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Abstract

The notion ‘semicollusion’ refers to situations where firms collude in
one (or several) choice variable(s) and compete in others. For exam-
ple, firms collude on prices and compete on advertising. Although the
notion ‘semicollusion’ is not so often used explicitly, it turns out that
the topic is covered extensively in the economic literature. Moreover,
the phenomena ‘semicollusion’ seem to be present in numerous indus-
tries. The purpose of this survey is to explain how semicollusion works
in theory, describe empirical studies of semicollusion, and discuss the
possible welfare effects of semicollusion.

* We are indebted to an anonymous referee and Joseph E. Harrington, Jr. for their helpful
comments on an earlier draft.



1
Introduction

Collusion and competition are well-known concepts in economic
literature. A typical study would consider either the competitive out-
come or the (stability of) the collusive outcome in an industry, and it
might be undertaken a comparison between a competitive and a col-
lusive outcome. But is this the only possible comparison? What about
the possible combinations of competition and collusion in an industry?
Could it be that firms collude, and at the same time compete? How
could that work in theory? Do we observe some empirical evidence of
such a mixture of competition and collusion, a market outcome we will
characterize as semicollusion?

The notion “semicollusion” refers to situations where firms collude
in one (or several) choice variable(s) and compete in others. For exam-
ple, firms collude on prices and compete on advertising. Although the
notion “semicollusion” is not so often used explicitly, it turns out that
the topic is covered extensively in the economic literature. Moreover,
the phenomena “semicollusion” seem to be present in numerous indus-
tries. The purpose of this survey is to explain how semicollusion works
in theory, describe empirical studies of semicollusion, and discuss the
possible welfare effects of semicollusion.
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The monograph will start with a section where we motivate for why
semicollusion is an important topic. The concept will be defined, to dis-
tinguish between collusion and semicollusion. We give some examples of
what we regard as semicollusive behavior in particular industries. More-
over, we also discuss the rules of the game and which choice variables
we expect firms to collude on.

In the third section we will provide a framework for understanding
the mechanism at work with semicollusion. In one strand of the liter-
ature it is assumed that firms collude on prices and compete on other
choice variables such as advertising, capacities, or location. However,
there is also another strand of the literature where firms compete on
prices and collude along other dimensions. In particular, it is assumed
that firms collude on R&D. We also discuss the possible outcome with
semicollusion in industries with free entry.

In Section 4 we review the empirical literature on semicollusion.
There are some old, anecdotal evidence of semicollusion. For example,
Scherer and Ross (1990) refer to several events in various industries. We
will briefly refer to some of these cases. However, in the main part of
the section we concentrate on empirical studies of the effects of semicol-
lusion. There are empirical studies that cover various types of collusion,
for example collusion on prices or collusion on R&D, and we discuss
empirical studies for those outcomes that were covered in Section 3.

In Section 5 we summarize our findings. We offer some general con-
clusions, and discuss some issues for future research.



2
What is Semicollusion?

In this section we start by giving a definition of semicollusion. This
serves as a guidance for which kind of models we will discuss in the
next sections. Then, we report some anecdotal evidence, suggesting that
semicollusion does take place in numerous industries and therefore is an
important concept. Finally, we discuss more in detail what firms collude
on and what they compete on. This part serves as an important input
for the distinction we will draw in the next section between colluding
on prices versus colluding on non-price variables.

2.1 A Definition

Obviously, semicollusion is related to the concept collusion. The defi-
nition of collusion varies, but typically it is a quite broad concept. In
Kaplow and Shapiro (2007) it is defined as follows:

‘Firms seek to elevate prices and thus raise their collec-
tive profits at the expense of consumers’ (p. 1099).

In a market where firms have identical costs one way to collude
can be to set price equal to monopoly price and thereby maximize
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2.1 A Definition 157

joint profits. In other words, firms cooperate rather than competing.
However, collusion will also cover the case where they are not able to
attain the monopoly price. In fact, in a market with homogenous goods,
identical costs, price setting and no capacity constraint than any price
between marginal costs, and the monopoly price can be a collusive out-
come. Collusion need not entail joint profit maximization. For example,
joint profit maximization might not be reasonable if firms are asymmet-
ric and transfers are not allowed. As described in Kaplow and Shapiro
(2007), firms coordinate their activities on several dimensions other
than fixing prices. They not only limit their production, but in many
cases they allocate customers and territories among themselves.

The economic concept collusion covers all cases where prices are
raised above a competitive level. The outcome is crucial for defining
collusion, and not the way firms have behaved in order to succeed with
collusion. This implies that collusion covers both the case where firms
have colluded tacitly and the case where collusion between firms is
explicit.1 The latter is often denoted cartels, where firms, for example,
have had meetings to agree on how to fix prices.

The legal approach to collusion differs from the economic approach.
It is a narrower concept, where collusion covers only cases where firms
have communicated in a specific way and where collusion of that type
is illegal per se. This implies that direct communication, for example
through meetings, is illegal while collusion with no kind of communica-
tion (tacit collusion) is legal. Unfortunately, in the gray area in between
tacit collusion on the one hand and cartels supported by meetings where
they fix prices on the other hand, it is still a lot of uncertainty concern-
ing the distinction between legal and illegal collusion.2

1 See, for example, Levenstein and Suslow (2008) for a discussion of the concept. The idea
that firms could attain the monopoly outcome without explicit collusion was first discussed
in Chamberlin (1929). See also Tirole (1988), Chapter 6, for a discussion of the notion
tacit collusion.

2 According to European case law illegal collusion takes place if concerted practice can
be proven, i.e., it can be proven that there is direct or indirect contact between firms.
However, the concept is not well defined (see Whish, 2003). In the USA the phrase ‘express
communication’ has been mentioned as a possible criterion. As explained in Kaplow and
Shapiro (2007), neither this concept is well defined: ‘What all of these court decisions and
most other statements have in common is that key terms are not defined, the subject is
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Semicollusion can be seen as a version of the broad concept collu-
sion. If there are more than one choice variable, then there are many
possible outcomes. They can collude on all choice variables, and this is
what we could call collusion. If they compete on some choice variables,
this is labeled competition. But if they compete on all choice variables
and collude on the other ones, we label it semicollusion.

To our knowledge, the notion semicollusion is rather new in eco-
nomic literature. Fershtman and Muller (1986) analyze the behavior of
firms in what they phrase “semicollusive” markets, defined as “rivals
compet[ing] in one variable (or set of variables) and collude in another”.
The decade that followed we saw several contributions to the theoret-
ical literature on semicollusion, and the main contribution until the
mid-1990s are surveyed in Chapters 9 and 10 in Phlips (1995).

Despite the rather new interest in the literature on semicollusion,
there is no doubt that the phenomenon has been present in numerous
industries. Economists have understood this for a long time. They have
also described the mechanisms at work, although without using the
phrase semicollusion. For example, Fershtman and Muller (1986) refer
to Scherer (1970) — where the notion semicollusion is not present —
for motivating their modeling approach.

In many theoretical models on collusion, we observe a discussion of
more than one variable. We distinguish our survey from a more general
survey of collusion by only considering studies where firms by definition
have more than one endogenous choice variable.

2.2 Anecdotal Evidence

There are numerous anecdotal examples of the existence of semicol-
lusion in specific industries.3 One example is the coal industry in
Germany in the 1920s. In 1919 a legal cartel was formed, where the
members agreed on total production and thereby colluded on prices.
However, they did not collude on capacities. As described in Bloch

not directly discussed in any depth (that is, for more than a paragraph), and no rationale
is offered for deeming on set of scenarios to be legal and another illegal’ (p. 1124).

3 See, for example, Scherer and Ross (1990), p. 295 and 674.
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(1932), the rule for allocating production to each firm led to overin-
vestment in capacity:

‘At certain intervals the productive capacity of each
individual member firm was determined by expert tech-
nologists. The actual production volume was then fixed
as a percentage of the productive capacity, this percent-
age serving at the same time as a basis for allotting
votes in the general assembly of the syndicate. The result
of this practice was that all members of the syndicate
made great efforts to increase their productive capacity
in order to have as high a proportional share of the total
production as possible assigned to them. Eventually the
productive capacity was around 25 per cent above the
maximum production during the boom.’ (p. 217).

According to Bloch (1932), a similar pattern emerged in the iron
industry in Germany in the 1920s:

‘Here, too, the cartels, the regulated prices, and the fix-
ing of production quotas in percentages of a technical
productive capacity have led to an expansion of the pro-
ductive capacity far beyond need.’ (p. 220).

Bloch reports other instances as well, and concludes that the German
experience in the decade after World War I was price cartels that led
to overinvestment in capacities (see Bloch, 1932, p, 221). Phlips (1995)
reports on a similar development in the European market for cement
and nitrogen fertilizers in the 1920s and refers to this as examples of
semicollusion.4

Lorange (1973) describes the problems facing the three Norwegian
cement producers in the 1960s. They had a price cartel in the domestic
market since 1927, and each producer received a share of the domestic
market according to its share of total domestic capacity.5 This led,

4 See Phlips (1962), pp. 152–153, where he also refers to Sections 9 and 10 in Phlips (1962)
for further details.

5 For details concerning this sharing rule, see Steen and Sørgard (1999) and Röller and Steen
(2006).
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in a similar way as described above, to a race for building capacities.
He reports from the renegotiation of the cartel agreement in the early
1960s:

‘During the opening round for negotiation for a new car-
tel agreement there appeared to be much dissatisfaction
with the apparent lack of industry coordination when it
came to capacity expansion. It consequently did not take
the parties long to see large potential benefits from a full
merger.’ (p. 33)

Scherer (1970) undertakes an overall appraisal of market structure
and performance and attributes losses in the order of 0.6% of GNP
due to ‘excess and inefficient capacity due to industrial cartelization
and the stimulus of collusive profits’. In his reasoning about why this
is happening he is stating:

‘Second, and probably more important, collusive agree-
ments which succeed in holding price above cost encour-
age investment in excess capacity in participants’ sales
depend in any way upon the amount of capacity they
possess. This has been a serious problem in Europe,
where antitrust sanctions against cartelization were
nonexistent until recently, and where cartels often oper-
ated by assigning members output quotas proportional
to capacity.’ (p. 407).

Collusion on prices can also affect other choice variables than capac-
ities. For example, it has been argued that the ban on TV advertising
for tobacco in 1970 in the USA led to higher profits for the firms (see
Eckard, 1991). This can be interpreted as if price collusion triggered
tough competition on advertising to capture market shares. A ban then
helped the firms to escape from such a costly battle for market shares
through investment in advertising on TV. This is in line with the find-
ings concerning the effects of dividing American Tobacco into three
separate units in 1911. The federal government won a Sherman Act
case against American Tobacco, and the restructuring was supposed
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to lead to tougher competition. However, according to Tennant (1950)
the restructuring triggered a battle for market shares rather than price
competition.

In the shipping industry, it is also scope for semicollusion. They
have a long tradition for having cooperative agreements between firms,
with an exemption for the general ban on price fixing in competition
law.6 For example, in ocean liner shipping they form cartels — denoted
conferences — for almost all major international routes. According to
Fox (1994), they collude on prices and compete along other dimensions:

‘Member firms generally charge the conference rate and
engage in non-price competition with fellow conference
members. Frequency of departures, duration of voyages,
and size of ship are common examples of this type of
competition’. (p. 345).

This is the case for liner shipping. As documented in Deltas et al.
(1999), in the shipping industry in general there are examples also of not
only markets with semicollusion, but also markets with full collusion
(where they collude along several dimensions).

On the other hand, there are also instances where firms collude on
other choice variables than prices. One prominent example is collusion
on R&D. This is quite common among firms. In fact, in most coun-
tries competition law allows for collusion on R&D while collusion on
prices is banned. For example, they form research joint ventures where
they can share information about R&D. There are also examples where
they collude on advertising and even are encouraged to do so by the
government. In the USA, for example, advertising for milk products is
cooperatively managed and this is achieved through mandatory contri-
butions.7

As the previous examples indicate, collusion on prices might trigger
tougher competition along other choice variables. When they collude
on non-price variables, it is not so obvious from the examples that this

6 For example, liner shipping companies have had a block exemption from the general ban on
price fixing in Article 81 in the EC Treaty. In October 2008 this exemption was withdrawn.

