs can in principle be satisfied on the cellular network
alone. Therefore, we might expect that the two technologies change form initial complements
to substitutes in the later stages of the diffusion process. Our results provide some support for
this hypothesis. Our new composite variable is positive and significant in the linear and the

log-log specifications, which means that the two technologies become more substitutable in
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the mature diffusion stage. This rising substitutability is accompanied with a significant
negative coefficient on the fixed-line price suggesting initial complementarity. At the same
time, we find the fixed-line penetration to have a significant negative effect on the cellphone
usage. The magnitude of this effect seems to diminish in the later diffusion stages. As we
already mentioned, the negative coefficient on the fixed-line network indicates that the two
telecommunications platforms are substitutes. The coexistence of the complementary and the
substitution elements we find is in line with the results in Sung et al. (2000). They report that
the number of Korean mobile subscribers is positively (negatively) correlated with the
number of fixed-line disconnects (new connections), which suggests substitution. At the same
time, they find the stock of fixed lines being positively correlated with the number of mobile

subscribers, providing evidence of complementarity.

Further, turning to the subscriber network variables we find strong evidence of the consumer
heterogeneity effect dominating the network effect. The coefficient on own market
penetration is significantly negative in all specifications, which means that adding subscribers
to own cellular network decreases the average cellphone usage. The magnitude of this effect
is not marginal. As we read from the linear specification for instance, the average minutes of
use decrease by 1.64 with an increase of the penetration by 1 percentage point. We do not find
indication of the network effect in the cellular competitors’ network variable either. On the
contrary, the coefficient on market penetration of cellular competitors is either insignificant or
negative depending on functional specification. This negative coefficient gives some evidence
of the effect of multiple cellular connections held by a consumer.” The inability to identify the
network effects in cellphone usage is somewhat surprising given that the previous literature
found network effects to significantly contribute to the speed of the cellular diffusion process

(Koski and Kretschmer, 2005a; Liikanen et al., 2004). While our results do not imply that

? This effect is also referred to as multihoming (Doganoglu, Wright, 2006).
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there are no network effects, we can at least conclude that they do not outweigh the consumer
heterogeneity effect, and that no significant network effects seem to operate across different

cellular networks.

Finally, to account for possible endogeneity of our regressors, we report also the results of
instrumental variable (IV) regressions in table 5. Most of our previous results are confirmed,
with the important exception that now the cross-price effects are no longer significant. In
particular, the price of fixed-line connection is not significant, even after the introduction of
intersection with the diffusion stage indicator. This suggests that our fixed-mobile substitution

results should be treated with caution.

VI  Interpretation and Discussion

The relationship between mobile usage and the network size is determined by two
countervailing forces: network effects and consumer heterogeneity effects. Network effects
arise as the growing installed base of subscribers allows them to satisty more communications
needs, hence the average number of calls increases with network size. Consumer
heterogeneity effects imply that usage of telecommunications services decreases with the
installed base of subscribers, as less and less eager users subscribe to the service over time

and “dilute” the intensity of use as installed base grows.

One of the problems in estimating the relative strength of these effects is that adding
subscribers has the dual effect of enlarging an operator’s network and adding lower-
preference users to the network. Our regressions suggest that in all specifications the
heterogeneity effect strongly dominates the network effect since the coefficient on own
network penetration is consistently negative and significant. A potential strategy to isolate the

network from the composition effect was to consider the subscribers of competing networks
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since the composition of an operator’s own network does not change while overall network
size grows. In our regressions, however, we find that competing network size does not have a
significant positive effect on own usage intensity. While this does not imply that there are no
network effects, we can at least conclude that they do not outweigh the heterogeneity effect,

and that no significant network effects seem to operate across different cellular networks.

As we already mentioned, there is small but growing literature on substitutability of fixed-line
and cellular telephony. Our regression results suggest that the degree of substitutability
depends strongly on the stage of the diffusion process. There seems to be a significant degree
of complementarity between fixed-line and cellular usage in the earlier stages of the diffusion
curve. These effects however grow significantly weaker as countries advance in their
diffusion stage, suggesting that an incumbent technology like fixed line telephony may foster
diffusion at the start of cellular diffusion. This result should be treated with caution though, as
it is not supported after controlling for the endogeneity of fixed-line price in the cellphone
usage equation. On the other hand, the two telecommunications platforms seem to be
substitutes in terms of subscriptions, as the size of fixed-line network is negatively correlated
with the cellphone usage. This substitution effect becomes weaker, however, as diffusion

progresses, possibly due to consumer heterogeneity.

We also find (weak) support for increasing usage intensity over time after other determinants
are controlled for. This could be due to learning effects, habit formation, or even indirect
network effects which we do not pick up in our network size variables. We aim to build on

this tentative result.
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VII Conclusions and further research

We study the usage patterns of cellular telephony over time using data from 41 countries over
the 1998-2004 time period. Our reduced-form regressions have uncovered a number of
interesting findings. First, it seems that consumer heterogeneity is considerable and network
cffects are moderate in comparison. Second, we find some evidence of fixed-mobile usage
complementarity in the carly stages of diffusion. At the same time we observe substitution of
fixed-line with cellular minutes driven by the changes in fixed-line subscriber base. This

effect also seems to wear off later as cellular telephony becomes more established.

Although the coefficients are consistent across most specifications, they are not always
significant, and we will refine the model further to obtain more robust results. We are also

planning to explore a number of different avenues in future work:

Functional form of network effects and heterogeneity: Our current reduced-form approach
does not allow us to make precise inferences about the shape of the preference distribution or
the functional form of network effects individually, but rather the net effect of both. One way
to further separate out composition and network effects would be to assume a sufficiently
general distribution of preferences (taken, e.g., from Rogers, 2003), a functional form for
network effects (e.g., Swann, 2002), and a degree of compatibility between the networks of
different operators (e.g. Grajek, 2004). This would enable us to interpret the coefficients we
obtain quantitatively, obviously at the cost of having to make some, possibly quite restrictive

assumptions.

Role of prepaid consumers: We find unequivocally that the proportion of prepaid consumers
has a negative effect on average usage intensity, as expected. It would be interesting to see if
the overall effect of prepaid users is to increase network size and thus usage incentives for

contract consumers. This would show up in our regressions as a positive effect of
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competitors’ prepaid consumers on own average usage. Further, we hope to be able to take
advantage of differences in the share of prepaid consumers for different operators in the same

country.

Getting some further insight on the shape of consumer preferences would have significant
implications for firm and policymaker behavior. Strong consumer heterogeneity would
suggest that early adopters are much more profitable than later ones. This would then make
introductory pricing a double-edged sword: On the one hand, securing these early customers
is likely to have long-term benefits, while on the other hand these carly consumers are likely
to represent a large proportion of a firm’s profits.'® Similarly, diffusion policies will be
assessed on their expected impact, which depends on the distribution of consumer preferences

and the intensity of network effects.

This study is the first to our knowledge that empirically tries to disentangle the consumer-
heterogeneity and the network effect on technological diffusion. We believe that while there
have been a number of recent studies on the diffusion of mobile telephony (including our
own) recovering some information on the underlying parameters and the subsequent causes of
diffusion is a crucial next step in the study of new technologies. Our study is also the first to
allow for time-varying effects of an incumbent technology, which has important implications

for policymaker and firms in their incentives to phase out existing technologies.

!9 There is an extensive literature in marketing science that concerns itself with the optimal pricing path of new
products based on assumptions about the s-shaped diffusion curve, but not on the origins of the s-curve (see, e.g.,
Krishnan et al., 1999).
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Table 1. Variable definitions and descriptive statistics

Variable Definition Mean  Std. Dev. Min  Max
MoU Average monthly minutes of use 177.49 117.97 56 960
CellP Average revenue per minute (US cents) 21.41 9.41 3.26  79.03
FixedP Price of a local fixed-line connection (US cents) 8.46 5.58 0 23
CellSubs(j) Own subscribers as population's share (%) 15.92 12.12 0.03 5442
CellSubs(-j) Subscribers to competing operators as 34.12 19.53 0.61 85.49
population's share (%)
FixedSubs Fixed-line subscribers as population's share (%) 47.03 18.36 10.06  75.76
Prepay Share of prepay users among own subscribers 44.22 2931 0 97.74
(%)
OnAir Time since the launch of service (quarters) 21.99 12.99 0 50
GDP GDP per capita (000's US dollars) 21.06 11.90 0.76  51.98
Stage Diffusion stage indicator (1 after a country 0.77 0.42 0 1

reached the inflection point of the cellular

telephony diffusion; 0 otherwise)
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Table 2. Descriptive statistics by year (variable definitions as in Table 1)

1998 1999 2000 2001 2002 2003 2004
MoU 162.42 157.67 170.82 176.68 177.15 185.26 198.44
CellP 35.70 31.88 23.60 19.36 18.30 19.64 1931
FixedP 8.79 9.63 8.27 7.86 7.75 8.56 9.61
CellSubs(j) 6.64 9.62 12.57 15.02 17.06 18.99 20.38
CellSubs(-j) 12.55 17.00 24.40 32.55 37.55 42.89 45.94
FixedSubs 49.28 48.39 47.37 47.39 46.99 4522 45.68
Prepay 24.16 30.11 37.76 43.81 47.65 50.71 49.63
OnAir 14.32 15.67 16.80 19.14 22.93 26.43 29.43
GDP 20.45 2131 20.09 18.84 19.76 22.02 2539
Stage 0.00 0.17 0.63 0.82 0.88 0.96 0.99
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Table 3. Country-wise logistic diffusion coefficients

gamma beta tau obscrvations R?

Argentina 0.187 0.280 157.1 23 0.991
Australia 0.933 0.118 162.3 23 0.999
Austria 0.887 0.290 157.7 23 0.999
Belgium 0.824 0.292 160.4 23 0.998
Brazil 0.534 0.105 175.5 23 0.993
Canada 0.498 0.111 162.1 23 1.000
Chile 0.561 0.177 166.2 23 0.996
China 0.291 0.183 169.7 23 0.999
Colombia* . . . . .
Czech Republic 1.028 0.247 164.5 23 0.999
Denmark 1.106 0.136 161.2 23 0.999
Egypt 0.104 0.198 168.1 23 0.996
Finland 1.130 0.080 154.6 23 1.000
France 0.698 0.239 159.5 23 1.000
Germany 0.765 0311 160.2 23 0.997
Greece 1.057 0.185 163.0 23 0.999
Hungary 1.008 0.165 167.3 23 0.999
India* . . . . .
Ireland 0.830 0.286 160.2 23 0.996
Israel 1.004 0.184 160.4 23 0.999
Ttaly 1.029 0.180 158.8 23 1.000
Japan 0.777 0.102 156.9 23 1.000
Korea 0.828 0.124 160.0 23 0.998
Malaysia 0.639 0.143 169.4 23 0.997
Mexico 0.319 0.227 164.0 23 0.998
Netherlands 0.820 0.299 158.7 23 0.998
New Zealand 0.710 0.230 160.0 23 0.997
Norway 0.997 0.094 157.9 23 1.000
Poland 0.698 0.150 170.5 23 1.000
Portugal 1.086 0.194 160.6 23 0.999
Russia 0.873 0.231 178.9 23 1.000
Singapore 0.889 0.231 160.0 23 0.998
South Africa 0.579 0.126 172.1 23 0.999
Spain 0.929 0.221 161.0 23 0.999
Sweden 1.252 0.088 160.7 23 1.000
Switzerland 0.880 0.235 159.2 23 0.999
Thailand 0.461 0.264 169.9 23 0.996
Turkey 0.420 0.233 164.7 23 0.994
United Kingdom 0.924 0.262 159.9 23 0.999
United States 0.674 0.101 161.3 23 1.000
Venezuela 0.269 0.218 159.7 23 0.999
Cross-country average 0.756 0.193 162.9

