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Abstract

This paper studies the interactions between a cartel leniency program and a set-
tlement procedure. The EU settlement procedure gives colluding firms that do not
apply for leniency an additional opportunity to cooperate with the competition
authority in exchange for a reduced fine after a preliminary case has been estab-
lished against them. We derive the conditions under which colluding firms apply for
leniency, settle, or refuse to cooperate with the authority in equilibrium. Our policy
results show that settlements can act as a complement or as a substitute to the leni-
ency program. We also study the welfare-optimal policy and highlight a novel inter-
dependence between the fine reductions that should be offered to leniency applicants
and to settling firms.
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1 Introduction

Collusive agreements in which firms act in a coordinated manner so as to set prices
that are above the competitive level represent arguably the clearest violation of com-
petition laws existing across the globe. Collusion is per se illegal under Section 1 of
the US Sherman Act and constitutes both a ‘hardcore restriction” and a ‘restriction

P4 Peter T. Dijkstra
peter.dijkstra@acm.nl

< Jacob Seifert
jacob.seifert @leicester.ac.uk

1" Chief Economist Office, Netherlands Authority for Consumers & Markets, PO Box 16326,
2500 BH The Hague, The Netherlands

Department of Economics, Finance and Accounting, University of Leicester, School
of Business, Leicester LE1 7RH, UK

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11151-023-09910-4&domain=pdf

240 P.T. Dijkstra, J. Seifert

by object’ under Article 101 TFEU.' The question of how to prevent collusion is
therefore fundamental to the operations of competition authorities and to economic
research that seeks to guide policymakers in this area. A number of tools are used
as part of enforcement efforts against cartels. These include not only fines but also
possible fine reductions for colluding firms that cooperate with the competition
authority by applying for leniency or settling their case. This paper contributes to
our understanding of optimal competition law enforcement against cartels by study-
ing the effect that the joint use of a leniency program and a settlement procedure has
on welfare.

Cartel leniency programs have been a feature of US antitrust enforcement since
1978 (US Department of Justice, 1993). The first leniency program in Europe was
introduced in 1996 (European Commission, 1996). In their current form, these leni-
ency programs grant firms that report their involvement in a cartel to the competi-
tion authority partial or full immunity from antitrust fines. While the first reporting
firm is typically granted full immunity, in the EU later leniency applicants may also
be eligible for substantial fine reductions (European Commission, 2002, 2006).

The settlement procedure was introduced by the EU in 2008 with the aim of per-
suading suspected cartels that do not apply for leniency to admit their guilt once
a preliminary case has been formed against them—thereby avoiding the need for
a lengthy prosecution (European Commission, 2008).> Settling firms are awarded
a fine reduction, which currently stands at 10%. The main distinction between the
leniency program and the settlement procedure is therefore one of timing. While
leniency applications require evidence that will be supplied of an as-yet-undetected
cartel, settlements are concluded after the competition authority has formed a pre-
liminary case against a cartel. At that point, the conditions for a leniency application
can no longer be met.’

The paper most closely related to ours is Motta and Polo (2003), who use a
repeated-game framework to study the effects of leniency in the absence of a set-
tlement procedure. These authors show that leniency programs exert a pro-competi-
tive effect by encouraging cartels to desist from collusion during the course of their
leniency application. Leniency may also have an anti-competitive effect, however,
when lower expected fines encourage more cartels to form ex ante. A second related
paper is Ghebrihiwet and Motchenkova (2010), who introduce the possibility of pre-
trial settlements into the Motta and Polo (2003) model.* An important difference

! The term hardcore restriction implies that price-fixing agreements are excluded from the EU’s block
exemption regulations. A restriction by object is presumed illegal without consideration of economic
effects in the EU. This should be distinguished from strict per se illegality as any agreement may, in prin-
ciple, benefit from an individual exemption under Article 101(3) TFEU (Whish and Bailey, 2021).

2 Barennes (2017) and Laina and Bogdanov (2019) provide evidence of the successful uptake of the
EU’s settlement procedure in practice.

3 Note that the settlement procedure is slightly different in the US, where fine reductions are determined
on a case-by-case basis and firms enter a plea agreement rather than acknowledging their liability. See
O’Brien (2008) and Motchenkova and Spagnolo (2019). Our focus in this paper is on settlements that
follow the European approach.

4 Another important aspect that is introduced by Ghebrihiwet and Motchenkova (2010)—which we do
not consider—is the possibility that the authority may commit a type I decision error.
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between their work and ours is that—unlike the present paper—Ghebrihiwet and
Motchenkova (2010) consider settlements only as part of firms’ deviations from an
agreed collusive strategy profile. They do not consider agreements as part of a sce-
nario in which colluding firms plan to settle their case on the equilibrium path.

This paper extends Motta and Polo (2003) to allow for settlements. In order to
reflect the interplay between leniency and settlements that we described above,
we adopt the following timing in the stage game: First, the firms that make up a
given industry decide whether or not to collude. If a cartel is formed and the indus-
try becomes the subject of a competition investigation, firms decide individually
whether or not to apply for leniency, which involves revealing the existence of the
cartel to the competition authority. If firms do not apply for leniency, the author-
ity proceeds to form a preliminary case against the cartel, which may be strong or
weak. The cartel learns the strength of this preliminary case and, thereafter, decides
whether or not to settle. Only if no settlement is reached does the authority proceed
to a full prosecution of the cartel, which is more likely to result in a conviction if the
authority’s preliminary case is strong rather than weak.

In this context, we study the stability—incentive-compatibility—of three collu-
sive strategy profiles: Under the first, firms agree to collude and not to cooperate
with the competition authority through either the leniency program or the settle-
ment procedure. Under the second, firms agree to collude, but cooperate with the
authority by applying for leniency whenever they are investigated. Finally, under the
third, firms agree to collude and do not to apply for leniency, but they do settle if the
authority forms a strong preliminary case against them. As part of all three collusive
strategies, any deviation at the collusion, leniency, or settlement stage is punished
by non-cooperative Nash equilibrium play in every subsequent period. Following
Motta and Polo (2003), we determine the equilibrium outcome of the game by sup-
posing that, whenever multiple equilibria exist, firms select the Pareto-dominant
equilibrium.

We use this framework to address two important policy questions: The first
concerns the effect that the addition of a settlement procedure has on equilibrium
outcomes. We show that settlements can act as a complement or a substitute to the
leniency program. In the former case, cartels that would not have cooperated with
the authority in the absence of the settlement procedure take up the option to set-
tle whenever the authority forms a strong preliminary case against them. In the lat-
ter, firms that would otherwise have applied for leniency no longer do so but settle
instead—conditional on the authority’s forming a strong preliminary case. We also
identify important deterrence effects that are associated with the settlement proce-
dure. These can be pro-competitive—when deviation opportunities at the settlement
stage undermine otherwise stable cartels—as well as anti-competitive: when the
added flexibility of the settlement procedure leads to the formation of new stable
cartels.