7 This example is described in Blisard (1999). For other examples on collusion on non-price
variables, see Lande and Marvel (2000).
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triggers tougher competition along other choice variables. To the con-
trary, it has been questioned whether collusion on a non-price variable
might trigger collusion on prices. This is a question we will explore in
detail.

2.3 The Rules of the Game

As the examples in the previous section suggest, there are many alter-
natives concerning what firms can collude on. As will be clear in the
next section, it is decisive for the outcome of semicollusion which choice
variable they collude on. In addition, the sequence of moves is also
important for the outcome.

Possible choice variables for firms are many, and they include prices,
capacities, R&D, location, and advertising. Concerning the rules of the
game, it is natural to consider how flexible the various choice variables
are. If a choice variable is not flexible — cannot easily be adjusted —
it implies that a firm can commit to a specific choice for this variable
for a longer period. For example, let us assume that a firm can build
a plant at one point in time and that it is not possible to adjust the
size of the plant later on. Then the decision to build a plant, which
can be considered as capacity, is not flexible. On the other hand, when
this firm sells what it produces it can very easily change the price of its
product. Then price is a flexible choice variable. This has implications
for the sequence of moves. If we assume that capacity is set before price
is set, then we implicitly assume that a firm can commit to capacity
but not necessarily commit to a specific price.

More generally, prices are typically more flexible and observable
than most other choice variables. In line with what we have explained,
this makes the following sequence of moves a natural one:

• Stage 1: Firms set non-price choice variables
• Stage 2: Firms set prices

This is the sequence of moves that is chosen in most models we will
refer to in what follows.

The next question is which choice variable firms collude on. In
theory of collusion it is typically assumed that they collude on all choice
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variables. This is in Figure 2.1 identical to Outcome no. 4, and typically
this outcome is compared to Outcome no. 1 which is the competitive
outcome.

As should be clear from the previous section, firms in various indus-
tries do have colluded on various choice variables and at the same time
competed on other choice variables. There are arguments for various
combinations of collusion and competition.

First, there are theoretical arguments for collusion on prices. As
argued, price is a flexible choice variable. Moreover, prices are often
easier to observe than other choice variables such as the amount of R&D
or the amount of advertising expenditures. It is well known from theory
that if firms can react quickly to any deviation from a collusive outcome
this tends to promote collusion. Since prices are flexible and observable,
it is possible to (1) observe and (2) react quickly when a rival deviates
from price collusion. This suggests that firms collude on prices, and at
the same time they might compete on other choice variables. Outcome
no. 2 in Figure 2.1 represents such a semicollusive outcome. We are
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especially concerned about how such an outcome would be compared
to a competitive outcome, i.e., outcome no. 1 versus outcome no. 2 in
Figure 2.1. In Section 3.2 we discuss in detail various theoretical models
where this is the case, and in Section 4.1 we discuss empirical studies
that might support the prevalence of such a type of price collusion.

Second, there are arguments against collusion on prices. In most
countries’ competition law price fixing is illegal. Firms are not allowed
to contact each other in order to coordinate prices. On the other hand,
competition authorities are much more favorable toward cooperation
on other choice variables. For example, European Commission has
exempted cooperation on R&D from the general ban on agreements
between competing firms.8 While price fixing is regarded as a hard
core cartel, R&D cooperation will in many instances be allowed. This
is an argument for observing Outcome no. 3 in Figure 2.1, with collusion
on R&D and competition on prices. Collusion on non-price variables —
and in particular R&D — are discussed in Sections 3.3 (theory) and 4.2
(empirical findings). As is the case for collusion on prices, the starting
point is the comparison between the semicollusive and the competitive
outcome, i.e., Outcome nos. 3 and 1 in Figure 2.1. However, a natural
question is whether collusion on non-price variables also leads to col-
lusion on prices. Therefore, we also compare Outcome no. 1 and no. 4
versus Outcome no. 1 and no. 3.

8 See Commission regulation No. 2659/2000. According to article 1, firms are allowed to
cooperate on research and development, given certain conditions — among other a mar-
ket share threshold — are met. See Martin (2001), Chapter 5, for a discussion of the
competition rules in Europe concerning R&D.



3
Theory of Semicollusion

In this section, we will consider in detail the mechanism at work in an
industry where firms collude on one choice variable and compete on
other choice variables. Stigler (1968) provided an early contribution to
the understanding of the basic mechanism at work.

‘When a uniform price is agreed upon, or agreed to by,
an industry, some or all of the other terms of the sale
are left unregulated. [. . . I]n the absence of free entry [..]
the question arises: Will any monopoly profit achieved
by suppressing price competition be eliminated by non-
price competition?’

What we will discuss under and can learn from the literature on
semicollusion is that Stigler’s question can have a somewhat surprising
answer: Firms can be better off not colluding in a setting of semicollu-
sion, and in some cases consumers are even worse off from semicollusion
than outright monopolization. However, it turns out that this is not a
general result. Depending on which choice variable they collude on,
firms as well as consumers can be either better or worse off. We have to
look into the details of the game to find out whether firms, consumers,
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166 Theory of Semicollusion

and the society benefit from semicollusion. This is what we will discuss
in the following by a survey of theoretical studies in this section and a
survey of empirical studies in the next section.

3.1 A Preliminary

To get a first understanding of the possible mechanism at work, let us
consider a simple setting. We assume that firms set advertising level
and earn revenues from having a positive price–cost margin. Following
Schmalensee (1994), we define firm i’s profit as follows:

πi = (P − C)S




Ae
i

N∑
j=1

Ae
j


 − Ai − σ (3.1)

where P and C denote price and marginal cost, respectively, assuming
symmetric firms. S is a proxy for market size, Ai denotes advertising
level for firm i, and σ entry costs for each firm. The parameter e,
where 0 ≤ e ≤ 2, captures own sales’ response to own advertising; the
higher the e, the larger the effect on own sales to own advertising.
By assumption, each firm’s sale is determined by its share of total
advertising outlays in the industry. Such a sharing rule can be observed
in numerous cartels.1 It can also be derived from the notion of fairness
presented in Rawls (1971).2

Each firm sets an optimal level of advertising. From firm i’s first-
order condition we have that the advertising level chosen by firm i is
the following:

Ai =
[

1
N

− 1
N2

]
[e(P − C)S] (3.2)

In line with what we expect, each firm’s advertising is increasing in
market size and decreasing in the number of firms in the industry. More

1 See, for example, the examples in Borch (1932) concerning cartels in Germany. Vasconcelos
(2005), employing this rule in his model, refers to several other cartels that used this
sharing rule.

2 In Bos and Harrington, Jr. (2010), Appendix A, this is proven.
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importantly for our purpose, we observe that each firm’s advertising is
increasing in its price–cost margin.

Although we have not modeled the price setting as such, the rela-
tionship between the price–cost margin and the amount of advertising
captures a main mechanism in many (but not all) semicollusive models.
A high price–cost margin will, by definition, imply that the revenues
from one additional sold unit are high. Since each firm earns more rev-
enues from an extra unit sold, each firm will spend more resources on
sales generating activities. In this case, it implies that a higher price–
cost margin triggers more advertising. In other cases this might lead
to, say, more R&D. By dampening competition on prices, this might
trigger tougher competition along other dimensions. In what follows we
will look more carefully into this mechanism, to see whether this result
is robust.

3.2 Collusion on Prices

In theoretical models the most common choice variable to collude on
is prices. This is already indicated in the previous section, where we
briefly discussed how higher prices would affect another choice variable
(in that case advertising). In what follows we go through some of the
models in the literature on collusion on prices and competition along
other dimensions.

3.2.1 Competition on Capacities

There are several papers analyzing the market outcome when firms
compete on capacities and collude on prices. We start out by a very
simple model that was introduced in Fershtman and Gandal (1994).
Later on, we refer to other models that can be regarded as extensions
of the Fershtman/Gandal model.

3.2.1.1 A Basic Model

Let us consider the modeling approach in Fershtman and Gandal
(1994).3 It is a duopoly where firms choose capacities in the first stage

3 Brander and Harris (1984) consider a quite similar setting, where the profit in the semi-
collusive outcome is divided in proportion to the capacities of the firm.
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and prices in the second stage. There is a technology with zero marginal
costs and the cost of installing capacity ki for firm i is C(ki) = γi. Firms
produce identical products, and the market demand is given by the lin-
ear demand function D(p) = 1 − p. They assume efficient rationing,
which implies that they can apply the result first shown in Kreps and
Scheinkman (1983) for the alternative with competition on both capac-
ities and prices.

The first alternative is competition on both stages. As first shown
in Kreps and Scheinkman (1983), this will lead to a Cournot outcome.
It implies that the equilibrium outcome is identical to the one where
firms set quantities and marginal cost of production is γ. They use all
their installed capacity for production. If we let qi denote production
of firm i, then the equilibrium capacity and production is as follows for
firm i (where superscript N denotes competition at both stages):

kN
i = qN

i =
1 − γ

3
. (3.3)

And the corresponding profits for each firm:

πN
i =

(1 − γ)2

9
. (3.4)

They assume that γ < 1/4, which ensures that the price, p = (1 +
2γ)/3, is below the second-stage monopoly price.

This alternative is compared with the case where the firms compete
on capacities at Stage 1 and collude on prices at Stage 2. If no capacity
constraints, the price is set equal to 1/2, the monopoly price at zero
marginal cost, and total quantity sold is 1/2. This means that as long as
k1 + k2 ≥ 1/2, the collusive price is assumed to be 1/2. If k1 + k2 < 1/2,
the capacities are binding and the price is 1 − (k1 + k2) > 1/2.

If k1 + k2 > 1/2, total capacity exceeds total production (which
is equal to 1/2). There are various ways to allocate total production
between firms. Fershtman and Gandal (1994) assume that if total pro-
duction exceeds sales at the collusive price, production is allocated
according to relative capacity. As argued above, this sharing rule is in
accordance with what we observe in many industries and can also be
derived from the definition of fairness in Rawls (1971). Formally, such
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a sharing rule is as follows (with superscript C for collusion on prices):

qC
i =

ki

ki + kj
. (3.5)

Given such an allocation rule, firm i has the following profit at Stage 1:

πi(ki,kj) =




ki(1 − ki − kj) − γki if ki + kj < 1/2
ki

ki+kj

1
4 − γki if ki + kj ≥ 1/2

. (3.6)

Under the assumptions we have made, k1 + k2 < 1/2 cannot be an
equilibrium.4 From the first-order condition for the case where k1 +
k2 ≥ 1/2, we find that the capacity for firm i is the following:

kC
i =

1
16γ

. (3.7)

As shown in Fershtman and Gandal (1994), a unilateral deviation is
not profitable and therefore this is the equilibrium capacities if they
compete on capacities at Stage 1 and collude on prices at Stage 2.

Given that γ < 1/4, we see that each firm’s capacity always exceeds
1/4. Since a collusive price of 1/2 implies that each of them produces
1/4, then both firms carries excess capacity in the semicollusive equi-
librium.

Now we can compare the equilibrium capacities, production, and
prices for semicollusion with the scenario where they compete on both
capacities and prices. First, note that prices are higher with semicollu-
sion. This is no surprise, since they collude on prices in the semicollu-
sive regime and by assumption are able to set the monopoly price at
Stage 2. Consistent with such prices, we observe that total production
is lower with semicollusion than with competition. However, the excess
capacity with semicollusion is such that total capacity is larger with
semicollusion than with competition. It implies that there are costs of
installing capacity associated with a semicollusive outcome. We have
the following profits for firm i with semicollusion:

πC
i = qC

i · pm − γki =
1
16

. (3.8)

4 In such an outcome the prices in the Cournot game exceeds 1/2, which contradicts the
assumption that γ < 1/4 whereby Cournot prices are below 1/2.
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When comparing with the profits if competition at both stages, it can
easily be verified that each firm earns higher profits if they do not
collude on prices.

This is a counterintuitive result. By coordinating prices, they earn
lower profits even though they succeed in setting higher prices. The
driving force is exactly the mechanism we described in Section 3.1.
A higher price triggers more intense rivalry along other dimensions,
because the profit from capturing one more customer is higher than
before. In this particular case there is a battle for market shares through
the installment of capacity. The installment of capacity is costly. In the
simple model in Fershtman and Gandal (1994) it is found that the cost
associated with installment of capacity not used for production more
than outweighs the increase in revenues from colluding on prices.

