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Introduction

vi






Vi

Every day, firins have to make numerous decisions: which price to charge, which quantity
and quality to offer, which production technology to use, whether to make an investment or

not, and the like.

When making these decisions, the firm'’s interests may come into conflict with society’s
objectives. Therefore, nunerous laws and regulations try to bring firm behavior in line with
social welfare. Cases in point are the labor law, environmental regulation, product and safety

standards, and of course competition policy.

Yet, these regulations can resolve the conflict between finns and society only in part:
I'irst of all, firms may simply ignore or consciously break the law, in particular if law en-
forcement is inadequate. Second, in many economie environments regulation is difficult and

perforce incomplete. Such twilight zones leave scope for undesirable, yet legal firm behavior.

Illicit firm behavior is a feature of everyday life, and challenges public policy to strike
the right balance between economic freedom and needful intervention.

Various strands of economic literature highlight different aspects of the multifaceted
problem of illicit firm behavior. A vast literature in industrial organization deals with market
power, and what firms do to procurc it, either by teaming up with their competitors (in the
form of mergers, cartels, or tacit collusion) or by squeezing them out of the market (e.g.
through exclusive dealing contracts, predatory pricing, or foreclosure).

Market power is problematic whenever it discourages consumption and/or leads to inef-
ficient production. Apart from such deadweight losses, market power can raise distributive

concerns: higher profits for firms have their connterpart in lower consumer welfare.



viil

Chapters 1 and 2 of this thesis want to contribute to this litcrature. Chapter 1 deals
with "tacit collusion”, i.e. the silent coordination of price setting among firms. Chapter 2
addresses exclusionary behavior, i.e. a dominant firm engaging in practices which are aimed

at deterring entry by a more eflicient firm.

Finally, Chapter 3 speaks to the literature on shadow-economic activities, i.e. economic
activities which are concealed from public authorities to avoid the payment of taxes and
social security contributions, and to avoid compliance with certain legal standards (e.g.

labor market regulations, trade licenses).

The shadow economy raises two major concerns: First, undeclared economic activities
reduce the tax base, which undermines the financing of public goods and social protection.
If the government reacts to the erosion of the tax base by raising tax rates even further, the

economy can get trapped in a vicious circle.

Second, firms operating in the underground economy generally do not have access to
public contract-enforcemnent institutions and to credit markets; thus, these firms tend to
be confined to ineflicient small-scale operation, with adverse consequences for aggregate

productivity growth.

The three chapters of this thesis are self-contained and can be read independently. In
what fallows, I will briefly describe the central research question and the main contribution

of each of these chapters.

Chapter 1 analyzes the mechanisms at work when firms try to weaken competition by

tacitly coordinating prices in an oligopolistic market. A key assumption in many studies of




ix
tacit collusion is that firms can perfectly monitor each other. However, the fact that there
are indeed industries where, because of prevailing business practices, firms are not able to
observe their rivals’ behavior directly, challenged economic theory to shed light on the crucial

role of information in sustaining tacit collusion (Stigler (1961), Green and Porter (1981)).

The conventional wisdom based on this literature is that “more information is always
better than less”. But then, we may wonder why [irms in such markets do not try to
improve transparency in one way or another. Obviously, there are many obstacles (legal and
incentive-wise) to direct information cxchange among firms, but firns might for instance
jointly set up an independent information agency at the beginning of the game which has
the only purpose of collecting and disseminating information about pricing behavior. Ex
ante, every firm should agree to create such an agency, knowing that it will reduce ex-post

incentives to deviate, thus helping to sustain the collusive outcorne.

However, there are only few practical examples of such "information agencies”, and most
of them are not even sponsored by the firms. I will claim that there might be good reasons
for this apparent lack of such agencies: Fven if such an agency was costless and provided
reliable (though imperfect) information about competitors’ behavior, its presence may not

facilitate collusion in any way-.

In more technical terms, I analyze the scope for tacit collusion when the outcome itself
is not publicly observable, but instead firms directly receive noisy public signals about the
actions played. At first sight, it may seem that the better firms can observe each others’

pricing behavior, the more likely it is that tacit collusion can be sustained. I find that this
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is indeed true if the probability of low-demand states is high.

On the other hand (and this may come as a surprise), if the probability of negative
demand shocks is low, there are actually cases where tacit collusion will be more difficult to
sustain (in the sense that firms will have to be more patient) than without any information
on rivals’ behavior. The reason is that in order to take advantage of the information that
becomes awailable, firms need to soften the threat of punishment, which may increase the

temptation to undercut the rival, thus creating severe incentive problems.

Hence, the eflects of increased observability on the industry under consideration are
ambiguous. My central result is therefore that if, for a given discount factor, collusion would
be sustainable without signals but not when signals are taken into account, then firms are

better off if they ignore the signals and punish whenever one firin has zero profits.

Chapter 2 (co-authored with Massimo Motta) deals with rebates, i.e. discounts ap-
plicable where a customer exceeds a specified target for sales in a defined period. Such
discounts have been suspected by competition authorities of helping dominant firms to arti-
ficially foreclose business opportunities for their competitors (see Gyselen, 2003). However,

the economic rationale underlying such practices is not yet well understood.

The purpose of Chapter 2 is to explore the exclusionary potential of rebate arrangements
in the presence of asymmetric buyers and network externalities. Our work is closely related
to the literaturc on anticompetitive effects of discriminatory pricing by Innes and Sexton
(1993, 1991), and on exclusion through exclusive dealing contracts by Segal and Whinston

(2000).




We consider an industry composed of an incumbent firm and an entrant, both supplying
a network good, where the entrant has lower marginal cost of production than the incumbent.

The good is sold to m+1 different buyers, m identical small buyers and 1 large buyer.

For buyers to derive positive utility from consuming a firm'’s network good, this network
must reach a certain minimmun size, where a firm’s network size is the sum of all sales that
this firm makes. We assume that the incumbent disposes of an installed base, and so its
network has reached this minimun size already, while the entrant’s network has size zero at
the outset. In order to reach the minimum size, the entrant has to attract the large buyer

plus at least one small buyer.

The central result of this chapter is that rebates may allow the incumbent to break entry
eqquilibria where the incumbent could not have done so under uniform flat prices. For a wide
range of paramncter values, only the miscoordination equilibrium survives when rebates can
be used. Exclusion is more likely to be feasible if the eflicicncy gap between the two firms is

not too wide.

The reason is that the incumbent has an installed base that provides its network with the
minimum size, so it can serve all buyers who want to buy from it, no matter how many (or
how few) they are, while the entrant can only serve its buyers if it attracts at the least large
buyer plus one small buyer. Thus, if the large buyer decides to patronize the incunbent,
then the small buyers have no other choice than to buy from the incumbent as well, and
vice versa: If the small buyers prefer to buy from the incumbent, then the large buyer will

be forced to do so as well, even if he prefers to buy from the entrant. Now, rebates allow
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the incumbent to play the two groups of buyers ofl against each other, which prevents them

from coordinating on the more eflicient supplier, and so entry will fail.

Chapter 3 addresses the shadow economy, i.e. economic activitics which are concealed
from public authorities to avoid the payment of taxes and social security contributions,
and to avoid compliance with certain legal standards (e.g. labor market regulations, trade
licenses). Unreported activities are a universal feature of economic life, and assumne con-
siderable proportions even in the industrialized world, where they are estimated to range

between 8 and as much as 28 percent of official GDP.

It has been observed that the size of the underground economy (as a fraction of overall
economic activity) varies considerably across countries, which has motivated an extensive
literaturc investigating the causes of this particular form of regulation failure: The burden
of taxes and social security contributions, extensive labor market regulation, as well as
ineflective law enforcement and corruption, have been discussed at length to explain cross-

country variations (sce Schneider/Enste (2000), Johnson et al (1998), Lemicux et al (1991)).

While acknowledging that all of these factors do play an important role in determining
the size of the underground economy, there are good reasons to believe that this list is not
exhaustive. In particular, these factors do not explain the substantial variations in the share
of the underground economy that have been observed not only across countries, but even
within a single country, i.e. within the same legal and institutional framework. A well-
documented example is the South of Italy, where the share of the underground economy is

twice the national average (De Rita/Camusi (2003)).




In this chapter, I present a novel rationale for the variations in the share of the un-
derground economy which can explain both inter-regional and inter-sectoral differences and
sheds new light on cross-country evidence: the intensity of market competition among firms.

The reasoning is as follows: A firm which operates in the underground economy can buy
its inputs, in particular labor, at a lower price (by avoiding payroll taxes, not complying with
safety and health standards, ete.), thereby reducing its variable cost relative to a firm in the
official economy. The underground firm can pass on its savings to consumers, which will
reduce market prices, and as a result its competitors’ profits fall. Thus, the official firm is
put at a competitive disadvantage, and may have to choose between operating underground
as well, or going out of business. The keener is competition, the higher is the pressure to
reduce costs, and the more likely are underground activities to spread in the industry.

I present cross-country evidence on the impact of entry and competition characteristics on
the size of the underground economy in various OECD, transition and developing countries.
While the reliability of data on the underground sector is a controversial issue, my regression
results indicate that more intense competition is indeed correlated with a higher incidence

of shadow-cconomic activity, thus lending support to my model predictions.
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Chapter 1

Can Firms Make Themselves Better

off by Ignoring Information on Their

Competitors?

Introduction

One of the major achievements of the theory of industrial organization has been to
uncover the mechanisms at work when firms try to outflank competition by tacitly colluding
in an oligopolistic market. Today, the factors that facilitate such tacit collusion, like high

concentration, firm symmetry, high frequency of orders, and multi-market contacts, are well-

understood.

A key assumption in most of these analyses is that {irms can perfectly monitor each other.

However, the fact that there are indeed industries where, because of prevailing business

practices, firms are not able to observe their rivals’ behavior directly, challenged economic

theory to shed light on the crucial role of information in sustaining tacit collusion.

In his seminal paper of 1964, Stigler first analyzed the case of a Bertrand-type oligopoly

1




INTRODUCTION 2
with stochastic demand where each firm’s prices are unobservable to its competitors (i.e.
each firm can grant secret price cuts to its customers). Stigler (1964) concluded that without
observability of prices, collusion will in general be more difficult to sustain, but can still arise
if the cartel provides the right incentives.

Following Stigler’s (1961) approach, Green and Porter (1981) developed their model to
show that if firms choose quantities (rather than prices) and can only observe the prevailing
market price (but not firm-specific or industry supply), then episodes of high industry output
(above the collusive level) need not be the result of a collapse of collusion, but should rather
be interpreted as part of the firms’ equilibrium strategies to ensure tacit collusion in a non-
cooperative framework.

Stigler’s (1964) and Green-Porter’s (1984) work inspired a growing literature on firm
behavior under non-observability of competitors’ actions. In particular, Abreu, Pearce and
Stacchetti (1986) analyzed optimal punishment strategies in oligopolies with imperfect mon-
itoring, showing that every symmetric sequential equilibrium payvofl in the Green-Porter
model can be supported by sequential equilibria having an extremely simple intertemporal
structure.

Fudenberg, Levine and Maskin (1994) identify conditions for the folk theorem to apply
in repeated games in which players observe a public outcome (e.g. the market price in
the context of the Green-Porter model) that imperfectly signals the (unobservable) actions

played (e.g. the quantities set by individual firms).!

INote that it is crucial that the signal be publicly observable, because the signal serves two distinct
irposes here: on the one hand. it provides information to the agents (which could be achieved by a private
P 1 tl hand. it y 1 fi tion to the agent hicl Id1 1 d by a t
signal as well), but on the other hand. it also allows firms to coordinale their behavior on the signal's



INTRODUCTION 3

The conventional wisdom based on this literature is that "more information is always
better than less”. But then, we may wonder why firms in such markets do not try to
improve transparency in one way or another. Obviously, there are many obstacles (legal and
incentive-wise) to direct information exchange among firms, but firms might for instance
jointly set up an independent information agency at the beginning of the game which has
the only purpose of collecting and disseminating information about pricing behavior. Ex
ante, every firm should agree to create such an agency, knowing that it will reduce ex-post

incentives to deviate, thus helping to sustain the collusive outcome.

However, as we will see soon, there are only few practical examples of such "information
agencies”, and most of them are not even sponsored by the firms. I will argue that there
might be good reasons for this apparent lack of such agencies. My claim is that even if
such an agency was costless and provided reliable {though imperfect) information about

competitors’ behavior, its presence may not facilitate collusion in any way.