The second policy question concerns the joint design of the leniency program
and the settlement procedure when the authority’s enforcement approach is chosen
to maximize welfare. We highlight a novel and important interaction in this context:
Whenever cartel deterrence is not feasible due to the limited budgetary resources of
the competition authority, the optimal policy maximizes the frequency with which
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colluding firms cooperate with the authority in equilibrium. It does so by encour-
aging participation in the leniency program: This involves offering maximal fine
reductions to leniency applicants and minimal reductions to settling firms.

Whenever this approach does not induce colluding firms to apply for leniency,
however, the optimal policy offers maximal fine reductions to settling firms as well.
This improves welfare by increasing the likelihood that colluding firms that cannot
be reached through the leniency program instead cooperate with the authority by
settling whenever it forms a strong preliminary case against them. Thus the optimal
level of the fine reduction that should be offered to settling firms depends crucially
on whether colluding firms can, under any circumstances, be persuaded to partici-
pate in the leniency program.

The remainder of the paper is organized as follows. Section 2 reviews the related
literature. Section 3 presents our model, while Sect. 4 derives the equilibrium out-
comes. Section 5 presents our policy analysis before Sect. 6 discusses robustness
and extensions of the model. Section 7 concludes. Proofs and supplementary calcu-
lations are contained in the accompanying Online Appendix.’

2 Related Literature

There is a large literature on the effect of leniency programs on cartel stability (for
a recent overview, see Marvao and Spagnolo, 2018). Motta and Polo (2003) iden-
tify a potential side-effect of the leniency program. While leniency can reduce the
frequency of collusion by allowing firms to reveal information once an investiga-
tion has been opened, it can also lead to the formation of more stable cartels ex
ante because expected fines are lower. Spagnolo (2004) shows that, when the first
leniency applicant is rewarded with the sum of the fines that are paid by the remain-
ing cartel members, the first-best outcome of complete cartel deterrence can be
achieved.

Even ‘moderate’ leniency programs that are limited to fine reductions rather than
rewards can increase cartel deterrence relative to the case without a leniency pro-
gram, however. Spagnolo (2004) and Chen and Rey (2013) argue that fine reduc-
tions should be offered only to the first leniency applicant, since this incentivizes
deviations from collusive agreements and therefore maximizes cartel deterrence. By
contrast, Motta and Polo (2003) show that offering fine reductions to later leniency
applicants can improve welfare when cartel deterrence is not feasible. These wel-
fare gains arise as a result of non-deterred cartels’ cooperating with the competition
authority in the course of its investigation.

In terms of the level of the fine reduction, Harrington (2008) shows that firms are
more likely to apply for leniency when the associated fine reduction is higher. When
only the first applicant benefits from leniency, this increases the expected fine of
cartel members that do not apply for leniency, which further incentivizes leniency
applications. Nevertheless, a third, offsetting effect of leniency is that it lowers the
expected fine, which increases cartel stability.

5 The Online Appendix is accessible at https://doi.org/10.25392/leicester.data.23674800.v2.
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Leniency may also increase cartel stability if it is used as a disciplining device.
Any firm that deviates from the collusive price level but does not apply for leniency
may be punished by the remaining carte] members that submit a leniency applica-
tion (Ellis and Wilson, 2003). Moreover, according to Marx and Mezzetti (2013),
firms may be incentivized to conceal their anti-competitive agreement more effec-
tively in the presence of a leniency program, which makes it more difficult for a
competition authority to prove the existence of the cartel.

Chen and Harrington (2007) consider the effect of leniency programs on the opti-
mal cartel price. Their model allows for changes in the price that is set by the cartel
to affect the probability of detection. They show that varying the collusive price over
time can improve cartel stability. However, cartel prices may be lower with a leni-
ency program than without one. This result also holds in a setting where cartel fines
are price dependent; see Houba et al. (2015).

Several scholars have investigated the effect of leniency programs experimen-
tally. The conclusions of these studies are varied: Some report positive results in
terms of the effect of leniency on cartel formation and collusive prices (Hinloopen
and Soetevent, 2008); others report more mixed or weak results (Bigoni et al., 2012,
2015; Andres et al., 2021; Dijkstra et al., 2021).

Brenner (2009) investigates the effectiveness of the 1996 EU leniency program
from an empirical perspective and concludes that this program was successful in
reducing prosecution costs by promoting the flow of information from investigated
cartels to the competition authority. On the other hand, there is no evidence to sug-
gest that the program succeeded in deterring cartels. This contrasts with Miller
(2009), who does identify a deterrence effect of leniency in the US context. More
recently, Jochem et al. (2020) show that the 2002 reform of the EU leniency pro-
gram made it more effective in deterring cartels.

In terms of settlements, Fotis and Tselekounis (2020) develop a theoretical model
to investigate the relationship between the likelihood of investigation by the compe-
tition authority and the fine reduction that is available to settling firms. In a Cournot
duopoly setting, they find that firms will settle for a 10% fine reduction if the prob-
ability of cartel detection is high enough (over 40%). While Fotis and Tselekounis
(2020) consider a static model, we adopt a dynamic approach to investigating collu-
sion. We also complement their analysis by studying settlements in the context of an
existing leniency program rather than in isolation.

Most existing research into the settlement procedure has adopted an empirical
approach. Using a panel data set of all EC cartel cases between 2000 and 2014,
Hiischelrath and Laitenberger (2017) find that settlements reduce the average case
duration by over 8 months. Hellwig et al. (2018) estimate that the number of appeals
of Commission decisions decreased by over 50% due to the implementation of the
settlement procedure. Relatedly, Laina and Bogdanov (2019) show that conviction
decisions reached on the basis of settlements are robust in the EU context: These
cartel decisions tend to be confirmed by the EU courts on appeal.
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3 The Model

Our model is based on Motta and Polo (2003), hereafter MP, whose framework we
extend to include a settlement procedure. In particular, we study a group of perfectly
symmetric firms (an industry) that may decide to collude. As in MP, we will con-
sider symmetric industries in the equilibrium analysis. This implies that all firms in
all industries will adopt identical strategies with respect to collusion in equilibrium.
Each individual firm is active in only one industry.®

Firms’ decisions to collude or not are made in the presence of a competition
authority (CA). The objective of the CA is to maximize a utilitarian welfare function
with equal weights on producer and consumer surplus. To that end, the CA is able to
commit to an enforcement approach as part of which it conducts investigations that
can lead to the conviction of cartels. Convicted cartel members are obliged to pay a
fine, though fine reductions may be offered to firms that cooperate with the CA by
applying for leniency or settling their case. Importantly, in line with MP, an appli-
cation for leniency or a settlement by any individual firm is assumed to result in a
certain conviction of all firms that make up the cartel.