3.2.1.2 Extensions of the Basic Model

There are numerous simplifying assumptions in the basic model we have
referred to. There are several extensions of the basic model, and inter-
estingly many of them are introduced in studies that were completed
prior to Fershtman and Gandal’s (1994) study.

First, there is reason to questioning the sharing rule as such. In
the basic model it was simply assumed that if excess capacity in the
industry due to collusive pricing they allocated production according
to relative capacity. Osborne and Pitchik (1987) relax this assump-
tion. In line with our basic model, they assume that firms set capac-
ities non-cooperatively at Stage 1 and that they anticipate that they
might collude on prices at Stage 2. In contrast to our basic model, each
firm’s quota is determined by its threat to deviate from the collusive
price at Stage 2.5 It turns out that in line with what we found in our
basic model, the firms end up installing more capacity than what is
needed for production. They install excess capacity, because it helps as
a threat toward the other cartels members concerning what will happen

5 There are several ways the quota can be set, see Schmalensee (1987). In Osborne and
Pitchik (1987) they apply the Nash bargaining solution, where the firms split equally the
excess of monopoly profit over the payoffs when the threats are carried out. It is assumed
that there will be a non-cooperative price-setting game if the threats are carried out.
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at Stage 2 (a one shot game) if this firm deviates from the collusive
price.

One important implication from the Osborne and Pitchik (1987)
model is that the small firm — the one with the lowest capacity — can
be the one with the highest profits per unit of capacity. To understand
this, note that for sufficiently large capacity by both firms they will
both be able to credible threat to flood the market. This implies that
they split equally the gain from price collusion at Stage 2. But if one
of the firms has a lower capacity than the other one, the firm with the
lowest capacity has the highest profit per unit of capacity.

Second, there is also reason to question whether price collusion is
indeed the outcome at Stage 2 of the game. Davidson and Deneckere
(1990) relax this assumption.6 While at Stage 1 capacity is set non-
cooperatively in their model as well, they assume that at Stage 2 of the
game the firms play an infinitely repeated price-setting game. They
find that excess capacity is present in all outcomes (except for the
static Nash equilibrium in quantities). Excess capacity makes it possi-
ble to punish a deviation from a collusive scheme. If the costs of capital
and the interest rate are sufficiently low, then an equilibrium with high
excess capacity and a monopoly price is sustainable. If the cost of capi-
tal and the interest rate rise, it is costly to carry a large excess capacity.
Then the collusive price falls below the monopoly price.

Note that also in this model there is a capacity ‘race’, because each
firm tries to increase its share of the collusive profit. In that respect
there are some similarities with our basic model. While in our basic
model the mechanism that led to excess capacity followed directly from
the way they set the quota (the market sharing rule they had agreed
upon), it is a more indirect mechanism in the repeated game.

A semicollusive approach can also be relevant in entry games. Firms
set capacities non-cooperatively prior to entry, and then there are
prospects for collusion on prices after entry. In Benoit and Krishna
(1991) an incumbent and an entrant set capacities sequentially before

6 They extend a model first introduced in Davidson and Deneckere (1984) and Benoit and
Krishna (1987). In both those models firms are allowed to collude on both prices and
capacities. See also Fershtman and Muller (1986), the first one to show that semicollusion
might lead to excess capacity.
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an infinitely repeated price game after entry. Given the prospects for
collusion after entry, a high capacity by the incumbent might signal a
large scope for collusion. This implies that a large investment in capac-
ities by the incumbent might accommodate entry. Benoit and Krishna
(1991) show that a limited capacity can in some cases deter entry,
because it makes it credible that collusion is not attainable.7

3.2.1.3 Profits and Welfare

A semicollusive behavior will obviously have an impact on profits.
As noted by Davidson and Deneckere (1990), equilibrium profit in a
semicollusive outcome is expected to be lower than in a fully collu-
sive outcome. The reason is that semicollusion leads to an expansion
of capacity beyond the monopoly level. Obviously, this expansion is
costly. As shown in Fershtman and Gandal (1994), the profit increase
due to higher prices can be outweighed by the cost increase due to the
expansion of capacity.

A natural question then is whether a semicollusive outcome will be
achieved, given that they are worse off than in a competitive outcome.
Note that firms collude at Stage 2. For a given capacity, it will always
be profitable for the firms to collude on prices at Stage 2 (as long as
such an outcome is sustainable in the repeated game). This implies that
it can be difficult to deviate from a semicollusive outcome. It will not
be credible to agree on not colluding on prices unless such an agreement
is a commitment for the firms.

The mechanism so far may indicate that semicollusion leads to lower
welfare. This can be explained from Figure 3.1.

Following Fershtman and Gandal (1994), we assume that competi-
tion on both capacities and prices leads to a Cournot outcome. They
install total capacity KN , which is above the total capacity chosen by
a monopoly firm KM . If collusion on prices, they are able to reach the
monopoly price PM , which is above the Cournot price PN . Compared
to the case of competition at both stages, this leads to a dead weight
loss shown with the area marked with the dark gray color. Collusion

7 See also Sørgard (1997), where it is shown that an entrant facing an incumbent with excess
capacity might support post entry price collusion by restricting its own capacity.
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Fig. 3.1 Possible welfare effects of collusion on prices and competition on capacities.

on prices and competition on capacities will lead to an installment of
capacity equal to KC , which is in excess the amount of capacity if
competition on prices. This is costly for the firms and for society, and
it leads to an additional loss for society equal to the rectangular area
marked with a light gray color. The total costs for society associated
with semicollusion are the sum of the areas that are marked with colors.

In fact, in this setting a semicollusive outcome is even worse than a
fully collusive outcome. If a fully collusive outcome, they don’t install
excess capacity. The only costs for society are then the dead weight
loss associated with high prices, shown with the area marked with a
dark gray color. The additional loss associated with installing excess
capacity with semicollusion is the light gray rectangle plus the rectangle
marked with an A.

3.2.2 Competition on R&D

In the previous section the firm had prices and capacities as choice
variables. An alternative could be that they can set prices and R&D.
For example, R&D can lead to lower costs of production (lower marginal
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costs). If so, this is process innovation. Alternatively, R&D leads to
product innovation and thereby product improvements.

3.2.2.1 A Basic Model

Let us consider the model first presented in Fershtman and Gandal
(1994). They assume a market with two firms producing identical prod-
ucts and with a linear demand:

P = 1 − q1 − q2, (3.9)

where P denotes the market price and qi denotes the production (and
sales) of firm i. Each firm’s costs are determined by its investment in
R&D:

Ci = (A − xi)qi + λx2
i /2, (3.10)

where xi denotes firm i’s investment in R&D, where xi ≤ A. The first
term is the cost of production, while the second term is the investment
cost.

The rules of the games are as follows:

• Stage 1: firms set R&D (xi)
• Stage 2: Firms set quantities (qi)

In the first scenario, called competition, they set both R&D and quan-
tities non-cooperatively. In the second scenario they set R&D non-
cooperatively at Stage 1 and collude on quantities at Stage 2.

If competition, they behave a la Cournot at Stage 2. The second-
stage profits of firm i net of investment are as follows:

RN
i =

(1 − A + 2xi − xj)2

9
. (3.11)

Assuming an interior solution, the unique equilibrium level of R&D
for each firm is8

xN
i =

4(1 − A)
9λ − 4

, (3.12)

8 To ensure an interior solution in both competition and semicollusion scenarios, it is
assumed that λ < 9/8 and λ∗A > 1/2 ≥ A. For details, see Fershtman and Gandal (1994).



3.2 Collusion on Prices 175

and the corresponding profit is:

πN
i =

λ(1 − A)2(9λ − 8)
(9λ − 4)2

. (3.13)

This scenario with competition is contrasted with the scenario with
semicollusion. Assuming semicollusion, it is important how the firms
divide the sales in the collusive outcome at Stage 2. Fershtman and
Gandal assume that the firms sign a binding agreement, where si

denotes the share of the total sales given to firm i. Then the sales
of firm i is qi = si(1 − P ), which implies that the second-period profits
for firm i net of investment are as follows:

RC
i =

(1 − A + xi)2 · si

4
. (3.14)

Fershtman and Gandal assume that si is set such that firms receive
equal percentage gains over the profits that would be earned in the
competition scenario. Given investments at Stage 2, s1, and s2 are set
such that:

RC
1 (x1,x2)

RN
1 (x1,x2)

=
RC

2 (x1,x2)
RN

2 (x1,x2)
. (3.15)

Setting s2 = 1 − s1 and substituting (3.11) and (3.14) into (3.15), we
have the formula for how firm 1’s share is determined:

s1 =
(1 − A + x2)2 · (1 − A + 2x1 − x2)2

(1 − A + x2)2 · (1 − A + 2x1 − x2)2 + M
, (3.16)

where M = (1 − A + x1)2 · (1 − A + 2x2 − x1)2. Given such a sharing
rule, the equilibrium levels of R&D and profits are as follows:

xC
i =

(1 − A)
2λ − 1

, (3.17)

πC
i =

λ(1 − A)2(λ − 1)
2(2λ − 1)2

. (3.18)

It can now easily be verified that xC
i > xN

i . This implies that firms
invest more in R&D when they collude at Stage 2 than if they compete
at Stage 2. The basic mechanism is analogous to the one we described
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in the previous section. Firms invest heavily at Stage 1 in order to
capture a larger share of the collusive profits at Stage 2.

It can also be shown that if investment costs are sufficiently small
(low λ), semicollusion leads to lower profits than competition. For low
costs of investing in R&D, the firms invests a large amount at Stage 1
in order to have a larger share of the collusive profit that is generated
at Stage 2. The gain from a collusive price is then outweighed by cost
associated with large costs of investment in R&D. This is similar to
what we found in the case of semicollusion on capacity.

3.2.2.2 Extensions of the Basic Model

As should be clear from the previous section, there are some similarities
in structure between collusion on capacities and collusion on R&D. But
let us first focus on one feature that is distinctly different when they
choose R&D instead or capacities. It is well known that R&D can lead
to spillovers, i.e., transmission of useful technological information from
one firm to others. One argument could be that information is spread
through the mobility of workers between firms in the same industry.

Brod and Shivakumar (1999) have extended the Fershtman and
Gandal model to the case with technological spillovers. Firm i’s cost
function is the following:

Ci = (c − xi − βxj)qi + λx2
i /2. (3.19)

If β = 0, there is no technological spillovers and we have a model that in
this respect is identical to Fershtman and Gandal. Brod and Shivaku-
mar assume non-negative spillovers by assuming that 0 ≤ β ≤ 1, where
β = 1 implies perfect spillovers.

In addition, Brod and Shivakumar have employed a demand system
that differs from Fershtman and Gandal by assuming that:

Pi = A − b(qi + γqj). (3.20)

The model in Fershtman and Gandal is a special case, where A = b =
γ = 1.

There is one more important difference between those two models.
While Fershtman and Gandal use a market sharing device (see above),
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there are no side payments in Brod and Shivakumar. Each firm pro-
duces what is demanded of its own product at Stage 2. The prices are
set such that the firm’s total profits are maximized, i.e., as if prices are
set by a multiproduct monopoly firm. Such a mechanism for allocating
sales implies that their model is not valid for the case of identical prod-
ucts (γ = 1), since in that case one needs a mechanism for allocating
production between the firms.

It turns out that the results concerning investment in R&D are in
line with the results found in Fershtman and Gandal. For all feasible
levels of spillovers (0 ≤ β ≤ 1) and differentiation (0 ≤ γ < 1), invest-
ment in R&D is higher in the scenario with semicollusion than the
scenario with competition. This is explained as follows:

‘One might have expected the opposite of Proposition 1
[more R&D if competition], because R&D is an output-
enhancing activity, and firms that collude downstream
tend to restrict output. Indeed, firms colluding down-
stream do restrict output for a given R&D effort.
But each cartel member’s output share depends on its
marginal cost, which in turn depends on its R&D effort.
The higher price–cost margins earned by the cartel
induce its members to value R&D more highly than they
would under downstream competition.’ (p. 226).

This illustrates that an analogous mechanism is present in this model as
in Fershtman and Gandal, despite the lack of any formal market sharing
agreement. The mechanism is not identical, though. The increase in the
price–cost margin is in this case partly caused by lower marginal costs,
which in turn triggers more investments in R&D.