In more technical terms, the purpose of this chapter is to analyze the scope for tacit
collusion when the outcome itself is not publicly observable, but instead firms directly receive
public signals about the actions played. This model specification seems more appropriate
for the type of industry that we are interested in here, namely a market where firms set
priccs (rather than quantities), and neither prices nor aggregate market demand are publicly
obscrvable. Moreover, there is no voluntary information exchange between firms (let alone

explicit agreements on behavior), but firms still tend to have at least partial insight into

realizations (which is not the case for a (noisv) private signal, as then the state of the world will no longer
be common knowledge among the agents, making it difficult or even impossible to coordinate their actions).
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INTRODUCTION 4
their competitors’ behavior.
This information becomes available without any effort on the firm’s part. Examples for

such "exogenously provided” information include:

e Cartels: The idea that cartels would act as ”policemen” enforcing collusive outcomes
is already highlighted in Stigler (1964). One case in point would be the Joint Executive
Committee as analyzed by Porter (1983), which primarily gathered quantity and price
information in an attempt to identify deviations by members. IHowever, this evidence
dates from a period before the Sherman Act was passed; today, cartels are outlawed

in most countries, and hence current examples are rare.

o Governmental or Consumecr Information publications: Government authoritics may
decide to publish contract specifications or invoice prices in an attempt to ”make the
market more transparent”. Examples are US railroad grain rates in the 1980’s (sce
Fuller, Ruppel and Bessler (1990), Ruppel and Fuller (1992), and Schmitz and Fuller
(1995)) and the Danish ready-mixed concrete market in the carly 1990’s (see Albeek,
Mollgaard and Overgaard (1997)). Most of the time, however, this type of information
will be provided by consumer protection agencies which compare price offers for many

industries and make this information available to the general public.®

o New trading technologies: The internet is thought of having changed the informational
structure and trading practices in many markets (sce for instance, Klemperer (2000)

on internet sales versus dealer sales of cars).

9 . . .
_ ~see Mollgaard and Overgaard (2000), p. 3 f., for examples including telephone services. health and car
insurance, pension schemes, home-theater hardware etc.



INTRODUCTION 5

Note that in the examples given above, the price information becomes publicly observable,
i.e. each firm in the industry now has some idea about the (previously unobservable) decisions
taken by its competitors.

In the following, we will try to understand how such an industry compares to one in
which prices are completely unobservable. At first sight, it may secm that the case of partial
observability is just an in-between case which probably shares its properties with the two
polar cases of perfect obscrvability and complete unobservability.

However, 1 will show that this is not necessarily the case: in particular, there is no ”-
monotonic” relationship between the degree of observability and the sustainability of tacit
collusion. Instead, my results point to the fact that a model of partial observability will gen-
erally have very idiosyncratic features that are not trivially implied by the well-understood
models of perfect observability and complete unobservability.

The chapter is organized as follows: Section 1 introduces the model; in Section 1, I
compare my model to the Green-Porter one in terms of sustainability of collusion, length of
punishment and value of collusion. Finally, I discuss some policy implications in Section 1
and conclude in Section 1.

Remark

An obvious alternative to having information being supplied exogenously would be to let
the firms themselves unilaterally ”spy” on cach other. The following examples will illustrate

this point:

e Poaching competitors  workers: in each company, there are key workers who have sensi-
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INTRODUCTION 6

tive information about this company (accountants, controllers, etc.). Comnpetitors can
try Lo make very attractive oflers to these workers (in terms of wages, promotion etc.)

if these workers will in turn provide the relevant information to their new employer.

e Corruption: there are government authorities who have superior information compared
to the market participants (e.g. tax authorities, competition authorities); firms can

try to bribe them to receive information about their competitors.’

e Mcergers: a firm can merge with or buy other firms that have relevant information about
competitors. Such firms can be e.g. upstream supplicers of competitors or downstream
distributors. Alternatively, suppose there is a call for tenders regarding shares of
a firm’s competitor. Then, the firtn might not even be interested in buying these
shares, but could still participate in the tendering procedure in order to obtain access
to confidential documents which will be distributed to potential buyers during the

tender.

Now, one would expect that if information is obtained through wmnilateral cfforts, the
insights would be private knowledge of the ”spying” firm (in particular, if there is room for
mistakes or ambiguities in what the ”spying” firm can observe, then the firm that was ”spied
on” would not know what conclusions its rival arrived at). Unfortunately, the properties of
repeated games with imperfect monitoring and privalcly observed signals are not yet well

understood; one way to resolve the coordination problem in such a model is to allow for

3For an insightful analysis of the relationship between oligopoly and corruption, see Ades and Di Tella
(1999)
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communication between players, as shown in Kandori and Matsushima (1998) and Compte

(1998).

As was mentioned above, this chapter mainly focuscs on tacit collusion, which excludes
explicit communication and coordination between firms. Hence, I will restrict attention to
the case of public signals (i.e. the first type of information flows as illustrated above) and

defer the case of private signals for future research.

g The model

In the exposition of the model, I will closely follow Tirole’s 1988 treatment of the price-
setting variant of Green-Porter’s model in terms of notation and line of reasoning. I consider
an infinitely repeated duopoly game where two symmetric firms, S; and S;, produce perfect
substitutes at constant marginal cost c¢. The firms choose prices every period, and consumers
can perfectly observe these prices so that they will all buy from the low-price firm. The latter
assumption may scem somewhat strong, given that firms cannot observe each other’s prices.
However, it will approximately hold in situations where the buyers are large firms searching
the market for potential input providers, or private houscholds considering an important

purchase (like a car, a home, a holiday trip) and shopping around for the best offer.*

Demand for the product is stochastic; with probability p;, demand will be zero in a

1Recently. a new strand of literature evolved, studying oligopolistic markets where consuiners can only
imperfectly observe sellers’ prices. One interesting result of this work is that increasing market transparency
may not be unambiguously beneficial for consumers (see Nilsson (1999) for a search cost approach, Mollgaard
and Overgaard (2000) and (2001), and Schultz (2001) for a product-differentiation approach, and Klemperer
(2000) for an auction-theoretic approach). Assuming instead perfect observability for buyers has its analytical
advantages, as it allows us to abstract from these issues on the consumer side of the market and focus solely
on firm interaction.




THE MODEL 8

given period ("low-demand state”), and with probability 1 — p;, demand will be positive
("high-demand state”). Realizations are assumed to be iid over time.

For the high-demand state, denote the monopoly (or collusive) price by p™ and the per-
period monopoly profits by II™. T assume that demand is split if the two firins charge the
same price. Thus, in a period of high demand, each firm’s profit under collusion will be
IT™ /2. Next-period’s profits are discounted at rate 6.

If a finn does not sell anything at some date, it does not know a priori whether this is
due to a low realization of demand or to his competitor charging a lower price. Lach firm
can however observe its own profits; thus, it is always common knowledge that at least one
firm realized zero profits (because then cither demand is low, hence the other firm realized

zero profits as well, or the other firm undercut).”

Morcover (and this is where I depart from Green-Porter’s model), I assume that after
each period, cach firm receives a (noisy) signal about his competitor’s pricing behavior in
that period.” These signals are iid over time and independent of the state of demand, and
can be characterized as follows: In a fraction ; of all cases where S; behaved collusively
(i.e. where p; = p™), firm S; understands that its competitor, S;, did not undercut (i.e.
S; observes p; = p™ correctly); however, in a fraction of 1 — «; of these cases, S; receives
a wrong signal, indicating that S; defected (ie. S; observes some p; < p™ when in fact
P = ™). Analogously, in a fraction 3 of all cases where S; undercuts, S; realizes this

correctly, whereas in a fraction of 1 — 3; of these cases, S; gets it wrong and thinks that low

3This common knowledge property will be crucial here, because, as we shall see soon. it allows firms to
coordmate their pumshmf-m on profit realizations even though the latter are only privatcly observable.

8 Assume for simplicity that there is no direct cost involved for the firms to obtain these signals.
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demand has been realized. By symmetry of the finns, we have a; = aj and f§; = B;. The

table below summarizes these properties.

1<ai<1 S.’s signal: Si’s signal:
3<B: <1 S; did not defect | S; defected |
S; did not defect Q 1-o

S; defected 1-8; Bi

I further assume that the realization of S;’s signal is observable to S; and vice versa, and
that this is common knowledge as well.” Again, this inay scem like a strong assumption given
that S;’s prices themselves are not observable for S;, but it is necessary for the coordination
of punishment among firms.? Morcover, if a firm realizes profits II™ /2, this implies that it
can perfectly infer the other firm’s behavior and vice versa. Then, it is common knowledge

that demand was high and both firins cooperated, and so they will ignore their signals.

I will now analyze cquilibria with the following strategics: There is a collusive phase and
a punishment phase. The game starts in the collusive phase. Both firms charge p™ until
one firm makes zero profits and observes a signal indicating defection® (recall that by the
above assumptions, this event will be observed by both firms). The occurrence of this event

triggers the punishment phase: both firms will charge c for exactly T periods. If 7" is finite,

“Ilence. these signals are more similar to the publicly provided information described in the Introduction
than to “spying™ activities on the firm level.

*Recall that, otherwise, we would have to allow for communication (or some other coordination device)
between them, which we want to exclude here as we are only interested in the scope for facit collusion.

9This signal may be the firm's own signal or the competitor's signal. Thus, punishment is triggered if at
least one firm receives a signal indicating defection.
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then after T periods both firms will revert to the collusive phase and charge p™ again until
the next punishment phase is triggered.

Note that we can allow for alternative definitions of the event that triggers punishment
(e.g. "if ezactly one {inm reccives a signal...”); in this case the definitions of a (equation
(1.1)) and 3 (equation (1.4)) need to be changed accordingly.!® Observe also that the Green-
Porter model corresponds to the case where behavior is not conditioned on signals at all, i.e.
punishment is always triggered whenever zero profits are realized, even in the case where
none of the firms receives a signal indicating defection.

Now, let the probability that punishment will be triggered if demand was low and nobody
defected be denoted by 1 — . If the strategy is such that punishment will be triggered

whenever at lcast one firm receives a signal indicating defection, then 1 — « corresponds to
l—a=a;(l—¢)+(1-)e;+(1—a)(l—qj)=1-a?
and hence
o =i =af (1.1)
Thus, the expected discounted present value of the collusive phase is:!!
V= (1-p)(I"/2+6V*) +pa (6V*) + pr (1 - ) (6V7) (1.2)

This equation has the following interpretation: under collusion, the high-demand state

will be realized with probability 1 — p;, each firm will make profits of II™/2 in this period,

10Note. however, that punishing only when both firms get a negative signal will not allow to sustain
collusion {just observe that in the case of perfect observability, a firm considering unilateral deviation will
not face any threat of punishment!)

Heompare equation (1.2) to the analogous one in the Green-Porter model:

Vo= (1 —p) (I /2 4+ 6V™) + p61 . i.e. there is no chance that the collusive phase continues once low
demand has been realized.
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and the game will be in the collusive phase next period as well; with probability p;, the low
state of demand will be realized, and both firms make zero profits.

However, in my model the realization of low demand does not automatically trigger
the punishment phase; instead, with probability a, each firrn will receive the correct signal
indicating that the rival did not undercut, and hence the collusive phase will continue. Still,
with probability 1 — a, at least one firm will receive the (wrong) signal that the competitor
defected, and consequently the punishment phase starts.

The punishment phase lasts for T periods, after which both firms return to collusive
behavior. During the punishment phase, both firms make zero per-period profits. Ilence,

12

the expected discounted present value of the punishment phase is:

V- =6V (1.3)

Suppose now that one firm defects while the other continues to charge p™. Then, if
punishment will be triggered with the probability 3 that at least one firm receives a signal

indicating defection, 3 is defined by:

B = fii+Bi(l-a)+(1-5)(1—-ow) (1.4)

= l—o;+a;f

Now, for collusive behavior to be sustainable in this non-cooperative framework, defection

must be less profitable than collusion; hence, the following incentive constraint (IC) must

2 pnote that this is the same as in the Green-Porter model
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hold:*
VIZ(1-p)I™+(1-58) (V) + 8 (6V7) (1.5)

The incentive constraint says that the value of collusion (V*+) must be higher than the
value of defection. The latter is composed of the one-period profit from undercutting (which
is the entire monopoly profit, II”, with probability 1 — p;, and zero with probability p;) and
the value of next period (which is V' if the game remains in the collusive phase, and §V~
if punishment is triggered). If this constraint holds, no firm will have an incentive to defect
(i-e. undercut the competitor during a collusive phase).

Now, we can rewrite equations (1.2) and (1.3) to obtain:

_ (L —pyIrm/2
l=6(1=p+pa)—61*1(1-a)p

vt (1.6)

and

ST (1-p)am/2

V- = L
1-46(l—pi+pa)— 6T+ (1L - o) p

(L7)

Rearranging the incentive constraint, (1.5), using equations (1.6) and (1.7), we obtain

the incentive constraint in terms of parameters «, 3, 8, and p;:
146(01—-8-~2p$a) <26(1—p)+6" (1 —a)2p - 4] (1.8)
The analogous condition in the Green-Porter model is:

1<26(1—p)+6"4(2p - 1) (1.9)

Ycompare again to the Green-Porter model where the incentive constraint reads:
V=2 {1—=p)1™ + 8V ~. Hence, retaliation was certain to occur after any defection, which is no longer
the case in our model cither.
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Hence, our first observation is that the Green-Porter model corresponds exactly to my model
for parameter values @ = 0 and 3 = 1, for which equations (1.2) and (1.3) as well as the

incentive constraint (1.8) will be exactly equivalent to the Green-Porter framework.

