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1 Introduction

The harmfulness of corporate cartels is a consensual issue among economists. This assessment has led
nearly 40 countries to criminalize corporate cartels' (OECD, 2020), sometimes imposing severe penalties,
including hefty prison sentences and substantial fines upon culpable corporate executives.” Moreover, cor-
porate cartels can be seen as a white-collar criminal network, where colluding firms are connected because
of their common shared-agreements. As firms may participate in multiple cartels and become multiple
offenders, the cartel network becomes more interconnected. Thus, the incentive to collude depends not
only on the behavior of firms within a cartel but also on the choices their co-conspirators make outside
this cartel, resulting from this interconnected network of collusions. Considering such networks of cartels

may be crucial when looking at cartel dynamics.

This paper investigates whether cartel stability is facilitated by the existence and structure of a network
of corporate cartels. Building on the framework developed by Ballester, Calvo-Armengol, and Zenou
(2006), we apply it to the context of corporate cartels. We assume an exogenous network in which the
firms’ participation constraint (PC) is fulfilled ex-ante, meaning that firms have already decided to join the
network of cartels. Our focus is therefore on firms’ incentives to either remain in or leave the cartels they
belong to, captured by the incentive compatibility constraint (ICC), which we interpret as cartel stability.
We depart from the preexisting antitrust literature by analyzing how the firms’ centrality, known as their
number of connections (or co-conspirator), affects the cartel stability. We first characterize a “centrality
trade-off” faced by firms: higher centrality within the network increases profits, but reduces the stability
of each cartel they participate in. Last, we identify the optimal way cartels must be connected to maximize
their stability, that we call optimal network structures. Both notions of centrality trade-off and network
structures are related to the concept of cartel recidivism,” which we define as the participation, either
simultaneous or sequential, after being sanctioned or not, of firms in multiple cartels. The paper provides
new theoretical evidence that cartel recidivism is a major antitrust concern, as it can enhance cartel

stability.

Our main findings are organized into two main topics: (i) the identification of optimal firms’ centrality,
(ii) the characterization of optimal structures of networks of cartels, that are the connected and cluster
networks.

(i) We find that increasing the firms’ degree centrality, which is the number of connections a firm has,
is always associated with greater cartel instability. This result arises because greater firms’ centrality
increases the probability of cartel detection, as a domino effect due to the network interconnection, thus
raising the expected cost of participation in highly central cartels. However, it does not mean that
firms have no interest to be not connected at all. Indeed, the more cartels they belong to, the higher
their profits, but each cartel to which they are involved in is individually more unstable, resulting in a
“centrality trade-off”.

(7i) We characterize two general network structures that maximize the cartel stability. As cartel stability

is decreasing with the firms’ centrality, we can identify the network structures that guarantees the lowest

! As of 2020, 36 countries and territories had criminalized bid-rigging and corporate cartels (see Appendix A.1).

2Up to 14 years of imprisonment, and C$25 million in Canada, according to the Canadian Competition Bureau.

3We use the terms “serial participant”, “multiple offender”, and “recidivist” interchangeably to refer to firms that participate
in multiple cartels regardless of timing or prior conviction.



firms’ centrality. When the network is connected, implying that for each cartel there is at least one
multiple-offending firm, the cartel stability increases with the network density. The network density is
an indicator of graph theory that compares the actual number of connections of a given network with
the maximum number of connections that network could have. In other words, it provides an idea of the
overall connectedness of the firms within a given network of cartels. The link between the cartel stability
and network density means that the more cartels firms belong to with the same co-conspirators, the more
stable those cartels are. Under those conditions, cartel recidivism can be doubly beneficial, as it not only
brings higher profits to the multi-offender firms but also strengthens the stability of the cartels to which
these firms belong.

As an extension, we also study the case where the network is not restricted to be connected, in which
case the cluster network is the most stable. A cluster network is defined in our setup as a network in
which each cartel is not connected to any other cartel. This structure of network implies that there is
no multi-offending firm in any cartel of that network. This finding means that the most stable network
structure is the one within which cartel recidivism is totally eliminated, but the cartels composing such

networks are hard to destabilize.

This paper contributes to different strands of the literature. The theoretical literature on networks
of corporate cartels is very scarce. Belleflamme and Bloch (2004) study bilateral collusive agreements,
assuming that each firm is initially present in a national market and can enter foreign ones. Market-sharing
agreements are modeled as reciprocal agreements not to compete, and the set of bilateral agreements
gives rise to a collusive network among firms. The model analyzes the conditions under which collusive
networks are stable and efficient, and how market characteristics affect the formation and durability of
these networks. Belleflamme and Bloch (2004) apply their model to Cournot oligopoly with homogeneous
products and auctions. However, even if part of our research question is related, their way of modeling
the network of cartels is different than ours. On the one hand, they model cartels as bilateral noncompete
agreements, whereas we consider that a cartel includes several firms all connected together, defined as
cliques (close to Fershtman and Persitz, 2021 for social clubs). On the other hand, they assume that
firms can join and leave cartels, thus studying both PC and ICC, whereas we focus exclusively on the
ICC. Also, we consider the presence of a competition agency that has a crucial role in cartel stability and
thus the network structure, which they do not. Thus, although our methods are similar, our results are

complementary and address different issues.

Grau-Carles and Cuerdo-Mir (2016) is one of the first empirical article to use graph theory to study
corporate cartels. Their analysis focuses on the Vitamins Cartel (1989-1999)*, which was active in 12
different markets and products, involving 13 firms. Grau-Carles and Cuerdo-Mir (2016) uses several
graph-theoretic measures (e.g., degree, closeness, and betweenness centrality), and measures of network
cohesion (e.g., subgraphs, connectivity, and clustering) to identify the dominant firm within this “super-
cartel”, defined as the one most likely to have played a central role in organizing this small cartel network.
Beyond this study, a broader empirical literature has examined the use of network analysis in antitrust and
cartel research (e.g., Gupta et al., 2010; Gabardo and Lopes, 2014; Wachs and Kertész, 2019; Harrington Jr
and Imhof, 2022; Huber and Imhof, 2023). Those papers highlight that applying graph theory to corporate

cartels helps overcome several limitations of the existing literature, such as improving cartel detection and

“European Commission’s Decision, Case COMP /E-1/37.512 - Vitamins, November 21, 2001.



anticipating their dynamics. We strengthen the main idea of their analysis by showing that there is
a theoretical link between firms’ centrality and cartel stability, but also add that accounting for the

structures of networks should be taken into account.