Note that the price setting at Stage 2 can be seen as a formal
agreement between the firms. They agree on setting prices that max-
imize joint profits, and then each firm sells exact the amount that is
demanded for its own product at those prices. The latter is the main
difference from Fershtman and Gandal, where a mechanism was intro-
duced that allocated production when all firms produced an identical
product.
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Brod and Shivakumar show how results concerning profits may
change when spillovers and product differentiation are introduced.
They find that if the products are differentiated, then semicollusion
is profitable if spillovers are sufficiently large. The reason is straight-
forward. Spillovers implies that the gain associated with an investment
in R&D spills over to other firms in the industry, and then they are
jointly better off when semicollusion triggers more investment in R&D.

Mukherjee (2002) has chosen an alternative method for modeling
R&D. In contrast to those two works described above, he assumes that
the success of R&D is uncertain. If the probability of success is low,
denoted low R&D productivity, it will increase the probability that the
firm is the sole innovator. Assuming drastic innovation, it implies that
the firm that succeeds gains a monopoly position. He finds that for low
R&D productivity, the investment in R&D can be lower in a semicollu-
sive regime than a regime where they compete on quantities at Stage 2.

All of the studies we have referred so far have simply assumed that
firms compete on R&D at Stage 1 and collude on prices at Stage 2.
In contrast, Fershtman and Pakes (2000) analyze whether a collusive
outcome is sustainable, i.e., whether firms find it individual rational to
collude on prices at Stage 2. Building on the framework first introduced
in Ericson and Pakes (1995), they use numerical methods in a dynamic
model with entry and exit. They assume that firms invest in product
innovation at Stage 1. If a firm deviates from a collusive price, all firms
revert to playing static Nash equilibrium. It is found that collusion on
prices is hard to sustain if a firm is likely to exit in the near future.
Note that this study is, as far as we know, the only one that considers
semicollusion where they compete on product innovation.

3.2.2.3 Welfare Considerations

We found that semicollusion on capacities leads to not only a dead
weight loss, but also costs associated with the installment of excess
capacity. However, the establishment of collusion on R&D but not on
prices has an ambiguous effect on welfare. On one hand, prices might
increase following collusion at Stage 2. On the other hand, costs might
go down due to lower marginal costs following investment in R&D if
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process innovation. The latter can even reverse the price effect, since
for a sufficiently large reduction in marginal costs prices are lower with
semicollusion than with competition. Even if prices go up, improvement
in products due to product innovation can outweigh the loss for the
consumers of a higher price.

Fershtman and Gandal found that in their setting there is no scope
for lower prices following semicollusion, despite the fact that semicollu-
sion leads to lower marginal costs. A more general setting is analyzed
in Matsui (1989), motivated by the government-supported formation
of cartels in Japan after World War II. He shows that investment that
leads to lower marginal costs might lead to benefits to consumers. This
is the case if the reduction in marginal costs outweighs the firm’s incen-
tives to raise prices following the establishment of semicollusion. Note,
however, that even if consumers benefit from semicollusion it can be
detrimental to total welfare. This is easily seen if we consider the case
where semicollusion leads to no changes in prices and thereby con-
sumers are unaffected by it. Welfare has dropped if total costs have
increased. Semicollusion leads to more investments, but on the other
hand lower marginal costs. If this was profitable for each firm prior to
semicollusion, it would choose to invest also then. But if this invest-
ment is undertaken only after semicollusion is in place, it implies that
total costs have increased and welfare is reduced.

In Fershtman and Pakes (2000) R&D leads to higher quality on
products (product innovation). Collusion on prices leads to more invest-
ments in product innovation. This leads to better products, but also
to higher prices. Using numerical simulations they find that consumers
are better off; the product improvement outweighs the price increase.
In some cases collusion is beneficial for consumers since the quality
of the product is improved when they don’t compete on prices. They
therefore conclude that there is a need to revise the common attitude
toward collusion, although they admit that the modeling is incomplete.

3.2.3 Competition on Location

In the previous section we assumed implicitly that firms produced iden-
tical products. Often differentiation is a choice variable. Differentiation
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can be either in space, or more general in product attributes. In what
follows we concentrate on differentiation in space by discussing models
where firms choose location. In addition, we also briefly refer to studies
of product differentiation more in general and how it affects collusion
on prices.

3.2.3.1 A Basic Model

A common modeling approach of differentiation can be traced back
to Hotelling (1929). He introduced a duopoly model for location on a
straight line. His simple model can be illustrated in Figure 3.2.

Consumers are located on a straight line, illustrated with the line
from zero to one in Figure 3.2. Firms A and B choose location on the
straight line, and their locations are illustrated with locations denoted
A and B in Figure 3.2. If firms set identical prices, each consumer will
then go to the closest firm. They will then incur a transportation cost
that corresponds to the length of transportation. For example, a con-
sumer located at zero would prefer firm A and incur a transportation
cost for the distance a. According to Hotelling (1929), competing firms
would locate close to each other (identical location — minimum differ-
entiation). In Figure 3.2 this would imply that both firms locate at 1/2.

Unfortunately, his analysis was incomplete. Given competition on
both prices and location, identical location would not be an equilib-
rium outcome in pure strategies.9 For example, with quadratic trans-
portation costs and competition along both dimensions firms choose
maximum differentiation (locate on zero and one on the straight line,
respectively). This is done for dampening price competition. If we allow

0 1

a b

A B

Fig. 3.2 Hotelling location model.

9 This was first pointed out in d’Aspremont et al. (1979). The reason is that a firm then
could capture all the rival’s sale by lowering its price. As shown in Dasgupta and Maskin
(1986), the equilibrium is in mixed strategies.
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for collusion on both prices and location, that would neither restore
the original outcome proposed in Hotelling (1929). By locating at 1/4
and 3/4, respectively, the firms would minimize transportation costs.
This would, in turn, lead to higher profits since firms are able to set a
higher price to the consumers.

In Friedman and Thisse (1993), it is proposed a game where the
Hotelling result of minimum differentiation is restored.10 They assume
that firms at Stage 1 choose location non-cooperatively and at Stage 2
set prices in an infinitely repeated game. They show that a trigger strat-
egy can support an equilibrium outcome with a fully collusive outcome
and minimum differentiation.

To have an indication of the mechanisms at work, let us consider
the profit function for firm A:

πA = [PA(A,B) − C] · DA(A,B,PA(A,B),PB(A,B)). (3.21)

A marginal change in the location of firm A will then have the
following effect:

∂πA

∂A
= [PA − C]

∂DA

∂A︸ ︷︷ ︸
DIRECT EFFECT

+ [PA − C]
∂DA

∂PB

∂PB

∂A︸ ︷︷ ︸
STRATEGIC EFFECT

. (3.22)

All else equal, if firm A moves closer to rival’s location (higher A)
it will have a larger sale. This is because some of the consumers that
were located closest to firm B will now be better off by choosing firm A.
This is the direct effect, and it tells the firm to move closer to its rival.
But if it moves closer to its rival, this will trigger tougher competition
on prices. The products are becoming closer substitutes, and then it is
more tempting to cut prices to capture some of the rival’s customers.
This is the strategic effect, and this will tell the firm to move away from
its rival to dampening competition.

We thus see that location is ambiguous. It depends, among other
things, on the transportation costs. However, if the firms collude on
prices this will change. In such a case there is no strategic effect, since
locating closer to its rival will not trigger any price response (given

10 See also Jèhiel (1992), who reports a similar result and also uses a Hotelling framework.
He also shows that if monetary transfers are possible, this may lead to differentiation.
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that they succeed in colluding on prices). If so, only the direct effect
is present. The firms will then locate close to its rival to capture sales
from its rival. As shown in Friedman and Thisse (1993), in the semicol-
lusive equilibrium they locate at the same point and this restores what
Hotelling characterized as “excessive sameness”.

The robustness of the result in Friedman and Thisse (1993) is even
stronger than indicated by the discussion of the direct and strategic
effect. They assume that collusion on prices is supported by a trigger
strategy, where a firm’s profit is proportional to profits at the single-
shot equilibrium. It is well known from theory of repeated games that
the more severe the punishment after any deviation, the larger the
scope for collusion on prices. If they have chosen identical location, the
one-shot equilibrium is zero and thus the most severe that is possible.
This explains why it is larger scope for collusion on prices when both
firms locate at (1/2,1/2) than, for example, at the end points.

3.2.3.2 Extensions of the Basic Model

Friedman and Thisse (1993) consider only two firms, and this is obvi-
ously a restrictive assumption. To our knowledge there are no theoret-
ical studies of semicollusion with a similar setting as them with more
than two firms. It is not at all obvious that their result would carry
through to three or more firms. Although Eaton and Lipsey (1975) do
not solve the semicollusive game, their study indicates that things may
change dramatically if we have more than two firms.

They assume that prices are exogenously given, while firms compete
on location. They solve for various assumptions, for example concern-
ing the number of firms, one or two dimensional product differentia-
tion, whether the location is on a straight line or on a circle, and how
customers are spread throughout the market. For the moment, let us
stick to the Hotelling model discussed above and only check the effect
of the number of firms.11 The results in Eaton and Lipsey (1975) are
illustrated in Figure 3.3.

11 In Eaton and Lipsey (1975) they assume that each firm offers one product. Often we
observe that firms offer more than one product. For a discussion of such a case, see
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?3
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2

Fig. 3.3 Location with exogenous prices for two to five firms.

For two firms we see that they have chosen minimum differentiation,
which is in line with the result in Friedman and Thisse (1993). For
three firms, there is no Nash equilibrium in pure strategies. Each of the
firms most to the left and right, respectively, would gain from moving
toward the third firm, the one located between them. But if they move
close enough, the firm in the middle would find it profitable to deviate,
and become the firm located most to the left or most to the right. If
there are four firms, on the other hand, they locate pairwise as shown in
Figure 3.3. If the customers are evenly spread out, the firms are located
pairwise at the first and third quartiles.12 With five firms, pairwise
location is no longer possible. They show that in equilibrium firms are
located pairwise at 1/6 and 5/6 of the distance of the line, while the
last firm is located in the center of the market. Moreover, they also
show that location is ambiguous for the case with six or more firms.

This example indicates that the result in Friedman and Thisse
(1993) is not robust to changes in the number of firms. Eaton and Lipsey
(1975) show that other relaxations of the model may also change the
main result found in Friedman and Thisse (1993). For example, they
show that if we assume that customers are located on a circle rather
than on a line minimum differentiation disappears even for the case of
only two firms.

Gabszewicz and Thisse (1986), Bensaid and DePalma (1993), and Martinez-Giralt and
Neven (1988).

12 In Gabszewicz and Thisse (1986) it is shown that pairwise location is also the equilibrium
outcome in a duopoly where the firms have an equal number of products. However, in
Salvanes et al. (1997) it is shown that in a duopoly with an unequal number for products
there is no Nash equilibrium in pure strategies. The firm with the largest number of firms
would try to squeeze the small one by locating on both sides of it, and the small firm
would try to escape from this.
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Finally, let us consider models that analyze how product differenti-
ation more generally can influence the prospects for price collusion. As
first discussed in Chang (1991) and Ross (1992), there are two opposing
effects.13 If products are close substitutes, a deviating firm can gain a
lot because it can capture a large fraction of the rivals’ sales. On the
other hand, after deviation firms compete fiercely if their products are
close substitutes. Depending on the modeling approach and assump-
tions made, a reduction in product differentiation can either support
or destabilize collusion on prices. For example, in contrast to the results
in Friedman and Thisse (1993) it is shown in Ross (1992) that in a par-
ticular spatial model an increase in product differentiation can promote
price collusion. Note, though, that none of the general models on cartel
stability and product differentiation treat product differentiation as an
endogenous choice variable.

3.2.3.3 Profits and Welfare

If we return to the basic model, it is straight forward to see that the
two firms are not able to reach the profits they could reach in a fully
collusive equilibrium. They could jointly be better off if they located on
the first and third quartiles, respectively. That would be more in line
with the preferences for the consumers (lower transportation costs),
and this would make it possible to charge a higher price. But as we
have shown already in the preliminary section, high prices may trigger
tougher competition along other dimensions. In this particular case
it triggers competition for market shares through a more aggressive
behavior concerning location.