Now, S;’s program can be stated as:
?

max V* s.t. the IC (1.8) holds (1.10)

We see from ecuation (1.6) that V'* is decreasing in 7", meaning that the longer the
punishment phascs, the smaller the value for S;. Hence, S;’s program is solved by finding
the lowest 7" that just satisfies the IC, condition (1.8), provided such a T exists. This optimal

length of punishment will be denoted T°F* in the following.

Comparison to the Green-Porter model

The sustainability of collusion

The first (uestion we may want to ask is: will tacit collusion be more easy or more
difficult to sustain in this model of partial observability compared to the standard Green-
Porter model?

To answer this question, I will first compare the parameter restrictions that need to hold
to guarantec sustainability under the most severe threat possible, i.e. given T' = oo. An
”educated guess” would probably be that the better firms can observe each others’ pricing
behavior, the more likely it is that collusion can be sustained. Ilence, it may come as a

surprise that this is not always the case, as I will show in the following.
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For T' = oc, the incentive constraint in the Green-Porter model reduces to:

1
5> T (1.11)

If this incquality is satisfied, then there exists a 77" > 0 (finite or infinite) such that collusion
can be sustained. A natural restriction on §, the discount factor, is: § < 1. lence, condition

(1.11) can only hold for values of p; satisfying

<l
b 5

Proposition 1 Increased observability of pricing behavior allows for tacit collusion to be po-
tentially sustainable even for pp > % t.c. m cases where collusion would have been impossiblc

in the Green-Porter framcwork.

Proof: From the incentive constraint, (1.8), we can derive the counterpart to condition

(1.11) in our framework:

1
&> 1.12
T 2(l—p) -1+ B8+ 2ap (1.12)

For this inequality to be consistent with 6 < 1, we need to impose

1 A )
P < 51_—0 (1.13)

Note that if Tj—n > 1, then condition (1.13) (which is necessary, but not sufficient for sustain-
ability of collusion) is satisfied even for p; > % Hence, collusion in our model is potentially

sustainable for any value of p; (not just for p; < 3), provided the associated o is high enough.

O
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Note also that for the case of o and 3 as defined in (1.1) and (1.4), we can never have
T-ﬁ_a < 1, as this would imply 5; < 1 — «;, which cannot be the case since, by assumption,
Gi 2 % and o; > % Thus, all values of p; that are consistent with collusion in the Green-
Porter model will always be consistent with collusion for our type of strategies as well.

Next, suppose collusion is potentially sustainable in both models. Then, we may wonder

if the minimum discount factor é required to sustain collusion is smaller or higher in our

model than in the Green-Porter framework. Now, we find that both cases are possible.

Proposition 2 Even if prices are partially observable, collusion may be more difficult to
sustain than in Green-Porter ‘s model of complete unobscrvability in the sense that the critical

discount factor will be higher.

Proof: If the denominator in (1.12) is smaller than the denominator in (1.11), then the
minimum value of § required to ensure sustainability of collusion is higher in our model than
in the Green-Porter model, i.e. collusion will be more difficult to sustain. In particular, we
have 2(1 — p;) — 14+ B+ 2ap; < 2(1 — p;) whenever

11—
n < 5—;?' (1.14)

Note that condition (1.14) is more likely to be satisfied the lower a is.1*0

This result qualifies our "educated guess” made above: increased observability does not

facilitate tacit collusion in a monotonic way.

14Note that this result is in some sense an interesting parallel to Overgaard and Mollgaard (2000): in their
model, where prices are fully observable by firms but not by consumers, increasing market transparency (i.e.
observability of prices by consumers) can actually facilitate collusion if the number of firms in the market is
small (contradicting the conventional consumer protection view that transparency will always be beneficial
for consumers); in our model. we see that given fully informed consumers, there is a range of cases where
increasing observability of prices by firms may in fact make collusion more difficult to sustain.
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Figure (1.1) illustrates Propositions 1 and 2 graphically for the case where punishment
is triggered if at least one signal indicating defection is observed (i.e. a and 8 are defined
according to equations (1.1) and (1.4)), and, moreover, we have that a; = §;. The x-axis

shows ¢, the y-axis shows p;. Now, the white arca represents the region where collusion is

i A
L

Figure 1.1: Absolute and Relative Sustainability of Collusion

not sustainable at all, while the hatched area depicts condition (1.13), ie. the range of values
of p; that are consistent with collusion. Note that for a non-informative signal (i.e. o; = 3),
the relevant interval is p; € [0 %) i.e. coincides with what the corresponding interval in the
Green-Porter model is, while for any informative signal, this interval will be larger, meaning
that the potential for collusion expands as the signal’s accuracy improves. The grey triangle
in Figure (1.1) illustrates condition (1.14), i.c. the area for which collusion is more difficult

to sustain in our model than in Green-Porter’s model.

Ience, we should expect that whenever, for a given é, collusion would be sustainable




COMPARISON TO THE GREEN-PORTER MODEL 17
in Green-Porter but not if strategies are conditioned on the signals, then, for reasons of
efficiency, firms will prefer to behave a la Green-Porter (rather than, say, a la Bertrand,
which is of course still a feasible equilibrium as well).’® In such a case, it would be optimal

for firms to deliberately ignore signals that become available to them for free.

Lemma 3 Let collusion be sustainable under Green-Porter strategics, i.e. condition (1.9)
is satisfied. Then, the Green-Porter strategies (i.e. start punishment whenever one firm
has zero profits, independently of any signal) are still feasible equilibria even if signals are

present.

Proof: see Appendix A

Proposition 4 If, for a given §, collusion were sustainable in Green-Porter but not when
signals are taken into account, then firms are better off if they punish whenever one firm has

zero profits, no matter what the signals indicate about the competitors’ behavior.

Proof: If r

- SE> L
2(1=p)~ 143+ 2ap ~2(1-p)

(which can be the case whenever condition (1.14) is satisfied), then it follows from Proposition
1 that collusion is sustainable in the Green-Porter framework but not in ours. Thus, behaving
as in Green-Porter is not only feasible (as shown in Lemma 3), but also clearly more beneficial
for firms.O

131n section 1. we will show that if both Green-Porier and conditioning on signals are feasible equilibria,
then the latter are clearly superior in terms of payvofls.
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\We can therefore conclude that even if signals are rather reliable and strategies sophisti-
cated, firms may not be able to improve on the expected payofls that Green-Porter strategies
would already yield. This last result highlights the fact that the Green-Porter equilibrium is
amazingly efficient, considering how little firms know about each other and how severe their

inference problem thercfore is.

Discussion

For an economic interpretation of Proposition 2, let us reconsider our incentive constraint
(condition (1.5)): When T = oo (i.e. the length of punishment is infinite), then the value
of the punishment phase is zero (sce equation (1.3)). Hence, the incentive constraint, (1.5),

reduces to:

v 2 (1-p)I"+ (1= 4) (6V7) (1.15)

1
°22

Compared to the corresponding IC in the Green-Porter model, i.e.
[/'+ lﬂ_.n Z (1 _ Pl) ™

we see that conditioning punishment on the signals has two effects on condition (1.15). First
of all, observability enters directly on the right-hand side of the inequality through 1 — 3,
thus adding a strictly positive term to the value of defection (unless 4 =1). 1 - 73> 0,
this means that a firin which undercuts has a chance to get away with it (which is not the
case in the Green-Porier model), and so the temptation to defect increases.

However, the value of collusion, V1, is now a function of o (compare with cquation
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(1.6)). In particular, we have that

ovt

T >0forany T >0 (1.16)

i.e. the value of collusion is in fact increasing in the degree of observability,’® because the
probability that ”false alarm” will trigger a price war after a collusive period decreases,
thus making it less attractive to defect. It depends on the parameter values how these two
contrary eflects of observability on the incentive constraint will finally play out, and so it is
not surprising that there are instances where the net effect is one of increased temptation,
thus making it harder or even impossible to sustain collusion.

Inspection of Figure (1.1) as well as condition (1.12) shows that the less informative the
signal and the lower the probability of a demand shock, the higher the critical 6 must be
(relative to the one in Green-Porter) to sustain collusion, i.e. firms must be more patient
to take advantage of the signals. The importance of signal accuracy for sustainability has
already been stressed: accuracy increases both the value of collusion and the probability of
punishment after defection, thus relaxing the IC.

It secms more surprising that even if the signal is highly accurate, still collusion may
be more difficult to sustain il the probability of demand shocks is low. We have seen in
condition 1.13 that a high p; generally discourages collusion, but relative to Green-Porter,
a high p; will actually facilitate collusion. The reason is that the benefit of using signals
derives precisely from being able to tell apart demand shocks from undercutting. Now, if

such demand shocks are very rare, then the losses due to "false alarm” are not too high

16 Note that this result holds in general, i.e. for any given T > 0, not just for T' = o0.
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anyway, and so the IC (1.5) is actually not relaxed by the positive impact of & on V*, but

instead tightened by the chance (no matter how small) of getting away with defection.

Length of punishment and value of collusion

Suppose now that collusion is sustainable both under our specification and in the Green-
Porter framework. Then, it would be interesting to know how the outcome in our model
compares to the one of Green-Porter under the same set of parameters [6, p;]. In particular,
we would like to analyze how the optimal length of punishment evolves as observability
improves, and how, given the optimal length of punishinent, the value of collusion is affected

by partial observability.

Proposition 5 The optimal length of punishment is decreasing both in « and in 3. When-
ever collusion is more difficult (mmore easy) to sustain under partial observability, the corrc-

sponding length of punishment will be greater (smaller) than in the Green-Porter model.

Proof: see Appendix A

We conclude that in our model, price wars will be less frequent than in the Green-Porter
model, but depending on the level of observability, they may last longer or shorter.

Figure (1.2) exemplifies the result of Proposition 5 for the case of a and 3 as defined
in (1.1) and (1.4), a; = B; and parameter values § == 0.9 and p; = 0.3. The thin horizontal
line at T' = 3. 088 7 represents the optimal length for the Green-Porter model, whereas the

thick curve shows the optimal lengths for the various values of o;. Observe that intersection
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occurs at ; = '1"+lz_m = 0.625, i.e. at the level of a; where the minimum & required to sustain

collusion is exactly the same in our model as in the Green-Porter model. Now, recall that

de;z’r';"e of obscn(%mt_v 09 !

Figure 1.2: Optimal length of punishment

I have already alluded to the gains of increased observability in termns of value of collusion

+
"~ 5 0 for some

several times (see, e.g., Scction 1). So far, however, I only showed that OZ‘)a
T > 0, sce {1.16). Hence, we stili need to analyze how the value of collusion as a function
of a and 3 compares to V* in the Green-Porter model if we take optimal punishment into

account,

Proposition 6 Lct collusion be sustainable in both models. Provided that the firms use
optimal punishiment under both settings, the firms will be better off in our model than in the
Green-Porter framework whenever Tf_a >1.

Proof: First, note that V¥ (T*) in Green-Porter is (weakly) smaller than V* (7**) in

“t

our model:
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can be rearranged to have
67 <6 +a(1-6"7)

Inserting for 7** and 7* and simplifying, we find that the above inequality reduces to

which completes the proof.1'0

Figure (1.3) illustrates this fact for the same parameters that were used in Figure (1.2),
6 = 0.9 and py = 0.3, uwsing the values of T** and 7" underlying Figure (1.2) to compute
the relevant values of collusion. Again, the thin horizontal line represents V* for the Green-
Porter case, whereas the thick curve shows V* for our model as «; varies. The values on

the y-axdis are in terms of II"™/2. Note that for o and 3 as defined by equations (1.1) and

6

305 0.6 09 1

degpéz of nbscr\%#lhty

Figure 1.3: Value of Collusion

I"Note that this condition is identical to the one derived in Proposition 1, and so all comments regarding
condition (1.13) apply here as well, in particular that condition (1.13) will be satisfied for every reasonable
specification of a and 3.
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(14), and o; = B; = 3, the values of collusion in both models will always be exactly the ]
same, which means that with a non-informative signal, firms can never do better than they
do in the Green-Porter model of complete unobservability. The difference between the two

curves represents the value of the signal for the firms.

Welfare Implications

It is evident that, in terms of total and consumer welfare, the equilibria of the Green- ’

Porter model are superior to the models of perfect observability, because collusive monopoly

Phg-gmarip =y g

pricing will alternate with periods of marginal-cost pricing. Hence, if firms in an oligopoly
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cannot observe each others’ pricing behavior, this is in fact beneficial for consumers.
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Now, how does our model compare to the Green-Porter model in terms of consumer

i

welfare? Of course, in the limiting case of @ = 8 = 1, we are in a situation of perfect

observability, and all results developed for this case apply. So let’s focus on cases of partial :

observability, i.e. @ < 1 and/or 3 < 1.