Our paper is also related to the literature on multi-market contact collusion (e.g., Bernheim and Whin-
ston, 1990; Ciliberto and Williams, 2014; Bernheim and Madsen, 2017; Ryu, Reuer, and Brush, 2020;
Wilson, 2025). In our framework, firms may participate in several cartels operating in different markets,
which creates a form of interconnection between cartels. However, unlike most papers in this literature
(e.g. Bernheim and Whinston, 1990; Poppius, 2020; Ryan-Charleton and Galavan, 2024, ), we do not
consider the possibility for firms to punish their partners in one market following a deviation in another.
In our model, the interconnection between cartels arises not from cross-market punishment mechanisms
but from the detection probability, which depends on the firms’ centrality within the network. Nonethe-
less, our results are consistent with the main insights of the multi-market contact literature. Networks of
corporate cartels composed of firms that participate in several cartels with identical members are more
stable than those composed of distinct firms. In other words, having multi-market contacts enhances
cartel stability, even though the underlying mechanism is not cross-market punishment through shared
cartels, but rather the spreading of detection costs across all common cartels. Thus, the use of graph the-
ory reinforces the findings of the multi-market contact literature, showing that, under certain conditions,

such interconnections can enhance cartel stability.

In contrast, there is a broad literature on corporate cartels, either theoretical (e.g., Motta and Polo, 2003;
Harrington, 2018a), empirical (e.g., Levenstein and Suslow, 2006; Forsbacka, Le Coq, and Marvao, 2023),
or experimental (e.g., Bigoni et al., 2012). Researchers investigated at many aspects of corporate cartels,
from the determinants of their formation, such as the estimated detection probability (Bryant and Eckard,
1991) or their duration (Broos et al., 2016), to those of their recidivism (e.g., Connor, 2010; Marvao,
2023). They also studied the optimal sanctions, including fines (e.g., Connor and Lande, 2008; Combe
and Monnier, 2011), prison sentences (e.g., Werden, Hammond, and Barnett, 2011), leniency programs
(e.g., Spagnolo, 2004; Bigoni et al., 2012; Marvao and Spagnolo, 2018), and alternative sanctions such as
asset divestitures (Harrington, 2017; Harrington, 2018b). The main difference between these articles and
the literature on networks of cartels is that the interactions between different cartels are either neglected
or underestimated. Within this antitrust literature, our paper mainly contributes to the strand focusing
on cartel stability and recidivism (e.g., Levenstein, Marvao, and Suslow, 2015; Marvao, 2016; Marvao,
2023). We show that accounting for the interconnection between cartels can have either a negative or
positive impact, depending on the structure of these connections. We find that recidivism may be even
more problematic than previously suggested in the literature, as it can allow firms not only to increase

their profits but also to further enhance the stability of the cartels they belong to.

The remainder of this paper is organized as follows. The next section (section 2) presents the network
of cartels (section 2.1), the Competition policy (section 2.2), and the firms’ profit functions and optimal
deviation (section 2.3). Section 3 studies how the critical discount factor varies with the variables of
interest. Last, section 4 analyzes the structures of the networks of cartels that ensure the greatest stability,

and section section 5 concludes.



2 Modeling cartels’ network

Consider n firms that belong to at least one cartel, such that their participation constraint (PC) is
fulfilled. For each cartel in which it is involved, the firm ¢ faces a binary choice: either sticking to or
deviating from the collusion. We consider an infinitely repeated game, with a symmetric and static firms’
discount factor denoted d € [0, 1].

We restrict our attention to stationary collusive agreements supported by grim trigger strategies. Hence,
any deviation by a firm at the period ¢ is observed at t+1 by the other firms of this cartel, and definitively
puts an end to the collusion, returning to the competitive game. Thus, once a firm has decided to deviate
from a cartel, this firm has no other choice than to compete with the firms from that cartel in the

. =4
subsequent periods®.

2.1 The network of corporate cartels

Any network of corporate cartels g is a pair g = (N, M), where N = {1,2,...,n} is a finite set of n
colluding firms and M = {M;, M>, ..., M, } a finite set of m corporate cartels. Hence, each element of the
set M is itself a subset composed of colluding firms, such that any cartel M, C N. The size of a cartel
M,, defined as the number of firms within this cartel, is denoted |M,| = card(M,), with 2 < |M,| < n,
meaning that a cartel, to exist, is composed of at least 2 firms, and at most of all the colluding firms of

the network.

Following the definition of Newman (2018), “a network is, in its simplest form, a collection of points
joined together in pairs by lines. In the jargon of the field the points are referred to as vertices or nodes
and the lines are referred to as edges.”. Hence, nodes represent individual entities, while edges denote

relationships or interactions between these entities.

Definition 1 — Network of corporate cartels. The pair (N, M) forms the network of corporate

cartels g, where:
(i) the set N constitutes the nodes of the network, which are the colluding firms.
(ii) the set M constitutes the edges connecting these nodes, which are the corporate cartels.

For any network of corporate cartels g, let G' be the adjacency matrix of dimension n x n of entry g; ;,
that contains all the collusive interactions between firms. For any two firms ¢,5 € N with ¢ # j, the
pair-wise relationship between these firms is captured by a binary variable, g; ; € {0, 1}, for which ¢; ; =1
if firm i is connected® to firm j, and g; ; = 0 if that they are not. We assume reciprocal and non-oriented

relationships, i.e., g; ; = gj, and set g; ; = 0, such that firms are not connected to themselves.