* Missing coefficient indicate that the NLS estimation procedure did not converged.
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Table 4. First-Differenced (FD) Estimation Results

Dependent variable: Average minutes of use (MoU) Lincar

O @

Log-lincar
3 @

Log-log sp
() ¥

Own price

Average price of mobile competitors

Price of local fixed-line connection
Fixed-line price * diffusion stage indicator
Own market penetration

Market penetration of mobile competitors

-1.821%#% -] 833#%
(0.229) (0.230)
0.588%#% (,575%%x
(0.148) (0.149)
20.016 -3.081%%
(0.520) (1.306)
3.404*
(1.395)
-1.640%® 11 632%4%
(0.590) (0.595)
0.008 0.015
(0.266) (0.262)

-0.012%%% 0,012%%%
(0.001) (0.001)
0.004%% 0,004%%%
(0.001) (0.001)
0.002  -0.008
(0.003) (0.009)
0.012
(0.009)
-0.007#4% 0,0074++
(0.002) (0.002)
-0.002* -0.002
(0.001) (0.001)

-0.361%%% _0,360%*x
(0.046) (0.046)
0.195%%% (,195%*
(0.041) (0.041)
0.044  -0.146%**
(0.031) (0.039)
0.129%%+
0.047)
-0.039%*% -0,039%*
(0.016) (0.017)
-0.053% 0.052*
(0.026) (0.026)

Fixed-line market penetration -2.573% -6.050%**  -0.009% -0.026*%* -0.041 0.194
(1.385) (1.785) (0.005) (0.009) (0.181) (0.394)
Fixed-line penetration * diffusion stage indicator 4.020% 0.019* -0.261
(2.082) (0.011) (0.448)
Share of own prepay users -0.150 -0.131 -0.001** -0.001** -0,020%* -0.020%*
(0.104) (0.104) (0.001) (0.001) (0.010) (0.010)
Time on air 1.776%% 1.855%* 0.005  0.005* 0.039 0.039
(0.849) (0.846) (0.003) (0.003) (0.025) (0.026)
GDP 1.327%4% [335%%  .010%%* 0,010%** 0.178%#% ,179%*+
(0.241) (0.243) (0.001) (0.001) (0.048) (0.048)
Adjusted R-squared 0.117 0.118 0217 0218 0217 0219
Number of observations 1634 1634 1634 1634 1356 1356
* p<0.1, ** p<0.05, *** p<0.01; standard errors in h are robust to b d and autocorrelation in the error term.
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Table 5. First-Differenced (FD) Instrumental Variable (IV) Estimation Results

Dependent variable: Average minutes of use (MoU)  Linecar ificati Log-lincar Log-log
O @ G & 3 ©
Own price -1.B9BAAX -1 910**%  _0.008%** -0,008*** 0.029 0.024
(0.647) (0.643) (0.003) (0.003) 0.176) (0.176)
Average price of mobile competitors 0.675 0.670 0.000 0.000 -0.179 -0.174
(0.523) (0.519) 0.002) (0.002) (0.184) (0.184)
Price of local fixed-line connection 2171 6.406 -0.004  0.044 0.009  0.089
(1.804) (6.812) (0.009) (0.037) (0.031) (0.184)
Fixed-line price * diffusion stage indicator -4.764 -0.054 -0.092
(6.963) (0.037) (0.188)
Own market penetration -1.867** -1.871%* -0.006** -0.006** -0.022* -0.023*
(0.742) (0.744) (0.002) (0.002) (0.012) (0.012)
Market penetration of mobile competitors 0.617 0.630 -0.003  -0.003 -0.052* -0.049
(0.574) (0.572) (0.002) (0.002) (0.030) (0.031)
Fixed-line market penetration -1.676 -4.197* -0.007 -0.034%* -0.112 0.059
(1.173) (2.334) (0.005) (0.013) (0.162) (0.491)
Fixed-line penetration * diffusion stage indicator 2.736 0.029** -0.169
(2.573) 0.013) (0.408)
Share of own prepay users. -0.479%%#% 0.449%+%  _0,002%** -0,002%** -0.011* -0.010
(0.113) (0.117) (0.001) (0.001) (0.006) (0.006)
Time on air 1.540 1.642 0.009%* 0.010%** 0.037 0.038
(L.064) (1.035) (0.004) (0.004) (0.026) (0.026)
GDP L191#4% | 2]2%4% 0.009%** 0,009%** 0.160%** 0,164%**
(0.268) (0.271) (0.001) (0.001) (0.046) (0.041)
Adjusted R-squared 0.064 0.064 0.086 0.090 0.071 0.071
Number of observations 1511 1511 1511 1511 1325 1325
* p<0.1, ** p<0.05, *** p<0.01; standard errors in h are robust to b d and autocorrelation in the error term.
endogenous instruments
mobile prices and prepay share #mobile operators, country-specific time dummies

fixed-line prices, diffusion-stage indicator
mobile and fixed-line penetration lagged by 2 periods

#mobile operators, time dummies
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1 Introduction

The purpose of this paper is to assess unilateral effects of merger in mobile telephony in Portugal.
This is a very relevant policy question because of pending merger notification among two out of
three network operators in Portugal. The complicity of consumer behavior and firm strategies in
mobile telecommunications industry poses many challenges for economic modelling. However,
in this study we use only limited aggregate data which constraints the sophistication of the
estimated model. Also, the competition authorities themselves have limited time to collect
data and evaluate merger effects. Personnel constraints are critical, which makes it difficult
to conduct sophisticated analysis. These are very important practical arguments for usage of
simple methods. Therefore, in this study we employ rather standard methods and standard
functional forms which have been successfully employed in earlier literature. This framework
allows relatively quickly to get a feeling about the unilateral effects of a merger between network
operators. It is also important to note that, so far in Europe, only very few merger simulations
were conducted and no study at all for mobile telecommunications industry. Therefore, this
study proposes some simple framework to start with.

In the first stage we estimate demand functions using a standard aggregate nested logit
model 4 la Berry (1994). We assume that consumers first decide whether to subscribe to fixed
telephony services only or to mobile and fixed services together. By normalizing with respect
to the utility of fixed telephony services, it is possible to impute the mean utility levels of
subscribing to mobile telephony services via a simple transformation of observed market shares.
We then posit a relatively straightforward linear utility for subscribing to mobile services, and
search for parameters that allow our linear model to best explain the observed mean utility
levels.

Similarly to Doganoglu and Grzybowski (2006) we investigate whether network effects have
an impact on the decision about subscription to mobile telephony services in Portugal. It is
an important aspect of this analysis because by ignoring network effects we could overestimate

price elasticities of demand and underestimate markups. In modelling network effects, we use
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the lagged total share of subscribers in the population to proxy for network size. This assumes
perfect compatibility between services of the providers and the lack of price mediated network
effects due to different on-net and off-net prices.

Our analysis is based on quarterly data on subscriptions and average revenues per minute
as a proxy for prices in the period between January 1998 and December 2004. This kind of
data should be easily accessible for competition authorities.! An important modelling issue is
the fact that consumers often sign long term deals with their service providers and therefore
do not engage in decision making every month. We have information about the number of
consumers using pre-paid and postpaid services which allows us to approximate the number of
locked in consumers and hence the number of consumers which make decision about subscription
to mobile services each month.? A simple first difference of the observed subscription levels and
the number of locked in consumers should yield a good approximation for the number of renewed
or new contracts sold. The other important variables we need are firm specific prices but these
are hard to find in a prepared form. We use average per minute revenues as a proxy for prices,
that is, consumers make subscription decision based on observed per minute prices.

We use these variables, i.e. total installed base, proxies for sales and prices along with
quarterly dummies to estimate a system of demand equations. Our results suggest that network
effects played a significant role in the diffusion of mobile services in Portugal. Afterwards, using
the estimates from the demand side we derive the estimates of marginal costs. Demand estimates
support the assumption of static Nash-equilibrium in prices, while joint profit maximization
turns out to be unrealistic assumption resulting in negative computed marginal costs. Thus,
we assume that observed prices result {rom pure strategy Nash equilibrium. Furthermore, we
regress the estimates of marginal costs on the data on operating costs, which was reported by
the firms. Our computed marginal costs are well explained by firm specific dummies and the

average operating costs per subscriber with the coefficient of one. Thus, we use the estimates

It is even available in some business reports, for instance by Merill Lynch.
2We do not have precise information about the number of people with expiring contracts and with nil switching

costs.
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of demand parameters and marginal costs to simulate unilateral effects of a merger between
two network operators: TMN and Optimus. Finally, we simulate price changes in the presence
of cost efficiencies as well as the estimates of changes in consumer surplus, profits and total
welfare. Because of the assumption, that relatively few consumers are locked in, we get very high
estimates of price elasticities. Thus, we may perceive our case as the most extreme situation, in
which the potential price increase is the lowest.® Clearly, incentives to raise prices are stronger
when price elasticities are smaller. However, even in our case, notified merger will lead to
significant price increases, also in the presence of substantial cost efficiencies.

The next section provides a short overview of empirical literature on demand estimation in
the telecommunications industry, network effects and merger simulations. In the further section
we present a brief overview of the mobile industry in Portugal. The model which we use for
econometric analysis is presented in section 2 along with data description, and the estimation

results follow in section 3. Finally, we conclude our analysis in section 4.

1.1 Literature review

There is a large body of literature on estimation of demand for telecommunications services in
fixed line and mobile industry. Ben-Akiva, McFadden and Train (1987) conduct an analysis of
the choice of local telephone service plans using a nested logit model. A number of other studies
provides estimates of price elasticities of demand for mobile subscriptions and demand for mobile
originated calls. Ahn and Lee (1999) use cross-country data on 64 countries to analyze determi-
nants of demand for access to mobile telephony. Tishler, Ventura and Watters (2001) estimate
demand for mobile subscriptions and for usage of mobile services in Israel. Rodini, Ward and
Woroch (2002) estimate the substitutability of fixed and mobile services for telecommunications
access using data on U.S. households. Okada and Hatta (1999) analyze dependence between
usage of mobile and fixed line services using data for Japan. Cadima and Barros (2000) esti-

mate simultaneously logistic diffusion functions for mobile and fixed line telephony in Portugal.

3In case of perfect substitutes there would be no price increase at all.
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They find a negative impact of mobile penetration on fixed line density. Finally, Grzybowski
and Doganoglu (2006) use nested logit model to estimate demand for subscriptions to mobile
services in Germany. In this study we follow their approach and extend it by merger simulation.

There is also a growing body of literature on estimation of demand systems when consumers
make both discrete and continues choices starting with Hanemann (1984) and Dubin and Mc-
Fadden (1984). Telecommunications industry is one of the industries, in which consumers make
interrelated choices. They choose network operator, tariff plan and how much to use the phone.
There are a few recent empirical studies, which use discrete/continuous models in application
to telecommunications industry. Chintagunta, Narayanan and Miravete (2005) develop a struc-
tural discrete/continues model to account for both plan choice and usage decisions of consumers
in local telephony. Economides, Seim and Viard (2004) adopt a similar framework to esti-
mate a model for choice and usage of local calling plans and investigate the welfare effects of
entry of competitors into a monopoly market. Doganoglu and Lange (2004) estimate a dis-
crete/continouse choice model for long distance telecommunications services in Germany. They
account for unobserved heterogeneity in the valuation of calls and in the cost of using alterna-
tive call-by-call providers and estimate a mixed logit model of provider choice jointly with the
duration demand.