We first set out the CA’s enforcement approach in detail before describing the
firms’ collusive strategies and the timing of the game.

3.1 Policy Parameters

The CA’s enforcement approach is captured in the following policy parameters,
which are chosen by the CA to maximize its utilitarian welfare function.

Cartel Fine (F). The fine that is payable by a colluding firm that is convicted by
the CA and that did not cooperate through the leniency program or the settlement
procedure is equal to F € (0, F1, where the maximum possible fine Fis exogenously
specified by competition law.

Fine Reductions (y,,y.,vs). Firms that are subject to a CA investigation may
cooperate with the CA by applying for leniency or, if no leniency application is
made, by settling before a decision is reached in their case. We suppose that the
expected fine that is payable by a colluding firm when all cartel members apply for
leniency is equal to y, F, where y; € [0, 1]. Consistent with practice in both the EU
and US, where earlier leniency applicants receive more generous fine reductions, we
allow the fine that is paid by the first leniency applicant to differ from later appli-
cants. In particular, the first firm to apply for leniency is assumed to pay an amount
7 F, wherey, € [0, 117

If firms do not apply for leniency, the CA proceeds to form a preliminary case
against the cartel. This preliminary case may be either ‘strong’ or ‘weak’, with a

6 As in MP, while the existence of more than one symmetric industry is important in deriving the profits
of collusion, the precise number of industries does not affect the equilibrium outcome of the game for a
given probability of investigation (see Sect. 4).

7 This adds an element of realism relative to MP, who assume that all leniency applicants receive the
same fine reduction (y; = y;). While we do not restrict y, to lie below y;, we show in Sect. 5 that the opti-
mal policy sets y; = 0.
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strong preliminary case implying a higher likelihood of subsequent conviction (see
further discussion below).® We assume that it is equally likely that the CA will form
a strong or weak preliminary case and, in order to ensure that the game is stationary,
that industries are symmetric in terms of the strength of the preliminary case that
is formed against them in any given period. The strength of the CA’s preliminary
case is common knowledge.” After learning the strength of the CA’s preliminary
case, colluding firms can settle, in which case they pay a fine equal to y¢F, where
vs € [0,11.10

In what follows, we restrict the fine reduction that is offered under the set-
tlement procedure to be less generous than that awarded to leniency applicants:
yg > max {yl, yL}. This ensures that the leniency program is economically meaning-
ful, in the sense that colluding firms always prefer to apply for leniency rather than
settling regardless of the strength of the CA’s preliminary case (see Appendix A).
This implies that, in line with practice, settlements are not used as a means of rep-
licating the leniency program, but rather of encouraging cartels that choose not to
apply for leniency to cooperate with the CA (European Commission, 2008).

Probability of Investigation (a). The probability that the firms in a given industry
become the subject of a CA investigation is denoted by a € [0, 1].

Baseline Conviction Probability (p). If colluding firms neither apply for leniency
nor settle, the CA proceeds to the prosecution phase. This results in a conviction of
the cartel with probability p, if its preliminary case was weak and p, > p, if its pre-
liminary case was strong. The expected probability of conviction, before the CA’s
preliminary case is formed, is therefore given by

F=300+p), (M)
An important objective of this paper is to explore the effect that the addition of a set-
tlement procedure has on equilibrium outcomes. To do so, we compare the results of
this model with MP who—absent settlements but allowing for leniency—plot equi-
librium outcomes as a function of the probability of investigation a and the average
conviction probability p (in our notation). Since p is itself determined as a function
of p, and p, in our extended model, in order to facilitate this comparison we will
assume that

po=p—d, 2)

p1=p+d, 3)

8 The strength of this preliminary case may, for instance, reflect the nature of the evidence that first
comes to the CA’s attention following a dawn raid; see Blatter et al. (2018).

° This is consistent with the EU settlement procedure, under which settlement opportunities are extended
equally to all investigated firms (Dekeyser and Roques, 2010).

10 More broadly, we may also think of the fine reduction that accompanies a settlement as reflecting a
reduction in litigation costs that are borne by the firm.
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where 0 < d < % is exogenous and p € [d, | — d] measures the baseline probability
of conviction. From Egs. (1), (2), and (3) it follows that p = p, so that the ex ante
expected conviction probability is now determined entirely on the basis of the base-
line conviction probability p. We assume that the CA selects the level of this base-
line conviction probability p, which determines p, and p, through Egs. (2) and (3).

The full list of CA policy parameters is therefore given by (F, y,, ¥, v, @, p). Fol-
lowing MP, we suppose that the choice of a and p is constrained by the CA’s exog-
enously given budget. This budget can be allocated alternatively to investigating
more cartels — increasing a — or to increasing the baseline probability of conviction
— increasing p — so that we have fixed rather than variable enforcement costs. The
form of the budget constraint will be made precise in the context of our discussion
of the optimal policy in Sect. 5.

Finally, again following MP, we suppose that the CA can impose compliance on
any convicted cartel, so that firms desist from collusion during any period in which
they are convicted. This occurs regardless of whether the cartel was convicted fol-
lowing a successful CA prosecution, a leniency application, or a settlement. The
notion that this desistence effect is achieved only after a delay whenever the CA is
obliged to complete its prosecution of the cartel will be made precise in our discus-
sion of the model’s timing in Sect. 3.3 below.

3.2 Firms’ Collusive Strategies

The CA’s enforcement approach that was described above—particularly the oppor-
tunities that it affords colluding firms to apply for leniency or to settle once an inves-
tigation is opened—implies that any collusive agreement between firms must spec-
ify not only whether to collude or not, but also the course of action that the firms
will take with respect to leniency and settlements, should they be investigated by the
CA. We consider the following three collusive strategies:

— In the first, NNN (‘no leniency application, no settlement of a strong pre-
liminary case, no settlement of a weak preliminary case’), firms collude from the
first period onwards—provided that no deviation occurs. In any period in which
no investigation is opened, this earns each firm collusive profits 7. In any period
in which an investigation is opened, firms neither apply for leniency nor settle,
regardless of whether the CA’s preliminary case is strong or weak, again earning
profits 7. in that period. In the following period, the CA moves to the prosecu-
tion phase and convicts the cartel with probability p, (p;) if the strength of its
preliminary case was weak (strong). If convicted, firms pay the fine F' and play
non-cooperatively for the current period, earning profits 7y < 7z, before revert-
ing to collusion. A deviation at the collusion stage gives a firm deviation profits
7p > 7o in that period. Deviations at the leniency or settlement stage will result
in a certain conviction of the cartel, and hence profits z,, in that period, but will
grant the deviating firm the fine reduction corresponding to the leniency program
or settlement procedure that was described above.