For any cartel M,, the firms within this cartel are all connected, so that each cartel is a complete
subgraph or a clique. A subgraph is defined as a subset of nodes and links taken from a larger graph (here
the network of corporate cartels g), and is called complete (or a clique) if all nodes in this subgraph are
connected. This assumption relies on the fact that, in most cases, the exact internal organization of cartels

is unknown — that is, the existence of the internal links between their members. Hence, it is assumed

5See a stage game illustration in Appendix B.1.
5The terms “connected”, “linked”, and “belong to the same cartel” are used interchangeably because if a firm i is connected
or linked to a firm j, it means they belong to the same cartel.



that whenever firms belong to the same cartel, they are all in direct contact with one another, without

any hierarchical structure or specific organization in the diffusion of information.

Last, the degree centrality provides a simple and intuitive measure of a node’s relative importance within
a network, defined as the number of connections of that node. In our framework, the degree centrality of
a firm corresponds to the total number of its co-conspirators across all cartels. We use this measure as a

proxy to identify the most “active” agents’ in a given network of cartels g.

Definition 2 — Degree centrality (1). The degree centrality of any firm ¢ within the network g is the
number of links it has with other firms and is denoted DC(i), and is formally set as:

DCG) = 2. 9ij

JjEN

2.2 Competition policy

A competition agency may detect firms’ collusive agreement M, with a probability p, € [0, 1]. If a firm

is detected, it incurs a fine F', for which F' > 0.

We consider the detection probability to be endogenous to two variables. The first variable is the
collusive effort (y,)%, defined as the overcharge paid by consumers because of the cartel M,, such that
Yo € [e;pM], where ¢ is the smallest (considered as infinitesimal) collusive price above the competition
price and p™ is the monopoly price.” We assume that the collusive effort is set at the cartel level and that
the firms within a cartel put the same effort into the collusion. The other variable impacting the detection
probability is the degree centrality, denoted DC(i), defined in section 2.1 as the number of connections of

firm 4. The detection probability is increasing in both the collusive effort and the degree centrality.

We assume that the detection probability of a firm does not necessarily depend on its own centrality
but may also rely on the centrality of its neighboring firms. This assumption implies that if a firm 7 has
a low degree centrality but is connected to a central firm j, then ¢ faces the same risk of being detected
as firm j. This domino effect is, however, limited to direct connections and does not spread to the entire
network. The intuition behind this assumption is that when a firm that has participated in a cartel is
detected, the competition agency launches an investigation within that firm, and obtains full knowledge
of the other cartels in which it is involved. Hence, if that firm is initially detected because of a cartel M,,
but is also involved in a cartel M, then the firms of that cartel M are also detected. Nevertheless, the

domino effect of detection stops at this stage, and only firms directly linked to this firm are detected.'’

Definition 3 — Detection probability. For any firms ¢ and j that belong to the cartel M, within the

network of corporate cartels g, the detection probability of ¢ is denoted:

Pa(Ya: 9) = ¢ [Ya, max; jem, {DC(i), DC(j)}]

" As defined by Zenou (2016).

8Similarly to Liu et al. (2012) which uses criminal effort.

“Close to Harrington and Chen (2006).

'9This assumption is close to the case of domino detections that occurred in the lysine and citric acid cartels (1991-1995),
where a manager from ADM & Co., involved in the lysine cartel and collaborating with the FBI, enabled federal agents to
uncover the citric acid cartel, in which ADM & Co. was also engaged.



¢ is a normalizing constant such that, for any cartel M, in the network of cartels g, the detection
probability ps(ya,g) € [0, 1] is fulfilled.

Note that even if a firm is detected when all the firms from its cartel have decided to stick to the

' Thus, cartel detection

collusion, then this cartel is re-formed in the next period with the same firms
is treated as a potential cost associated with engaging in prohibited behavior. Also, evidence of the
existence of a cartel is destroyed at the end of each period, which means that the probability of detection
is independent of the number of periods, and firms that have left a cartel in period ¢, no longer run the

risk of being caught and punished in the subsequent periods.

2.3 Profit functions and optimal deviation

For any firm ¢ involved in the cartel M,, we let the deviation profit be wfa(ya, |M,]|), the cartel profit
ﬂfa(ya, |M,|), and the competition profit 77 | with Wfa(ya, |M,]) > ﬂga(ya, |M,|) > ﬂfa.

2,a?
The collusive effort denoted y, has been defined as the overcharge paid by consumers because of the
cartel M,, whereas the cartel size denoted |M,| is the number of firms within the cartel M,. We consider
that the cartel profit increases concavely with the collusive effort and the cartel size, while the deviation

profit increases convexly with those two variables.'?

Note that for any firm 4, the decision to stick to the collusion or deviate must be made for each cartel
in which the firm ¢ is involved. For example, a firm that is involved in two cartels, M, and M} has 4
options. It can decide to remain in both cartels, deviate from only one of them (either M, or M;), or
deviate from both. Last, when a firm deviates from a cartel, that cartel is considered definitively and

completely broken, and all links connecting firms under that cartel disappear.

The graph theory literature'® has identified two conditions for defining network stability.'* For simplic-
ity, we consider in our setup a given network of corporate cartels where firms cannot create new links.'”
Hence, the cartel stability (or instability) only comes from the firms’ ICC, and any modification of the

network is due to a cartel break-up.

Definition 4 — ICC and network stability. Any given corporate network g is considered to be stable

if any colluding firm that is linked to another has a strict incentive to maintain this link.

The fact that firms want to create a new link is tantamount to looking at the participation constraint
(PC). For simplicity, we assume that the PC is always fulfilled, meaning that we focus on the firms’
decision whether to stay in or leave the cartels to which they belong. Focusing on the firms’ ICC and

assuming that the firms’ discount factor is exogenous, we can state:

Lemma 1. In any given network of corporate cartels g, under the grim trigger strategy, deviation is the

most profitable when it occurs in the first period.

Proof. As discussed in section 14.2 of Belleflamme and Peitz (2015), if one firm decides to deviate in

'L As in Motta and Polo (2003).

2Close to Ivaldi et al. (2003), Harrington and Chen (2006), and Broos et al. (2016).

e.g., Jackson and Wolinsky (2003); Goyal and Joshi (2003).