In Section 1, we saw that partial observability allows for collusion to be sustained in cases

where it would not have been sustainable under complete unobservability. Thus, partial W

1R

observability is potentially harmful to consumers when p; > -l—
For p; < %, I showed that, whenever collusion is sustainable under both types of strate-
gies, then price wars will be less frequent and firms’ expected profits will be higher if they

condition their behavior on signals (sce section (1)). Thus, in the presence of signals, a

18 Note, however, that collusion is less of a problem if p; is close to 1, because then, consumer demand is
low and firms will make zero profits most of the time anyway, while collusion is an important issue if py is
low, meaning that consumer demand and potential welfare losses are high. R
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new equilibrium may emerge which dominates both the Green-Porter and the Bertrand
cquilibrium in terms of expected profits, and hence is detrimental to consumer and total
welfare.

Moreover, even if collusion is not sustainable when signals are taken into account, firms
may simply ignore the signals, thus attaining the same equilibrium that would have been
feasible in the absence of signals.

To sumimarize, even though signals will not necessarily facilitate collusion, it is hard to
imagine a situation where these signals could lead to a collapse of collusion which would
otherwise have arisen.’® Hence, to be on the safe side, the competition policy authority
should keep observability at the lowest possible level. Then, collusion will be most diflicult
to sustain (and least profitable) for any value of p;. One way to fight collusion is of course to

encourage entry into the industry, as this will create severe incentive problems for all firms.=°

Conclusion

I analyzed a symmetric Bertrand duopoly model with uncertain demand, where one
firm’s prices are unobservable to its competitors, but firms receive (noisy) public signals
about their competitor’s pricing behavior. At first sight, it may scem that the better firms

can observe each others’ pricing behavior, the more likely it is that tacit collusion can be

9The only difficulty that the firms might face (in particular if signals become available which allow for a
“new” equilibrium to be sustained) is how to coordinate on the payofl-dominant equilibrium (in particular
if that requires switching from a “historical” to a "new™ equilibrium).

*0This is of course true for tacit collusion in general, with or without signals. However. the benefits of the
signals considered in this paper decrease dramatically as the nunmber of firms increases: just observe that
gencralizing the definition of ¢ (compare to {1.1)) will yield a (n) = o, which rapidly converges to zero as
n increases (unless a; = 1), implying that false alarm triggering a price war becomes more and more likely
the more firms are in the market.



CONCLUSION 25
sustained. Comparing the eqquilibrium of our model to the benchmark model of Green-Porter,
where pricing behavior is assumed to be completely unobservable, I first found indeed that
increased observability allows for tacit collusion to be sustainable even if the probability of
low-demand states is high, i.e. in cases where collusion would have been impossible in the

Green-Porter framework.

On the other hand (and this may come as a surprise), if the probability of negative
demand shocks is low, there are actually cases where tacit collusion will be more difficult to
sustain (in the sense that firms will have to be more patient) than in Green-Porter’s model.
The reason is that in order to take advantage of the information that becomes available, firms
need to soften the threat of punishment, which may increase the temptation to undercut the

rival, thus creating severe incentive problems.

Hence, the effects of increased observability on the industry under consideration are
ambiguous. My central result is therefore that if, for a given 6, collusion would be sustainable
in Green-Porter but not when signals are taken into account, then firms are better ofl if they

ignore the signals and punish whenever one firm has zero profits.

If tacit collusion is sustainable in both models, I found that the optimal length of pun-
ishment (i.c. the length of ”price wars”) is decreasing as observability increases, and will
be higher (lower) than in the Green-Porter framework if collusion is more difficult (casy) to
sustain than in Green-Porter’s model. In terms of expected profits, the equilibriumn under
signaling always yields higher payoffs for the firms. Hence, from a welfare-analytical point

of view, I conclude that the competition authority should keep observability at the lowest
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possible level to make collusion as difficult to sustain as possible.

As far as empirical support for our model is concerned, it is hard to imagine how to
derive testable implications and take them to the data, because some of the crucial variables
in our model are unobservables. If at all, the model may lend itself to experimental analysis.

On the theoretical level, note that our framework was designed to analyze the main
question as directly as possible, and hence it lacks some desirable features that would allow

to address a broader scope of issues. Possible extensions of the model include:

¢ analyzing the case where signals are private rather than public; This model specification
would more appropriately describe what I mentioned in the Remark of the Introduction

as ”spying on each other”;

o allowing for such information acquisition to be costly for the firms, where this cost
may increasc with the signal’s degree of precision, in order to obtain results about the
optimal level of "market rescarch” that firms will carry out (i.c. endogenize the level

of observability) and about the iimpact of entry on these research efforts;

e allow for asymmetry of the quality of signals between firms, to see if one firm’s signal

acquisition activity creates positive/negative externalitics on the other firm;

e allow for a larger set of equilibrium strategies, varying in the way firms condition their

behavior on the signals.
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Appendix A: Proofs
Proof of Proposition 5: Part 1: To check how T%"* behaves as o and 3 vary, let’s

analyze condition (1.8). Recall from the firm's maximization problem, (1.10), that the

smallest T that satisfies (1.8) is the optimal length of punishment. Hence, let (1.8) hold

with equality so that
1+6(1-B-2pe)~26(1-p) -6 [(1-a)2p -] =0

defines T%%" as a function of a and 3. Then, after solving for 7" explicitly and differentiating
with respect to @ and 8, we obtain (using p; < § and (1.13), which insure sustainability of

collusion in both modcls)

T 5T+ - §

08 In(8§)6TH[(1-ca)2p — G <9

and

o1t 207"”" 0
o _pl(T/.’?’_<

We see that the higher the probability that punishment will be avoided if no defection
occurred (i.e. the higher o), and the higher the probability that punishment will indeed be
triggered if defection occurred (i.e. the higher 3), the shorter the punishment phase will be.

Part 2: Denote by T™ the optimal length of punishment in the Green-Porter model (i.e.
the T for which condition (1.9) holds with equality), and by 7** the corresponding variable

in our model. Then, we find that 7** > T* implics that

1-48

m<

to | —
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which corresponds exactly to condition (1.14). Recall that whenever condition (1.14) holds,
collusion will be more difficudt to sustain in a model of partial observability than in Green-

Porter’s model.Od

Proof of Lemna 3: Suppose finn j follows the Green-Porter strategies even though
signals are available. Then, we need to check if firm ¢ has an incentive to deviate by condi-
tioning its behavior on the signals instead.

Now, suppose firm ¢ devised a strategy that differs from j’s, and let us analyze the type
of deviations that might be profitable for i. Denote the deviating firm’s value of collusion
by V!, its value of defection by VP, and its value of punishment by V;~. Then, we can
characterize the possible deviations by the following three cases™:

Case (i): Would firm 7 ever want to continue cooperation in a situation where j's strategy
requires punishunent (e.g. if zero profits were realized but both signals indicate that no
defection occurred)? The answer is no: if firm j sets p; = ¢, then it is rational for finn i to
set p; = c as well (even though any p; > ¢ would of course be a best reply as well).

Case (ii): Would firm ¢ ever want to punish in a situation where j’s strategy requires
continuation of (or return to) cooperation? Again, the answer is no: any f; € (¢, p™) would

yield a strictly higher payofl than p; = ¢, 1.e.
(1 - p)TI(p:) +6V,” > 046V,

Moreover, we can conclude from cases (i) and (ii) that V;~ = 67 V;*, where T* is the number

*INote that by the One-Period-Deviation Criterion (cf. Tirole. 1988, p. 2G5), it is sufficient to show that
deviating once is not profitable to conclude that no finite or infinite sequence of deviations can ever be
profitable.
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of periods that firm j will punish (i.e. the optimal length of punishment for the Green-Porter
model).

Case (iii): Would firm ¢ ever want to deviate otherwise in a situation where j’s strategy
requires continuation of cooperation? Clearly, firm ¢’s optimal deviation is to undercut firm
j slightly, thus realizing a deviation payofl of VP = (1 — p,)II™ + 6V;~. Firm #’s incentive

constraint therefore reads:
V2 (1= p)I™ 4 8,

Inserting for V;~ and rearranging yiclds V.t > TT,—;:J—(I —p)IT". Now, if V¥ < V' ie. fim
1’3 strategy viclds a strictly lower payoff than the Green-Porier type strategy followed by
firm j (and still available to firn 7), then firm #’s strategy cannot be a profitable deviation
(since V¥ < V* implies V- < V= and V.P < VP). Hence, we must have V;* > V*. But

then, notice that we have

1 m
‘ Al > V+ I—Tl'_—l(l —pg)l'I ]

where the second inequality now represents the incentive constraint for Green-Porter type
strategics, which holds by assumption. DBut then, we must also have that firm ¢’s IC is
satisfied, since the right-hand side of the ICs is the same for both types of strategics.

To conclude, firm ¢ will behave exactly like finn j, i.e. there is no circumstance under
which firm i would want to deviate. Hence, by symmetry, the same must be true for firm
4, and so ignoring the signals and behaving a la Green-Porter is still an equilibrium even if

signals are available.O

IR ePE gir v e m wedinkyriigre soa
LI s ARSI AL IS FALA  obe 32 Hr iy

b




Chapter 2

Exclusionary Pricing and Rebates in a

Network Industry

Introduction

Rebates, i.e. discounts applicable where a customer exceods a specified target for sales
in a defined period, have been suspected by competition authorities of helping dominant
firms to artificially foreclose business opportunities for their competitors (see Gyselen, 2003).
However, the economic rationale underlying such practices is not yet well understood.

The purpose of this chapter is to explore the exclusionary potential of rebate arrange-
ments in the presence of network externalities. We consider an industry composed of an
incumbent firin and an entrant, both supplying a network good, where the entrant has lower
marginal cost of production than the incuumbent.

The good is sold to m + 1 different buyers, m identical small buyers and 1 large buyer.
Buyers’ valuation for the good is increasing in the mumber of other buyers buying that same
good as well (i.e. in the size of the network). The two networks arc not compatible with
each other, i.e. network externalities can only arise among customers of the same firm.

For buyers to derive positive utility from consuming a firm’s network good, this network

32
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must reach a certain minimum size. We assume that the incumbent disposes of an installed
base, and so its network has reached this minimum size already, while the entrant’s network
has size zero at the outset. In order to reach the minimum size, the entrant has to attract

the large buyer phus at least one small buyer.

The timing of the game is as follows: First, both the incumbent and the entrant simulta-
neously announce their (binding) offers; once these offers have become common knowledge,

each buyer decides which firm to patronize, and how much to buy from this firm.

We consider three price regimes: (i) uniform flat prices, (ii) third-degree price discrimina-
tion under two-part tarifls, and (iit) rebate schemes (i.e. second-degree price discrimination
under two-part tarifls). Under the rebate scheme, firms can only discriminate among buyers

by the quantity they buy, but not by their size or identity.

If firms can only use uniform {lat prices, then the game has two equilibria: entry equi-
libria, where the entrant undercuts the incumbent, and all buyers buy from the entrant; and
miscoordination equilibria, where all firms buy from the incumbent, although the entrant
makes a better offer to them. FEither of the two equilibria can arise under all parameter
alues. Under third-degree price discrimination with two-part tariffs, the miscoordination
equilibria continue to exist for all parameter values, while the entry equilibrium will only

exist if the entrant is sufliciently more efficient than the incumbent.

The situation is similar if firms cannot openly discriminate among buyers, i.e. if they
are restricted to rebate schemes. The central result of this chapter is that rebates may

allow the incumbent to break entry equilibria where the incumbent could not have done so
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under uniform flat prices. For a wide range of paramecter values, only the miscoordination
equilibrium survives when rebates can be used. Exclusion is more likely to be feasible if the

efficiency gap between the two firms is not too wide.

The reason is that rebate schemes, when applied to buyers who differ in size, will be
a tool of (de facto) discrimination, even if the schemes as such are uniform. Now, the
possibility of discriminating between buyers and redistributing rents between them should
help the entrant challenge the incumbent just as much as it helps the incumbent defend its

monopoly position.

However, the incumbent has an installed base that provides its network with the mini-
mum size, so it can serve all buyers who want to buy from it, no matter how many (or how
few) they are, while the entrant can only serve its buyers if it attracts at the least large buyer
plus one small buyer. Thus, if the large buyer decides to patronize the incumbent, then the
small buyers have no other choice than to buy from the incumbent as well, and vice versa: If
the small buyers prefer to buy from the incumbent, then the large buyer will be forced to do
so as well, even if he prefers to buy from the entrant. Now, rebates allow the incumbent to
play the two groups of buyers off against each other, which prevents them from coordinating

on the more efficient supplier, and so entry will fail.

We also find that there is a trade-off between maximizing the entrant’s chances to enter,
and minimizing welfare losses (no matter which firm eventually serves the buyers). Discrimi-
natory two-part tariffs raise the highest barriers to entry, but yield the most efficient outcome

(full efficicncy if the entrant serves, lowest-possible inefficiency if the incumbent, serves). The
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opposite is true for linear tarifls (lowest entry barriers, but least efficient outcomes).

Uniform rebates are somewhere between these two extremes. Note, however, that they
are sufficient to achieve full efficiency. In other words, if the entrant is sufficiently efficient
to enter under uniform rebates, then allowing discriminatory two-part tariffs will not yield

any efficiency gains, but may jeopardize entry.