In the basic model it is thus straight forward to see, as argued above,
that semicollusion leads to lower welfare than the fully collusive out-
come. It can also lead to lower welfare than in the competitive outcome.
Although location is ambiguous with competition, it can never be more
extreme than both locating in the middle and the prices can never be
higher than in the semicollusive outcome.

13 The point that cheating will be less profitable when products are differentiated was first
discussed in Davidson (1983). See also Rotschild (1997), Tyagi (1999) and Chang (1992).
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Unfortunately, these clear cut results do not carry over to the exten-
sions of the basic model. As we have explained, collusion on prices and
competition on location can lead to outcomes that differs a lot depend-
ing on, for example, how many firms that compete. There is therefore
not possible to make any general conclusion concerning the welfare
effect of collusion on prices and competition on location. It calls for a
case-by-case approach.

3.2.4 Competition on Advertising

Advertising is a choice variable in numerous industries. In Section 3.1
we reported a specific model where each firm’s advertising was
decisive for the market sharing. In that setting there was no market
expansion effect following an increase in advertising. Let us introduce
an alternative modeling approach to capture the potential for a market
expansion effect.

Let us briefly explain the approach presented in Wang et al. (2007).
They employ a theoretical model to make predictions they test. In the
theoretical model they assume the following linear demand function for
product i:

Xi = (A + yi − byj) − pi + dpj , (3.23)

where Xi is the quantity of product i,pi is the price of product i,yi

is the amount of advertising for product i,d is a proxy for the degree
of product differentiation, and b is a proxy for the spillover. If b > 0,
then there is a negative spillover; the potential for increased own sale
due to own advertising is partial offset by increased sales by the other
firm.

Obviously, it can be argued that this is a rather special demand
structure. For example, it is assumed that advertising leads to higher
willingness to pay (upward shift in the demand curve), not in a larger
number of consumers as such. It is also quite clear that the results
depend crucially on the parameter values.

There are some results though that indicates that the results we
found in previous sections are valid also with collusion on prices and
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competition on advertising. First, they find that for sufficiently large
spillover the amount of advertising is larger in the semicollusive regime
than the competition regime. Second, they find that for sufficiently high
costs associated with investing in advertising the firms are better off
with competition than with semicollusion.

To our knowledge, there are not any other theoretical studies that
analyze collusion on prices and competition on advertising. The mod-
eling approach should share some similarities with the approach taken
on models with R&D. Both investment in advertising and in R&D can
be interpreted as an investment that change the demand for the prod-
uct in question. This is the approach followed in Symeonidis (2000a),
which we will describe later on when we discuss semicollusion with free
entry. This implies that some of the results we found from models with
R&D can be relevant for the discussion of the effects of collusion on
prices and competition on advertising.

3.3 Competition on Prices

As argued in Section 2.3, it will often be more plausible with collusion
on prices than on other choice variables. The main reason for this is
that price is typically a flexible variable that is observable and therefore
can be changed quite rapidly, and it is well known that it is easier to
collude the more flexible a choice variable is. However, there are in some
cases arguments for collusion on other choice variables than prices. In
particular, competition law in most countries typically ban any contact
between competing firms concerning price fixing. Overt collusion on
prices is therefore for most firms not an option unless they decide to
take part in an illegal activity. On the other hand, collusive agreements
on other choice variables are often legal and such cooperation is in some
cases encouraged by the competition authorities. This is in particular
true concerning collusion on research and development. For example,
European Commission has exempted research and development from
the general ban on agreements between undertakings. This makes it
very natural to investigate the effects of collusion on R&D combined
with competition on prices.
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3.3.1 Collusion on R&D

3.3.1.1 A Basic Model

Let us consider the model presented in d’Aspremont and Jacquemin
(1988). They apply a duopoly model with identical products, linear
demand and a quadratic cost function. Let qi and xi denote firm i’s
amount of quantity sold and research undertaken, respectively. The
price is given by p = a − b(q1 + q2), and the cost function for firm i is
Ci = [A − xi + βxj ]qi + γx2

i /2. They assume that the research activity
is set at Stage 1 and the production is set at Stage 2.

In line with the previous section, let us compare the competitive
outcome with the semicollusive outcome. Competition implies that
research at Stage 1 and production at Stage 2 are set non-cooperatively.
This leads to the following amount of research and production for firm i:

qN
i =

(a − A)
3b

4.5bγ

4.5bγ − (2 − β)(1 + β)
, (3.24)

xN
i =

(a − A)(2 − β)
4.5bγ − (2 − β)(1 + β)

. (3.25)

Semicollusion will in this case imply that firms collude at Stage 1
when setting R&D, and compete on Stage 2 when they set production.
Given semicollusion, firm i’s research and production are as follows,
respectively:

qC
i =

(a − A)
3b

4.5bγ

4.5bγ − (1 + β)2
, (3.26)

xC
i =

(a − A)(1 + β)
4.5bγ − (1 + β)2

(3.27)

We can now compare the equilibrium values in those two regimes.
It turns out that the spillover, modeled with the parameter β, is crucial
for the outcome.14 If spillover is low (β < 1/2), the amount of research
is lower when they coordinate research than if they do not. The reason
is obvious. Coordination makes it possible to avoid the competition on

14 Henriques (1990) has shown that the equilibrium in the competitive regime is unstable if
the spillover is sufficiently small (β = 0.17). See also d’Aspremont and Jacquemin (1990),
where the role of β is discussed.
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R&D and thereby to save costs. However, for large spillover coordi-
nation leads to a larger amount of R&D. Spillover implies that own
R&D leads to lower costs of production of its rival, an effect each firm
does not take into account if they act non-cooperatively. This positive
externality is internalized when they collude on R&D, and therefore
they find it profitable to set a higher amount of R&D in order to lower
both firms’ costs of production. Suzumura (1992) has extended their
model to an oligopolistic industry with more general demand and cost
functions, and find that their main results are valid also in such a set-
ting.15

The results concerning production and thereby prices follow
straightforward from the equilibrium values of R&D. If they cut down
on R&D, this leads to higher costs of production and thereby lower
production and higher prices. This is true if the spillover is sufficiently
low. For high spillover, the opposite is true. It implies that consumers
are better off with semicollusion as long as the spillover is sufficiently
large.

Interestingly, d’Aspremont and Jacquemin (1988) find that the firms
will always gain from semicollusion. The semicollusive effect we have
discussed earlier — tougher competition is triggered along another
dimension — is not present in this setting. There is no reason to over-
invest in R&D at Stage 1, to reap a larger benefit from a possible
collusion on prices at a later stage. As noted in Fershtman and Gan-
dal (1994), firms cannot be worse off under semicollusion than in the
non-cooperative interaction as long as the collusion occurs at Stage 1.

3.3.1.2 Extensions of the Basic Model

Katz (1986) applies a more general model than in d’Aspremont and
Jacquemin (1988).16 In line with what we reported above, he finds
that collusion on R&D is more likely to be beneficial for consumers if
the spillover is large. Katz discusses in detail how various sharing rules

15 For other extensions of the basic model, see among others de Bondt et al. (1992), Simpson
and Vonortas (1994), Ziss (1994), de Bondt and Henriques (1995) as well as articles
referred to in Section 3.3.1.2.

16 See also Spence (1984), obtaining similar results by employing different formulations.
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concerning costs and output affect the outcome. He finds, as we expect,
that cost sharing leads to more R&D. However, he finds that output
sharing may lead to less R&D. The reason is that each firm anticipates
that it will help its rival to increase its production by undertaking own
R&D, and this free rider effect dampens the incentives to invest in
R&D. Finally, he finds that it is less likely with more R&D following
collusion on R&D when competition is intense among firm. The reason
is that intense rivalry leads to large investments in R&D, which implies
that coordination of R&D leads to less R&D to avoid a costly battle
for market shares.

It seems plausible that cooperation can make it possible with more
spillovers, for example through the implementation of various sharing
rules as in Katz (1986). Kamien et al. (1992) have made a more explicit
analysis of the role of information sharing as such. They distinguish
between four scenarios, where Scenario 1 and Scenario 2 are identical to
the ones analyzed in d’Aspremont and Jacquemin (1988). In Scenario 3
and Scenario 4, which they denote research joint venture (RJV), they
allow for information sharing concerning spillovers. It implies that the
spillover is at a maximum, which in the previous model we discussed
implies that β = 1. In Scenario 3, called RJV competition, they assume
that they share information but that they set R&D non-cooperatively.
In Scenario 4, which they call RJV cartelization, they share information
and in addition set R&D that maximizes joint profit. It turns out that
R&D is lowest in Scenario 3, when they share information and thereby
have maximum spillovers but sets R&D non-cooperatively. Such a low
investment in R&D is due to the free rider effect; each firm expect
to free ride on other firms’ R&D. On the other hand, Scenario 4 with
information sharing and collusion on R&D typically leads to the highest
amount of R&D. Then they realize that they can jointly gain from
higher R&D, and therefore their joint decision on R&D leads to a large
investment in R&D.

In contrast to those models described above, Choi (1992) considers
both process and product innovations with stochastic outcomes. It is
assumed that the spillover rate increases with cooperation on R&D.
Since spillover leads to tougher competition in the product market, this
implies that cooperation can be detrimental to profits. He finds that
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firms are better off colluding on R&D when spillover rates are high.
Moreover, he finds that society would be better off if firms colluded
even more on R&D than what is profitable for the firms.

Nocke (2007) applies a state-space approach where current invest-
ments in product improvements (product innovation) change future
market conditions. In his model firms collude or compete on product
R&D at Stage 1, and compete on quantities at Stage 2. Collusion on
R&D leads to a low level of R&D, since they then by definition avoid
an escalation in investments outlays. He finds that collusion on R&D
is less likely the higher the spillover rate. With a high spillover rate
each firm chooses a low non-collusive R&D level and ends up with low
quality on its products in the non-collusive equilibrium. But underin-
vestment as a collusive outcome, with even lower level of R&D, can
only be supported by a credible threat to expand R&D after any devi-
ation. As shown in Nocke (2007), this threat is very limited with a
large amount of spillover since the amount of R&D in the non-collusive
outcome is close to the R&D level in the collusive outcome.

All the above-referred models assume that firms compete in the
product market. However, collusion in R&D might lead to collusion
in the product market. Martin (1995) has shown that this indeed can
be the case.17 He considers a trigger strategy where a breakdown of
collusion in the product market leads to a breakdown of the collusion
on R&D as well. R&D is undertaken because it is profitable as such
for the firms. This implies that any deviation from a collusive outcome
in the product market will trigger not only tough competition in the
product market, but also competition on R&D. The punishment for
deviating from a collusive price is thus larger when they collude on
R&D than if they compete on R&D, which implies that there is a
larger scope for collusion on prices when they also collude on R&D.

Martin (1995) assumes that cooperation on R&D is contractible and
a commitment. However, it is often hard to write down and enforce
R&D contracts. Cabral (2000) argues that R&D programs normally
progress over a long period, it is difficult to contract on future actions,

17 See also Lambertini et al. (2003). They extend Martin’s approach, where process inno-
vation was analyzed, by considering product innovation.
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and each firm’s contribution to R&D can be difficult to observe. He con-
siders non-binding, self-enforcing agreements in a setting where there
is scope for tacit collusion on both prices and R&D.18 There is a prob-
ability that an investment in R&D leads to an improved technology.
Success in R&D is a zero-one, once-for-all event, and R&D is assumed
to be a public good (100 % spillovers). Although it is found that a
monopoly price can be sustained, in some cases it is optimal for the
firms to set a price below the monopoly price.19 A low price will lead
to low profits in the current period. This encourages the firms to invest
heavily in R&D, and thereby increases the probability for a successful
R&D investment. If R&D is successful, they move on to a price-setting
subgame with no R&D. Moreover, he also shows that it can be possible
with an equilibrium where firms choose low R&D to sustain collusive
prices. The driving force behind this result is that after successful R&D
it is assumed that it is hard to enforce a large punishment for deviation
from a collusive price, either because capacity constraints are binding
or products are more differentiated.