'4The first condition states that any agent linked to another in the network has a strict incentive to maintain the link,
while the second assumes that any agent not linked has no strict incentive to form a link with each other.

% As in the section 3.1 of Liu et al. (2012).



period t, the best response of the other firms is to deviate at period ¢ — 1. Thus, by iteration, if a firm

has to optimally deviate, it will do so from the first period. O

Despite considering a network of corporate cartels, the optimal firms’ deviation occurs in the first period
because of the grim trigger strategy, in line with the antitrust literature (e.g. Belleflamme and Peitz, 2015).
The existence of a corporate cartel network leaves this result unchanged, because the network affects only
the probability of detection, which matters for firms’ profits and hence for cartel stability, but not for the
structure of the supergame.The consequence of Lemma 1 is interesting from a network stability perspective

since it means that any network of cartels g is permanently stable from the second period onward.

3 The centrality trade-off

For any firm ¢ that belongs to the network of corporate cartels g, its present value (PV') of the overall

profits obtained from sticking to the cartel M, is denoted PVZ% and is computed as follows:

1

PVe —
‘/7470, 1760{

(76 a(Yas [ Ma]) = paya, 9)F] (1)

Equation (1) shows the present value of any colluding firm 4 that chooses to indefinitely stick to the
cartel M, (PV%C;) Recall that d, is the firm’s discount factor for a cartel M,, i.e., the parameter that
captures the firm’s preference for the future. For each period, the colluding firm 7 earns a cartel profits

(ﬂfa(ya, |M,|) ) but faces an expected sanction (pq(ya,g)F) imposed by the Competition Agency.

As shown in Lemma 1, the optimal deviation occurs in the first period. Hence, for any firm ¢ that
belongs to a cartel M, in a given network g, its present value (PV') of the overall profits obtained from

the optimal deviation of its cartel M, is denoted:

da
PVE = 7,y IMal) = Palyas 9)F + —— L, @)

Equation (2) shows the present value of any colluding firm ¢ that chooses to deviate from the cartel M,
(PVl{)l) In the first period, the firm breaks the collusion and perceives a deviation profit (Wfa( Ya, | My))
but still runs the risk of being caught by the Competition Agency and paying a fine (pq(ya,g)F). The
other firms observe the cartel break-up in the second period and punish the deviating firm by imposing

competitive profits (775 ,) for all the subsequent periods.

Thus, any corporate cartel M, is stable if, for any firm ¢ that belongs to the network of cartels g, its
present value of sticking to the collusion is greater than its present value obtained by the optimal deviation
such that its incentive compatibility constraint (ICC) is fulfilled. Considering a homogeneous and static
discount factor, if the ICC is satisfied, all the cartels are stable, so is the network g. We thus obtain the

critical discount factor (d,) of the firms in the cartel M, as follows

PVfa > PVH

ﬂ-il,)a(yaa |Mal) — Wfa(ym | Mal)

S0 >
Wfa(yaa ’Ma|) - 7[-5@ *pa(yaag)F

9 3)



Proposition 1. The network of corporate cartels g is stable if, for any cartel M,, the discount factor &

is greater than dg.

Proof. Immediate from equation (3), see Appendix C.1 for the proof of equation (3) and Appendix C.2

for its existence conditions. O

Proposition 1 sets out the sufficient condition for a collusive equilibrium for any firm ¢ that belongs
to a cartel M,. The minimum discount factor is decreasing with the cartel profits (wga), which tends to
make it easier to collude. The effect of the deviation profits (Wfa), the competition profits (Wf ), and the
expected sanction (pa(ya,g)F) on the minimum discount factor is the opposite. We can therefore derive

the following proposition, which constitutes one of the central results of our analysis.

Proposition 2. For any firm ¢ in a given network of corporate cartels g, the higher the degree centrality,

the lower the cartel stability.

Proof. Recall that the degree centrality of a firm ¢ is its number of connections. The only function that
depends on the degree centrality is the probability of detection (p,), which is convexly increasing. Hence,
all the other things being equal, when the degree centrality increases, so does the probability of detection,

which increases the critical discount factor, and thus makes the collusions harder to sustain. O

Proposition 2 states that the more connected the firms are, the less stable the cartels. Isolating the effect
of the degree centrality on the critical discount factor without modifying the cartel size is tantamount
to studying the impact of multiple offending on cartel stability. The intuition is that the more a firm is
involved in cartels or is connected to central firms, the greater the probability of detection and so the

cartel instability.

Corollary 1 — The centrality trade-off. The higher the firms’ degree centrality, the greater their
profits, but the lower the stability of each cartel to which they belong.

Proof. Immediate from equation (2) and proposition 2. The greater the number of cartels a firm belongs
to, the higher its profits (Wfa > 775 ). However, as the detection probability increases with the number of

connections, the stability of each cartel is more difficult to achieve. O

Although the detection probability increases with the degree centrality, meaning that the more connected
firms are, the less stable their cartels become, firms face a “centrality trade-off ’. On the one hand, the
more cartels firms belong to, the higher their profits. On the other hand, firms are unlikely to have an
incentive to remain completely unconnected, as this would mean staying in competition, which is not
beneficial for them. However, being connected to the entire network may also not be desirable, as this
would result in a high detection probability and, consequently, greater cartel instability.

Note that in our model, firms cannot create new links. This centrality trade-off merely explains why
firms might prefer to participate in multiple cartels simultaneously, even though deviating from one would

increase the stability of the other cartels they are part of.

The cartel size (|M,|) and the collusive effort (y,) affect the critical discount factor differently from
degree centrality. There exists an optimal cartel size and collusive effort (from the firms’ perspective)

that minimizes the critical discount factor, thereby maximizing cartel stability. Both variables exhibit



pro-collusive and pro-competitive effects. Increasing the cartel size promotes stability by increasing cartel
profits (pro-collusive effect) but undermines it by amplifying deviation profits and the detection probability
(pro-competitive effect). Note that the detection probability is not directly linked to the cartel size, but
increasing the cartel size always make the degree centrality increases too, which in turn to increase the
detection probability. The mechanism is the same with the collusive effort, which, when it increases, is
associated with an increase in cartel profit (pro-collusive effect) but also with an increase in deviation

profit and the probability of detection (pro-competitive effect).