— The second collusive strategy is NSN (‘no leniency application, set-
tle a strong preliminary case, no settlement of a weak preliminary case’). This
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parallels NNN, except that firms agree to settle whenever they are investigated
and the CA forms a strong preliminary case against them. In any period in which
an investigation is opened, firms therefore do not apply for leniency but await
the strength of the CA’s preliminary case. If it is strong, firms settle, pay their
reduced fine y¢F and play non-cooperatively in the current period before resum-
ing collusion. If the CA’s preliminary case is weak, firms do not settle and earn
the collusive profits 7z in that period. In the following period, they are convicted
with probability p, as a result of the CA’s prosecution. In that case, they pay the
full fine F and earn profits 7, in that period before reverting to collusion in the
following period.

— The final collusive strategy is denoted by LXX (‘apply for leniency’). Now
firms collude from the first period onwards, provided no deviation occurs. In any
period in which no investigation is opened, firms earn the collusive profits 7. If an
investigation is opened, firms apply for leniency, pay the reduced fine y, ' and play
non-cooperatively for the current period before reverting to collusion. In this case,
we leave firms’ plans with respect to settlements unspecified and denote these with
an X. On the equilibrium path, firms will never reach the settlement stage since they
always apply for leniency first. Since the cartel is convicted with certainty as soon
as one firm applies for leniency, the question of a strong or weak preliminary case
being formed does not arise for any firm that deviates from LXX by not applying for
leniency. For clarity, we assume that such deviations cannot be followed by a settle-
ment. It is important to emphasize, however, that this implies no loss in generality.
We show in Sect. 4.1 that, regardless of whether deviations from LXX at the leni-
ency stage can be followed by a settlement or not, the binding incentive-compatibil-
ity constraint on LXX arises at the collusion stage — not the leniency stage.

We assume that firms play the familiar grim trigger strategies that are common
to the repeated games literature (e.g., Friedman, 1971). Accordingly, any deviation
from the agreed collusion, leniency, or settlement plans is punished by firms’ play-
ing the non-cooperative Nash equilibrium in every subsequent period. We rule out
the possibility that firms can collude tacitly in the absence of any collusive agree-
ment. Tacit agreements do not generate any evidence on the basis of which the CA
can prosecute firms and therefore do not depend on the design of the enforcement
tools, including leniency and settlements, that we investigate in this paper.

It is important to note that the conviction of a cartel—whether as the result of a
leniency application, a settlement, or a prosecution by the CA—does not necessarily
imply a deviation from the above collusive strategies. Whenever a cartel is convicted
but no deviation has occurred—e.g., because firms applied for leniency under col-
lusive strategy LXX—firms play non-cooperatively for one period before resuming
their collusive strategy in the following period.!

Finally, note that collusive strategies NSS (‘no leniency application, settle a
strong preliminary case, settle a weak preliminary case’) and NNS (‘no leniency
application, no settlement of a strong preliminary case, settle a weak preliminary
case’) can be omitted from the analysis, since they are dominated by LXX and NSN,
respectively. This is shown formally in Appendix A.

' This follows MP and is also consistent with Blatter et al. (2018), for example.
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3.3 Timing

The timing of the game is as follows: At r =0, the CA sets its policy parame-
ters. Thereafter, firms select a collusive strategy and—provided that no deviation
occurs—each period ¢ has the following structure: Firms are investigated with prob-
ability a. If investigated, firms decide whether or not to apply for leniency. If they do
not apply for leniency, the CA forms its preliminary case, and firms decide whether
or not to settle. If firms apply for leniency or settle, they pay their reduced fines, play
non-cooperatively for the current period, before resuming collusion in period ¢ + 1.
If firms neither apply for leniency nor settle, the game proceeds to period ¢ + 1, in
which the CA concludes its prosecution. If firms are convicted, they pay the full fine
and play non-cooperatively in that period. If firms are not convicted, they earn the
collusive profits in that period. In both cases, collusion resumes in ¢ + 2.

We summarize the timing of the stage game in the form of a game tree in Fig. 1.
This game tree depicts the two-firm case, beginning after the CA policy parameters
have been set at ¢t = 0. Firm 1 receives the top payoff in each payoff vector. Follow-
ing the realization of the firms’ payoffs in a given period ¢, the game restarts begin-
ning in period ¢ + 1.

4 Equilibrium Analysis

We solve for the subgame-perfect Nash equilibrium of the model by backward
induction. To begin, we hold fixed the levels of the CA’s policy parameters and
identify the regions in (a, p) space in which each of the three collusive strategies—
when played symmetrically by all firms—constitute an equilibrium. We also identify
the Pareto-dominant equilibrium whenever multiple equilibria exist by comparing
the value that is derived from each collusive strategy. This leads into the analysis of
the optimal policy that follows in Sect. 5.

In line with the existing literature, we assume that collusion is an economically
meaningful phenomenon in the sense that—absent any intervention by the CA—col-
luding yields higher profits to firms than not colluding. The value of the game under
collusion and absent CA intervention—which is denoted by V—may be written as

T
vc=nc+5vc=>vc=]f5, )

where 6 € (0, 1) is the discount factor. The value that is derived by any firm that
deviates by not colluding—which is denoted by V,,—is equal to

0
Vp=7p+ T—3™ ®)

The cartel is stable in the absence of CA interventions if and only if V. > V|, which,
given Eqgs. (4) and (5), is equivalent to
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t=1 Firm 1

Collude (C) Deviate (D)

o (o) () ()

Investigate No Investigation
w.p. & w.p. l-a
Firm 1 [”f)
e

Leniency (L) No Leniency (NL)

NL

ﬂ}v—;/LF] (ﬂy—yle ( 7y —F j CA
(”‘\'_yI,F 7y —F 7y -k
Strong prel. case
w.p. 5 P35

Weak prel. case

Firm 1 Firm 1

No Settlement (NS)

NS
”\'_KF) (”\'_KF) (”\‘_F j [”w _7SF] [”w _75F) [”‘V_F )
(”m’}’sF 7wy —F 7y —rsF CA Ty —ysF 7y —F 7y —ysF CA
t=2
Conviction Acquittal Conviction Acquittal
w.p. p, w.p. 1-p W.p. P, w.p.1-p,
o +0(my = F)\( 7 (1+0) e +0(my —F)\( 7. (1+06)
o +0(my —F) \ m.(1+5) e +0(my —F) )\ m.(1+0)
Fig. 1 Stage Game in the Two-firm Case
p ~ Tc
0>6p i= —. (6)
Tp — 7y

This condition will be assumed to hold throughout the remainder of the paper.