In this study we use aggregate data to estimate demand for subscriptions to mobile services.
We refrain from estimating demand for usage due to data limitations but we will try to develop
such model in the further research. As suggested by Grzybowski and Doganoglu (2006) and
some other before, in estimating demand for subscriptions to mobile services it is important to
account for the presence of network effects. Otherwise the estimates of price elasticities may
be overestimated. There is a growing body of literature that tries to measure indirect and
direct network effects in a variety of network industries. A number of earlier papers focuses on
estimating a hedonic price function for products that exhibit network effects. Brynjolfsson and
Kemerer (1996) use the hedonic pricing model to determine the impact of network effects, defined

as compatibility with the dominant standard, on the prices of microcomputer spreadsheets.
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Similar approaches are employed by Hartmann and Teece (1990), Gandal (1994), Economides
and Himmelberg (1995), Moch (1995) and Grohn (1999).

More recent papers develop structural models, for instance, Gandal, Kende and Rob (2000)
study the diffusion of CD technology and find that the number of CD titles available has an
impact on the consumer’s willingness to adopt to the CD player. Park (2003) analyzes the role
of network eflects in the standard war between VHS and Betamax video recording systems.
Similarly, Ohashi (2001) estimates a random utility model and measures the role of network
externalities in the diffusion of VCR in the U.S. between 1978 and 1986. Clements and Ohashi
(2004) estimate indirect network effects in the U.S. video game market between 1994 and 2002
using a nested logit model. For an excellent review of the theoretical and empirical literature
on network effects and switching costs, we refer the reader to Farrell and Klemperer (2004).

The empirical studies that account for network effects in the telecommunications industry
are relatively scarce. Most studies focus on the diffusion of telecommunications services and use
reduced form regressions and diffusion models. The presence of network effects has usually not
been taken into account. For instance, Gruber and Verboven (2001) estimate a logistic diffusion
model for the EU countries and find that regulation and technological progress are important for
the growth of mobile industry. Wallsten (2002) uses data on the telecommunications industry
worldwide to analyze whether the sequence of reforms, such as establishing a regulatory authority
and privatization of the incumbent, matters. Koski and Kretschmer (2005) analyze the effects
of regulation and competition on the development of mobile telephony.

There are only a few recent studies which explicitly acknowledge network effects in the
telecommunications industry. Bousquet and Ivaldi (1997) estimate network effects in fixed-line
telephony in terms of usage. Kim and Kwon (2003) use a consumer survey to analyze Korean
mobile telephony and conclude that consumers prefer carriers that have larger consumer bases.
Birke and Swann (2004) use household survey data to identify price-mediated network effects
in mobile telephony in the UK. Grajek (2003) estimates the magnitude of network effects in

the Polish mobile telephone industry during the period 1996-2001. In this study we estimate

-~1
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demand for subscriptions to mobile services using the same empirical framework as suggested
by Grzybowski and Doganoglu (2006).

After estimating a system of demands we proceed with simulation of unilateral effects of
merger between two network operators. There is an emerging literature on predicting merger
effects. For instance, Nevo (2000) estimates a general random coefficient model to study merger
effects in the U.S. ready-to-eat cereal industry. Pinkse and Slade (2004) follow a distance
metric approach to study mergers in the brewing industry. Ivaldi and Verboven (2005) analyze
unilateral effects between Volvo and Scania in the European Union. In this study we employ a
similar approach. First, we use nested logit model to estimate demand system. Afterwards we
test for static Bertrand-Nash equilibrium using data on operating costs and simulate potential

price changes due to a merger under this assumption.

1.2 Development of Mobile Telephony in Portugal

The firm associated with the telecommunications incumbent in Portugal, Tmn, started its activ-
ity in 1989 with the analogue technology C-450. In 1991, the sectorial regulator, ICP-ANACOM
, assigned two licenses to operate the digital technology GSM 900. One of the licenses was as-
signed to Tmn and the other one to the entrant Vodafone. In 1997, the regulator assigned three
licenses to operate the digital technology GSM 1800. Two licenses were assigned to Tmn and
Vodafone and a third one to the entrant Optimus, which was also granted another GSM 900.*
After its inception in 1989, the Portuguese mobile telephony industry enjoyed an exponential
diffusion, analyzed in Pereira and Pernias (2004). After entering the market in 1992, Vodafone
rapidly gained market share. During the duopoly period, i.e., from 1992 to 1997, Tmn and
Vodafone essentially shared the market. The entry of Optimus led to an asymmetric split of the

market.

4Both of the licenses for GSM 900 and for GSM 1800 were assigned through public tenders, following the
EU Directives 91/287 and 96/2, respectively. The first Directive instructed Member States to adopt the GSM
standard, and the second to grant at least 2 GSM 900 licenses and to allow additional firms to use GSM 1800.

System GSM 900 operates on the 900 MHz frequency. System GSM 1800 operates on the 1800 MHz frequency.



2006 Telecom Paris conference on the economics of ICT 324

2 Empirical Model

We model demand for mobile subscriptions by a discrete-choice model, as discussed in Anderson,
de Palma and Thisse (1992) and Berry (1994). We follow the estimation strategy proposed by
Berry (1994) and invert market-share equations to find the implied mean levels of utility for each
alternative. We then posit a functional form for this utility in terms of observed and unobserved
variables. The unobserved variable serves as our econometric error term and is interpreted as
the mean value of consumers’ valuations for unobserved product characteristics, such as product
quality, for instance.

We assume that all consumers have access to a fixed line at home, work or public places. In
the first stage they decide whether to continue using a fixed telephone alone or to buy a mobile
and as well. In the second stage the consumers choose a network operator. This is a standard
nested logit structure, where one branch is degenerated and no further choices are made. The
utility of an outside option for consumer i at time ¢ is denoted by U;p; and may vary in time
due its dependence on prices of fixed line services, for instance. The utility derived by consumer

i from using a fixed-line together with mobile services of network operator j can be written as
Uije = Uior + 75 — o + V(25) + Ce + & + (1 = 0)eiji = 650 + G + (1 — )i 1)

where 7; is the stand alone value, pj: represents service price and V(zf) is the expected network
benefit, which we discuss in detail in the next subsection. The variable (4 is a common value
of all products in group ¢ = {0,1} and has a distribution dependent on ¢. The nest g = 0
stands for fixed line alone and g = 1 represents the choice of mobile telephony together with
a fixed line. By normalizing with respect to the utility of the outside option, the choice of
alternatives becomes independent of the determinants of the fixed line utility. The consumer’s
tastes for products within the nest may be correlated. When the choice of alternatives in the
nest is independent, which implies that o = 0, nested logit is reduced to a simple logit. Finally,
&+ accounts for the population average of the unobserved utility of operator j and e;j5 is the

idiosyncratic taste variable, which has a double exponential distribution.® The probability of

5The only firm characteristics in the model are prices, stand alone values and unobserved qualities.
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consumer ¢ to subscribe to mobile network operator j is equal to:

Pije = Pije(g = 1) Pyje (Uije 2 mazpeqs, . nyaziUike) 2)

and may be written in a closed form formula as:

Py exp(8;/(1 - o)) D;fc’
’ Dy 1+ Z;’:1 Dy™®

where Dy is defined by:
D, = Z exp(0x/(1 — o))
kEG,
Probability (2) is equivalent to the share of network operator j in the total number of consumers
which are free to make a subscription decision at instant £, i.e. s; = Pij.
Following Berry (1994), we invert observed market shares to compute mean utility levels for
cach product and treat them as observed. Using the observed utility level and our specification

in (1), we arrive at the following estimation equation

log(sje) ~log(1 — 50) = 15 — oy + V(=) 1 olog(Sy01) + & 3)

where s;; represents the share of operator j in the total number of consumers that make decisions
about the subscription and s, = Z,’ sj¢. The share of operator j in the total sales of mobile
services is denoted by 5jy,. The unobserved utility, &;;, serves as the econometric error term.
The specification of utility function (1) is representative of consumers with sufliciently low
(zero) switching costs and of new consumers. Otherwise, the utility function may depend on the
previous choice due to switching costs, for instance. Because we miss precise data on the number
of switching consumers and their choices of network operators, we have to make simplifying
assumptions.® We assume that there are three types of consumers. Consumers with sufficiently
low switching costs and new consumers choose network operators, while consumers with high

switching costs are locked-in and continue using the same mobile services. Only consumers

5Tt is even more difficult if not impossible to determine the number of consumers which have no switching

costs but decide not to switch.

10
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which signed long term contracts are assumed to be locked-in. We use data on accumulated
total subscriptions and prepaid subscriptions to approximate sales. Sales of operator j in period
¢ can be computed by the difference y; = Zj — Z5,_; where Zj; stands for the total number
of subscribers and Z%,_; is the number of contract subscribers in the last period.” The total
number of consumers who can make subscription decisions is given by m;, = M; — Zgz:l 2
and represents our market size. Here, M, is the whole population of Portugal. Thus, the
share of subscribers of network operator j in the total number of consumers that can make

subscription decisions is given by sj; = y;;/m;. The share of the outside good is computed as

N
sor =1 —s8,=1=37"1 85.

2.1 Network Effects in Mobile Telephony

So far we have not specified how consumers form expectations about network size and how
the network benefit function is formulated. Most of the empirical and theoretical literature
on network effects assumes linear network benefits. Swann (2002) examines the assumptions
on communications needs which are necessary for the utility function to be either linear or s-
shaped in the network size. He argues that an s-shaped utility function in the network size
is more realistic for an average consumer and that the shape may differ for pioneers, medium
adopters and late adopters. In the time period considered in this study, the mobile telephony
market in Portugal was in its fastest growth phase. Thus, the network benefits should be well
approximated by a simple linear function V (z§) = 8zf.

We employ a very simple rule for the formation of expectations. We assume that consumers
think that the network penetration in the last period will be realized in the current period. When
the market reaches a steady state, such formation of expectations will be fulfilled. Networks are
fully compatible and their users may freely communicate with each other. Thus the expected
penetration is represented by the sum of lagged installed bases divided by the size of population,

2= Zj Zji—1/Mi—1 = z—1. A new subscriber to any of the networks brings the same marginal

‘Alternatively, as the extreme case, we may assume that all consumers of mobile services in the last period

are locked-in. We test robustness of estimates assuming that 50% of prepaid consumers are locked in as well.

11
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utility.

Clearly consumers derive network benefits from a fixed line network as well. In the last years,
however, changes in the number of subscribers to fixed line telephony were negligible. Given our
assumption regarding the linear network benefit function and the linear form of utility function
in (1), any network benefits from the fixed line are cancelled when we normalize with respect to

the outside option.

2.2 The Data

The data used in this study was provided by the Portuguese Competition Authority on quarterly
basis for the time period from January 1998 to December 2004. We use the information on total
subscriptions and on the number of users of pre-paid cards to construct sales. Average prices
per minute are constructed by dividing the total firm revenue from calling by the total number
of minutes.?

To account for the endogeneity of prices and the within group shares we use instrumental
variables. We have to find instruments which are correlated with prices and within group shares,
but uncorrelated with the unobservable demand shocks. The error terms may be autocorrelated
due to the character of data. Thus the usage of lagged endogenous variables, such as lagged
consumer base, could be problematic. Other standard candidates for instruments could be
input factors, see for instance, Evans and Heckman (1983). We have firm specific information
on operating costs and the number of employees, which we use as instruments together with the

4th quarter dummy, which is also variable in the model.