These results are useful as they provide information on how the critical discount factor varies with
effort in collusion, cartel size, and, most importantly, degree centrality. We can thus deepen our analysis
of the network of corporate cartels by studying how those cartels must be connected to enhance their
stability. We call network structure the way cartels are connected (or organized), and investigate which

one guarantees the highest stability in the following section.

4 The optimal network structures

We have previously identified that there exists an optimal cartel size that maximizes cartel stability,
while firms’ centrality always affects negatively the cartel stability. Combining these two insights allows
us to examine the optimal network structure, defined as the configuration of connections among cartels
that maximizes their stability. By network structure of cartels, we refer to the way in which cartels
are interconnected, which can be characterized by four key variables: cartel size, firms’ centrality, the
total number of cartels, and the total number of firms. The two extreme network structures are the
empty network, in which nodes are not connected at all, and the complete network, in which nodes are
all connected. However, there are many other possible alternative structures of networks (e.g., Goyal
and Joshi, 2003; Borgatti, 2006; Liu et al., 2012). We restrict our attention to connected networks of
cartels denoted g€, defined by Newman (2018) as networks in which there is a path'® between every
node of that network. In section 4.3, as an extension, we relax the assumption of an initial connected
network of cartels. Analyzing the optimal structure of cartel networks is crucial from a policy standpoint.
Understanding which network structures maximize cartel stability may help competition agencies target

the most problematic configurations and identify firms that play a stabilizing role within the network.

In what follows, we define the criteria under which different networks of cartels can be considered
comparable, which is a crucial step in our analysis. Then, we use these criteria, together with the results

obtained in section 3, to identify the optimal structures of cartel networks.

4.1 Comparing networks of cartels

Comparing networks of cartels can be challenging, as the networks under study must be made sufficiently

similar to allow for a meaningful comparison.

Figure 1 illustrates how the structure of a given connected network is modified when changing the cartel

size (Figure 1b and 1c), the total number of cartels (Figure 1d and le), and the firms’ degree centrality

16 A path is defined (Newman, 2018) as any sequence of nodes such that every consecutive pair of nodes in the sequence
is connected by an edge in the network.
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(d) (e) ()

Figure 1: Example of 6 connected networks with different network structures

(Figure 1f) by one, compared to a benchmark example (Figure 1a).

In the benchmark example of Figure 5, the network of cartels g is composed of 2 cartels of 3 firms
(M = {M;, My}, My = {1,2,3}, My = {3,4,5}, m = 2), such that there are 5 firms (N = {1,2,...,5},
n = 5). The Figure 1b revisits the benchmark example, modifying the size of cartel 2 by decreasing it
from 3 to 2 firms (My = {3,4,5} becomes My = {3,4}), while, in the Figure lc, the cartel 2 is larger
of 1 additional firm than the benchmark example (My = {3,4,5} becomes My = {3,4,5,6}). The next
two panels modify the total number of cartels in the network, reducing it to a single cartel in the Figure
1d (m = 2 becomes m = 1) and increasing it to three cartels in the Figure le (m = 2 becomes m = 3).
Finally, the Figure 1f reduces the centrality of firm 3 by one connection, which is considered the most
central firm in the benchmark network (DC(3) = 4 becomes DC(3) = 3). As explained above, the
comparability of these networks is not straightforward: can the first network of cartels be compared to

the others, and if so, what would be the scope of such a comparison?

An essential condition for comparing networks of cartels in order to identify an optimal structure is that
when varying the key variable, as few third-party variables as possible should be altered; and if some of

these variables must be affected, it is important that their impact on cartel stability remains minimal.

Decreasing the cartel size of a collusion means artificially removing firms from that given cartel (as in
Figure 1b), while increasing it means adding new firms to that same cartel (as in Figure 1c). In other
words, the cartel size affects the network structure by modifying the size of the cliques within the network.

However, the comparison between the benchmark example (Figure 1a) and both Figure 1b and lc is

problematic. When the size of a cartel is reduced, the centrality of all the firms in that cartel is also

11



reduced, as is the total number of firms in the network.'” While the variation in the total number of
firms in the network does not affect the discount factor and can therefore be neglected, the change in
the centrality of all the firms in the modified cartel is highly relevant for the study of network stability.
Moreover, if the cartel whose size is modified contains the most central firm of the network, as in Figure
1b and 1c, the detection probability of several cartels may be affected by the indirect variation in the
centrality of that firm. Thus, in Figure 1b, where the size of cartel 2 is reduced, firm 3 sees its centrality
decrease (DC(3) = 4 becomes DC(3) = 3). Since it is the most central firm of the network, it directly
affects the detection probability of the firms in both cartel 1 and cartel 2, and the change in its centrality
induces a change in the detection probability. As shown in Figures 1b and lc, modifying the cartel size

therefore has indirect effects that make it difficult to isolate the impact of this change on network stability.

Reducing or increasing the total number of cartels in a given network, by contrast, means eliminating or
adding an entire clique to it. Thus, the total number of cartels directly determines the number of cliques
in the network. However, comparing the benchmark example with both Figure 1d and le also raises
issues. Indeed, modifying the number of cartels in a connected network alters the centrality of certain
firms (DC(3) = 4 becomes DC(3) = 2 in Figure 1d, and DC(5) = 2 becomes DC(5) = 4 in Figure le),
and also changes the total number of firms in the network (n =5 becomes n = 3 in Figure 1d and n =7
in Figure le). Thus, when the total number of cartels is modified, it is no longer possible to isolate its

impact from the resulting changes in firms’ centrality.