Assumption 1 6 > 6.
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In terms of notation, we let a;, denote the threshold value of the investigation
probability a, such that a given collusive strategy k = LXX, NNN, NSN is robust to
deviations at the collusion stage if and only if @ < a;. We identify the incentive-
compatibility thresholds that relate to deviations at the leniency and settlement
stages by using a breve ( 7 ) to indicate the relevant deviation. Thus a;,, denotes
the critical value of @, such that collusive strategy NNN is robust to deviations at the
leniency stage if and only if @ < a;,,, for example.

4.1 Collusive Strategy LXX

The value of the game when all firms play collusive strategy LXX is equal to
Vi = @[y = 7 F + 8Vix] + (1 — @) |7e + 6V iy (7

The first term captures the situation in which the CA opens an investigation into
the firms’ industry, which happens with probability @. Firms immediately apply for
leniency, earn the non-cooperative Nash profits z,, and pay the reduced fine y; F' in
that period before reverting to the same collusive strategy in the following period.
The second term captures the situation in which the CA does not open an investiga-
tion. In this case firms earn the collusive profits without paying a fine in the current
period and revert to the same collusive strategy in the next period.

The following proposition formalizes the condition under which all firms’ playing
LXX represents a subgame-perfect Nash equilibrium of the game:

Proposition 1 For given policy parameters (F,y,,v.,vs, Q,p), a subgame-perfect
equilibrium in which all firms play collusive strategy LXX exists whenever

e — (1 =8)np —omy
a<ayy = .

®)

e —ny+y F

Proof All proofs can be found in the Online Appendix. O
It is interesting to see that the binding constraint on the LXX equilibrium
always arises at the collusion stage as opposed to the leniency stage. Conditional

on other firms’ applying for leniency, it is never optimal to be the sole firm not to
do so since the cartel will be convicted in any case.

4.2 Collusive Strategy NNN
Consider now the collusive strategy profile as part of which all firms play NNN,

implying they neither apply for leniency nor settle their case under any circum-
stances. The value of the game under this strategy is equal to
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Vi = a[nc +8[p(zy — F)+ (1 = p)mc + 5VNNN]]
©)]
+(1-a) [;:C +6(mc+ 5VNNN)].

The first line of Eq. (9) captures the situation in which an investigation is launched
in the firms’ industry. Since firms neither apply for leniency nor settle their case,
they earn the collusive profits for one period before the CA proceeds to its full pros-
ecution. This results in a conviction with probability p, in which case firms desist
from collusion for one period and pay the full fine F. With probability 1 — p, the car-
tel is acquitted and earns the collusive profits for an additional period. Regardless of
whether the cartel is convicted or not, it resumes the collusive strategy in the period
that follows the conclusion of the CA’s prosecution.

The second line captures the case in which no investigation is launched in the
firms’ industry, which implies that an investigation is instead opened in some
other industries. By symmetry, the firms in these other industries are also play-
ing NNN. This allows firms in the non-investigated industry to earn the collusive
profits for two periods without the threat of being fined because the CA takes two
periods to conclude its investigations in the industries that it does investigate.

The following proposition derives the condition under which all firms’ playing
NNN constitutes a subgame-perfect Nash equilibrium of the game:

Proposition 2 For given policy parameters (F,y,,y.,vs. @, p), a subgame-perfect
equilibrium in which all firms play collusive strategy NNN exists whenever

a < min {aNNN7 ®f NN "‘NﬁN}’ (10
where
(1456 \7c—=08)m, — by
I = < op > we—ny+F ’ an
, <1+5)(ﬂc—nN)[1—<1—6>5p]+<1—5>F(71—6p)
ApNy - = ’ (12)
op 52(7rc—7rN+F)
< 1+ 5> (mc = zy) [1 = (1 = 8)op,| + (1 = &F (rs — 8p)
Aysy = < (13)
op 52(JTC—7L'N+F)

We see that, in the case of the NNN equilibrium, the binding incentive-com-
patibility constraint may arise at the collusion, leniency, or settlement stage.
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4.3 Collusive Strategy NSN

It remains to consider collusive strategy NSN, as part of which investigated car-
tels do not apply for leniency but agree to settle if the CA establishes a strong
preliminary case. The value of collusive strategy NSN is equal to

§ %[n’N — ¥sF + 6Vygy]
=a
NSN +%[ﬂc+5[p0 (my —F)+ (1 —pO)ﬂC+5VNSN]] (14)

+(1 - 0‘){%[7[6 +6Vyen| + %[ﬂc +6(mc +6Vygy)] }

The top line in Eq. (14) captures the case in which the CA opens an investigation
into the firms’ industry. Firms do not apply for leniency but instead wait for the
CA’s preliminary case to be established. With probability % the case is strong, and
firms settle: They pay their reduced fine y¢F and earn the non-cooperative profits
7y for one period before resuming their collusive strategy in the following period.
With equal probability, the CA’s case is weak, and the firms do not settle. This
allows the firms to earn the collusive profits for one period before the CA proceeds
to a full prosecution in the following period. Firms are convicted with probability
Po» in which case they desist from collusion and pay the fine F before resuming
their collusive strategy in the following period. With probability 1 — p, the cartel
is acquitted, and firms earn the collusive profits for an additional period before
resuming the collusive strategy.

The second line captures the case in which the CA does not open an
investigation into the firms’ industry, which implies that an investigation is
instead opened in some other industries. By symmetry, the firms in these other
industries also play NSN. With probability %, the CA’s investigation in these

other industries will be concluded in one period since a strong preliminary case
is established in each of them. With equal probability, it will take two periods
before the CA’s investigation is concluded because the preliminary case is weak,
which allows the firms in the non-investigated industry to earn two periods of
collusive profits before resuming the collusive strategy.

The following proposition derives the condition under which all firms’ playing
NSN is a subgame-perfect equilibrium of the game:

Proposition 3 For given policy parameters (F,y,v.,vs, Q,p), a subgame-perfect
equilibrium in which all firms play collusive strategy NSN exists whenever

a < min {aNSN’ ®fsns aNSS}’ (15)
where

e — (1 =06)my —omy

(nc = my) (1 +8py) + F(rs +8po)

aygy =2 +9) (16)
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{ (e — 7y) [2 — (=81 + 5p0)] }

w '_1(2+5> +(1=6)F2y, —ys—py) 7
PV 6N+ (mp — my) (14 8pg) + F (s + 6po)
o i~(222) (7 = 7y) [1 = (L= 3o | + (1 = OF (75 = 3po) .
62

(me = my) (14 6py) + F (s + 8py)

We now consider the issue of equilibrium selection.