Our work is closely related to Innes and Sexton (1993, 1994), who also analyze the
anticompetitive potential of discriminatory pricing. In their papers, however, there is uncer-
tainty about entry (in particular about the cost of entry and the potential efficiency gains)
at the time when buyers and incumbent interact. Moreover, the contractual instruments
available to the agents are very sophisticated, whereas in our study, the strategic variables
are as parsimonious as possible. Finally, buyers are identical in Innes and Sexton, so that

there is no role for buyer asymmetry as we analyze it in our framework.

Our work is also related to Segal and Whinston (2000), who show the exclusionary
potential of exclusive contracts when the incumbent can discriminate on the compensatory
offers it makes to buyers. Our study differs from theirs in several respects: (i) in their
game the incuinbent has a strategic advantage in that it is allowed to contract with buyers
before entry occurs; (ii) if buyers accept the exclusivity offer of the incumbent, they commit
to it and cannot renegotiate it even if entry occurs; (iii) buyers are symmetric and only
linear pricing is considered. In our paper, instead, (i) the incumbent and the entrant choose
price schedules simultancously, (ii) buyers simply observe prices and decide on whom to buy,

without having to commit to buying from one or the other; (iii) we explore the role of rebates
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THE SETUP 36
and quantity discounts in a world where buyers of diflering sizes exist. Yet, the mechanisins
which lead to exclusion in the two papers are very similar (both papers present issues of
buyers’ miscoordination, and scale economies which are created by {ixed costs in their model

are created instead by network effects in ours).

The setup

Consider an industry composed of two firms, the incumbent I, and an entrant E. The
incumbent supplies a network good, and has an installed consumer base of size 8; > 0. [
incurs constant marginal cost ¢y € (0, %) for each unit it produces of the network good.

The entrant can supply a competing network good at marginal cost cp = 0, so that
c¢rp < ¢, le. the entrant is more efficient than the incumbent in supplying the good. E
has not been active in the market so far, i.e. it has installed base 3 = 0, but it can start
supplying the good any time; in particular, there is no need to sink any fixed costs of entry
first.

The good can be sold to mn + 1 different buyers, indexed by j =1,... .+ 1. There are
mn identical small buyers, and 1 large buyer. Goods acquired by one buyer cannot be resold
to another buyer, but they can be disposed of at no cost by the buyer who bought them (in
case the latter cannot consumne them). Side payments of any kind between buyers are ruled

out. Define firm ¢’s network size s; (where 7 = I, E) as
L 1 m+l
si=fBi+q +...+4g

Le. the firm’s installed base plus its total sales to all ”new” buyers.
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The large buyer’s demand for firm #’s network good at unit price p! > 0 is given by

max {(1-K)(1-p}),0} ifs;>3
g (pi) = t (2.1)
0 ifs; <3

while a typical small buyer’s demand for firm #’s network good at unit price p! > 0 is

) = max {£(1-p}),0} ifs;>3 22)

0 if ;<3
The parameter K € (0,1) is an indicator of the relative weight of the small buyers in total
market size: if all buyers buy at the same unit price (i.c. if p! = p{), then 1 — K measures
the large buyer’s market share, while K measures the market share of the group of small
buyers. Assume that 1 — K > %, so that if offered the same price, the large buyer’s demand

is always larger than a typical small buyer’s demand.!

Note that the assumption 1 — K > £ jmplies an upper bound on K, namely
m 1P ppe

m 1
K =1
Smrlc [2’ )

and that total potential market size is fixed at 1,

mE L -k =1
me

Our demand functions are identical across buyers up to the size factor (1 — K or %), SO
that a monopolist who could charge discriminatory linear prices would set a uniform unit
price p} = 3 (1 +¢;). Recall that cg = 0, so that p}; = 1; then, our assumption that ¢; < 1

implies that the entrant is never radically more efficient than the incumbent.

I Later, we will allow firm 7's unit prices to differ across buyers of different size.



THE SETUP 38
If firm 7’s network size s; is below the threshold level §, no buyer (neither large nor smalt)

would want to buy firm ’s good. We assume that

Br23

i.e. the incumbent has already reached the minimum size, while the entrant’s installed base
is g = 0. In order to operate successfully, the entrant will have to attract enough buyers
to reach 8.°

Key Assumption: In order to reach the minimum size, the entrant has to serve the

large buyer plus at least one small buyer:
§>max {1- K,K} (2.3)

Thus, winning the large buyer’s orders is indispensable for the entrant to operate successfully.
However, neither demand of the large buyer alone, nor demand of all small buyers taken
together, is suflicient for the entrant to rcach the minimum size.

Note that only units which are actually consumed by a buyer count towards firm 7’s
network size. The demand functions also deline the quantitics that buyers can at most
consume, namely 0 if s; < §, and 1 — K (for the large buyer) or K/m (for the small buyer)
if s; > 5. We do not allow I5 to produce units and throw them away (or give them away for
frec to buyers who cannot consume them), in order to reach the minimum size.

We also assume that the threshold level 5 is weakly below the total potential market

size. Thus, if the entrant gets to sell to all m + 1 buyers at marginal cost, then it will reach

MER] - - I3 - M .3 e ‘s
“Note that if the entrant manages to reach the minimum size 3, then consumers will consider I's and E's
networks as being of homogenous quality, even if s; &£ sg.
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the minimum size for sure:
5 < mqg (cg) +qp (cB) =1 (2.4)

Note that inequality (2.1) together with cg < ¢; imply that the social planner would
want the entrant (and not the incumnbent) to serve all buyers.

Play occurs in the following sequence:

t = 0: The incumbent and the entrant simultancously announce their price schemes,
which will be binding in ¢ = 1.3

t = 1: Each of the m + 1 buyers decides whether to patronize the incumbent or the
entrant.

As for the price schemes that firms can offer in ¢ = 0, we will consider three possibilities:

(1) the benchmark case of uniform linear prices (Section 2);

(2) the second benchmark case of third-degree price discrimination under two-part tariffs
(Section 2); and

(2) the case of central interest, that is second-degree price discrimination under two-part
tariffs, i.e. uniform cuantity discounts or "rebates™ (Section 2).

(Appendix B briefly discusses the case of full price discrimination. A possible third
benchmark is considered in Appendix C, namely uniform two-part tariffs, where firms can
offer fixed payments (ruled out in Case (1)), but cannot discriminate among buyers, ncither

by their type (Case (2)) nor by the quantity they buy (Case (3)).)

4In other words, firms can commit to make fixed payments at tlie end of ¢ = 1 (buyers don’t have to be
concerned that firms renege on pavinents), so we exclude the possibility that firms just make vague promises,
keeping buyers in the dark about how much they will actually get in the end (though such situations may
arise in practice. see Gyselen, 2003).
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Let us assume that offers are observable to everyone, e.g. because they have to be posted
publicly. Then, when the buyers have to decide which firm to buy from, the firms’ offers
will be common knowledge. In ¢ = 1, buyers decide which firm to buy from. We will restrict
attention to the case where a buyer can only buy from one of the two firms, but not from

both of them simultaneously.

Two benchmark price regimes

Uniform linear pricing

As a first benchmark case, let us consider the situation where firms can only use uniform
flat prices (but no fixed payments or unit prices which vary with quantity). In line with the
work of Bernheim and Whinston (1998) and Segal and Whinston (2000), we find that our
game has two types ol pure-strategy Nash equilibria: one where all buyers (or sufficiently
many) buy from the entrant, and one where all buyers buy from the incumbent.

The following proposition illustrates the simplest of these two types of equilibria.

Proposition 7 (equilibria under uniform flat prices) If firms can only use uniform flat
prices, the following two pure-strategqy Nash equilibria exist under the continuation equilibria
as specified (after eliminating all equilibria where firms play weakly dominated strategies):
(i) Entry equilibrium:
-if3< 1~—c¢, E sets pg = ¢, I sets py = ¢, and all buyers, after observing pp <
min {p;.1 — 5}, buy from E.

-if5>1~¢q, F setspp=1—35, I sets p; = p} (wherc py is firm I’s monopoly pricc).

- e — e — —— s ——— e —— —————— ——
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and all buyers, after observing pg < min {py,1 — 3}, buy from E.
(#t) Miscoordination equilibrium: I sets p; = p} , E sets pp = py, (where py, is firm

E’s monopoly price), and all buyers, after observing pr — pe < pi, end up buying from I.
Proof: see Appendix A

Which type of equilibrium will eventually be played depends on the underlying continu-
ation equilibria, i.e. on how buyers coordinate their purchasing decisions after observing the
firms’ offers*; If a buyer can rely on all other buyers patronizing E whenever E’s offer is at
least as good as I’s, then it is perfectly rational for this buyer to buy from E as well. This, in
turn, corresponds exactly to what all other buyers expected him to do, and so confirms the
rationality of their own supplier choice. Under such a continuation equilibriumn, the entry
equilibrium of Proposition 7 (i) will arise.

If instead each buyer suspects all other buyers to patronize I even when I’s price is
strictly higher than E’s (as in the miscoordination equilibrium of Proposition 7 (ii)), then
no buyer will want to buy from E': Recall that no individual buyer’s demand is ever suflicient
for E’s network to reach the minimum size 5. Then, being the only buyer to buy from £
means ending up with a good that has zero value to that buyer (no matter how cheap it
is). Hence, as long as buying from I still gives positive surplus, each buyer will want to buy
from I, which then confirms all other buyers in their decision to buy from I as well.

In some sense, a buyer who buys from I is always on the safe side: The incumbent’s

network benefits from its installed base, so that I’s good will always generate strictly positive

4where "coordination™ describes the collective behavior under indiridual decision making; we do not allow
buyers to meet in ¢ = 1 and make a joint decision on which firm to patronize.
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utility to whoever buys it, no matter what the other buyers do. Under such a continuation
equilibrium, the incumbent can even charge its monopoly price (and will optimally do so)
without losing the buyers to the entrant.® These equilibria are particularly troublesome,
because they show that a highly ineflicient market outcome can persist even in the presence
of an efficient competitor.

The equilibria characterized in Proposition 7 represent extreme cases, in the scense that
the underlying continuation equilibria are the most favorable ones for the firm that serves
the buyers in equilibrivin. These equilibria arc by no means the only cquilibria that can arisc

in our game.

For instance, there are other equilibria where all buyers do miscoordinate on the incum-
bent, but the latter can at most charge some price p; < pj. Such an equilibrium can be
sustained by continuation equilibria where buyers buy from / as long as p; — pr < py, but
would switch to £ if the price difference exceeded p;. Likewise, there are entry equilibria
where the entrant must charge a strictly lower price than ¢; (or 1 — §) to induce buyers to
coordinate on IS, For the rest of the chapler, we will focus on those continuation cquilibria

which arc the most profitable ones for the firm that cventually serves the buyers.

Finally, there can also be equilibria where both [ and F offer the exact same price,
and a critical number of buyers patronize E (so that E reaches the minimum size), while
the remaining buyers buy from /. These equilibria can only be sustained by very specific

continnation equilibria, and we will not consider them in the following sections of this chapter.

®In this situation. the entrant is indifferent among all prices pg > 0 it could charge. and might as well
offer its monopoly price, which weakly dominates all other possible equilibrium prices.
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Third-degree price discrimination
As a second benchmark case, suppose that a supplier ¢ = I, E can offer contracts of the

type
T/ =plg;— I}, with j = 5,1

where the fixed component R? could be either positive or negative (if R} < 0, it is a franchise
fee, i.c. a payment from the type 7 buyer to the firm ¢; if Rf > (, it is a slotting allowance,
i.c. a payment from the firm i to the buyer j), and where p} is the variable component of
the tariff. -

We assume that the suppliers can discriminate between one group and the other of
buyers, but not within each of them (Appendix B briefly discusses this case), and contrary
to the case of rebates analyzed in Section 2, there is no possibility of personal arbitrage by
buyers: a large buyer cannot ’pretend’ to be a small one and vice versa.

Buyers scek to maximize total surplus, which is the sum of net consumer surplus and
possible lump-suun payments they receive from or have to pay to the firms. Define net

consumer surplus as follows:

i 1 .
csi() = 30-r)d (7) 25)
: ¢
! L1-K)(1-p) ifsi>5andp] <1 oo 20
= or j= .6
0 otherwise
\
(
_ %%(l_pz)l ifs,-ZEandp{Sl for j = s 27)
0 otherwise
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Lemna 8 (miscoordination under third-degree price discrimination) For all parameter val-

ues, there is an equilibrium where I sets

1K 3 1 ;
s __ 0l _ . .ps__ _ % _ 2 I=____ N e _ 2
P} =p; =cr Ry 2m (L—e¢p)", It 2(1 K)(1-a)
E makes the analogous offer, pfy = pl, = cp = 0. R}, = -‘%':",;',RIE = —% (1 - K), and all

buyers, after observing that I offers non-negative total surplus, buy from I.