Last, regarding firms’ degree centrality, increasing it is not consistent with the study of an optimally
stable network, as Proposition 1 demonstrated that cartel stability is negatively related to degree centrality.
The only relevant variation in firms’ degree centrality is therefore to diminish it, which requires decreasing
the number of connections of the most central firm in a given cartel. In this sense, comparing Figure 1a
with Figure 1f does not raise any major issue and allows for the fairest possible comparison of networks
of corporate cartels. Indeed, when connections are removed from the most central firm in the network,
no other variable is altered, apart from the total number of firms in the network (n = 5 becomes n = 4
in Figure 1f), which we previously explained is only a minor limitation. For all other variables of the
model, removing a connection from the central firm has no impact. Indeed, the size of the cartels in the
network remains the same (|M;| = |Mz| = 3 in both Figure 1a and 1f), as does the total number of cartels
(m = 2).

Thus, whether varying the cartel size, the total number of cartels, or the firms’ centrality, only the
latter allows for a clean isolation of effects and a meaningful comparison of network stability across
configurations. We therefore must proceed by reasoning in quasi all other things equal, keeping networks
with the same cartel size and the same number of cartels, but varying only the firms’ degree centrality,

and the total number of firms within the networks.

4.2 Optimal network structures and density

As we have explained the reasons why our comparison focuses on networks with a given number of

cartels and a fixed cartel size, while varying firms’ centrality, we now proceed to identify the network

'"The mechanism is the same (but opposite) when increasing the cartel size, which increases firms’ centrality and the total
number of firms within the network.
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structures that ensure the highest level of stability.

We can rewrite the degree centrality by expressing it as a function of the number and size of the cartels

to which a firm ¢ belongs.

Definition 5 — Degree centrality (2). The degree centrality of any firm ¢ in a network of cartels g
denoted DC(3) is:

DC(i) = 5 (Ml — 1) = ¥ max(0,]Cyyl — 1)
acM 1#£j

Where |M,| — 1 is the number of connections that the firm 7 has in the cartel M,, and the set C; ; is the

cartels in which the firms ¢ and j belong together.

The first part of the equation counts the total number of links that firm i can have, by adding up
the size of all the cartels to which it belongs, but subtracting 1 for each of those cartels, since a firm
cannot be connected to itself. The second part of the equation removes all the links that this firm 4 has
in common with the other firms to which it is connected, since two firms belonging to several cartels are

only connected by one link (g;; € {0,1}) as explained in section 2.1.

Definition 6 — Network density. We call a dense network a network in which the actual number of

links is close to the maximum number of links in this network, that is formally set by Newman (2018) as:

d(g) = n(il_l)

Where d(g) is the network g’s density, [ the number of links, and n the number of nodes (in our setup, the
number of firms), where n(n — 1) is the maximum number of links in an undirected network. Definitions
5 and 6 thus allow us to state the following central proposition regarding the optimal structure of a

connected network.

Proposition 3. For any given connected network of corporate cartels g¢ with the same number of cartels

and cartel size, the denser the network, the greater its stability.

Proof. For a given connected network of cartels g¢, with the same number and size of cartels, decreasing
the maximum centrality of a firm can only be achieved by increasing its number of common links, denoted
C;,; — 1 in Definition 5. By increasing firm 4’s number of common links, one mechanically removes a link
and a firm from the cartel network (see Figures la and 1f). However, given the definition of density, in a
connected network of cartels, removing a link and a firm mechanically increases the density of the modified
network, since the loss of the link in the numerator does not offset the loss of the firm in the denominator.
Hence, we obtain an inverse relationship between firms’ centrality and density, where decreasing the

centrality of firm ¢ increases the density of the network g¢. See Appendix D.1 for the complete proof. [J

To illustrate Proposition 3, let us consider a network of 2 corporate cartels (M = {M;, Ms}) composed
of 3 firms (|M;| = |Ms| = 3). If we restrict our attention to connected networks, the 2 possible network
structures are the ones depicted in Figure 2.'® In the Figure 2a, firm 3 is a recidivist, as it belongs to
both cartels, while the other ones are single offenders. In Figure 2b, firms 2 and 3 are recidivists, as they

belong to both cartels, while firms 1 and 4 are single offenders. In the first case, firm 3 has the highest

'%Excluding the network in which all the firms belong to the same two cartels.
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degree centrality, such that DC(3) = 4, and the network density denoted d(g') is equal to 0.6, while in
the second case, firms 3 and 4 are the most central with DC(3) = DC(4) = 3, and the network density
denoted d(g'8"*) is equal to 0.83. Proposition 2 shows that cartel stability decreases with firms’ degree
centrality. In our illustration, the Figure 2b depicts the most stable network, which also has the highest
density. Holding the number and size of cartels constant, we find an inverse relationship: denser networks

exhibit lower maximum degree centrality, and thus, higher cartel stability.

(a) (b)

Figure 2: Example of two connected networks with two cartels of three firms

This result is due to the fact that when a firm already has a connection with another one because of
a cartel, if this firm is involved in a second cartel with that same firm, their connection is not counted
a second time (g;; € {0,1}). Thus, firms may have an interest in forming cartels with firms with which
they are already connected to minimize their probability of detection. One possible interpretation is that
firms involved together in multiple cartels face lower costs of maintaining their links. Indeed, if two firms
i and j participate in both cartels M, and My, the cost of maintaining the link, denoted g; ;, is spread
across cartels a and b. By contrast, if different firms were involved in each cartel, firm ¢ would have to

bear not only the cost of maintaining its link with j, but also an additional cost for its link with firm k.

The result of Proposition 3 follows directly from Definitions 5 and 6: given that we compare networks
with the same number and size of cartels, reducing the maximum centrality of a firm mechanically increases
the density of the new network. The denser a connected network is, the higher the number of common
links, which contributes to lowering firms’ centrality. In other words, the denser the network, the lower the
degree of centrality of the most central firm, which in turn improves the stability of cartels in the network.
Hence, firms have an incentive to participate in as many common cartels as possible with other firms,
since the detection probability associated with such links is shared across several cartels. This result is
therefore concerning, as it implies that multiple offending, provided it occurs with common partner firms,
is doubly profitable: it increases the profits of cartelized firms while simultaneously enhancing the stability
of those cartels. One low-cost solution for competition agencies is to impose much harsher sanctions on

these firms (such as firms 2 and 3 in Figure 2b), given their role in enhancing cartel stability.
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4.3 Optimal network structures: connected or cluster

In this section, we allow the given network g not being connected, on the opposite of section 4.2, meaning
that there may not be a path between every node of that network. In other words, it means that cartels

can have only mono-offending firms, which is a more global context.