4.4 Equilibrium Selection

Propositions 1-3 establish very general conditions for collusive strategies LXX,
NNN, and NSN—when played symmetrically by all firms—to constitute sub-
game-perfect Nash equilibria. It is apparent by inspection of these results that, for
many parameter values, multiple equilibria may exist (see Fig. 2 for an illustra-
tion). Following the literature (e.g., MP and Blatter et al., 2018), we assume that,
whenever multiple equilibria exist, firms are able to select the Pareto-dominant
equilibrium by playing the collusive strategy that yields the highest value.
Colluding firms prefer not to cooperate with the CA if investigated—as com-
pared with applying for leniency—whenever Vyyy > V;xx. With the use of Eqs.

(2), (3), (7), and (9), this is equivalent to p < p¥¥¥, where

14+6\mc—my+7. F
NNN._< ) CTINTTL (19)

In a similar way, colluding firms prefer not to cooperate with the CA — as compared
with settling a strong case—whenever Vy,y > Vygy. With the use of Egs. (2), (3),

(9), and (14), this is equivalent to p < p%’s"fv\' , where

o . (146 (e = my)(1 = 6d) + F(ys — 6d) 0
NSN'_((S) we—ny+F ’ 20)
c~ N
Finally, colluding firms prefer to settle a strong case—as compared with applying
for leniency as soon as an investigation is launched—whenever Vygy > V,yy. With

the use of (2), (3), (7), and (14), this is equivalent to p < pYs¥, where

NSN . _ (”C_EN)[] +a( +d)] +F[(2+5)}’L—VS+5d].

LXX @1

6(7rC—ﬂN+F)

If we define the following threshold value for 6,
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F  (s—7)

Og 1= — ————,
5 d (wg—ny+F)

(22)

an algebraic comparison of (19), (20), and (21) leads to the following ranking of
these profitability thresholds:

Lemma1 If:

. NSN _ _NNN _  NNN
L6 <85 Pryy <Pryy <Pysy
. NNN _ _NNN _  NSN
y 5 oa o =P <P
3. 6=15 Pysy =Plxx = Pixx:

Lemma 1 in turn allows us to rank the values of the collusive strategies as follows:

Proposition 4 For given policy parameters (F,y,, 7., Ys. @, P), the values of the three
collusive strategies LXX, NNN and NSN are ranked as follows:

1. Givené < dg:

@ Vaww > Vasy > Vixx fp< pjli];])\(]’
® Vany > Vixx > Vsn ’f pE (pg%% pg\gg\})’
© Vixx > Viaw > Vasy i P € (P)3x - Prsn ).

() Vixx > Vsy > Vanw i P> Phgy -
2. Givené > ég:

@ Vi > Vasy > Vixx fp< ijsvav ’

®) Vysy > Vo > Vixx P E (p%gzjvli ’pggg )’
©) Vysy>Vixx >V U PE (pLxx »Prxx )’

(d) Vixx > Vysy > Voww  fp> p]Lv;])\(]

3. Givené = éq:

. NNN _ _NNN _ ,NSN
(a) VNNN > VNSN > VLXX lfp < p%ﬁ]% _p%?(\/)](\/ _p%,)g‘%v
®) Vixx > Vysy > Vawy P> Pygy =Pixx = Prxx-

We are now in a position to solve for the equilibrium outcome of the model.
Given the large number of cases that can arise with respect to the incentive-
compatibility constraints that bind for collusive strategies NNN and NSN—as well
as the ranking of the profitability thresholds that determine the Pareto-dominant
equilibrium—we do not provide a complete analytical characterization of the
equilibrium for all possible parameter values. Instead, we show how the relevant
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Fig.2 Solving the Model with Settlements

constraints are combined to identify the equilibrium for specific parameter values.
This solution method and the example underlying it will nonetheless allow us to
identify the effects that the addition of a settlement procedure has on equilibrium
outcomes and to characterize features of the optimal policy in Sect. 5.

Consider, therefore, a scenario in which F=4, d=0.15, y, =y, =0.1,
ys=0.13, 7, =1, 7, = 3, myy = 0 and 6 = 0.9. Panel (a) of Fig. 2 plots the bind-
ing incentive-compatibility constraints for each of the three collusive strategies
and the profitability thresholds that correspond to this example in (a,p) space.
Panel (b) identifies the associated subgame-perfect equilibrium or, where multi-
ple equilibria exist, the Pareto-dominant equilibrium.

In this case, the binding incentive-compatibility constraints on NNN and NSN
arise at the collusion stage rather than at the leniency or settlement stages for
all p € (0.15,0.85). From Proposition 1, the same is necessarily true for collu-
sive strategy LXX. These incentive-compatibility constraints are plotted in panel
(a) of Fig. 2. Panel (a) also shows the profitability thresholds in (19)-(21). Since
6 =0.9 > 0.16 = 4, in this example, see (22), the ranking of these thresholds falls
within case (ii) of Proposition 4.

From Proposition 4, collusive strategy NNN is value-maximizing for p < p\tv.
Moreover, in panel (a) we see that whenever NSN or LXX is incentive-compati-
ble in this range of p, so is NNN. This follows because a,,,y lies above both a; yy
and aygy for all p < pYA. Therefore, for p < p&, NNN is the equilibrium of the
game — either uniquely or by Pareto dominance — whenever a < ay,, . This region
is highlighted by the dotted outline labeled NNN in panel (b) of Fig. 2.

Similarly, for p between p)YY and p)SY, NSN is value-maximizing. In panel (a)
of Fig. 2 we see that whenever NNN or LXX is incentive-compatible in this range
of p, so is NSN. Therefore NSN is the unique equilibrium or the Pareto-dominant
equilibrium whenever « is low enough to ensure that NSN is incentive-compatible:
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Fig. 3 Solving the Model without Settlements

whenever a < ayqy. This region corresponds to the solid outline labeled NSN in
panel (b) of Fig. 2.

For p > pY3¥, LXX is value-maximizing. We see in panel (a) that, if either NNN
or NSN is incentive-compatible for p > p¥o¥, so is LXX. Therefore LXX is the
equilibrium of the game for p > ps¥ whenever a < a;yx. This region is identified
with the dashed outline that is labeled LXX in panel (b) of Fig. 2.

Finally, whenever a > max{a;yy, @yyn,> @ysy )}, SO that the investigation prob-
ability a lies above all three binding incentive-compatibility constraints, none of the
three collusive strategies is incentive-compatible. In this case, the cartel is deterred.
This cartel-deterrence region is identified with the label NC in panel (b) of Fig. 2.