2.3 Supply Side

We assume that firms are aware of the consumer preferences that is they can calculate their

expected subscriber bases as a function of market prices. We start the analysis of merger effects

#Data on subscriptions and revenues per minute are also available in some business reports, for instance by

Merill Lynch. We used one source of data for consistency.

12
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by deriving the elements of substitution matrix for nested logit noted by:

Os1: Osae  Osar
Opie  Opie  Opu

S; = Os11 Ospy  Osa
g Opat  Opar  Opar

Os1¢ dso  Osat
Opay  Op3¢  Opat

where
Bsse —s [l - 08j419=1 — (1= 0)sj] i k=j;
Opre o+ (1= o)si] ik A .

where s;; is the share of network operator j in sales at time ¢ and 3y,

Sjkt —
a . =
T—o it [Uskt

_, is the within group
share. The cross price elasticity of demand for outside option is given by

080t
Opre

= (SktSot
where sg; = 1 — s; is the share of the outside option. We may calculate all elements of matrix S;
using the estimates of o and « from the demand side. Assuming that firms are myopic and that
they set prices only in respect to consumers which are not locked in, we may write the profit
function for firm f at time t as:®

Uy — Z [(pje — meje)sjeome — FCj] (4)

JEF}

where Iy is the subset of networks owned by operator f, c;; represents marginal cost, FICj
is the fixed cost and sj; is the share of operator j in total sales at time t. Consumers with
contracts are excluded as we assume that firms cannot change the prices in their contracts, that
is sjeme = Zjt — Z5,_,, where Zj; is the installed base of firm j at time t.19 In the pre-merger
situation each network is owned by different operator. When post-merger firm controls more

then one network it internalizes the diversion rate between owned networks. We may define an

9Clearly, given the industry dynamics the assumption of static equilibrium is very restrictive but pre-paid users

constitute about 80% of all consumers.
%n the following we assume that a Nash equilibrium exists. See Anderson et al. (1992) for a proof of existence

for the nested logit model with multiproduct firms, assuming symmetry.

13
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ownership matrix Azyxs with values determined by the following rule:

A 1 if the same operator owns networks j and k;
ik =
0 otherwise

Thus, the first order conditions may be written as:

oIl N 0s
Ol g St
= 8y E A~ (pss —mes) =0 5
Opkf SkeMy + my =~ ik apkf (pjt mcjt) ( )
and in matrix notation:
ge + A o Se(pr —mey) =0 (6)

where ¢; is a 3 x 1 vector of elements s;; and similarly p; and mc; are 3 x 1 vectors. A .5, is
known as the Hadamard or element by element matrix product. From this expression, assuming
separate ownership (A = I) and static Nash equilibrium in prices, we may get the estimates of

marginal costs
me? = p; + (15 g, (7)

Furthermore, we assume that firms collude and jointly maximize profits in which case the own-
ership matrix is full of ones. The vector of estimates of marginal costs at time t in this case is
noted as meg.

Assuming that operating costs are a good proxy for marginal costs we may test under which
equilibrium assumption our cost estimates are at best explained by the data on operating costs.

We consider the following dependence between marginal and operating costs:
meje = 1 + v X +wje (8)

where 7; is firm specific constant, X;; are operating costs and wj is the measurement error.
Afterwards we use demand and cost estimates to simulate price effects of a merger between

TMN and Optimus.
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3 Estimation Results

3.1 Demand Side

The demand for mobile subscriptions is dependent on average per-minute call prices, the lagged
total penetration of mobiles and a dummy for the fourth quarter to account for the seasonal
effect. All coeflicients are common across three demand functions. First, demands are estimated
using ordinary least squares (OLS) and two stage least squares (2SLS). As instruments we use
firm specific operating costs, number of employees and the 4th quarter dummy. The Breusch-
Godfrey test indicates autocorrelation of the error terms in all three demand equations. We
account for the problem of endogeneity and autocorrelation by estimating the covariance matrix
of parameters by general method of moments (GMM) using the Newey-West estimator.

The estimates of all parameters are significant, as presented in Table (1). In particular, o is
estimated to be 0.986, which implies that mobile services provided by different network operators
are very close substitutes but the hypothesis of ¢ = 1 may be rejected. There is a very high
correlation of choices within the nest. Large t statistics maybe due to collinearity. Therefore,
we re-estimate the model in differences, in which case the constant r; cannot be identified.
Estimation results are presented in Table (2) under the assumption that prepaid consumers are
not locked in and in Table (3) assuming that 50% of prepaid consumers are locked in. In the
first case, the estimation results are very similar to the initial estimates. The estimate of price
cocfficient o increases to -0.365 and the estimate of o is equal to 0.987. Under the assumption
that more consumers are locked in, the estimates of o and network effects decrease, while price
coellicient remains almost unchanged. However, in this situation computed marginal costs using
formula (7) are negative in the case of TMN. We use the estimates from Table (2) in further
calculations.

The own and cross price elasticities of demand in the nested logit model are specified as:

st‘ B —ﬁpjf [1 — Ugjt\g:l — (1 — U)Sjt} if k= j;

“Pkt

125 Pk [ngﬂg—l + (1= 0)sy] ifk#j.

where s;; is the share of network operator j in sales at time ¢ and Sy, is the within group

15
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share. Table (4) presents the average elasticities for GMM estimates for period January 1998 —
December 2004. We also calculate the elasticity of demand for mobile services in total, which
are given by

Djt

By, = —as;u(l - St)?t

The values in Table (4) are interpreted as follows: on average in the period January 1998 —
December 2004, a 1% price increase by Optimus resulted in 0.058% decrease in total sales
of mobiles. Similarly, a 1% price increase by TMN and Vodafone led to a decrease in total
sales by 0.191% and 0.134%, respectively. These elasticities suggest that mobile and fixed line
subscriptions are rather weak substitutes. The elasticity of demand for mobile services in respect

to the past installed base is specified as
E | =Bz-1(1—s).

If the previous period total installed base increased by 1%, current period sales would surge
on average by 0.821%. This indicates strong network effects. If there were no network effects,
the industry growth would be stimulated only by price changes and the penetration level in the
absence of network effects could be much lower. In addition network effects also have a negative

impact on the equilibrium prices. There is also a significant 4th quarter effect.

3.2 Merger Simulation

In this section we follow the procedure adopted by Nevo (2000), Ivaldi and Verboven (2005) and
other studies employing discrete choice model for the simulation of unilateral effects of mergers.
We use the estimates of demand system presented in Table (2) to compute the marginal costs
under the assumption of Nash equilibrium and joint profit maximization. We find that for the
joint profit maximization to hold, the marginal costs would have to be negative. This is due
to the fact that according to our estimates mobile services are very close substitutes while the
substitution with the outside good — fixed line telephony seems to be rather small. Furthermore
we regress marginal costs resulting from static Nash-Bertrand equilibrium on operating costs

data provided by the firms, as given by equation (8). Because of autocorrelation we estimate
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the model in differences with separate p for each operator. The estimation results are presented
in Table ().!?

It seems that the Nash-Bertrand marginal costs are well explained by the data on operating
costs received from the firms and firm dummies, as presented on Figure (). Visually the best
fit we get for Optimus, followed by Vodafone. Even thought the assumptions we made are very
restrictive, this result suggests that there may be some rationale for using static Nash-Bertrand
equilibrium in the further analysis of the effects of merger between Optimus and TMN. We
account for the ownership of both Optimus and TMN by a single operator by adjusting the

elements of the matrix A. The post-merger prices solve the following equation
P e+ (AP o 5, (p) s (p) ©)

where me; are the marginal costs implied by the demand estimates and the pre-merger ownership
structure. This equation imposes static Nash-Bertrand pre-merger conduct and cost structure
which remains the same before and after the merger. Afterwards we will simulate price changes
in the presence of cost efficiencies.

Based on our model of demand and supply we find that in result of a merger between
Optimus and TMN, the equilibrium prices may increase by values presented in Table ().!? In
the first simulation we assume that there are no cost efficiencies. The further two simulations
consider cost efficiencies of 5% and 10%, respectively. In the last simulation we assume that
after merger less efficient Optimus will be able to provide services with the marginal cost level
of TMN.13 Thus, keeping the consumption constant, we observe significant price increases in all
situations considered. Even in the presence of large cost efficiencies of 10% there are significant
price increases. There are incentives to redistribute sales from the less efficient Optimus to
the more efficient TMN which benefits the firm staying outside the merger. The merging firms

redistribute profits while Vodafone has incentives for a small price increase but enjoys huge

" This Table was temporarily taken out from this version due to confidentiality reasons
2This Table was temporarily taken out from this version due to confidentiality reasons

13()bvinusly, these simulations do not consider adjustments in consumption resulting from price changes, that

is in the number of calls and minutes. But the price elasticities of demand for calls and duration are rather small.
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increase in profits. The smallest price increase takes place when Optimus is able to provide
services at the level of marginal costs of TMN.
Following Anderson et al. (1992), and Ivaldi and Verboven (2004), using the assumptions of

the nested logit model, the net consumer surplus CS equals:

G
1
cs==(1 1=
" ( +> D] ) (10)
g=1
It measures the attractiveness of the set of J+1 products in monetary terms, after subtracting

the price consumers have to pay. |[To be continued...|

4 Conclusion

In this paper we simulate unilateral effects of merger in mobile telephony in Portugal. In the
first stage we estimate demand functions using a standard aggregate nested logit model and
investigate whether network effects have an impact on the decision about subscription to mobile
telephony services in Portugal. In the estimation we use limited aggregate data which constraints
the sophistication of the estimated model, that is, quarterly data on subscriptions and revenues
per minute between January 1998 and December 2004. An important modelling issue is the
lock-in of consumers, since consumers often sign long term deals with their service providers and
therefore do not engage in decision making every month. We use information about the number
of consumers using pre-paid and postpaid services to approximate the number of consumers
which make decision about subscription to mobile services each month.

Mobile services provided by particular operators are close substitutes. Our results suggest
also that network eflects played a significant role in the diffusion of mobile services in Portugal.
Afterwards, using the estimates from the demand side we derive the estimates of marginal
costs. Demand estimates support the assumption of static Nash-Bertrand equilibrium, while
joint profit maximization turns out to be unrealistic assumption resulting in negative computed
marginal costs. Furthermore, we regress the estimates of marginal costs on the data on operating

costs, which was reported by the firms. Our computed marginal costs are well explained by firm
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specific dummies and the average operating costs per subscriber with the coefficient of one. We
use the estimates of demand parameters and marginal costs to simulate unilateral effects of a
merger between two network operators: TMN and Optimus. Finally, we simulate price changes
in the presence of cost efficiencies as well as changes in consumer surplus, profits and total
welfare. Because of the assumption, that relatively few consumers are locked in, and resulting
high estimates of price elasticities, we may perceive our case as the extreme situation, in which
the potential price increase is the lowest. However, even in this case, notifled merger may lead

to significant price increases, even in the presence of substantial cost efliciencies.

19



2006 Telecom Paris conference on the economics of ICT 335

Bibliography

Anderson, S., De Palma, A. and J-F. Thisse. 1992. “Discrete Choice Theory of Product
Differentiation.” MIT Press.

Barros, P. and N. Cadima, 2000. ”The impact of mobile phone diffusion on the fixed - link
network,” CEPR Discussion Paper, n10.2598.

Berry, S.T. 1994. "Estimating Discrete-Choice Models of Product Differentiation.” RAND
Journal of Economics, 25(2), pp. 242-262.

Birke, D. and G.M.P. Swann. 2004. ”Network eflects in mobile telecommunications: An
empirical analysis.” mimeo.