Proof: Buyer j is indifferent between buying from /; and not buying at all: buying
from /I yields total surplus CS} (er) + Rf} = 0, and not buying at all yields zcro surplus as
well. Buying from E| given that all other buyers buy from / (so that £ would not reach the
minimum size), would yield 0 + R";; < 0, so buyers strictly prefer to buy from . Given that
buyers buy from [ as long as C S} (p}) + R‘} > 0, the inciunbent will optimally set price equal
to marginal cost to gencrate maximum consumer surplus, and then use the fixed component
of the tarifl to fully extract this surplus, thus making maximal prolits CS} (¢;) +mCSj (cr).

Now, suppose the entrant deviates by offering a strictly positive payment to the small
buyers: pf; = ply = cg =0 (wlog); Ry = = > 0, and Ry, < —mR}y, < 0. (The analogous
reasoning applies to an offer where instead the large buyer would receive R, > 0 while
R £ —-%R’E < 0.) Under this offer, the small buyers will no longer buy from I, as they
will rather accept 1% units for free from the entrant to qualify for payment 7%, Then, even
if the large buyer continues to buy from /, so that the entrant will not reach the minimum
size (and hence the % units remain without value to the small buyers), they will obtain a

strictly positive surplus: CSy (cp | sg < 5) + R, =0+ 2> 0.
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However, they will be unable to consume the units they received from E, and so they
will dispose of their units: Recall that g} (p’}_:) = 0if sg < 3, and that K/m < 3, so

that no buyer will be able to consume the good if he is the only one to do so. Hence, E’s

K

network still has size zero even after £ gave - units to each of the small buyers, because
only units which are actually consumed count towards a firm’s network size. But then, the
large buyer will not want to switch to E, as he would obtain strictly negative surplus from
E,CS(cp|sp <8+ R, <0-ms<0.

Thus, the large buyer will continue to buy from I, confirming the small buyers’ expecta-
tion that £’s network will remain below the minimum size (so that disposing of their units
is the only option left to them). But then, F will not break even: if E sells at marginal
cost to the small buyers, E cannot make strictly positive payments to them, unless £ makes
positive profits on the large buyer.

We can conclude that if buyers are miscoordinated, any feasible alternative offer E' can
make must satisfy R% < 0 and R%; < 0. But such an offer will not induce the small buyers
to leave 1 unless the large buyer does so as well, which will never happen precisely because

buyers arc miscoordinated. But then, F might as well offer pf = P =ceg = ;R =

—1& R, = -1 (1 — K), which completes our proof.l]

2m?

Now, we want to find the conditions under which there is an entry equilibrium of the

game where firm I and E make simultaneous offers 77.

Suppose there is a candidate equilibrium at which the entrant charges:

Py =P =g = 0; Ry, R,
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where the entrant optimally chooses to set the variable price equal to its marginal cost so as
to maximize the rents that arise from the relationships with the buyers (otherwise, surplus
would be inefficiently lost).

Since the entrant needs both the large buyer and at least one small buyer, this candidate
equilibrium would not survive if the incumbent could make an offer that makes either the
large buyer or the small buyers better off, so that it becomes a dominant strategy for this
type of buyer to buy from 7, no matter what the other buyers do. Let us look at each
possibility in turn.

The first question is whether the incumbent can profitably induce the large buyer to
switch. In this case, the small buyers would be forced to buy from I as well, even if I’s offer
to them is much less attractive than E’s offer. The best offer 1 can make to the large buyer
is to extract all the surplus from the small buyers and offer it to the large buyer. Such a

deviation would take the form:
pi = pt = i3 R = =CSi(cr), Ry = mCSi{er).

Therefore, the candidate equilibrium can survive this deviation only if the entrant leaves the

large buyer with a larger payofl than the one offered by the incumbent, that is only if:
CS%(ce) + Ry > CSi(cr) + mCSi(er),
which can be rewritten as:

-RY < CSk(cg) — CSi(cr) — mCSi(cr). (cond 1)
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Second, the incumbent may also induce a deviation of the small buyers. To this end, it
could extract all the surplus from the large buyer and offer it to the small buyers. Such a

deviation would consist of the offer:
p; = p} = c1; Ry = —CSj(c;), B} = CSi(cs)/m.

In order for the candidate equilibrium to survive this deviation, the entrant must therefore

make an offer such that:
CSi(cg) + Ry > CSi(cr) + CSk(cr)/m,

or:

CS;(CI)

m

—R% < CSi(ce) — CSi(cy) — (cond 2)

Note that conditions (cond 1) and (cond 2) must hold simultaneously. Also note that the
entrant’s profits must be non-negative: Since, at the candidate equilibrium, the entrant is

selling at marginal cost, the following break-even condition must hold:
—RY, —mR% > 0. (cond 3)

An entry cquilibrium where py = p = cg = 0; R§, R%; can therefore survive only if
conditions (cond 1), (cond 2) and (cond 3) will simultaneously hold. Optimality requires
firn F to charge the highest possible fee (or to leave the lowest possible allowance) to the
buyers. Therefore, at the optimum conditions (cond 1) and (cond 2) will be binding. By

writing (cond 1) and (cond 2) with equality and inserting them in (cond 3) we obtain:

CSh(cg) + mCSy(ce) = 2 (CSi{cr) + mCS;(cr)) -
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In words, entry equilibria can only arise if the total rent generated by the entrant is at least
twice as high as the total rent generated by the incumbent. We can make use of the demand
functions of the buyers and insert the actual consumer surpluses into the previous inequality;,

which can then be simplified to

1
(3121—' jz*

In other words, an entry equilibrium can exist only if the entrant is sufficiently more efficient
than the incumbent.

This contrasts sharply with the case of uniform linear tariffs of Section 2, where entry
cquilibria could arise even if the efficiency gap between the entrant and the incumbent was
very small (i.c. evenifc; — ¢g = 0). But discriminatory two-part tarifls allow the incumbent
to strategically redistribute rent across different types of buyers in order to exclude the
entrant from the market.

Finally, the incumbent’s offer in such an entry equilibrivun (where the incumbent does
not sell anything) will depend on how the buyers coordinate on the entrant: If, for instance,
buyers buy from E whenever E’s offer is at least as good as I’s (analogously to the continu-
ation equilibrium of Proposition 7 (i)), then the incumbent’s equilibrivun ofler must exactly

match the entrant’s, c.g. as follows:
P} =ph = ey Ry = mCSi(cr). R} = CSi{cr)/m

Note that this ofler is not actually feasible (if  sold at marginal cost, it could not afford

to make strictly positive payments to all the buyers). But if I offered less than that, the
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entrant would want to follow suit and reduce its offers as well, thus violating conditions

(cond 1) and/or (cond 2), and such offers could not be sustained as an equilibrium.

Proposition 9 (entry under third-degree price discrimination) If firms can use two-part
tariffs and discriminate between large and small buyers (but not among small buyers), then

the entry cquilibrium can only arise if

cg>1l-— \/520.29‘29

and is characterized by

K—(1-c)? (1= K) = (1—c¢;)?
s J=en)? 1——K(1—c1)2
pr = pﬂ:c;;R'I=I\——( 5 (= 5

with all buyers buying from the entrant after observing that the entrant’s offer is at least as

good as the incumbent’s.

Proof: follows from above, where the expressions for 113, R, Rj, and I, were obtained

by inserting from definition (2.5).0

It is worth studying whether the entrant offers a positive or a negative fixed component

to the buyers at equilibrium. It is straightforward to note that:

Ry <0 f K>(1-¢)% andRL <0 if K <1—(1—ep)

We can now illustrate the result in the plane ((1— c¢;)% /), as in Figure 2.1.  The




TWO BENCIINARK PRICE REGIMES 50
X
o0/ (l+m) - e
| BRI P
( Rgd )
' hd
R Rip>0 : »~
RSg<D 4 sl
n KT No entry
Rll<n Vi : N ’ ’
// ¢ \\
ya 1 ~
e ] ~
I’ ) \\
’ [ ~
17 RS>0 L e
p i AT
F IR . \‘
' N
Rig<0  F' BN
] ~
LI__ > (ley
14 172 1

Figure 2.1: Region where the entry equilibrium exists (plain) and does not exist (dotted)

Figure shows the regions where the entry equilibrium exists and characterizes it by showing
whether at the equilibrium firm £ has to pay or not a fixed fee to the buyers. Iirst of all,
note that for any given admissible level of K the more efficient is firm E relative to firm [/
(that is, as we move horizontally to the left of the plane) the more likely that we find an
cquilibrium in which firm F is able to extract surplus from both the large and the small

buyers.

Let us now look at the comparative statics on K. For any given value of (1 — ¢;)?, an
increase in K makes it more likely that firm £ charges a positive fee to the small buyers and

a negative fee to the large buyer. In particular, note that:
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mR% < Ry iff Kz%.

In other words, when K > %, that is when the small buyers account for most of the |

market, the entrant will extract more surplus from them than from the large buyer at equi-

librium.

To underst(';nd these results, note that according to our assumptions the entrant needs
to have purchases from both the small and the large buyer. When K is small, what the
incumbent will want to do is to extract as much as possible from the large buyer, whose
surplus is larger than the aggregate surplus of the small buyers, to induce the small buyers | ;{!l
to buy from it; when K is large, the opposite will occur: the share of the small buyers is the ! ‘ ’
largest, and the incumbent will try to extract as much as possible from them to offer it to ‘ i )
the large buyer. Ilence, when K is small, the entrant will need to make its best ofler to the

small buyers, whereas when K is large, it is the small buyers’ market share which is largest, l i

| I
il
and therefore it is the large buyer who needs to be induced to buy away from the incumnbent. » ] } |

Rebate schemes (Second-degree price discrimination) ! !

Let us now consider the case where firms cannot make their offers directly depending on K |

the type of buyer (large or small), but have to make uniform offers to both types which may l o

only depend on the quantity bought by buyer j=1,... ,m + 1

; Piag — Riy g < g | :l:
M= ' "
Pi2ql — Ria ¢ 2 Gip | l L
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The fixed component, R;; or R;3, can again be either positive or negative.” The difference
is that each buyer can now choose his tarifl from this price menu by buying either below the
sales target ;1 or above the sales target g;2, where g1 < @i -

It is well-knnown that such quantity discounts or rebates, when applied to buyers who
differ in size, will be a tool of (de facto) discrimination, even if the schemes as such are
uniform. But to achieve discrimination, the tariffs have to be sct in a way that induces
buyers to sclf-select into the right category, with small buyers voluntarily buying the low
target, and the large buyer choosing to buy the high target.

First, consider the large buyer j = I, and suppose his demand at price p;, is above the
threshold, i.c. g} (pi2) = . (this will be the only relevant case). Then, the large buyer
can either buy g (p;2), which yields total surplus CS? (p;is) + Rig, or he can buy below
the threshold g1, Le. g; = min {q} (p;1) @1} at price p;;, in which casc his net consumer

surplus can be expressed as

4
CS} (pis) if ; > § and ¢} (pi1) < Gin
"l,? g3 ~ — _ - . - [
CS" (pin. Gia) = ﬁ Gia (1—pin — Giagrr) s >5and g (pig) > G (2.8)
0 otherwise

\

Next, consider a typical small buyer j = s, and suppose his demand at price p; » is below
the threshold, i.e. ¢f (p;2) < ;2 (again, this will be the only relevant case). Then, a small
buyer may cither buy ¢ (p;), which yields total surplus CS? (p;.;) + R; 1, or he can buy the

sales target g; 2 at price p;» (i.e. a quantity which exceeds his actual demand at this price).

®Results are qualitatively similar if we restrict fixed payments to go from firms to buvers only. while
ruling out franchise fees paid by buyers to firms.
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If gip > %, i.e. if the sales target is above the largest quantity he can consume,
g (pi =0) = £, then the excess units, ;5 — £, can be disposed of at no cost.” Define

the small buyer’s net consumer surplus of buying ;2 units s
{

- -~ 1m\ - - -
G2 (L—pia—Gas®) ifs;>5andGia< &

CS*™ (pia. Ti2) = J LE — pisGia if ;> 5and gz > & (29)

0 otherwise
\

We say that firm i's ofler satisfics the “self-selection condition™ if the large buyer prefers

to buy above the threshold, and the small buyers prefer to buy below the threshold, i.e. if

CSi (pi2) + Ria 2 CS*™ (pi1,Gia) + Ria (2.10)

and CS? (pig) + Rin = CS*™(pi2, Gia2) + Ria

For any offer that satisfies the self-selection condition, denote (p;1, Rin, 1) by (9, B, &),

and (pi2, Ri2. Gi2) by (o, R..G}), fori =1, E.

Lemma 10 (miscoordination under rcbates) For all parameter values, there is an cquilib-

rium where I sels

N )
o) = =g

1-K m

> e, py=c1.dr = qi (pi (c1))

and fully extracts consumer surplus from the small buyers, while leaving some rent to the

large buyer:

R: = —CS; (8}), Ry = —CS! (c1) + (CS™ (p}. 9] (p})) + R7) <0

“Recall that we excluded reselling of units between buyers (while allowing for free disposal), so the only
thing a small buyer can do with units he cannot consume is to throw them away.