5 Policy Implications

This section considers two important policy questions that arise in the context of
leniency and settlements: First, we explore the impact that the introduction of a set-
tlement procedure has on equilibrium outcomes. We then discuss the interactions
between leniency and settlements in the context of the optimal policy.

5.1 The Impact of a Settlement Procedure

In order to study the impact that the introduction of a settlement procedure has on
equilibrium outcomes, we contrast the example in Fig. 2 with an amended version
of the same example in which the option to settle does not exist. While settling firms
are assumed to pay a reduced fine rather than an increased fine under the settlement
procedure that was described in Sect. 3, in mathematical terms, we can eliminate
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settlements from the model by letting yg — oo0. As yg grows, collusive strategy NSN
is certain not to be incentive-compatible; see Proposition 3. Similarly, the option to
deviate into a settlement can no longer constrain the incentive-compatibility of col-
lusive strategy NNN in that case; see (13).

Holding the remaining parameters fixed at the values used in Fig. 2, the incen-
tive-compatibility constraints, profitability thresholds, and equilibrium outcomes are
shown in Fig. 3.

From Eq. (22), high values of y guarantee that we are in case (i) of Proposition 4.
The thresholds pNaa' and p)S¥ grow arbitrarily large and small, respectively, as

yg = o0, so they do not appear in Fig. 3. Proposition 4 implies that NNN is value-
N.

maximizing for all p < p)?¥. We see in panel (a) that, whenever LXX is incentive-
compatible for p in this range, so is NNN. Therefore NNN is either the unique
equilibrium or the Pareto-dominant equilibrium for p < pM whenever a < ayyy."*
Similarly, LXX is value-maximizing for all p > pg"g and, by identical arguments,
constitutes the unique equilibrium or the Pareto-dominant equilibrium for these
values of p whenever a < a;yy.

The regions of the (a, p) space in which NNN and LXX represent the equilibrium
of the game are again highlighted by the dotted and dashed outlines, respectively, in
panel (b) of Fig. 3. In order to compare these outcomes with those arising in Fig. 2,
where settlements were available, we superimpose the NSN region from panel (b) of
Fig. 2 onto panel (b) of Fig. 3 with the use of a solid black line. Three distinct effects
associated with the settlement procedure then emerge, which we identify with the
numerals 1-3 in panel (b) of Fig. 3:

In region 1, firms would have applied for leniency if investigated in the absence
of a settlement procedure. Given the option to settle, they prefer instead to play col-
lusive strategy NSN, which implies that they cooperate with the CA only when a
strong preliminary case is formed against them. In this region, settlements therefore
act as a substitute to the leniency program.

In region 2, firms that would have played NNN in the absence of settlements pre-
fer instead to settle whenever the CA forms a strong preliminary case. In this region,
the settlement procedure acts as a complement to the leniency program. It encour-
ages cooperation by cartels that cannot otherwise be persuaded to cooperate with the
CA through the leniency program.

Region 3 captures a pro-collusive effect of the settlement procedure: In this
region, neither LXX nor NNN is incentive-compatible, but when settlements are
available, NSN is incentive-compatible. In this region, firms exploit the flexibility
that the settlement procedure offers them: the option to await learning about the
strength of the preliminary case before deciding whether or not to cooperate with
the CA. This allows the formation of stable cartels that could not have formed in the
absence of the settlement procedure.'®

A fourth, related effect of the settlement procedure arises when the binding incen-
tive-compatibility constraint on collusive strategy NNN arises at the settlement stage

12 Recall that, in this example, ayyy lies below a; , for all p € (0.15,0.85).

13 Of course, effects 1-3 arise only when firms choose to play NSN in equilibrium for some levels of @
and p. This motivates the choice of parameter values in Fig. 2.
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as opposed to the collusion stage (as it does in our example) or at the leniency stage.
In that case, the binding incentive-compatibility constraint on NNN in the presence
of settlements—a,;,—lies below the binding incentive-compatibility constraint on
NNN in the absence of settlements: a,,, . Although this effect is not present in our
example because ayyy < @y5y, We can replicate it graphically by shifting up the
ayyy line in Fig. 3 while holding the NSN region in Fig. 2 fixed. In terms of deter-
rence, this offsets the pro-collusive effect of settlements that was discussed above
by promoting the creation of stable NNN cartels when settlements are unavailable.
For the purpose of clarity in Figs. 2 and 3, we show an example that omits this final
effect of the settlement procedure.

5.2 Optimal Policy

We now consider how the CA’s policy parameters should be set in order to maxi-
mize welfare in the presence of a settlement procedure. First, we make the CA’s
budget constraint precise. Then we derive the welfare impact that is associated with
the various collusive strategies, before drawing conclusions for the optimal design
of policy.

5.2.1 Budget Constraint

The budget constraint defines the feasible levels of @ and p that can be implemented
under the CA’s enforcement technology. Following MP, we suppose that the CA is
endowed with an exogenous, sunk per-period budget that can be allocated either
towards investigating more cartels—to increasing a—or to increasing the baseline
probability of conviction p (see Sect. 3).

To be precise, let T denote the total number of industries and n denote the number
of industries that the CA can investigate in any given period.'* Since firms choose
collusive strategies symmetrically in equilibrium, investigations will last one period
when firms choose LXX, two periods if firms choose NNN, and one or two periods
with equal probability when firms choose NSN. By symmetry, the CA’s investiga-
tions conclude at the same time in all investigated industries, regardless of which
collusive strategy is being played. This implies that, whenever the CA launches new
investigations, the probability of an industry’s becoming the subject of an investiga-
tion is equal to

n
a=—.
T
It follows that, for a fixed number of total industries 7, the choice of a given proba-
bility of investigation a is equivalent to the decision to open investigations in n = aT
of those industries.

We will assume that the total cost C of achieving a given probability of investiga-
tion a and baseline conviction probability p is equal to

14 For ease of exposition, we follow MP in treating n as a continuous variable.
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C=a+mp,

where m > 0 measures the cost to the CA of increasing p relative to a.
For a given level of the budget B, this implies that the CA’s budget constraint is
linear and downward sloping in (e, p) space,

a=B—-mp. (23)

This budget constraint reflects the fundamental economic trade-off that a CA faces
between maximizing the probability of investigation & and maximizing the baseline
conviction probability p. We may, for instance, think of the CA as allocating a fixed
number of staff to either investigation or prosecution activities, although we do not
model these aspects of the CA’s internal operations here. '’

5.2.2 Welfare Gains

Competition law enforcement generates a welfare gain in this setting whenever the
CA deters a cartel or causes a convicted cartel to desist from collusion. As in MP,
we evaluate these welfare gains with the use of a utilitarian welfare function with
equal weights on consumer and producer surplus. Fines are treated as pure transfers
that do not affect total welfare.