Bousquet A. and M. Ivaldi. 1997. ”Optimal pricing of telephone usage: An econometric
implementation.” Information Economics and Policy, 9(3), pp.219-239.

Brynjolfsson, E. and C. Kemerer. 1996. ”Network Externalities in Microcomputer Software:
An Econometric Analysis of the Spreadsheet Market.” Management Science, 12, pp.1627-
1647.

Chintagunta, P.K., Narayanan, S. and E.J. Miravete, 2005. ”The Role of Self Selection and
Usage Uncertainty in the Demand for Local Telephone Service,” University of Chicago,
unpublished.

Clements, M.T. and H. Ohashi. 2004. ”Indirect Network Effects and the Product Cycle: Video
Games in the U.S., 1994-2002.” Journal of Industrial Economics, forthcoming.

Doganoglu, T. and L. Grzybowski, 2005. ”Estimating Network Effects in Mobile Telephony in
Germany,” Ludwig Maximilians Universitat Munchen, unpublished.

Doganoglu T. and K. Lange, 2004. ”Estimating Models of Long-Distance Carrier Choice and
Cost of Using Alternatives,” Ludwig Maximilians Universitat Munchen, unpublished.

Dubin J.A. and D.L. McFadden, 1984. ”An Econometric Analysis of Residential Electric
Appliance Holdings and Consumption,” Econometrica, 52, pp.345-362.

Economides, N. and Ch. Himmelberg. 1995. ”Critical Mass and Network Size with Application
to the US Fax Market.” Discussion Paper no. EC-95-11, Stern School of Business, N.Y.U.

Economides, N., K. Seim, and V.B. Viard, 2005. ” Quantifying the Benefits of Entry into Local
Phone Service,” working paper, Stanford Graduate School of Business, Stanford, CA.

Evans, D.S. and J.J. Heckman. 1983. ”"Multiproduct Cost function Estimates and Natural
Monopoly Tests for the Bell System.” in: Breaking up the Bell, North-Holland, New
York, pp.253-287.

20



2006 Telecom Paris conference on the economics of ICT 336

Farrell, J. and P. Klemperer. 2004. ”Coordination and Lock-In: Competition with Switch-
ing Costs and Network Effects.” preliminary draft chapter for Handbook of Industrial
Organization, Vol. 3.

Gandal, N. 1994. "Hedonic Price Indexes for Spread Sheets and a Test of Network Externali-
ties.” em Rand Journal of Economics, 25(1), pp.160-70.

Gandal, N., Kende, M. and R. Rob. 2000. ”The Dynamics of Technological Adoption in
Hardware/Software Systems: The Case of Compact Disc Players.” RAND Journal of
Economics, 31, pp.43-61.

Goolsbee, A. and P.J. Klenow. 2002. "Evidence on Learning and Network Externalities in the
Diffusion of Home Computers.” Journal of Law and Economics, Vol. XLV (2), October,
pp.317-344.

Grajek, M. 2003. ”Estimating Network Effects and Compatibility in Mobile Telecommunica-
tions”, CIC working paper.

Greene, W.II. 1997. Econometric Analysis: New Jersey: Prentice-Hall Inc..

Grohn, A. 1999. ”Network Effects in PC Software: An Empirical Analysis.” Mimeo, National
Bureau of Economic Research, Cambridge, MA.

Gruber H. and F. Verboven. 2001. ”The Diffusion of Mobile Telecommunication Services in
the European Union.” European Economic Review, 45, pp.577- 588.

Hanemann, W.M., 1984. "Discrete/Continuous Models of Consumer Demands,” Economelrica,
52, pp.541-561.

Hartman, R., and D.J. Teece. 1990. ”"Product Emulation Strategies in the Presence of Reputa-
tion Effects and Network Externalities: Some Evidence from the Microcomputer Industry.”
Economics of Innovation and New Technology, pp.157-182.

Ivaldi, M. and . Verboven. 2004. ” Quantifying the effects from horizontal mergers in European
competition policy,” International Journal of Industrial Organization, 23, pp.669-691.

Katz, M. and Shapiro, C. 1985. ”Network Externalities, Competition and Compatibility.”
American Economic Review, 75(3), pp. 424-440.

Kim, H.S. and N. Kwon. 2003. ”The advantage of network size in acquiring new subscribers: a
conditional logit analysis of the Korean mobile telephony market.” Information Economics
and Policy, 15(1), pp.17-33.

Koski, H. and T. Kretschmer. 2005. ”Entry, Standards and Competition: Firm Strategies and
the Diffusion of Mobile Telephony.” Review of Industrial Organization, 26, pp.89-113.

21



2006 Telecom Paris conference on the economics of ICT 337

Moch, D. 1995. ”Ein hedonischer Preisindex fiir PC-Datenbanksoftware: Eine empirische Un-
tersuchung”, in: Harhoff, D./Miller, M. (Hrsg.): Preismessung und technischer Fortschritt,
Baden Baden.

Nevo, A. 2000. ”Mergers with differentiated products: the case of the ready-to-eat cereal
industry.” Rand Journal of Economics, pp.395 421.

Ohashi, H. 2003. ”The Role of Network Externalities in the U.S. VCR Market, 1978-86.”
Journal of Economics and Management Strategy, 12(4), pp.447-494.

Park, S. 2003. ”Quantitative Analysis of Network Externalities in Competing Technologies:
The VCR Case.” The Review of Economics and Statistics, 86, pp.937 945.

Pinkse, J. and M. Slade, 2004. ”Mergers, brand competition, and the price of a pint,” Furopean
Economic Review, 43(3), pp.617643.
Rodini, M., Ward M. and G. Woroch, 2003. ”Going Mobile: Substitution Between Fixed and

Mobile Access,” Telecommunications Policy, 27, pp.457-476.

Statistisches Bundesamt Wiesbaden, 1999. ”Neuberechnung des Verbraucherpreisindex fiir
Telekommunikationsdienstleistungen auf Basis 1995”7, Sonderdruck aus Wirtschaft und
Statistik.

Swann, G.M.P. 2002. ”The functional form of network effects”, Information Economics and
Policy, 14(3), pp. 417-429.

Train, K.E., McFadden, D.L. and M. Ben-Akiva, 1987. ”"The Demand for Local Telephone
Service: A Fully Discrete Model of Residential Calling Patterns and Service Choices,”
Rand Journal of Economics, 18(1), pp.109-23.

Wallsten, S.J. 2003. ”Of Carts and Horses: Regulation and Privatization in Telecommunica-
tions.” Journal of Policy Reform, 6(4).

22



2006 Telecom Paris conference on the economics of ICT

Appendix
Table 1: Nested logit estimates
Variable OLS 2SLS GMM
Estimates | std Estimates | std Estimates | std

r; -2.448 0.124 -2.438 0.126 -2.371 0.055
o -0.063 0.319 -0.184 0.328 -0.118 0.037
o 0.987 0.055 0.978 0.055 0.986 0.004
8 4.755 0.108 4.778 0.109 4.574 0.109
Christmas 0.181 0.050 0.179 0.050 0.216 0.054
mse Opt. 0.0373 0.0369 0.0414

mse Tmn 0.0377 0.0378 0.0417

mse Vod. 0.0380 0.0387 0.0427

N*Obj. 2.6381 0.9019 13.2785

Table 2: Nested logit estimates in differences
Variable OLS 2SLS GMM
Estimates | std || Estimates | std || Estimates std

@ -0.138 0.576 -0.397 0.997 -0.365 0.0485
o 1.185 0.362 0.986 0.561 0.987 0.0168
B 3.813 0.431 4.401 0.485 4.399 0.0880
Christmas 0.098 0.022 0.059 0.028 0.072 0.0119
mse Opt. 0.0169 0.0178 0.0175
mse Tmn 0.0173 0.0182 0.0177
mse Vod. 0.0162 0.0185 0.0180
N*0Obj. 1.1419 0.3559 17.92
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Table 3: Nested logit estimates in differences (50% of prepaid users are locked in)

Variable OLS 2SLS GMM
Estimates | std Estimates | std Estimates | std
@ -0.046 0417 -0.365 0.652 -0.347 0.047
o 1.163 0.191 0.882 0.455 0.889 0.015
8 2.116 0.351 2.758 0.415 2.759 0.167
Christmas 0.076 0.018 0.024 0.024 0.024 0.005
mse Opt. 0.0112 0.0131 0.0131
mse Tmn 0.0122 0.0131 0.0132
mse Vod. 0.0106 0.0149 0.0148
N*QObj. 0.7699 0.2302 19.64

Table 4: Average price elasticities — prices and past consumer base

“ Optimus | TMN l Vodafone | Mobiles s;

Optimus -7.61 1.74 1.74 -0.058
TMN 3.38 -3.27 3.38 -0.191
Vodafone 3.66 3.66 -7.59 -0.134
Net.Effect 0.821
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Abstract

An Internet retailer’s (e-tailer’s) outstanding virtual location enhances the
probability of being noticed by potential customers. The notion of a vir-
tual location for e-tailers refers to the analogy to the physical location. In
the empirical analysis, an e-tailer’s Internet search engine rank as well as its
advertising activities in search engines serve as proxies for the virtual loca-
tion. The results suggest that it is optimal for e-tailers to complement a high
search engine rank with investments in online advertising. Moreover, banner
ads seem to serve as price advertising mechanism, whereas sponsored links
rather seem to be used in order to signal outstanding customer service.
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1 Introduction

Today, it is widely accepted that the Internet is not the “great equalizer” it was
expected to be for competition and retailer prices (see for example Smith and Bryn-
jolfsson, 2001; Clay, Krishnan, Wolff and Fernandes, 2002). Empirical analyses have
mainly focused on differentiation in retailer service as a reason for price premiums,
which induce price dispersion and impede the observation of the law of one price.
Smith, Bailey and Brynjolfsson (2000, p. 110) argue that there are certain general
interest websites which make some online retailers easier to be found than their com-
petitors and refer to the huge amounts of money invested in portals and “content
sites”. This phenomenon is interpreted by the authors as “neural real estate” (see
Smith et al., 2000, p. 110).

It should be obvious from everyday observation that not all online retailers can
be found by uninformed consumers in an equally easy way. Instead, some online
shops are easier to be found than others. This seems to be an analogy to the location
in the physical world where shop owners invest considerable amounts of money in
superior locations, for example in highly frequented shopping malls or pedestrian
areas. On the Internet, search engines or news portals are the highly frequented
locations where hyperlinks leading to other sites on the Web are noticed by Internet
surfers with a larger probability. This Internet analogy to the concept of location in
the physical is termed virtual location. This follows the view by Hunter (2003) who
argues from a juridical point of view that cyberspace is perceived as a place with
spatial characteristics, and discusses the implications for legal regulation.

This paper analyses empirically the determinants of the virtual location of e-
tailers'. As most consumers seem to use relatively little sophisticated techniques
when searching the Web (this is one of the results of the study by Machill, Neuberger,
Schweiger and Wirth, 2003), an outstanding virtual location is a crucial factor for the
attraction of potential customers to e-commerce sites. Thus, optimising their virtual
location becomes an integral part of e-tailers’ overall strategy. In the empirical
analysis, the virtual location will be proxied by an online retailer’s position in the
Google search results list and by online advertising activities, since these may be the
most important factors making it more likely for consumers to get to know about
a specific online shop.? The observed activities of online advertising are context
dependent banner ads and sponsored links in the 10 most-widely used Internet
search engines.?

A recent study investigating the market for Internet search engines in German
language by Machill et al. (2003) suggests that having a prominent location on the
Internet is crucial for attracting consumers to websites.! The study consists of two
parts: a survey among operators of search engines in German language, and an

I'Throughout the paper, the terms ‘e-tailer’ and ‘online retailer’ are used interchangeably and
refer to firms selling products online via e-commerce websites.