T s s ~.
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E makes the analogous offer with 0 < pg (cg) < pi (c1), Pls = cg = 0, and all buyers, after

observing that I offers non-negative total surplus, buy from 1.
Proof: see Appendix A

This is the most profitable miscoordination equilibrium under rebates: The incumbent
will receive positive fixed payments from both types of buyers (recall that we explicitly al-
lowed for fixed payments to go from buyers to fims), and on top of that, I will eamn a
positive mark-up on the sales to the small buyers. Again, there are alternative miscoordi-
nation equilibria (under different continuation equilibria), where the incunbent would make
lower profits, and may even have to make positive payments to one or both types of buyers.

Note that the incumnbent’s profits will be lower under rebates than under third-degree
price discrimination: [ sells above marginal cost to the small buyers, which reduces their
consumer surplus (and hence their franchise fee), and I does not extract the full conswumer
surplus CS% (c;) from the large buyer. Both features of I'’s equilibrium offer follow directly
from the introduction of personal arbitrage.

Suppose that I wanted to replicate the more profitable offer under third-degree price
discrimination, setting a uniform unit price of p;y = pra = ¢, and franchise fees

Rpy=~CSj(er) i q] <@ =4gj(cr)

Ry =—=CSk(er) ifq) > a1 =qi(cr)
This "first-best” offer does not satisfy the self-sclection condition, because the large buyer
would then prefer the small-buyer tariff, i.e. he would buy §; = ¢j (¢/) and enjoy strictly

positive net surplus CS* (¢r, q¢ (c;)) = CS§ (cr) > 0 (although this means the large buyer is
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quantity-constrained, because g3 (¢;) < g4 (c1)). Thus, arbitrage implies that I’s offer to the
large buyer must leave the latter with at least as much rent as buying below the threshold
would yield.

This requirement also explains why the incumbent does not simply charge pj = p} = ¢;
to all buyers to extract the full consumer surplus from the small buyers. The intuition is
as follows. Suppose that I charges ¢; to both large and small buyers. It can then extract
CS; (cr) from the small buyers, and must leave at least CS*™<t (¢;,qf (c1)) — CS; (c;) to the
large buyer.

Now, suppose instead that I raises the price p§ by an <, while leaving p} = ¢; unchanged:
of course, this means efliciency losses, i.e. the additional profits I makes on sales to the m
small buyers are lower than the losses in rent that I can extract from them through the fixed
fee. On the other hand, I can now extract more rent from the large buyer: under the higher
P} (and accordingly lower sales target), it is much less attractive for the large buyer to buy
below the threshold.

Thus, no matter how large K or mn, there will always be an ¢ such that the losses of
raising pj (on the small buyers) are more than outweighed by the gains (on the large buyer),

and so pj = ¢; cannot be optimal.

Next, we want to {ind the conditions under which there is an entry equilibrium of the
game where firm I and E make simultaneous offers 73(q7).

Suppose there is a candidate equilibrium at which the entrant charges:

p"Ezpr =CE=0,'R;:,RI‘,
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where the entrant optimally chooses to sct the variable price equal to its marginal cost so as
to maximize the rents that arise from the relationships with the buyers (otherwise, surplus
would be inefficiently lost). If this offer is to sustain an entry equilibrium, we must have
that:

(i) the incumbent cannot make an offer that makes etther the large buyer or the small
buyers better off, so that it becomes a dominant strategy for this type of buyer to buy from
I (as in Section 2); and

(i) the entrant’s ofler satisfies the self-sclection condition.

ad (i): Recall that the best offer I can make to the large buyer under third-degree price
discrimination is to extract all the surplus from the small buyers and offer it to the large

buyer:
7} =i =i R} = —=CS8i(e;). R} = nCSj(cy).

If this offer satisfies the self-selection condition, then it is also the best offer that I can
make under the rebate scheme. But note that personal arbitrage may now be a problem:
In particular, the small buyers may want to mimic the large buyer and buy ¢} (¢;), as long
as the extra expenditure on those units above their demand is more than compensated by
the payment of 5. In this case, the incumbent will have to make an alternative offer that
satisfics the sell-selection condition, and such an offer will necessarily generate less than the
full surplus, CS¥(cr) + mCS;i(cy), for the large buyer.

Likewise, the incumbent’s best offer to the small buyers under third-degree price dis-

crimination, where J extracts all the surplus from the large buyer and offers it to the small
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buyers:
pi = p; = ci; Ry = ~CSi(er), R = CSi{er)/m

is no longer feasible if arbitrage is possible. The large buyer will always want to buy below the
threshold and receive a strictly positive payment R}, rather than buying above the threshold
and being left with zero rent. Thus, any incentive-compatible offer that redistributes rents
from the large buyer to the small buyers will provide less total surplus than CSj(c¢;) +
CS!(cr)/m to each small buyer.

Again, the entrant’s offers under an entry equilibrium must satisfy the following necessary

conditions:

CSi(ce)+ Ry 2 CSi(pr™™)+ R;*™
CSg(ce) + Ry > CSi(p;™™)+ Ry
-RL—mR% > 0
where (p’}'bm, Rf’be“) denotes I’s best rebate offer to the small buyers (i.e. the offer that
maximizes small buyers’ total surplus while satisfying the self-selection condition), and anal-
ogously, (pll‘b"‘s", lebe“) denotes I’s best rebate offer to the large buyer (see Appendix A for

the values which pljbm, p;’beat, Rijbm, and R}"bes" will take). Inserting into the break-even

constraint, we now obtain
CSg(cg) + mCSy(cp) > CSHPY™™) + R +m [Cs; (prhet) + R-;*””‘] (2.11)

This condition is weaker than the corresponding condition under third-degree price discrim-
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ination:
CS&(ce) + mCSe(cg) = 2 (CSi(cr) + mCSi(er))

(We prove in Appendix A that CS4(ph*') + RE** < CS(ep) +mCS;(c;) and CS§(pi**) +
B < CSj(er) +2CSk(er).) In other words, the entrant is less likely to be excluded under
rebates than under third-degree price discrimination.

ad (ii): Consider the candidate equilibrium offer

Py = p=cp=0
Ry = CSi(py"™)+ B;™" ~ CSjcr)

RIE — ng(z)ll,b(’.sf-) + Rfl.bfest _ CSIE(CE)

If this ofler satisfies the self-sclection condition, then the feasibility condition (2.11) is a
sufficient condition for the entry equilibrium to exist. But if the candidate offer is not
incentive-compatible, then the entrant will have to make an alternative offer, which will
generate less than the maximal total surplus CS§(cg) + mCS4(cg), which means that the

feasibility condition tightens.

Proposition 11 (entry under rcbates)

(i) If E's joint net surplus is not sufficient to match both 1's best offer to the large buyer
and I's best offer to the small buyers simultaneously, then no “entry equilibrium™ cxists,
even if buycrs buy from E whencver Es offers to cach of them are at least as good as 1's
offers.

(i) If
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- E''s joint net surplus is sufficient to match both I's best offer to the large buyer and I’s
best offer to the small buyers simultancously, and

- E’s offer satisfies the large buyer’s “self-selection condition” of equation (2.10),

then our game has a pure-strategy equilibrium where all buyers buy from E after observing
that E's offers to each of them are at least as good as I's offers. ("entry equilibrium™). Such
an equilibrium can arise even when ¢; < 1 — \/m i.e. when there would not be an eniry

equilibrivn under third-degree price discrimination.
Proof: scc Appendix A

We see that even uniform rebate schemes will allow the incumbent to strategically redis-
tribute rents hetween different types of buyers so as to prevent the more efficient entrant from
serving the bhuyers. Thus, if parameters are such that no entry equilibrium exists even under
the continuation equilibria specified in Proposition 11 (which are in favor of the entrant),
then the miscoordination equilibrium characterized in Lemmna 10 is the only pure-strategy
equilibrium of our game. Whenever the miscoordination equilibrium is unicque, we refer to
it as "exclusionary equilibrivun”. -

If instead parameters are such that the entry equilibrium exists, then our game has
two pure-strategy equilibria: one where all buyers buy from the entrant, and one where
they all buy from the incumbent (miscoordination equilibrium). Then, it depends on the
continuation equilibria which of these two types of equilibria will be played.

There is an interesting general pattern that emerges from both Lemma 10 and Propo-

sition 11: If the self-selection constraint is not binding for either type of buyer, both large
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and small buyers are charged the same unit price. If instead the large buyer’s self-selection
constraint is binding, the {firm will raise the price of the small buyers above ¢; (while p! = ¢;);
if it is the small buyers’ sell-selection constraint that is binding, the firm will lower the large
buyer’s price below ¢;, while pj = ¢; (unless of course ¢; = 0, as is the case for the entrant,

who cannot charge a price below marginal cost because we ruled out negative prices).

In other words, whenever pf differs from p!, we have that p! > pi! But that seems like
a fairly typical feature of real-life price schedules. What is interesting is that this price
pattern has nothing to do with decreasing marginal cost or the like, hut it arises out of the

self-selection constraint implied by second-degree price discrimination.

Welfare Analysis

We have shown that under uniform linear prices, the mcumbent cannot prevent entry
when buyers coordinate on the entrant (no matter how small the efficiency gap between [
and E), while rebate schemes can indeed be designed so as to break entry even if the entrant
is significantly more efficient than the incumbent. The exclusionary potential of two-part
tarifls is even greater if these tarifls are allowed to be depend on the type of buyer (not just
the quantity they buy).

But the price regime does not only affect the likelihood of entry, it also determines the
distribution of rents among firms and buyers and the size of possible efliciency losses under

those equilibria that exist for a particular type of price regime.

Table 1 shows the total surplus of large and small buyers, the profits of incumbent and
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entrant, as well as the allocative and productive efficiency loss under each price regime,
depending on whether the equilibrium has the incumbent or the entrant serve the buyers.
Note that the first best allocation has F serve all buyers at marginal cost cg = 0, which
generates total surplus 1/2, so that the welfare loss under any alternative allocation is the

total surplus generated by the allocation under consideration minus 1/2.

Given that the first-best outcome has the entrant serve the buyers, it is obvious that
whenever the incumbent serves, the equilibrium will be inefficient, because the incumbent
produces at a higher marginal cost than the entrant. The resulting efficicncy losses will be
smallest under third-degree price discrimination, and largest under uniform linear prices,

while they are in-between under uniform rebates.?

Full efliciency can only arise if the entrant serves, and if the entrant can use two-part
tarifls®, where it is irrelevant if these tariffs are discriminatory or uniform. The smallest
possible welfare loss when [ serves (namely —1 4+ 31 (1~ ¢ 1)?) is exactly equal to the largest
possible welfarc loss when E serves. Of course, when E serves, there is no productive

inefliciency, so all remaining welfare losses must be allocative.!?

fNote that the efficiency losses under third-degree price discrimination also represent. the lower bound
on efficiency losses under any alternative equilibrium (no matter which price regime) where the incumbent
cannot fullv exploit the buyers because the continuation equilibria are less favorable to the incumbent (e.g.
buyers will only miscoordinate on the incumbent if the latter charges at most p; = ¢y to all buyers).

Yunless § = 1. in which case even linear prices would yield full efficiency (because the entrant would have
to set price equal to marginal cost: pg =1— 3 =0)

1UNote that the efficiency losses under uniform linear prices also represent the upper bound on efficiency
losses under any alternative equilibrium (no matter which price regime) where the continuation equilibria
are lfss favora}l))]e to the entrant (e.g. buyers will only coordinate on the entrant if pg is strictly less than
min {c7,1 — 8}).
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Table 1: Buyers’ Surplus, Profits, and Welfare Loss

(a) Buyers’ Net Total Surplus

Price Regime Small Buyers Large Buyer Total
Linear Prices
I serves 1K (1 —¢)? L1-K)(1—e)? L1l-¢)

I serves 3"—
m
3-degree PD
I serves

E serves

2_degree PD

max {(1 = )?, 37} 15 max {(1— )" 7}

2

0 0

'1':?%(1—01)2 %(l-—c])?

> max {(1 - cr)? .,

0

(1 -— C]).Z

. 2
K(1=pj(cn))

I seves : O s (e
E scrves <dl(1-¢)? <li-¢) <(1=¢)?
(b) Firms’ Profits

Price Regime Incumbent Entrant Total
Lincar Prices

1 serves - [;I)'Z 0 11— (31)2

I serves 0 er(l=cryor (1-3)8 ;{1 —c¢)or(l—35)
3r-degree PPD

I serves %(1_(;1)'2 0 1(1—c¢p)?