3.3.1.3 Public Policy Implications

While collusion on prices is illegal, cooperation on R&D has been
treated much more favorable by competition authorities. The findings
from the previous sections give some support for a more favorable pub-
lic policy toward R&D cooperation than toward price fixing. Several
of the theoretical studies find that with large spillovers cooperation on
R&D can lead to more R&D and lower prices. For example, Kamien
et al. (1992) find that R&D cooperation that leads to information shar-
ing and thereby maximum spillovers are often welfare improving. Such
a cooperation is expected to lead to high R&D investment, ensures that

18 Cabral relates his study to the multimarket contact model in Bernheim and Whinston
(1990). Although there are some notable differences, there is an analogy between compet-
ing in several markets and competing in different strategic variables. See also Cooper and
Ross (2008), where it is argued that joint ventures in one market can facilitate collusion
in another market.

19 Note that Cabral (2000) finds that there is a multiplicity of equilibria. For example, one
alternative could be to have a large probability to abandon any future R&D if no success
having been reached. This threat of abandonment of R&D will sustain the efficient R&D
investment.
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all firms have access to discoveries on identical terms, and the low costs
associated with high R&D leads to low prices in the product market.
Semicollusion, where firms collude on R&D and compete on prices, is
therefore expected to often be welfare improving.

However, there is one important caveat. Some studies show that
cooperation on R&D might promote collusion on prices. Although it
is shown that there are many possible outcomes when they can col-
lude on both R&D and prices (see Cabral, 2000), this makes coopera-
tion on R&D much more likely to be detrimental to welfare. If collusion
on R&D leads to lower marginal costs and at the same time higher
prices, we have the classical trade off first shown in Williamson (1968)
concerning mergers. This is illustrated in Figure 3.4.

In Figure 3.4 we assume that cooperation on R&D leads to lower
average costs, but at the same time higher prices. The latter leads to a
dead weight loss that must be traded off against the gains for society
from lower costs. If the dark shaded area is larger than the light shaded
area, R&D cooperation (combined with collusion on prices) leads to
lower total welfare. Note that in this model, where R&D is process
innovation, consumers are worse off as long as prices go up. When
R&D leads to product improvements, the net effect for consumers (and
for society) is more complex.

Most competition authorities apply a consumer welfare standard.
Given such an approach, they should ban process innovation as long

Sales
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Cost
reduction
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Fig. 3.4 The Williamson welfare tradeoff.
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as prices go up. This indicates that cooperation on R&D should be
allowed if it does not promote collusion on prices. The rules concerning
R&D in for example Europe is favorable toward R&D cooperation, but
it is not so obvious that the rules are able to disentangle between R&D
that promote price collusion and R&D that does not promote price
collusion. For example, the rules are concerned about market shares
since firms with a combined market share below 25% are exempted from
the Article 81 ban on cooperation between competing firms. A more
natural approach would be to focus directly on aspects that favor price
collusion as such. For example, in markets where firms have detailed
knowledge about each others prices it might be good reason to expect
a collusive price to be achieved. Another policy alternative, proposed
by Hinloopen (1997), would be to subsidize R&D rather than allowing
for collusion on R&D.

In many industries there are sector regulators, not only competition
authorities, that can intervene. Sector regulators are often closer to
a total welfare standard approach than a consumer welfare standard
approach. If we apply a total welfare standard, the Williamson tradeoff
is valid. It implies that a sector regulator following a total welfare
standard will be more favorable toward collusion on R&D. Even if
it leads to collusion on prices, it might be optimal to allow it. This
illustrates that the choice of welfare standard can be crucial for the
optimal public policy.

3.3.2 Collusion on Other Non-price Variables

Since competition law is restrictive toward collusion on prices and more
favorable toward collusion along other dimensions, we would expect
collusion on other choice variables than price. However, except for col-
lusion on R&D there are few examples in the literature on collusion on
non-price variables. As far as we know, there are only a few studies of
collusion on advertising and a study of investment in infrastructure in
telecom.20

20 Foros et al. (2002) consider collusion on infrastructure in the telecom market and com-
petition on prices. Their model, though, shares many of the features with some of the
models we have discussed in the section on collusion on R&D and competition on prices.
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Simbanegavi (2009) analyzes semicollusion where firms collude on
advertising and compete on prices. He extends the model first intro-
duced in Grossman and Shapiro (1984). Two firms are located equidis-
tantly on a circular market. If consumers are not informed about any
of the two firms’ products, then they do not participate. Both firms
advertise, and each consumer receives an ad from either none, both
or one firm. If it receives ad from one firm, then it buys the prod-
uct if it is individual rational to do so. If it receives ads from both
firms, it chooses the one that leads to the highest surplus. In Grossman
and Shapiro (1984), it is shown that more advertising leads to lower
prices. The reason is that more advertising leads to more consumers
being informed about both products. To capture those fully informed
consumers, each firm has an incentive to lower its price.

Given that advertising triggers tougher competition on prices, it is
no surprise that Simbanegavi (2009) finds that collusion on advertising
leads to less advertising in equilibrium. It leads to a dampening of
competition, and the firms earn higher profits both from higher prices
and lower investments in advertising. However, the welfare effect of
this kind of semicollusion is more complex to understand. There are
cost savings due to lower outlays on advertising. On the other hand,
consumers are worse off due to higher prices and worse off due to the
fact that fewer customers are informed. Simbanegavi finds that the net
effect on welfare from this kind of semicollusion is negative.

Aluf and Shy (2001) apply a model where advertising is not infor-
mative. In their model advertising leads to more differentiated prod-
ucts. In contrast to the results in the Grossman and Shapiro (1984)
model, an increase in advertising leads to higher prices in the non-
cooperative equilibrium. They find that collusion on advertising leads
to a higher level of advertising. The reason is that this will dampen
price competition.

3.4 Semicollusion with Free Entry

In the discussion so far we have assumed a fixed number of firms.
However, a change in the nature of competition, for example collusion
rather than competition on prices, can lead to a change in the number of
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active firms. For example, higher profit is expected to attract entrants
to the industry in question.

To our knowledge, there is only one study that investigates the
consequences of semicollusion in a model with free entry. Symeonidis
(2000a) builds on the models in Sutton (1991, 1998), and in contrast
to Sutton’s models he also considers how a change in the toughness of
price competition affects the amount of advertising/R&D. He employs a
vertical differentiation model, where a quality parameter can be inter-
preted as something that can be increased either by advertising or
R&D. He assumes the following sequence of moves:

• Stage 1: Firms decide to enter or not
• Stage 2: Firms set advertising/R&D
• Stage 3: Firms set prices

He assumes that firms set advertising/R&D non-cooperatively at
Stage 2, and investigates what happens if there is an exogenous change
in the toughness of price competition at Stage 3.

It turns out that opposing forces are at work. We know from our
earlier discussion, see for example Sections 3.1 and 3.2, that tougher
price competition for a given number of firms leads to less investment in
advertising or R&D. Since gross profits have fallen and at the same time
fixed costs have fallen due to lower investment in the non-price variable,
tougher price competition may lead to either more or less profits for
a given number of firms. Hence, it is not clear whether semicollusion
would lead to entry or exit of firms. Obviously, whether it is entry or exit
is expected to be quite crucial for the change in total advertising/R&D
in the industry following a change in the toughness of price competition.

Symeonidis (2000a) employs a specific model, and according to this
model he finds by using simulations that tougher price competition
leads to a lower amount of advertising/R&D in an industry with free
entry. This result confirms the results reported previously, where we
found that semicollusion where firms collude on prices typically leads
to higher amounts of advertising and R&D (as well as capacities). How-
ever, Symeonidis admits that his results might be special to the func-
tional forms he has employed.
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It is of interest to go back to one of the first models we discussed, the
capacity model in Fershtman and Gandal (1994). They found that semi-
collusion — with competition on capacities and collusion on prices —
led to higher industry capacity and lower net profits. If we instead
assume free entry, a shift to semicollusion is expected to lead to exit.
Fewer firms will typically lead to less intense rivalry. Less intense rivalry
will in this setting imply that they invest less in capacity. In theory one
could therefore expect that semicollusion might lead to less, not more,
investment in capacity.

While the capacity model in Fershtman and Gandal (1994) consid-
ered a duopoly, let us check the equilibrium values for n number of
firms. If competition, the equilibrium amount of capacity in the indus-
try is the following:

kN
i = qN

i =
1 − γ

1 + n
. (3.28)

If collusion on prices and competition on capacities, the amount
of capacity in the industry is as follows given that there is the same
number of firms:

kC
i = qC

i =
n − 1
4γn2 . (3.29)

It can easily be shown that for a given number of firms, there will
always be higher investment in capacities in a semicollusive outcome
than in a competitive outcome.

However, we know from Fershtman and Gandal (1994) that in the
semicollusive outcome with a fixed number of firms we have lower
profits than in the competitive outcome. This will induce exit. Let us
assume that x firms exit following the establishment of semicollusion.
With a slight abuse of notation, we assume that x is a continuous vari-
able. Comparing Equations (3.28) and (3.29), we have that the number
of firms that must exit following the establishment of semicollusion for
the level of industry capacity being unchanged is the following:

x =
(1 − 4γ(1 − γ))n2 − 1
1 + n(1 − 4γ(1 − γ))

. (3.30)

The number of firms that must exit for total industry capacity being
unchanged depends on the number of firms initially and on the cost
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per unit of installing capacity. It is assumed that that γ < 1/4. If we
set γ = 0.23 and n = 4, then total capacity goes down if semicollusion
leads to exit of two firms. This suggests that in theory a model with
free entry can lead to lower industry capacity after semicollusion is
established. However, in this particular model it seems as if there must
be a substantial exit for this to happen. This makes such an outcome
quite unlikely, at least in our very specific model.



4
Empirical Findings

In an empirical study of cartel profitability, Asch and Seneca (1976)
found that cartels tended to be non-profitable. As shown in some of
the theoretical models this can be consistent with the existence of semi-
collusion, where cartels despite collusive prices waste their profits on
non-profitable competition along other variables. Such a result raises
the question why the firms in the first place collude on prices, since
competition on all variables is more profitable. However, other stud-
ies indicate that collusion on prices is profitable, resolving this puzzle.1

However, none of these studies test directly for semicollusion. There can
be many other reasons why collusion is profitable (or not profitable).

In this section, we will primarily focus on those studies that test
more directly for semicollusion than the one already mentioned. It
turns out, though, that there are rather few such empirical studies

1 See, for example, Griffin (1989). She analyzed 54 international cartels, and concluded that
at least some of the cartels must have increased the profits of their members quite sub-
stantially. Levenstein (1997) found that the profits in the cartelized bromine industry were
at least temporarily close to the joint profit-maximizing level. Griffin (2001) discusses the
Lysine cartel, which was able to increase prices with more than 70% during its operation.
She also refers to the graphite electrode cartel where US prices alone went up in excess
of 60%.

198
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and therefore we also refer to some empirical studies that test for semi-
collusion more indirectly.

In the previous section we distinguished between (i) collusion on
prices and competition on other choice variables and (ii) collusion
on non-price variables and competition on prices. To make the link
between the theoretical studies and empirical testing as simple as pos-
sible we follow the same structure in this section.

4.1 Collusion on Prices

4.1.1 Competition on Capacities

Most of the empirical studies of semicollusion have focused on capac-
ity competition. There exist studies across several markets and time
periods. Empirical studies explicitly focusing on semicollusion with
capacity competition and price collusion include Ma (2008), Röller
and Steen (2006), Salvanes et al. (2003), Steen and Sørgard (1999),
and Dick (1992). In addition, there are studies that consider whether
industries with collusion on prices typically carry more excess capaci-
ties than other industries, and in that respect test more indirectly for
semicollusion.

Ma looks at a Taiwanese flour cartel in the period 1994–1998. Gov-
ernment imposed capacity sharing rules gave the firms incentives to
collude on prices but at the same time compete on capacities to ensure
a large market share. He estimates a simple conjectural variation model,
and different market outcomes are simulated. It is found that the model
with capacity competition and collusion on prices fits the data best.

Röller and Steen (2006) and Steen and Sørgard (1999) analyze a
Norwegian cement cartel. Norway had since 1923 a monopolized domes-
tic market with three large producers that organized sales through a
joint sales office. The domestic market was shared according to each
firm’s share of total domestic capacity, and they used side payments
to make sure that the sharing rule was met. Each firm was allowed
to export cement. The export price they received was typically above
short-run marginal costs, but did not cover costs of installing capacity.
Each firm then might have incentives to expand domestic capacity in
order to receive a large share of the domestic market. If investments
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Fig. 4.1 Norwegian consumption and exports of cement 1927–1987.

in capacities exceed domestic demand we expect to observe exports. In
Figure 4.1 we see that Norwegian production of cement exceeds Norwe-
gian consumption in the 1920s and also from the late 1950s and until
the early 1980s. In particular, we observe that production expanded a
lot during the 1960s. One possible explanation for this expansion could
be that the collusion on prices triggered large investments in capacity.
As explained earlier, Lorange (1973) indicates that the lack of coordi-
nation on capacities led to large costs due to excess capacity and was
an important reason for the merger to monopoly for those three firms
in 1968.