2There will of course be repeat purchasers or potential customers who directly access a specific
e-tailer which they are aware of due to retailer branding or word of mouth. Hence, similarly to the
physical location, the virtual location is crucial for the attraction of new customers.

3Examples for banner ads and sponsored links are depicted in Figures 2 and 3 in the Appendix.

4The author of this paper is not aware of any comparable study for a further language area.
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experiment, in which the steps of Internet users when solving specified search tasks
are observed and analysed. Machill et al. (2003, p. 92) report extensive linkages
between different search engines, as many of them share the same search technology.
Furthermore, it is well-known that several highly-frequented search engines rely on
the Google technology, and that the Google website itself has a dominant market
share. Both factors combined lead to consumers being highly dependent on the
information provided by just a few search sites on the Web.

Most consumers are neither aware of the economic dominance of the Google
technology, nor aware of the existence of sponsored links on results pages (see Machill
et al., 2003, p. 94).> Furthermore, search engine providers state in the survey, that
users click-through to just a few links of the results pages and that nearly 70% of
the users do not examine more than the first two pages of results, corresponding
to the first 20 hits. This is confirmed by the experimental results of the study (see
Machill et al., 2003, p. 255): 81% of the participants evaluated only the first page
of results, further 13% the first and second pages, implying that only 6% considered
more than the first 20 entries. The results suggest that being visible on the first
or second page of the results list should improve the ability to attract consumers
quite a lot. A means to reach this goal is the use of advertising in Internet search
engines, thus serving as a virtual location. The virtual location being proxied by
both the rank in the Google list of results and contextual advertising in different
Internet search engines is in line with these arguments.

The contribution of this paper is twofold: This is — to the best of the author’s
knowledge — the first attempt to relate the virtual location to e-tailer strategy re-
sulting from profit-maximising behaviour. Second, the analysis is based on a unique
set of primary data from the online market for contact lenses relevant for consumers
living in Germany. The data set contains observations for 146 different online re-
tailers collected between March and September 2002 on a monthly basis. It is not
a selected sample but it represents the whole population of online shops, which are
relevant for consumers living in Germany.

The primary data set contains the prices and range of products offered by
retailers in approximately the whole market for contact lenses. The data are merged
with retailer characteristics as well as information on the virtual location of online
retailers. Neither is the observed product range restricted to a predetermined subset
of products, nor are the retailers selected. The observations are collected directly at
the e-tailers’ websites instead of using shopbot data or data from price comparison
websites.

The results presented in this paper suggest that it is optimal for profit max-
imising e-tailers to complement a high search engine rank by investments in online
advertising. Moreover, banner ads seem to serve as price advertising mechanism,
whereas sponsored links rather seem to be used by e-tailers in order to signal out-

5This is supported by the fact that in contrast to journalism, where advertising and editorial
contents are usually clearly separated according to a code of conduct, this is not common in the
field of Internet search engines (see Machill et al., 2003, p. 92). Also Silk, Klein and Berndt (2001,
p. 140) report a “blurring of the traditional distinction between advertising and editorial content
on the Internet.”
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standing customer service. The search engine rank appears to remain relatively
stable over time suggesting that the virtual locations for the whole market are in an
equilibrium during the period under observation.

The paper is organised as follows: Section 2 describes the related literature,
and Section 3 provides background information on the market for online advertising.
Section 4 describes the data set, which is analysed in Section 5. Section 6 concludes.

2 Related Literature

So far, the existing literature on aspects of the virtual location has been sparse. The
growing importance for online retailers to be prominently placed on the Internet has
been brought to the discussion by Smith et al. (2000). Hunter (2003) discusses the
metaphor of “cyberspace as place”. Based on a theoretical model, Smith (2002)
distinguishes between online retailers with a high awareness on the consumer side
and those with a low awareness and focuses on implications on the pricing strate-
gies of the two groups. That location merges with brand in the virtual space, is
an observation by Tang and Lu (2001) who analyse price dispersion among online
retailers.

There is a growing strand of literature dealing with advertising on the Internet,
most of which tackles the effect of price advertising on competition (see for exam-
ple Stahl (2000) or Baye and Morgan (2001)). Stahl (2000) focuses on the relation
between online price advertising and pricing in e-commerce and the welfare impli-
cations. Baye and Morgan (2001) analyse e-tailers’ incentives to advertise prices
on a gatekeeper’s site (such as a price comparison site where firms pay in order to
have their prices listed) and the competitive effects of such price advertising. The
predictions of this model are tested in an experimental setting by Morgan, Orzen
and Sefton (2003). From a theoretical point of view, Baye and Morgan (2004) con-
sider the effects of informational and promotional advertising in a common model.®
Similarly to the other studies, the effects of both types of advertising on price com-
petition are investigated.

There are two main points differing between the aforementioned empirical pa-
pers and this paper. First, other studies mostly rely on data from a specific gate-
keeper’s website (for example Baye, Morgan and Scholten (2004)). An important
drawback for such approaches is the neglect of retailers never listing on the specific
price comparison site considered which may imply a highly selective sample. In con-
trast to this, also retailers never advertising are observed in the empirical analysis
presented in Section 5. A second difference between the papers cited above and this
paper is their focus on price advertising and price competition, whereas this paper
deals with e-tailer brand advertising as a proxy for the virtual location of e-tailers.

The role of location on the Internet has received attention in a recent paper
from Baye, Gatti, Kattuman and Morgan (2004), where a different aspect of virtual

SInformational advertising refers to the listing of prices on a price comparison site attracting
price sensitive consumers, whereas promotional advertising is understood as creating loyal cus-

tomers and thus enticing websi Wlic away from price comparison sites.
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location is investigated: effects of the position of e-tailers in the price quotation list
of an Internet price comparison site on the decision to click-through to a specific
e-tailer are analysed. The estimates suggest that customers favour products that
are listed higher on the screen. It is important to note that this effect is modelled
and estimated independently of the relative price compared to the other firms in the
list.” Also Ellison and Fisher Ellison (2004) include the rank of the retailer in their
estimation explaining the demand for computer memory modules, but retailers are
automatically sorted according to price on the shopbot site underlying their sample.
Therefore, the effect of the order cannot be distinguished from the price effect. Smith
and Brynjolfsson (2001) find in an empirical analysis of the click-through behaviour
at an Internet shopbot for books that a considerable fraction of consumers does not
decide in favour of the cheapest retailer. The influence of an e-tailer’s position on the
screen can however not be analysed, as retailers are automatically sorted according
to price.

The question of how to identify the ideal location for paid online advertising
is addressed by Bhatnagar and Papatla (2001). They directly address the issue
of narrowly targeting potential customers on the Internet. Their discussion starts
from the consideration that a firm’s customer segment would be best found on the
websites of its competitors which however would deny to sell advertising space.
The discussion focuses on ways to identify adequate websites to advertise at and
considers consumer search behaviour in the analysis. Consumer response to banner
ads is discussed and empirically analysed in Chatterjee, Hoffman and Novak (2003)
or Manchanda, Dubé, Goh and Chintagunta (2004), for example.

In this paper, it is argued that the virtual location is tied to e-tailers’ rankings
and context dependent advertising efforts in Internet search engines. This view is
supported by Machill et al. (2003) where a systematic evaluation of the role and
power of Internet search engines can be found. The study discusses the role and
market power of search engines in the German language area of the Internet but
the results should be transferable to the English part of the Internet without major
obstacles. The authors focus on the market structure in the search engine market and
additionally present an extensive experimental study of user behaviour when using
Internet search engines (selected results of this study have already been reported in
the Introduction).

3 The Market for Online Advertising

Online advertising faces increasing problems of lacking acceptance by Internet users.
A recent study for Germany revealed that the proportion of Internet users tolerating
advertising on websites as a necessary instrument for financing websites has shrunk
to 41 percent from 53 percent at the beginning of 2001 (see Fittkau & MaaB (2003),
cited in ECIN (2003a)). Simultaneously, the proportion of Internet users claiming to
ignore online advertising has risen from 34 to 41 percent. Both Kenny and Marshall

7? are able to assess the roles of the price and the position on the screen separately, as firms

are not listed according to price on the price comparison site they observe.
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(2000) and Hoffman and Novak (2000) report average click rates as low as 0.5 percent
for banner ads. Hoflman and Novak (2000) argue in this context that the optimal
placement of online advertising activities is crucial in order to achieve higher click
rates.

One way to an exact targeting of the relevant consumer group is contextual
marketing (see Luo and Seyedian, 2004). Contextual marketing is defined by Kenny
and Marshall (2000, p. 120) as using the Internet “to deliver tailored messages
and information to customers at the point of need”. One instrument of contextual
marketing are banner ads and sponsored links appearing together with the results
list after search engine queries for specific keywords, which have been chosen by the
marketer. Banner ads refer to ads which are graphically emphasised, for example by
using coloured boxed, graphics or pictures to draw attention on them. In contrast,
sponsored links have an impact by their unconspicious placement on top of the
results list. The optical appearance of these prominently placed links is meant to
differ as least as possible from the ordinary list of results. Examples for banner ads
and sponsored links are depicted in Figures 2 and 3 in the Appendix.

According to Jupiter Media Metrix (as cited in ECIN (2003b)), 42 percent of
online purchases are initiated via a preceding search which makes context dependent
advertising in Internet search engines an ideal advertising channel for online retailers.
If advertising is linked to specified search terms, people interested in the product
qualify as possible customers by the word(s) they actively search for. In addition
to the better targeting of the audience, the advertiser incurs costs only if the user
actually clicks on the banner ad or sponsored link.

The evolution of online advertising in the market for glasses and contact
lenses during the period covered by the data set underlying this paper is depicted
in Figure 1.8 According to W3SCAN.COM, the spending for online advertising
rose from 29,879 Euro during the first wave of data collection in March 2002 to
48,855 Euro during the weeks following the last collection of data in September
2002. In total, 614,063 Euro were spent for online advertising for optics in 2002.
These figures are published online by the company W3SCAN.COM on their website
(www.w3scan.com).

4 Data

The analysis of markets for optometric devices has a long tradition in economics (see
for example Benham, 1972; Kwoka, 1984). The online market for contact lenses was
chosen due to several criteria which make the products suitable for both being sold
via e-commerce and being analysed empirically.” The data set used for the analysis
is condensed from a data set with monthly observations of e-tailers for contact lenses
which were observed between March and September 2002.

8Unfortunately, there is no separate information on the segment for contact lenses excluding
glasses available.

9These criteria are discussed in Haring (2003) where also a more detailed description of the
data set can be found.
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Figure 1: Market for online advertising in the weeks of data collection
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Before collecting the primary data set, the online shops for contact lenses had to
be identified. This was done by searching for the German word for contact lenses in
its two possible spellings (Kontaktlinsen and Contactlinsen) in the ten most-widely
used Internet search engines at the beginning of March 2002. The list of search
engines can be found in Table 5 in the Appendix. From each of these search queries,
the first 250 results were evaluated in order to identify sellers of contact lenses.

The primary data set contains monthly information on both the range of prod-
ucts and the prices offered by the e-tailers which results in more than 20,000 price
observations. Relevant product attributes of the contact lenses and the service
characteristics of the online shops were evaluated once during the period of data
collection and then merged with the price data. This was appropriate since none
of the online shops underwent major changes, and also no product was relaunched
with retention of its original name.