FE serves 0 % ~(1- c,)2 % -1- c;)2
2%_degrec PD

E scrves

0 >%—-(l—c1)'2

2
>%-—(l—€1)
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(c) Welfare Loss |
Price Regime  Allocative Productive Total i | ,
Linear Prices ‘
I serves -1 (-‘if-ﬁ)2 —cr3 (1 —cr) -1+1l(1-¢) | t
|
Pueves  —fmax {05, 4) : ema{0gr g} |
3r4.degrec PD i- '[.
I serves —-E_zi —cr(1=rcy) ~14i(1-cp)? ? :
E serves 0 0 0 ' ,
9_degree PD .
I serves Gkt KEEOY - gy1-ep- G- | b |
i
—aK(-pi(e))  —K(@(en —e)? |
E serves 0 0 0 |
We can conclude that there is a trade-off between maximizing E’s chances to enter, and :
minimizing welfare losses (no matter which firm eventually serves the buyers). Discrimi-
natory two-part tarifls raise the highest barriers to E’s entry, but yield the most efficient %
1t
outcome (full efficiency if E serves, lowest-possible inefficiency if I serves). The opposite is E
true for linear tariffs (lowest entry barriers, but least efficient outcomes). | :

Uniform rebates are somewhere between these two extremes. Note, however, that they
are sufficient to achieve full efficiency. In other words, if E is sufficiently efficient to en-

ter under uniform rebates, then allowing discriminatory two-part tariffs will not yield any
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efficiency gains, but may jeopardize E’s entry.!!

On the other hand, banning two-part tarifls altogether will only make sense if the effi-
ciency gap between [ and E is small, so that even uniform rebates represent a serious barrier
to E’s entry. But in this case, the welfare gains that can be expected from E’s entry are
low anyhow. Morecover, having I serve the buyers under lincar prices will yield (almost or
exactly) the same surplus as having I serve the buyers under discriminatory two-part tariffs.

The conclusions arc somewhat different if the welfare criterion is buyers’ surplus, not
social efficiency. We see that if the incumbent scrves, both large and small buyers will prefer
linear prices over any type of two-part tarifls. If instead the entrant serves, the small buyers
will always prefer discriminatory two-part tariffs over uniform rebates, while the large buyer
is indifferent between the two.

If 1—¢; > 3, then both types of buyers strictly prefer two-part tarifls over lincar prices. If
instead 1 —¢; < 5, then the ranking is ambiguous. The small buyers will prefer discriminatory
two-part tarifls over linear prices iff K < (1 — ¢;/5), and the same holds for the large buyer

iff1- K < (1—c/5)%

Concluding remarks

The purpose of this exercise was to demonstrate the exclusionary potential of rebate
arrangements in the presence of network externalitics. We have shown that two-part tarifls,

even if required to be non-discriminatory, may allow the incumbent to prevent entry of a

UDiscriminatory two-part tariffs only make sense if one can take for granted that buyers will miscoordinate
on the incumbent.
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more efficient firm in cases where that would not have been possible under uniform flat
prices. The finding is particularly interesting insofar as, in our model, the entrant is in a

fairly good initial position compared to other papers on exclusionary practices: it does not '

H
1}
&
Re
K]
K3
o

have to pay any fixed cost to start operating in the industry, entrant and incumbent can
approach buyers simultaneously (i.e. the incumbent has no first-mover advantage in offering
contracts to the buyers before the entrant can do so), and the entrant has the same pricing

mstruments at its disposal.

Our analysis is very preliminary and should be further developed in the following direc-

tions:

e What if buyers can coordinate their actions among cach other?

e What if buyers are allowed to patronize more than one {firm?

e Is our model robust to the large buyer being sullicient for the entrant to reach the

minirmun size?

Interesting extensions of our model could be to allow for buyers to compete against cach ‘ l

other downstream, to see whether the same kind of results as in Fumagalli and Motta (2005)

would arise. Another issuc of interest could be to allow for partial (or even full) compatibility
between I’s and E’s network, and to introduce compatibility as a strategic choice variable.

Finally, note that we should expect very similar results in a model where there are no | l
network externalities, but instead buyers have switching costs, and the entrant faces some i

fixed costs of entry. Farrell and Klemperer (forthcoming) have pointed out the analogies
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between network externalities and switching costs:

”Both switching costs and proprietary network effects arise when consumers
wlue forms of compatibility that require otherwise separate purchases to be made
from the same firm. Switching costs arise if a consumer wants a group, or es-
pecially a series, of his own purchases to be compatible with one another: this
creates economies of scope among his purchases from a single firm. Network ef-
fects arise when a user wants compatibility with other users (or complementors),
so that he can interact or trade with them, or use the same complements; this
creates economies of scope between different users’ purchases.

These economies of scope make it unhelpful to isolate a transaction: a buyer’s
best action depends on other, complementary transactions. When those transac-
tions are in the future, or made simultaneously by others, his ezpectations about
them are crucial. When they are in the past, they arc history that matters to
him. History also matters to a firm because established market sharc is a valu-
able asset: in the case of switching costs, it represents a stock of individually
locked-in buyers, while in the case of network effects an installed base directly
lets the firm offer more network benefits and may also boost expectations about

future sales.” (Farrell and Klemperer (2004): page 1 - Introduction)
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Appendix A: Proofs

Proof of Proposition 7:

(i) Let § < 1 — ¢;. Then, with all buyers buying from E at pp = ¢;, total demand is
mqy (pr) + ¢k (pe) =1 — ¢1 > 5, and so E will reach the minimum size. Thus, E’s product
has the exact same value to the buyers as I's, and it sells at the same price, so that buyers
are indifferent between I’s and E’s offer. I will not want to deviate cither: To attract the
buyers, I would have to set a price p; < ¢, i.e. sell at a loss; and increasing p; above ¢;
will not attract any buyers. E has no incentive to change anything about its price either:
increasing pg would imply losing the buyers to I, and decreasing pg will just reduce profits
(recall that E is not radically more efficient than I, i.e. pg = ¢; < pf, so that E cannot gain
from reducing its price below ¢j).

Let 5 > 1 — ¢;. Then, total demand at pg = 1 — 3 is mq} (pg) + ¢ (pe) = 1 — pp = 5,
and so E will just reach the minimum size, while still breaking even (3 < 1 and ¢g = 0
imply pg — cg > 0). E has no incentive to increase its price, as that would imply falling
short of the minimum size (followed by a break-down of coordination, i.e. all buyers would
buy from ), while charging a price below 1 — § would only reduce profits . The buyers have

no incentive to deviate and buy from I, because p; > pg. If I decreases its price to a value
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p1 € (1 — 3, p}) or increases it to some p; > pj, I will not be able to attract any buyers, and
selling at a price at or below 1 — 3 (which is strictly smaller than ¢; if § > 1 — ¢;) would
imply losses.

Note that we eliminate all equilibria in weakly dominated strategies, where

-if § <1 —c¢y, I sets p; € [0,¢) instead of p; = cf, and E sets pg = p;, and

-if§>1-¢y, Isetsp; € [1 —5,p}) or pr > py, and E sets pp =1 — 5.

(ii) Suppose that all buyers buy from I. Then, recall that 5§ > max {1 — K, K'}, implying
that none of the individual buyers alone is suflicient for ' to reach the minimum size. Thus,
E’s product has zero value for any single buyer, and so no buyer will want to deviate and
buy from K, even though p; > pg. I sets p; = pj, which is the most profitable among all
prices p; < p} + p under which buyers will miscoordhﬁte on the incumbent. Thus, [ has
10 incentive to increase or decrease its price. Since buyers will not switch to £ even if the
price difference between the two finns is maximal, i.c. even if E charges pg = 0 (so that
pr = p} + pg), E has no incentive to decrease its price.

We eliminate all equilibria in weakly dominated strategies, where I sets p; = p}, and E

sets pp # pp.O0

Proof of Lemma 10:
We will first show that I’s equilibrium offer coincides with the solution to the following
profit maximization problem:

max o (p) — e} (6]) +m (=R} + (B - er) ¢ (8) + (~RY)
{p3-}.R5.R}
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subject to the large and small buyers’ sclf-sclection constraints, the large and small buyers’

participation constraints, and the break-even constraint:

(@) OS] (ph) + B 2 S (pf. qj (PD) + R
(i) CSj(pp)+ B} 2 CS*™ (ph.a (1)) + Ai
i) CS)(ph)+ Ry >0
(iv) CS3(p})+ R >0

() mpi =) qi (o)) + (#h —er) a1 () 2 mBj + )
Now, at the optitmmm, constraints (i) and (iv) will be binding, thus determining R} and

R3. This, in turn, implies that ¥4 = ¢; (which, given p$, maximizes the rent that [ can
)} 3 ) i b & P
extract from the large buyer).

Therefore, the incumbent’s problem reduces to choosing the right pj. The resulting

maximization problem is convex in p}, and solves for

oo l(]— LK
s.opl ¢+ m (1 1-KN m.)
P T (- LK

1+ ™ (l I-Km

Our assumption that ¢; < 1 implies pi™®' € (g, 1).
The large buyer’s participation constraint (iii) will be oversatisfied under this solution:

Given that constraints (i) and (iv) hold with equality, we have
Csj (cl) + Hl = O ghmet (p‘;'apt, Q? (p‘;")ff‘t)) — CS; (p.;.ﬂ:ht)
But the right-hand side of this equality is strictly positive because

CS"™ (pi.qf (p})) > CSi (p) for all pj

Lopt

which implies that CS} (¢;) + R;™ > 0.
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The small buyers’ sel-selection condition (ii) holds as well: Suppose a small buver con-
siders buying the large buyer’s sales target, g} = q‘, (c1), at price c;. Then, this buyer would
enjoy net consumer surplus CS7 (cr) from consuming the first g (c;) units, and negative
surplus on all the remaining units g — g{ (¢;) (which have to be bought at price ¢;, but have
a value less than ¢; to the small buyer). Thus, the small buyer’s net consumer surplus from
consuming §& = ¢} (c;) will be strictly lower than CS§ (c;). However, the small buyer will
have to pay R (instead of R} = —CS3 (p;™)), where Ry < —CSj (c;). Thus, a small
buyer buying the large buyer’s threshold would end up with a strictly negative net total
S.opl) .

surplus, and so he will prefer to buy the small buyers’ threshold ¢} = gf (p]

Finally, I’s break-even constraint (v) reduces to
m (pr™ —cr) g (pf™) +0 2 mR} + R

which holds because both large and small buyers will pay strictly positive fees to the incum-
bent (I3 < 0 and R} < 0).

Hence, the incumbent’s equilibrium offer

P o= py™>enpi=c, @ =90, @ =4q; ()

Ry = —CS;(p}™), Ry = CS™™ (py™,q} (p7™")) + R} — CSi (1)

is the most profitable among all feasible offers, and so I will not have any incentive to deviate.
Given that buyers miscoordinate on the incumbent no matter which offer the entrant
makes, the entrant is indifferent between all feasible offers (the reasoning is analogous to the

Proof of Lemma 8). Eliminating all equilibria where E plays weakly dominated strategies,

et e 4= 2= et 6o G 4
ey eiate tmarivratilte

P e ey by
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E will just solve the analogous optimization problem analyzed above, which yviclds

L(1— 1K)

3,0pt m 1-K m 3.0pt
Pr = 1 T Ry <Pp
1+ m (1 T 1=K ?F)
5 opt ! - opt —
P = Pp7 >0, pp =ce=0<pl, @e. = (P57, Ges = iz (cp)

Ry = —CSg(pp™), Rp = CS™ (0™, 4% (p5™)) + Ry — CSk (cr)

But given that all buyers buy from I, no individual buyer will want to deviate and buy

from F, and so all buyers will end up buying from /.00

Proof of Proposition 11:

(1) We argued in Lemma 10 that miscoordination equilibria exist for all parameter values
under the appropriate continuation equilibria. We will now show that entry equilibria will
only exist for certain parameter values, even under those continuation ecuilibria that are

"favorable” to the entrant.

Analogously to Proposition 9, a necessary condition for existence of an entry equilibrivm

is that I can neither match E’s offer to the large buyer nor E’s ofler to the small bhuyers.

The best offer that I can make to the small buyers solves

{ max }CS? (p7) + Ry
el B3R,

subject to the large and small buyers’ self-selection constraints, the large and small buyers’

participation constraints, and the break-even constraint:
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(i) CSi(ph) + R > CS™ (p3, q; (03)) + RS
(i) CSj(p}) + Ry > CS* (b}, ¢} (o})) + RS
(i) CS{(p))+R;>0
(iv) CSi(p))+R;20

) mp;—c)gi () + (o) — 1) g} (p}) 2 mR} + R;
Now, at the optimum, constraints (i) and (v) will be binding, thus determining R} and

Rj, and that p} = c; (which, given p}, maximizes the rent that I can cxtract from the large
buyer).
Thus, I’s reduced problem is convex in pj, and solves for

ps.bc.sl — m+l (1 +cr t (1 - %#h%)) - ;1:-
! a2t i (1 b berad)

€ (eg,1). The small buyers’ self-sclection condition (11) reduces to

where pi**' €

CSfr (c/) - C Ghmet (P‘}'be‘g!qu (p.; best)) > Cgomet (Claql] (CI)) cs: ( sbest)

which holds for all p} > ¢;. The participation constraints (iii) and (iv) are over-satisfied at

the solution:
CS] ( 95(’8?) + H.;.best > 0 mld CS; (C[) + Rll’.best > 0.

Note that this solution will necessarily yield lower total surplus for the small buyers than
the corresponding offer under third-degree price discrimination, where each buyer receives
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