Definition 7 — Cluster network. A cluster network is a network formed from the disjoint union of
complete graphs.

In our setup, a cluster network of cartels is a network in which there is at least a cartel in which the
whole firms from this cartel belong to only that cartel. In such a case, there is no path connecting this

cartel to any other cartel in the network.

Proposition 4. For any given networks of cartels g with the same number of cartels and cartels size, the

cluster network is the more stable.

Proof. When the network g can take any structure, with the same number and size of cartels, reaching
the maximum centrality of a firm can only be achieved by having cartels exclusively composed of mono-
offending firm. Since the first part of Definition 5 corresponds to the sum over the cartels to which firms
belong, the most effective way to minimize the degree of centrality is to ensure that this sum is taken over
as few cartels as possible, namely a single cartel. It therefore follows that the lowest degree of centrality is

achieved when no firm within a cartel is a repeat offender. See Appendix D.2 for the complete proof. [

To illustrate Proposition 4, recall the same example from the previous section, considering a network of
2 corporate cartels (M = {M;, My}) composed of 3 firms (|M;| = |Ms| = 3). However, we now consider
all possible network structures and thus obtain 3 possible network configurations, as illustrated in Figure
3.'9 Figures 3b and 3c are the same as in section 4.2, where there are multiple offending firms, resulting
in connected networks of cartels. In the first case, firm 3 has the highest degree centrality, such that
DC(3) = 4, while in the second case, firms 3 and 4 are the most central with DC(3) = DC(4) = 3.
Figure 3a is different as it is a cluster network of cartels, because no firm from both cartel is a multiple
offender. In that case, firms have identical degree centrality, such that DC(1) = DC(2) = DC(3) = 2.
Proposition 3 shows that cartels are the most stable within cluster networks of cartels. In our illustration,

the Figure 3a depicts the most stable network, which is a cluster network.

(a) (b) (c)

Figure 3: Example of three networks with two cartels of three firms

19Excluding the network in which all the firms belong to the same two cartels.
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Proposition 4 shows that, overall, recidivism reduces cartel stability, so that cluster networks are the
most stable. In the absence of recidivism, the resulting structure features no interconnections or interac-
tions across cartels, eliminating the network aspect of the analysis and bringing it back in line with the
traditional antitrust literature. However, this result hinges on the absence of recidivism. As soon as a firm
participates in multiple cartels, the network becomes connected, and stability is driven by the density of

the connected network rather than by the connected—isolated dichotomy.

5 Conclusion

We have shown that taking into account networks of corporate cartels substantially changes the analysis
hitherto carried out in the antitrust literature.

First, we show that increasing the firms’ centrality is always associated with greater instability of the
cartels to which those firms belong. However, it does not mean that firms have no incentive to be
connected at all. Indeed, firms face a “centrality trade-off” between maximizing their centrality in the
network, enabling them to extract high profits (pro-collusive effect), but at the risk of being detected more
easily by the competition agency (pro-competitive effect).

Second, we characterize two main optimal structures of networks of cartels that provide the highest

stability. The first optimal network structure is when we restrict our attention to connected networks, for
which we find that the cartels’ stability is increasing with the network density. In connected networks of
cartels, firms benefit from joining cartels with common partners, which can be interpreted as a reduction
of coordination costs due to shared membership, thus enhancing cartel stability. This finding offers a
new rationale for cartel recidivism: beyond the pursuit of higher profits, it may strengthen collusive
agreements. Consequently, recidivism can pose an even greater concern for competition agencies, as it not
only signals deterrence failure but also fosters more resilient cartels. One possible solution is to impose
harsher penalties on these firms, not because they are multi-offenders, but because they contribute to
reinforcing the stability of the cartels to which they belong.
The other optimal structure of networks of cartels emerges when we extend our analysis to include all
types of network structure, whether connected or not. In this case, the most stable structure is the
cluster network, where each firm belongs to only one cartel at a time. Under such a configuration, cartel
recidivism is entirely eliminated, but the remaining cartels are significantly more stable and harder to
deter, which presents another kind of challenge for competition agencies. At first glance, the absence of
recidivism appears to be good news for competition agencies, as one of their main objectives is to deter the
recurrence of cartels. However, since the networks being compared contain a fixed total number of cartels,
this implies that even without recidivism, the same number of cartels remains active, and, in addition,
these cartels are more stable. This result is, however, more restrictive, as it relies on the assumption that
no firm, in the whole network, participates in multiple cartels.

This paper thus bridges the antitrust literature and network economics by highlighting the importance
of incorporating networks into the analysis of corporate cartels. Future research could extend this setup
by endogenizing the formation of networks of corporate cartels, or by studying the optimal design of

sanctions and leniency programs in the presence of such networks.
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Appendix

A Introductory illustrations

A.1 Appendix A.1 - The criminalization of corporate cartels

ARCTIC OCEAN

ATLANTIC OCEAN
PACIFIC OCEAN

T

INDIAN OCEAN
PACIFIC OCEAN ATLANTIC OCEAN

Figure 4: World map of the countries that criminalize
corporate cartels (data: OECD, 2020)
In red: countries that criminalize only bid-rigging;
In hatched red: countries that criminalize both bid-rigging and
corporate cartels

B Modeling illustration

B.1 Appendix B.1 - Stage game
At t = 1, any firm ¢ that initially belongs to a cartel M, faces a trade-off, for which it has to decide
whether to stick to the collusion (left part of the tree) or to deviate from it (right part of the tree).
e If they respect the collusion, firm 7 earn cartel profits (Wga(ya, |M,])), while supporting the expected
sanction (pa(Ya,g)F).

o If they decide to deviate from the collusion, firms earn deviation profits (ﬂfa (Ya, | M,|)) and still run
the risk of being caught by the Competition Agency (pq(ya,g)F).
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Firm

collude deviate

(Trga(yav‘Ma') _pa(yavg) X F) (Wfa(yav‘MaD _pa(yavg) X F)

collude deviate

compete

(Wga(yalea|) —Pa(Ya,g) X F) (ﬂ—iﬂ,)a(ya’lMal) —pa(Ya;g) X F) (ﬂ—fa

Figure 5: Stage game of any firm i’s trade-off to stay or leave a cartel
M, in a corporate cartels’ network g

At t = 2 and for all subsequent periods, firm ¢ faces a different trade-off depending on their decision in

the previous period (t = 1).

e If firm 4 has sustained collusion at ¢ = 1, it faces the same trade-off.