Furthermore, information on the e-tailers’ virtual locations was included. The
virtual location is proxied by context dependent banner ads and sponsored links
in the ten most-widely used search engines'” and by the rank in the Google search
engine at each time of data collection when a search for the German word for contact
lenses in its two possible spellings was conducted. Both forms of online advertising
are linked to the searches for contact lenses in the search engines as described above.
The ranks in the Google list of results were only considered for the first 10 pages of
results (i.e. ranks 1 to 100). Price comparison sites played no role in the market for
contact lenses at the time of data collection.

For the analysis of the link between e-tailer strategies and their virtual loca-
tion, the original data set was condensed. The characteristics of the online shops
underwent a factor analysis in order to obtain factors describing the service of the
online retailers. Names were assigned to the factors according to the underlying
variables they represent. The result are five factors indicating: Convenient navi-

10A list of these can be found in Table 5 in the Appendix.
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gation, superior customer service, a favourable return policy & supply of lens care
products, security and trustworthiness features of the websites, and special services
for customers using contact lenses for the first time.!? The width of the product
range offered by the e-tailers is measured by the number of different products of-
fered. Clearly, the probability of the online shop covering different product segments
of the contact lense market increases with the number of distinct products offered.
Each e-tailer’s overall price level in comparison to its competitors is proxied by the
average of its standardised prices. For this standardisation, each product price is
divided by the average price over all e-tailers for this product.

The result is an unbalanced panel data set with 929 observations on a monthly
basis for 146 different e-tailers. On average, the e-tailers are observed in 6.4 of the
seven months of data collection. Descriptive statistics of the variables used in the
empirical analysis can be found in the Appendix.

5 Empirical Analysis

5.1 Framework

The determinants of virtual location are analysed using data from the online market
for contact lenses. In the case of online advertising, it is obvious that firms deliber-
ately choose whether or not they advertise and which kind(s) of advertising to invest
in. But also the rank in the Google results list can be interpreted as an outcome
of the profit maximising behaviour of e-tailers. Thus, both dimensions reflect the
underlying latent profit maximisation of the e-tailers, and both dimensions of the
virtual location can be investigated using the latent profit index framework which
will briefly be described in the following.

The latent profit is an analogue to the latent utility in the consumer choice
literature (see McFadden, 1974). The latent profit index of an e-tailer when choosing
alternative j out of J possible choices is not observable and assumed to consist of a
systematic and a stochastic component:

Yy =x81¢ (1)

where the latent profit ¥* is not observable, x is a vector of observable characteristics,
[ is a parameter vector, and ¢ is a stochastic error term. The observed outcome y
takes on one of the values 1, ..., J indicating the chosen alternative. Thereby, some
information about the latent index is revealed but the underlying profit level cannot
be fully recovered. In order to use the observed information on the virtual location of
e-tailers, assumptions about the decision process are made in order to estimate the
relationship between various e-tailer attributes and their virtual location. These are
explained in the context of the estimation problem in the following two subsections.

"' The construction of these factors is explained in Hiring (2003).
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5.2 An Empirical Analysis of The Virtual Location
5.2.1 Correlation between Search Engine Rank and E-Tailer Strategy

It has been argued in the previous sections that a superior position in the results list
of search engines is of considerable importance. Since most of the popular search
engines nowadays rely on the Google technology, the achieved position in the Google
list of results is a valid proxy for the virtual location of online retailers.

Regarding the result of Machill et al. (2003) according to which most consumers
evaluate only the first or the first two pages of results when using Internet search
engines, the observed Google ranks are grouped into categories for the first (position
1-10) and the second (position 11-20) page of results in the list. The rest of the e-
tailers is sorted into the third category (position 21 and above). The frequency
distribution over these ordered categories is denoted in Table 6 in the Appendix.

In order to identify the strategies pursued by e-tailers which are correlated with
a high Google rank, the rank is explained by the width of the product range the
e-tailer offers, its relative price level, the amount of online advertising and the five
factors describing retailer services. Since the rank categories are ordered (a higher
rank is better), an ordered discrete choice model is the appropriate tool for analysis.
The latent index y* in Equation 1 can be used to estimate the correlations between
the e-tailers’ strategies and their Google rank using an ordered probit model'?. In
the case of three categories it is assumed that we observe:

y=0 iy <m
y=1 i <y <p
y=2 if g < y*

where 1y < po are unknown threshold parameters. By using the ordered probit
model, a standard normal distribution for the error term ¢ | x is assumed, and the
unknown parameters 3, p; and po are estimated by maximum likelihood. The esti-
mated parameter value ﬁAk for regressor z;, does not correspond to the marginal effect
of a change in z;, on the conditional probability to observe outcome j, denoted as
Pr(y = j | x). These marginal effects dp;(x)/0zx have to be computed separately
for each outcome category. This has been done in Table 1 where the estimation
results can be found. The standard errors are estimated by nonparametric boot-
strapping in order to account for the inclusion of generated regressors, which were
obtained by the factor analysis.

The estimated marginal effects reveal that a wider product range and a higher
price level are associated to a higher probability of being ranked on the first two
pages of results in the Google search engine. Moreover, the probability of achieving
a rank between 1 and 20 decreases with the service level offered by the e-tailers.
But poor service can apparently be offset by investments in online advertising. The
probabilities of being ranked on the first two pages of results are positively corre-
lated with the numbers of banner ads and of sponsored links, respectively. On the
contrary, the probability of being ranked lower than the first 20 entries increases

2For a textbook treatment of the ordered probit model, see Wooldridge (2002, ch. 15.10).
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Table 1: Analysis of rank in Google list of results
Dependent categorical variable:
rank in Google list of results
Rank 1-10 Rank 11-20 Rank > 21

m.eff. s.e. m.eff. s.e. m.eff. s.e.
Width of product range 1072  0.079%** 0.019  0.124%*% 0.027 -0.203*** 0.040
Relative price level 0.058%**  0.022  0.091%%*  0.027 -0.149%** 0.047
Online advertising:
Number of banner ads 0.010%** 0.003  0.015*** 0.005 -0.025%** 0.007
Number of sponsored links 0.003**  0.001  0.004%*  0.002 -0.007**  0.003
Relailer service:
Convenient navigation -0.010%%*  0.004 -0.015%** 0.006 0.025*** (.008
Superior customer service -0.012 0.011 -0.019 0.017  0.032 0.028
Return policy + lens care -0.010 0.017 -0.016 0.027  0.025 0.043
Security + trustworthiness -0.019 0.013 -0.030 0.020  0.049 0.032
New CL user service -0.002 0.005 -0.004 0.008  0.006 0.013
Thresholds:
p1 (s.e.) 3.767 (0.586)
o (s.e.) 4.260 (0.568)
Number of observations 929
Log likelihood -257.4
Wald test (x3) 143.2
Pseudo R? 0.230

Notes: Marginal effects of ordered probit estimation. The marginal effects are calculated at
the mean values of continuous variables. *** ** * denotes significance at the 1%, 5% and 10%
level.

with offering more favourable service. Also cheaper and more specialised e-tailers
(offering a narrower product range) are significantly more often found below the first
20 entries in the list of results. E-tailer’s investment in online advertising is however
negatively correlated with an adverse rank.

The causality of the observed relationship between an e-tailer’s rank in the
Google list of results and its online advertising activities could, however, go in both
directions. On the one hand, e-tailers could use online advertising as a complement
to a high search engine rank. On the other hand, it is coceivable that online ad-
vertising is used as a means to overcome an unfavourable search engine rank. In
which way the causality goes, can not be disentangled using the data at hand. A
higher rank being associated with a higher price level as compared to the competitors
could stem from a reverse causality in the sense that online retailers with a superior
search engine rank are possibly able to exploit this prominent position through price
mark-ups. This possibility is suggested by Smith et al. (2000).

10
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5.2.2 Determinants of the Advertising Decision

In order to capture an additional dimension of the concept of virtual location, the use
of different types of online advertising is explained by the profit-maximising strategy
of e-tailers and the search engine rank which can be expected to be exogenous to the
advertising decision. Thus, the estimated effects are interpreted in a causal sense.
The fundamental decision with respect to online advertising is analysed, implying
that the observed outcome is a categorical variable, indicating the type of online
advertising strategy.!®

The dependent variable distinguishes between online retailers investing only
in banner ads, those investing only in sponsored links, online retailers investing in
both forms of online advertising, and those without any online advertising.'* The
frequency distribution of the online advertising categories can be found in Table 7
in the Appendix. The advertising decision is explained by the width of the product
range, the relative price level, the Google rank and the factors describing the e-tailer
services.

On the contrary to the search engine ranks, the categories describing the online
advertising decision are not ordered but only mutually exclusive. The latent profit
index idea of Equation 1 can be specified leading to the multinomial logit model
(see for example Wooldridge, 2002, ch. 15.9). The multinomial logit model is based
on the assumption that the observed outcome y is the one which the individual
(or firm) attaches the largest latent utility (or here: profit) to. The probability of
observing alternative j can in our case with three possible forms of advertising be
described as:

exp(x)

Pr(iy=j =——3
rly =7 1%) 14+ 8 exp(xBy)

where 7 = 1,2,3. Once the probabilities for j = 1,2,3 are specified, the probability
for no online advertising Pr(y = 0 | x) is known, because the probabilities must
sum to unity. The parameter vector [ is estimated by maximum likelihood. The
estimated coefficients and the marginal effects dp;(x)/0zy computed separately for
each outcome category are denoted together with their estimated standard errors in
Table 2.

3The actual numbers of banner ads or sponsored links are thus neglected.

“Note that only key word-related advertising in Internet search engines is observed in the data.
Other types of activities such as banner ads on portals or general interest websites, for example,
are neglected.

11
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Table 2: Analysis of online advertising activities

Dependent categorical variable:

type of online advertising activities

None Banner ads Sponsored links Both
m.eff. s.e.  m.eff. s.e.  m.eff. s.e.  meff. s.e.

Width of product range »10-2 -0.019 2,112 0.004 0.906 0.018 1.663 -0.002 0.435
Relative price level 0.270*%F* 0.085 -0.168** 0.075 -0.035 0.025 -0.067** 0.027
Google rank (ref.: > 21):

soogle rank 1-10 -0.231%%*  0.084 0.093* 0.053 0.026 0.030  0.112*  0.059
soogle rank 11-20 -0.329%%*  0.104  0.042 0.033  0.091 0.065 0.196** 0.094
Retailer service:

Convenient navigation -0.030*** 0.008  0.003 0.004  0.023%* 0.007 0.005** 0.002
Superior customer service 0.009 0.008 -0.015* 0.008 0.005* 0.003  0.000 0.002
Return policy + lens care -0.038 0.030  0.015 0.013 0.011 0.010 0.012 0.010
Security + trustworthiness -0.010%*  0.005 0.003 0.003  0.003 0.003  0.004*  0.002
New CL user service 0.009 0.034 -0.002 0.014 -0.007 0.013 -0.001 0.009
Number of observations 929
Log likelihood -372.29
Wald test (x3;) 306.46
Pseudo R? 0.3237

Notes: Marginal effects of multinomial logit estimation. The marginal effects are calculated at the mean values of continuous

variables and the base categories of dummies. "

the expected value of the dependent variable. *** ** * denotes significance at the 1%, 5% and 10% level.

e marginal effects of dummy variables are calculated as discrete changes in

12
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The width of the product range offered by online retailers has no significant
influence on their decision to promote their web shop online. By contrast to this, the
relative price level of e-tailers significantly influences the online advertising strategy:
The more expensive an e-tailer is, the more probably it does not invest in online
advertising. Moreover, e-tailers being ranked higher in the Google list of results
invest more probably in both types of online advertising, whereas e-tailers with
less favourable ranks do not invest in online advertising with a larger probability.
This suggests that e-tailers tend to complement a superior Google rank with online
advertising, further enhancing their visibility on the web and thus increasing the
probability of being found by potential customers.