In Steen and Sørgard (1999) they use data from 1927 to 1982 to
test whether price collusion triggered capacity expansion. They extend
Fershtman and Gandal (1994) to the case where firms have the alterna-
tive to export. Let A denote size of the domestic market, and E export
volume. They show that if they collude also on capacity, then the pre-
diction would be that ∂E/∂A < 0. Larger domestic market would lead
to a reallocation of sales from the export market to the domestic mar-
ket. However, if the domestic market becomes sufficiently large and they



4.1 Collusion on Prices 201

collude on domestic prices but compete on capacity, then ∂E/∂A > 0.
Increased size of the domestic market would make it more profitable
to expand capacities to capture a larger share of this market. Such an
expansion would lead to larger exports. Steen and Sørgard test whether
such a semicollusion effect is present. They find that it is not present
prior to World War II, which is plausible given that the size of the
domestic market was rather limited. However, they find that the semi-
collusive effect was present in the late cartel period 1956–1967.

Röller and Steen (2006) extend this study by constructing a struc-
tural model that they bring to data for the late cartel period. They
confirm the results in Steen and Sørgard. In addition, they are able to
undertake a welfare analysis of the cartel behavior. From the firm’s first-
order condition marginal costs can be identified simply from observing
each firm’s share of total capacity, the domestic price, and the export
price. Estimating demand, they are now able to undertake a counter-
factual analysis: what if monopoly instead of a price cartel, or what if
Cournot competition instead of a price cartel? They find that the car-
tel actually performs worse than an uncoordinated Cournot oligopoly
would have done by the end of the cartel’s life span. They show that
the merger to monopoly in 1968 even was welfare enhancing compared
to the semicollusive cartel. At this point the export loss due to excess
capacity that had to be utilized for non-profitable exports was so high
that even though domestic consumers lost in terms of higher prices,
total welfare was actually improved. This is illustrated in Figure 4.2.

In Salvanes et al. (2003) the competition in the Norwegian airline
market after deregulation in 1994 is scrutinized. The two Norwegian air-
line companies apparently colluded on price through a neat setup with
interlining meetings, signaling in media and very transparent pricing
systems. However, they fought to gain market shares by investing in
excess capacity (and as we will see later also flight location). Using a
data set on route level for the period 1985–1995 including city pairs
with different competitive structure (monopoly versus duopoly) they
are able to model the market and test predictions on semicollusion.
They find support for a semicollusive effect, implying that the firms
expanded capacity in excess of what they would have done if the com-
peted on both prices and capacities.
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Fig. 4.2 Impact of moving from a cartel to a monopoly (Source: Figure 7 Röller and Steen,
2006).

Dick (1992) analyzes Japanese export cartels across a lot of different
industries for the period 1950–1985. All of these had minimum price
arrangements. His results are consistent with semicollusion in the sense
that the industries that had the most successful cartel performance also
had typically additional horizontal agreements on ‘maximum quantity’
and therefore prevented semicollusion to take place. Of 12 cartelized
industries, 4 were found to perform well, of those, 3 had both price and
capacity restrictions imposed.

There are other empirical studies of the relationship between excess
capacity and prices. Rosenbaum (1989) and Conlin and Kadiyala (2007)
analyze the US aluminum industry and the Texas lodging industry,
respectively. The starting point in both studies is the theory of collu-
sion, where excess capacity can be used to support a collusive price.
However, their empirical testing does not check for causality. This
means that any relationship between prices and excess capacity could
have the reverse causality, where high prices trigger investments in
capacity. Rosenbaum finds that high prices are correlated with excess
capacity, while Conlin and Kadiyali find that high prices are correlated
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with symmetric distribution of excess capacity. In both studies the
conclusion is that this is consistent with a theory of collusion where
excess capacity supports high prices. However, their findings are also
consistent with a model where collusion on prices trigger competition
on capacities.

Another study of the relationship between capacity and prices is
Symeonidis (2003). He uses a four-digit industry data from UK from
the 1950s and the 1960s. It is found that capacity intensive industries
are more likely to collude. One interpretation of this study is that UK
industries colluded only on prices, and therefore they competed on
other choice variables such as, for example, capacities.

The main studies related to semicollusion on capacity are tabulated
in Table 4.1.

4.1.2 Competition on R&D

As we will see later (see Section 4.2.1), there are some empirical studies
of collusion on R&D and competition on prices. However, to our knowl-
edge there are only one empirical study that tests directly for whether
there is collusion on prices and competition on R&D.

A recent study by Günster et al. (2009) provides a direct test of
R&D competition and product market collusion. They analyze the per-
formance of cartels in the period 1983–2004 that were fined by Euro-
pean Commission for colluding on prices. They estimate reduced form
models, and they confirm that firms that have been involved in cartels
have been able to raise profits in cartel years. They also look at R&D
expenditures, and find that there are significant increases in these dur-
ing cartelization years. This indicates that collusion on prices seems
to be paralleled by increases in R&D expenditures. If so, there is a
semicollusive effect where collusion on prices triggers tougher compe-
tition on R&D to capture market shares. Interestingly, this outcome is
a puzzle for the authors. They conclude that ‘R&D expenditures show
the most surprising results indicating an increase in R&D expenditures
during cartel years.’

Although there are few direct tests of collusion on prices and compe-
tition on R&D, the literature on the inverse U-shaped curve concerning
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innovation might be of interest. Both theoretical and empirical studies
find that innovation is higher with medium concentration than what
is the case with either monopoly (very high concentration) of low con-
centration.2 The explanation for this relationship is analogous to our
explanation when firms collude on prices and compete on R&D. Higher
concentration leads to a dampening of competition and thereby higher
price–cost margin. This triggers more intense rivalry for market shares
through investment in R&D. In contrast, we are concerned about how
R&D will be affected when firms shift from competing to colluding on
prices for a given concentration in an industry. Despite the question
we raise is not identical, the results in the empirical literature on the
inverse U-shaped curve are consistent with our predictions from theory
of semicollusion. Fewer firms lead to a larger potential for collusion on
prices, which implies that a shift toward a more concentrated industry
can lead to a shift toward collusion on prices.

4.1.3 Competition on Location

There are a number of studies trying to explore the effects of product
differentiation and concentration, either in the form of concentration
indexes or in the form of number of firms. Examples of such studies
include Netz and Taylor (2002) and Götz and Gugler (2006), who both
analyze gasoline station differentiation. Netz and Taylor find evidence
of differentiation increasing in the number of firms, whereas Götz and
Gugler find that concentration reduces product variety.3 There are,
however, no studies explicitly addressing semicollusion when it comes
to location competition. The studies coming closest to this are Stavins
(1995), Borenstein and Netz (1999) and Salvanes et al. (2005).

Stavins is modeling entry and exit in the US personal computer
(PC) market. Using hedonic price regressions and a product differenti-
ation measure they estimate entry and exit models over a large panel

2 See, for example, Aghion and Griffith (2005).
3 There are also some studies addressing location choice and price competition in gasoline
retailing that focus on density, prices, and firm concentration. Not surprisingly the main
result is that prices are reduced in the number of local stations, but it is hard to find signif-
icant effects from firm concentration. See, e.g., Clemenz and Gugler (2006) and Meerbeeck
(2003).
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over the period 1976–1988. The PC market has changed over this period
from being oligopolistic to becoming more of a market with monopolis-
tic competition. One might ask whether the change in competition led
to a change in product characteristics competition as well. In particular
one might ask whether it should be more entry deterrence (i.e., filling
up niches before the competitors have the time to do so) in a situa-
tion with more competition. However, when they separate the panel
into early and late they find no evidence of any difference in product
differentiation.

In the same fashion Borenstein and Netz test for the scheduling of
flight departures. As explained in Section 3.2.3, if collusion on prices we
can expect that firms locate close to each other. In a market with more
than two firms the theoretical prediction could be that we observe pair-
wise location, in our case that pairwise flights are located close to each
other in time (called clustering). They estimate flight differentiation
equations across two different regulation (competition) regimes in the
US airline industry. In the old era (1975) both prices and partly also
frequencies were regulated, while in the new era (1986) the industry
was fully deregulated. Thus, one might anticipate a potential semicol-
lusion effect taking place in flight location for the regulated era. In line
with the model we presented in Section 3.2.3.2, one prediction would
be that collusion on prices would lead to pairwise location of flights
and thereby what is denoted clustering of flights in the old era. Their
results are unclear. They do not find substantially more clustering in
the regulated era, where prices were fixed, when also considering the
frequency regulation effects at the time.4

Salvanes et al. (2005) are also testing for the time scheduling of flight
departures. They analyze the Norwegian airline market before and after
deregulation in 1994. The two airline companies apparently colluded on
price on flexible tickets also after deregulation (see above). However,
one prediction could be that they fought to gain market shares by

4 Berry and Waldfogel (2001) analyze how mergers and a dampening of competition in
local radio broadcasting in the USA led to increased variety in programming content.
They find clear evidence that the programming content variety increased after the 1996
Telecommunication Act due to a consolidation in this industry leading to substantially
more concentration in local radio station ownership.
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locating the flights close to each other. Salvanes et al. apply a data set
before and after deregulation in April 1994, comparing 1991–1993 with
1995–1997. Their data cover several city pair routes with different com-
petitive structure across routes and time (monopoly versus duopoly).
By formulating a flight clustering index and regress this on controls as
departures, passengers, and competitive route status, they find clear
evidence of increased clustering of flights on duopoly routes. This sug-
gests that semicollusion took place on scheduling of flight departures,
where collusive prices encouraged the airlines to locate close to its
rival.5

Interestingly, they find clearer results when looking at the business
segment where the collusion on prices on flexible tickets is most impor-
tant. Finally, it is shown that typically it is the entering firm on a route
that locates close to the incumbent after entry, being the main source
of the clustering and semicollusion effect. On monopoly routes that
stayed monopoly throughout the data period, flights were found to be
significantly more spread out.

The main studies related to semicollusion on location are tabulated
in Table 4.2.

4.1.4 Competition on Advertising

Symeonidis (2000a, 2000b) is modeling how short-run price competition
influences advertising or R&D expenditures. He applies a reduced form
model on UK industry data from the 1950s and 1960s to test whether
a tougher price competition led to less advertising or less R&D. If
the answer is yes, this is consistent with semicollusion where tougher
price competition triggers softer competition on those two other choice
variables.

In the 1950s UK competition authorities imposed a more restric-
tive practice by no longer allowing firms to engage in price fixing.
Symeonidis (2000b) uses the exogenous shift toward a more restrictive
practice to test how collusion on prices affects advertising expenditure.

5 Note that using a somewhat larger data set on capacity utilization they also found price
collusion also triggered tough competition on capacities (see Salvanes et al., 2003, reported
in Section 4.1.1).
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He finds that the shift toward a more restrictive practice leads to a
reduction in advertising expenditure, which is consistent with semi-
collusion. However, his results depend on which data set he applies.
Symeonidis (2000a) is not testing his model, but he presents a case
study that is in line with the predictions from his model. The UK refrig-
erator industry had a non-price competition agreement that ended in
the 1960s. In 1958, when they still colluded, the advertising expenditure
was as high as 3.5–4% of sales revenue. Ten years later when they also
competed on prices this figure was reduced to 1.1% of sales revenue.

Wang et al. (2007) construct a theoretical model where the firms
can compete/collude either on advertising or price (see Section 3.2.4).
They use weekly data from the US butter and margarine industry to
estimate a structural (AIDS) model, where they allow for different out-
comes (e.g., competition/collusion in price/advertising). Using Vuong
tests they find the model that fits the data best. Interestingly, the model
which allows for collusion in advertising and competition in price fits
the data best. They argue that this is a superior outcome, since collu-
sion on advertising is less obvious and so far has not been aimed by the
competition authorities as much as price collusion. Another interesting
feature in their work is that they allow advertising to differ accord-
ing to spillover effects: How much does firm i’s advertising also raise
firm j’s sales. They argue that the higher the spillovers, the higher the
incentives to collude.