P

o If firm 7 has deviated at ¢t = 1, it earns competition profits (7 ,) for all next periods, and cannot

form the cartel M, again.

C Discount factor-related proofs

C.1 Appendix C.1 - Proof of equation (3)

1%514 : [W?(yaa ‘Ma|) _pa(yaag) X F] > Wi[)(yaa ’Ma|) _pa(yaag) x F+ 151‘@ : 7TZ‘P

= 1_151. : [ﬂ'ic(yav‘MaD _pa(yayg) X F] _WP(yav‘MaD +pa(yayg) X F — 1ii5i -7[-ZP >0
<:>7Tic(ya’|Ma‘) —Pa(Ya,g) X F — (1 —6;) 'WiD(yaa|Ma|) + (Pa(Ya,g) x F) (1 —6;) _51"77113 >0
<:>7Tz'c(ya7’MaD _ﬂiD(ya7|Ma’) +5i 'Wzl)(yav‘MaD _52' 'pa(yavg) X F_(Si‘ﬂ'ZP >0

& 6 - WiD(yav |Ma‘) —0; 'pa(ymg) x F =9 - 7TZ‘P > *ﬂ'ic(yaa ‘Ma|) +7TiD(yaa |Ma|)

7 (o | Mal) = (v Mal)  _ 5
ZD(yaa|Ma‘) _Wf—pa(ya:Q)XF e

&0 >~
C.2 Appendix C.2 - Existence conditions of equation (3)
d€0;1]
We then have to check if, and under which conditions, the discount factor fulfilled these two equations:

”iD(yaa‘MuD _Wg(yaleaD >0
© 7w (Yao Mal) =7F —pa(ya,g)x F =

”iD(yaa‘MaD _7ric(ya7|Ma‘) <1
" 7P (Yo, Mal) =7 —pa(ya,g)x F =

Existence condition 1:
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WiD(yav‘MaD —W?(yau|Ma‘) >0
7P (yo,|Mal) —7F —pa(ya,g)x F =

As we set that 7 > 7€ > 7 it is straightforward that:
7P (Ya, IMal) = 7 (ya, |Mal) >0
The existence condition 1. is then fulfilled if and only if:
TP (Yo |Mal) =7 = pa(ya,g) X F >0

As the competition profit (TrP ) tends to be small, the crucial point of this subsequent condition is that

the deviation profits (7”) have to be higher than the expected sanction (p;(ya,g)F).

Existence condition 2:

WD(ym‘MaD —Wc(yau|Ma‘) <1
TP (ya,|Mal) =7F —pa(ya,g) x F —

This condition is fulfilled if and only if:

TP (Yas IMal) = 7 (ya: IMal) < 7P (ya; IMal) = 7"~ Pa(ya, g) x F
7€ (Yas M) = 77 + pa(ya, g) x F
D Optimal network structures

D.1 Appendix D.1 - Proof of Proposition 3

For any given connected networks of cartels g¢ with the same number of cartels and cartels size, the denser

the network, the greater its stability.

Proof. Following Defitinion 5, the firm ¢’s degree centrality is:
DC(i) = > (IMa] = 1) = 32 max(0,[Ci ;| = 1)
acM i#£j

e If the firm ¢ belongs to several cartels with only different firms:

DC(i) = > (IMa| - 1)
aeM
as no node j # i is present in more than one cartel with i, |C; ;| < 1

e [f the firm ¢ belongs to several cartels with common links:

DC(i) = > (IMa] = 1) = - max(0,[Ci ;| — 1)

aceM 1#£j

However, for a given cartel size M,:
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S (M| = 1) = 3 max(0, [Cig| — 1) < 3 (Ml — 1)
acM 1#] acM

dj 75 i: ‘Ci’j’ >1 = Zmam(O, ’Ci,j’ — 1) >0

Because the critical discount factor is increasing with the degree centrality (Proposition 1), cartels are
more stable when the degree centrality is the lowest, i.e. when firms share the maximum number of

common cartels, leading to the densest network. (]

D.2 Appendix D.2 - Extension: a general optimal network structure

In this extension, we allow the given network not being connected, on the opposite of Section 4, meaning
that there may not be a path between every node of that network. Recall that according to Newman
(2018), a path is defined as any sequence of nodes such that every consecutive pair of nodes in the sequence
is connected by an edge in the network. As for Section 4, the goal of this extension is to study which
network structure guarantees the highest cartel stability, but in a more general context: the network of

cartels can take any structure, as long as respecting all the assumptions set in Section 2.1.

Proof. Following Defitinion 6, the firm ¢’s degree centrality is:

DC(i) = % (IMa] ~ 1) = 3 max(0,[Cry| — 1)
acM i#]

e If the firm 7 belongs to single cartel:

DC(i) = (|Ma| — 1)

e If the firm ¢ belongs to several cartels:

DC(i) = % (IMa] ~ 1) = 3 max(0,Cry| — 1)
acM i#]

However, for a given cartel size M,:
(IMq] = 1) < 22 (|Ma| = 1) = > max(0,[Ci ;| — 1)
acM 1#£j
Because the critical discount factor is increasing with the degree centrality (Proposition 1), cartels are
more stable when the degree centrality is the lowest, i.e. when the cartels’ network is clustered, such that

no path connects any two cartels. (|
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