Being relatively cheaper in comparison to the competitors significantly increases
the probability of investing at least in banner ads. This implies that banner ads
seem to be used as a means of signalling low prices.’®> On the contrary, the positive
marginal effects of the variables describing retailer services which are estimated
for the probability of using sponsored links indicate that sponsored links seem to
serve as a vehicle for signalling superior customer service. Both results appear
plausible, when the different optical designs of banner ads and sponsored links are
considered. Banner ads are the more aggressive type of advertising because they are
graphically highlighted and easily distinguishable from the list of search results. If
relatively cheaper e-tailers use banner ads with a higher probability, this result can
be interpreted as evidence for banner ads targeting fairly price-sensitive consumers
which respond to this type of advertising design. Besides, sponsored links which are
designed to hide on top of the list of search results and which differ only slightly
from ordinary search results, can be thought of as appealing to consumers searching
for a reliable supplier or for superior e-tailer quality instead of hunting for a bargain.

In order to check the robustness of the results, various further specifications
of the multinomial logit model have been estimated. The estimated coefficients of
these specifications are denoted in Table 3 together with the coefficients of the orig-
inal specification which is equivalent to specification (2). The standard errors are
estimated by nonparametric bootstrapping in order to account for the inclusion of
generated regressors, which were obtained by the factor analysis. The first speci-
fication explains the online advertising decision by the same explanatory variables
except the 5 factors describing e-tailer services. Specification (3) uses the one-month
lag of the search engine rank instead of the current rank to avoid endogeneity of
the Google rank. In the fourth specification, an additional variable is included, de-
scribing if the e-tailer is a “pure e-tailer” — meaning an e-tailer being active only
in the online business and not running an additional physical store. These results
are fairly robust to these different specifications, and it must be noted that the es-
timated effects of the search engine rank are robust to different ways of accounting
for e-tailer quality attributes.

3 Banners were only sporadically used for price advertising during the period of data collection.
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Table 3: Robustness check

Dependent categorical variable:
type of online advertising activities

0 (2) (3) “)

coefl. s.e. coefl. s.e. coefl. s.e. coefl. s.e.

Only banner ads
Width of product range *10~2
Relative price level

2.076%%%  0.639 0.461 0.926 0.202 1.181 0.303 1.185
S13.117%FF 2,123 -20.368%FF 4607  -20.595%%* 5517  -20.811%** 5766

Pure e-tailer 0.248 0.371
Google rank (ref.: > 21):

Google rank; 1-10 1.960 1.508 2.877* 1.514

Google rank; 11-20 1.640 6.138 2.299 6.077

Google rank; 1 1-10 2.716%*¥*  0.762 2.670%%¥%  0.789
Google ranks—1 11-20 2.334 8.066 2.301 7.773
Retailer service:

Convenient navigation 0.376* 0.213 0.399%* 0.220 0.402% 0.223
Superior customer service -1.770%% 0.668 -1.773%%% 0,603 -1.903***  0.662
Return policy + lens care 1.837% 1.099 1.897%* 0.830 1.908%* 0.869
Security + trustworthiness 0.364 0.238 0.341 0.250 0.349 0.257
New CL user service -0.195 1.032 -0.338 0.509 -0.303 0.511
Constant 9.468%** 1,908 15.724*%%% 3,926 15.946%%*% 4,701 16.053**%* 1,895
Only sponsored links

Width of product range *10~2 2.476%* 1.102 1.400 1.502 1.567 1.588 1.320 1.612
Relative price level -5 TBT Rk 1.358 -2.971 1.946 -2.830 2.011 -2.644 2.315
Pure e-tailer -0.383 0.767
Google rank (ref.: > 21):

Google rank; 1-10 1.426 768 1.398 8.870

Google rank 11-20 2.141 1.976 2.585 2.064

Google ranks 1 1-10 1.657 8.618 1.569 8.788
Google ranks—1 11-20 2.955 1.952 2.911 1.818
Retailer service:

Convenient navigation 1.777F0F 0.430 1.846%%%  0.409 1.868%**  (0.466
Superior customer service 0.378 0.252 0.327 0.251 0.385 0.319
Return policy + lens care 0.864 0.533 0.915%* 0.435 0.915% 0.469
Security } trustworthiness 0.272 0.253 0.323 0.229 0.312 0.292
New CL user service -0.522 0.620 -0.553%* 0.249 -0.603** 0.259
Constant 1.715 1.423 -1.800 2.186 -2.039 2.228 -2.071 2.540
Both

Width of product range *10~2 1.730%* 0.814 -0.491 0.934 0.188 1.082 2.356%% 1.051

Relative price level -10.349%** 1.487  -14.002%%* 2,465  -14.829%F% 3177  -14.509%**  3.696
Pure e-tailer 2.264%%*% 0607
Google rank (ref.: > 21):

Google rank; 1-10 2.771¥*%  0.537 3.600%*%*  0.697

Google rankg 11-20 2.933%%%  0.653 4.314%%% 0,809

Google rank; 1 1-10 3.683%**  (0.849 3.118%%*  0.849

Google rankg 1 11-20 4.715%%%  0.931 3.913%%*  0.902

Retailer service:

Convenient navigation 1.003%* 0.432 1.228%%%  0.440 1.426%%*  0.495
Superior customer service 0.043 0.353 0.032 0.411 -0.237 0.321
Return policy + lens care 2.440% 1.371 2.688%**  0.869 2.997*%* 0,827
Security + trustworthiness 0.842%* 0.390 1.003%** 0361 0.825%%* 0.397
New CL user service -0.258 1.287 -0.371 0.518 -0.154 0.631
Constant 6.260%F%* 519 8.722%*%  2.490 8.970***  3.173 6.952%* 3.516
Number of observations 929 929 77 779

Log likelihood -457.19 -372.29 -306.11 -296.23

Wald test (Xg.l.) 173.78% k% 306.46%** 261.82%** 256.70%**

Pseudo R? 0.1695 0.3237 0.3385 0.3599

Notes: Estimated coefficients of multinomial logit estimation with “no online advertising” as comparison group. The
marginal effects are calculated at the mean values of continuous variables and the base categories of dummies. The

marginal effects of dummy variables are calculated as discrete changes in the expected value of the dependent variable.
*hk XK denotes significance at the 1%, 5% and 10% level.
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Further checks, such as splitting the sample into a high- and a low-quality
subsample and then estimating separately on both samples, could not be performed
due to the sample size. The validity of the independence of irrelevant alternatives
(ITA) assumption has been checked by a Small/Hsiao test which does not reject the
IIA assumption. The results are available from the author on request.

Some effort has been put into the question whether the search engine rank
is endogenous with respect to the advertising strategy, that is, whether the Google
rank can really be treated as an exogenous variable in Table 2. In order to gain some
insight into the problem two test strategies'® both being based on an instrumental
variable approach have been performed. The width of the product range offered by
the e-tailers appears to be usable as an instrument for the search engine rank, as
it turned out to have no effect on the advertising strategy in Table 2 but to affect
the search engine rank even after conditioning on other covariates, as can be seen
in Table 1.

A plausible interpretation for this result stems from the unknown mechanism by
which Google ranks its results: online shops offering a wider product range tend to
consist of a larger bundle of websites than online shops offering less products. This
possibly affects the number of links which is used by Google as one criterion among
others to rank the search results. Besides, there is no clear theoretical relationship
between the number of products offered by an e-tailer and its advertising strategy,
as specialized suppliers offering a limited product variety as well as e-tailers offering
the full range of available products may both invest in online advertising or not.

As the width of the product range is the only available potential instrumental
variable the Google rank is (incorrectly) treated as a continuous variable being cen-
sored at 101 (using dummy variables describing the Google rank, one instrumental
variable would have been necessary for each dummy variable). First, the exogeneity
test by Smith and Blundell (1986) for the probit model is applied with the null hy-
pothesis of exogeneity. For performing this test all advertising strategies are tested
separately, which is possible due to the independence of irrelevant alternatives as-
sumption. Second, a simple plug-in test (analogous to a 2SLS approach) is applied
where in a first stage the Google rank is regressed on the covariates and the instru-
mental variable (see Wooldridge, 2002, p. 474). In the second stage, a multinomial
logit augmented by the residual from the first stage regression is estimated. The null
hypothesis is then tested by a t-test on the coefficient of the residual. Using both
test strategies, the null hypothesis of endogeneity can be rejected and the search
engine rank can be used as an exogenous variable in the analysis of the determi-
nants of the online advertising strategy. The results are available from the author
on request.

5.2.3 Changes in the Virtual Location

In the next step it would be interesting to investigate changes in the virtual location,
particularly in the search engine rank. The frequency distribution of changes in the

1Both tests were originally developed for different limited dependent variable models but are

also applicable to the multinomial logit case.
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Google rank is described in Table 4. It can be seen that substantial changes in the
rank do not occur very often. Most e-tailers stay in the same rank category in which
they were ranked in the previous month. Of course, changes occur in the exact list
of results, but who would notice if a seller with position 56 in May would climb to
position 53 in June? Unfortunately, the number of substantial changes in the Google
results is too small to be analysed econometrically. It can only be concluded that
search engine ranks appear to remain relatively stable over time. This relatively low
turnover in search engine ranks suggests that the market was in equilibrium during
the period of observation.

Table 4: Changes in the search engine rank

rank in month ¢ | rank in month ¢ + 1
1-10 11-20 > 21

1-10 27 5 2
11-20 7 16 12
> 21 1 14 697

6 Conclusions

In this paper, a first empirical analysis of the profit maximising strategies of e-tailers
with respect to their virtual location has been provided. The important role of an
outstanding virtual location in the attraction of new customers has been discussed.

The empirical results suggest that for e-tailers optimising their strategy with
respect to their virtual location, a high Google rank and online advertising appear
to be complements, as e-tailers being ranked among the first 20 results decide to
use banner ads as well as sponsored links with a higher probability than e-tailers
being adversely ranked. Moreover, banner ads seem to serve as price advertising
mechanism targeting price-sensitive customer groups, whereas sponsored links rather
seem to be used in order to signal outstanding customer service to more quality-
oriented consumers. A test strategy using the width of product range as instrumental
variable has revealed that the search engine rank can indeed be assumed to be
exogenous in the analysis of the online advertising strategy.

To complete the descriptive picture on e-tailers and their virtual location, there
must be kept in mind that there is a significant correlation between the combination
of relatively high price level/wider product range/inferior customer service, and a
high search engine rank. Considering the development over time, the search engine
rank appears to remain relatively stable. This suggests that the market was in
equilibrium during the period of observation.

Up to now, the literature on the virtual location of firms has been sparse. The
role of promotional (or brand) advertising online has been illustrated by Baye and
Morgan (2004), and this is the only empirical study examining promotional adver-
tising in the online environment which is known to the author of this paper. Future
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research should focus on the competing roles of promotional and informational (or
price) advertising: What exactly is the trade-off for e-tailers when allocating their
budget for online advertising? In this context — but also for the isolated analysis
of virtual location — information on consumer response to online advertising would
be quite useful. This lack of information could be alleviated using clickstream data
(like for example in Baye, Gatti, Kattuman and Morgan (2004), Smith and Bryn-
jolfsson (2001) or Goldfarb (2002)). Using such data would alleviate the problem
but probably not solve it completely, as only click-throughs to an e-tailer’s website
can be observed, but not actual purchasing decisions or consumer characteristics.

17
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