Nicklisch (2008) tests the effect of the distinction between low and
high investment spillovers in an experimental setting. He finds that
the degree of advertising spillovers (high/low) affects to which degree
investment collusion influences negatively the degree of price collusion.
This study suggests that the degree of spillovers is important to the
degree of semicollusion.

Slade (1995) analyzes the market for ’saltine crackers’. She uses a
state space approach that makes it possible to accommodate all future
effects rather than only the static setting in most other models. It is
found that the firms compete vigorously on advertising and accom-
modate each other on prices, resulting in more advertising and higher
prices than what would have been observed in a static game. However,
this outcome is not necessarily due to semicollusion. She also states
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that despite the market outcome looks like overt collusion on prices
in a static context, allowing dynamics the outcome is a result of non-
cooperative actions.

The main studies related to semicollusion on advertising are tabu-
lated in Table 4.3.

4.1.5 Competition on Other Variables

There exist some studies that test for various forms of competition
that suggest the existence of semicollusion, but where the results are
not denoted as semicollusion. One example is Ramrattan’s (2001) study
of the US car market where he tests the effects of dealership differen-
tiation. He finds some empirical evidence in favor of semicollusion. In
particular, he finds that the dealerships compete in number of dealer-
ship, advertising, and R&D outlays but not in price. He has, however,
a reduced form approach estimating single equations for each of the big
car brands with some conflicting results across brands.

Another interesting market is ocean liner shipping, where car-
tels have been institutionalized over a long time through so-called
‘conferences’. Members typically charge identical prices, but engage
in non-price competition along other dimensions such as frequency
of departures, duration of voyages, and ship size (Fox, 1994). These
‘conference cartels’ are exempted from antitrust laws. Some confer-
ences are more complicated also involving agreement on capacity, etc.,
but these are a lot more infrequent (Deltas et al., 1999). Interestingly,
Deltas et al. find that the more tightly a conference is organized the
better are their performance. This suggests conferences that are com-
peting on factors other than price leads to lower profits. The authors
apply a cross-sectional data on America’s trade immediately before
the outbreak of World War I, using simple single regression techniques
where they analyze how the tightness of the conference is influenced by
market characteristics.

During the 1970s the American Federal Trade Commission (FTC)
ran a ’shared monopoly’ case against the ready-to-eat cereal producers
in the USA. Here the argument was that they were colluding on price
but competed on brand proliferation. A large number of brands acted
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as a barrier to entry. Most notably this was described by Schmalensee
(1978) and later also in Scherer (1980). This resembles a seemingly
semicollusive outcome with collusion on prices and competition along
other dimensions.

Nevo (2001) analyzes this industry. He uses new empirical discrete
choice models where he extends the BLP (Berry–Levinsohn–Pakes)
approach, and use this approach to estimate demand and inferring
price–cost margins based on 65 different US cities over the period
1988–1992. He concludes that if any significant price collusion existed,
the observed margins would have been much higher. Assuming Nash–
Bertrand as a benchmark of noncollusive pricing, he concludes that
prices are not a result of collusive behavior. He finds that the high mar-
gins are primarily due to the producer’s ability to maintain a portfolio
of differentiated brands and influence the perceived quality of these
brands by means of advertising. However, his models are not deal-
ing with the potential anti-competitive effects of the brand prolifera-
tion strategy of these firms, thus leaving the potential anti-competitive
effects of this strategy an open question.

The main studies related to semicollusion on other variables and
R&D are tabulated in Table 4.4.

4.2 Competition on Prices

4.2.1 Collusion on R&D

There are rather few studies on collusion on R&D and product mar-
ket competition. There are some studies that estimate what are the
determinants of research joint ventures (RJV), where product mar-
ket competition is controlled for using concentration numbers like the
Herfindahl index (Röller et al., 2007; Hernán et al., 2003). Röller et al.
find a positive relationship between HHI and R&D growth, whereas
Hernán et al. find that HHI positively influences the likelihood of enter-
ing an RJV. This suggests that in concentrated markets RJVs are more
likely. If there is a positive correlation between potential product mar-
ket collusion and concentration, this suggests that there might be a link
between collusion on R&D and collusion on price. Two more recent
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studies of RJV formation and potential product market competition
focus exactly on this.

Seldeslachts et al. (2008) use a somewhat similar approach as Röller
et al., and they find that large RJVs in concentrated industries are more
stable and hence more prone to facilitate product market collusion.
Goeree and Helland (2008) have a different approach in the sense that
they use the shift in competition policy in the USA (leniency program)
to see whether the relationship between RJV participation and concen-
tration changes after leniency was introduced. The idea is that if prod-
uct market collusion is not a motivation to form an RJV the propensity
to enter into an RJV should not be affected by this change. They find
a lower RJV-participation after the policy change (collusion being now
less attractive with leniency introduced), and Goeree and Helland argue
that this implies that RJVs can support collusion on prices.

The critical assumption underlying all these studies is the assumed
positive link between concentration and collusion. Even though most
will argue that this is the case, there is no one-to-one correspondence
established here and therefore one should be cautious when interpret-
ing these results in terms of product market collusion. Furthermore,
the change in RJV participation in the USA after 1993 might also be
due to other factors than only the introduction of leniency. Finally,
the studies are difficult to reinterpret into a semicollusion setting. As
we saw in Section 3.3.1, the model predictions depend on, e.g., the
degree of spillovers, something we do not know anything about from
these empirical studies.

4.2.2 Collusion on Other Non-price Variables

In many countries collusion on prices is illegal, whereas collusion on
advertising is not. We saw previously that Wang et al. (2007) found
advertising collusion to be more in line with their data on the margarine
and butter industry, and Nicklisch (2008) focused on the spillovers that
are possible when the collusion variable is advertising rather than other
variables as capacity and location.

Collusion on advertising is even promoted in some countries like
for milk products in the USA. The potential illegality of advertising
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collusion is therefore evaluated on a case-by-case basis using a rule of
reason approach (Simbanegavi, 2009). See for instance Lande and Mar-
vel (2000) for a discussion of the case between FTC and the California
Dental Association that had imposed restrictions on advertising and
was finally allowed to continue doing so. A corresponding case is the
decision by the FTC where they ruled against an advertising restric-
tion agreement between Warner and Polygram regarding the advertise-
ments of the first two ‘Three Tenors’ albums in the 1990s (see Goldberg,
2005).6 The two record companies had each been responsible for one
(very successful) album, and now when launching a joint third concert
they wanted to minimize potential advertising ‘noise’ when planning
the marketing of the third album. This advertising restriction was,
however, ruled to be illegal by the FTC.

When turning to econometric studies, one can interpret Roberts
and Samuelson (1988) analysis of the US cigarette industry as a test of
semicollusion. They develop a dynamic model of nonprice competition
where they allow collusion on advertising, where the latter can affect
both firm market shares and the total size of the market. They cannot
reject the hypothesis of joint profit maximizing on advertising as the
best model for the data period 1971–1982. They argue that their results
suggest that excessive advertising due to a prisoners’ dilemma game has
been avoided in this industry.

Gasmi et al. (1992) provide more empirical evidence of collusion on
advertising and competition on prices. They look at different possible
market configurations in the Coca-Cola and Pepsi-Cola market; Stack-
elberg leadership, Nash behavior and collusion on one or both price and
advertising. They use data for the period 1968–1986 to estimate a full
information maximum likelihood version of cost and demand functions
and use non-nested statistical tests to distinguish between the various
regimes to determine which fits the data best. They find support for
collusion on advertising but not on price.

6 The ‘Three Tenors’ were the famous opera singers Luciano Pavarotti et al., that through
three concerts during the 1990s ended up producing three famous concert albums. The
first two were very successful, in particular the first that ended up being the best-selling
classical record ever (Goldberg, 2005).



5
Some Concluding Remarks

Semicollusion is an important phenomenon in numerous industries,
illustrated by a large amount of anecdotal evidence that we have
referred to in this survey. In many of these anecdotes it is suggested
that collusion on one choice variable leads to tougher competition on
other choice variables. Our survey shows that we can find support for
such a claim in both theoretical and empirical studies. However, when
we go into the detail in our survey we see that the picture is more
mixed than what we can read from the anecdotes.

In particular, it is important to distinguish between colluding on
prices and colluding on non-price variables. If collusion on prices, most
theoretical models assume that this takes place on the last stage of the
game. Given collusion on prices in the last stage of the game, firms can
set non-price variables prior to that in order to get a larger share of
the market. For example, both theoretical and empirical studies show
that firms in many industries have invested heavily in capacity prior to
colluding on prices in order to get a large share of the collusive profit.
This can even lead to lower profits for the firms than in a competitive
outcome. In that respect Stigler (1968) was right when he asked if ‘any

217
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monopoly profit achieved by suppressing price competition be eliminated
by non-price competition? ’

On the other hand, there are examples where competition on non-
price variables followed by collusion on prices is profitable for the firms.
For example, this is true when they compete on R&D and the spillovers
are sufficiently large.

More importantly, collusion on non-price variables followed by com-
petition on prices has a distinctly different effect than collusion on
prices and competition on other choice variables. According to the theo-
retical literature it is no longer true that collusion on one choice variable
triggers tough competition on other choice variables. On the contrary,
it has been argued — in particular concerning R&D — that collusion
on one non-price variable may lead to collusion on prices. If so, allow-
ing for partly collusion might lead to full collusion. This illustrates
that semicollusion can have qualitatively different effects depending on
which choice variable they collude on.

We find that the welfare effects of semicollusion can in theory be
ambiguous. Apparently, if collusion on prices triggers tougher competi-
tion on other non-choice variables this might imply that consumers and
society can be better off compared to a competitive outcome. However,
this need not be true. Tougher competition can lead to waste — as we
see when they install capacity that becomes idle — or to a distortion in
the positioning of products we see in some location models. This sug-
gests that the general skeptical view we have on price collusion could
in many cases be strengthened, although the ambiguity implies that
in some cases the triggering of tougher competition can be beneficial
for both consumers and society. It is interesting to note that only one
empirical study actually tests the welfare implications of semicollusion.
The theoretical ambiguity therefore suggests a scope for more work on
this question.

On the other hand, we question the way collusion on R&D has
been exempted from competition law in many countries. From theory it
seems as a natural exemption, given that this does not encourage firms
to collude on prices as well. This suggests that whether those firms
should be allowed to collude on R&D should depend on whether there
is a potential for collusion prices in that particular industry. Instead
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of focusing on joint market shares, as they do in the present regime in
for example Europe, they should focus on, for example, firms which are
symmetric in size and where the industry is transparent.

The survey has revealed that there are some issues that are under-
researched, in the theoretical and even more so in the empirical liter-
ature. In the theoretical literature we see that (i) collusion on prices
and competition on capacities and (ii) collusion on R&D and com-
petition/collusion on prices are investigated in detail. This indicates
that there is scope for developing more basic models of some possible
semicollusive outcomes, in particular investigating the consequences of
collusion on prices and competition on advertising. Moreover, many
of the semicollusion models are two-stage games wherein the second
game is a static price game where monopoly price is set. One impor-
tant avenue for further research would be to test what would happen if
the last stage of the game is modeled as an infinite repeated price game.

The empirical literature on semicollusion is more limited than the
theoretical literature. Although the number is rather limited, there are
more empirical studies on collusion on prices and competition on capac-
ities than most other situations with semicollusion. This shows that
collusion on prices and competition on capacities is well documented
both theoretically and empirically. In addition, there are in relative
terms many empirical studies of collusion on prices and competition
on advertising. In contrast, there are rather few theoretical studies on
this issue. The fact that we observe most empirical studies focusing
on advertising, and capacity competition might be due to the more
obvious link between market share competition and these variables.
In addition, data availability might play a role since for instance R&D
competition and location is potentially harder to empirically model and
obtain data on.

From our survey, it is thus obvious that there is scope for future
research on this topic. For example, given that collusion on R&D is such
an important issue in the theoretical literature it is despite potential
data limitations a puzzle that there are almost no empirical studies of
this market outcome. Furthermore, numerous anecdotes suggest that
collusion on prices and competition on advertising is quite common,
but there are very few theoretical studies of this nature of competition.
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