In this setting, the welfare gains that are associated with a successful CA inter-
vention that brings about a competitive market equilibrium are reflected in the dead-
weight loss (DWL) that collusion generates relative to this competitive outcome. To
calculate these welfare gains, we compare each possible equilibrium outcome—NC,
LXX, NNN and NSN—to the outcome that arises in the absence of enforcement,
which is certain to feature collusion given Assumption 1.

If cartels are deterred in every industry, the CA achieves a welfare gain of DWL
in each of the T industries in every period. The total welfare gain that is achieved by
the CA relative to the no enforcement case is therefore equal to

(24)

Clearly, this welfare gain is independent of both « and p.

If all of the firms play collusive strategy LXX, the CA opens n investigations
in each period. Each investigation induces the cartel in that industry to apply for
leniency and therefore to play non-cooperatively for one period. Thereafter, n new
industries are selected randomly as the subject of a new set of CA investigations.
Therefore the welfare gain in an LXX equilibrium relative to the no enforcement
case is

DWL
W@ = n( 725 ) = aWye. 25)

15 MP specify a budget constraint that is more detailed in these respects, although, as those authors note,
their general conclusions hold for any downward-sloping budget constraint.
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In an NNN equilibrium, cartels that become the subject of an investigation do not
cooperate with the CA. Instead, they desist from collusion for one period if and only
if the CA succeeds in convicting them after the prosecution phase: after an investi-
gation that takes two periods to conclude. This conviction occurs with probability p.
Therefore the welfare gain relative to the no enforcement case is

Wyn(@:p) = np (222 ) = ap( 2= ) Wac: 26)
If all of the firms play NSN, investigated cartels cooperate with the CA if and only
if it forms a strong preliminary case against them. This happens with probability
%. In this case, the firms settle, and the welfare gain DWL is achieved in the same
period. With equal probability, the CA’s preliminary case in each industry is weak.
Now the procedure takes an additional period to conclude, and the welfare gain
DWL is achieved only when a cartel is convicted, which happens with probability
Do- Therefore the welfare gain relative to the no enforcement case can be written
implicitly as

Wy = % [nDWL + 5WNSN] + % [5 npy DWL + 52WNSN] .

Solving this expression for Wy, we have

DWL(1+épy)|  [1+6(p—d)
d-s2+6) | Y| 2+s

Wysn(@.p) =n ] Wie- (27
A comparison of the welfare gains in (24)-(27) reveals that cartel deterrence
achieves the first-best welfare outcome: It generates the highest welfare gain for all
feasible parameter values.

Proposition 5 Wy > max{W,yy, Wyyn. Wysy } for all parameter values, so that
cartel deterrence achieves the first-best welfare gain.

We now consider how the optimal policy is determined.
5.2.3 Optimal Policy

Our analysis of the optimal policy proceeds in two steps. First, we explore how the
probability of investigation @ and baseline conviction probability p should be set for
given values of the remaining policy parameters. Taking these results as given, we
then investigate how F,y,,y;, and y¢ should be set optimally. This latter discussion
will, in turn, consider the policy that is most likely to achieve the first-best—cartel
deterrence—and the policy that should be chosen when deterring cartels is not feasi-
ble due to the CA’s limited resources: in the setting of the second-best.

When F,y,,7;, and yg are held fixed, the incentive-compatibility constraints
and profitability thresholds that underlie Propositions 1-4 are likewise fixed and
characterize—in line with the discussion in Sect. 4.4—the equilibrium outcomes of
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the game in (a, p) space. The optimal policy will select from among the feasible
levels of @ and p—as reflected in the budget constraint in (23)—those that lead to
the highest welfare gain. Consider, to that end, the iso-welfare gains curves in (a, p)
space that are associated with each of the three collusive strategies:

From (25), in the region where LXX is the equilibrium of the game, the iso-wel-
fare gains curve that is associated with a given welfare gain W is

Toxe = - (28)
XX = -
Wre

Since Wy is independent of p, see (24), this iso-welfare gains curve is also inde-
pendent of p. Hence the iso-welfare gains curves in the LXX region are horizontal
lines that are shifted upwards for higher values of W.

From (26), in the region where NNN is the equilibrium of the game, the iso-
welfare gains curve for a given welfare gain W is equal to

— /4 1+06
o= (o )5t) @)

This describes an equilateral hyperbola in (a, p) space with a horizontal (vertical)
asymptote at @ = 0 (p = 0), which shifts upwards as W increases.

Finally, in the NSN region, the iso-welfare gains curve that is associated with a
given welfare gain W is, from (27), equal to

— (W 246
st = (5 | 5 = G0

This describes another equilateral hyperbola — now with a horizontal (vertical)

asymptote ata =0 (p =d — %) — which is again shifted upwards for higher values
of W.

To fix ideas, Fig. 4 illustrates the maximum attainable iso-welfare gains curves in
a case where all three collusive strategies may be played in equilibrium and in which
the budget constraint, labeled BC, lies below the cartel deterrence region NC for all
P, so that cartel deterrence is not feasible.!®

In the LXX region, the iso-welfare gains curves are horizontal lines. Given the
downward-sloping budget constraint, the highest possible welfare gain in this region
is achieved at a corner solution at the left-hand boundary of the LXX region.!” This
point is identified by the circle in Fig. 4. Let a;,, and p;,, denote these welfare-
maximizing parameter values and let W}, denote the corresponding welfare gain as
calculated according to (25).

Given the shape of the iso-welfare gains curves in the NNN and NSN regions,
the highest welfare gain in these regions may—depending on the slope of the budget
constraint—be achieved at an interior or corner solution. The steeper is the budget

16 Given Proposition 5, we know that whenever the NC outcome is feasible, it will necessarily be imple-
mented under the optimal policy.

NNN
LXX

' This is given by p = p¥ in case (i) and by p = ps¥ in case (ii) of Proposition 4.
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Fig.4 Illustration of Optimal a, p in LXX, NNN and NSN Regions

constraint, the higher is the relative cost of increasing p relative to a, and conse-
quently the more likely it is that the optimum in these regions is achieved at a corner
solution that maximizes a relative to p. For illustrative purposes, Fig. 4 depicts a
case in which the maximal welfare gain is achieved at an interior solution, which is
denoted by a star in the NNN region and by a square in the NSN region.'® Let AN
and py,,, denote the welfare-maximizing parameter values in the NNN region and
let W3, denote the welfare gain that is calculated at this point with the use of (26).
Similarly, let ay,,, and py., denote the welfare-maximizing parameter values in the
NSN region and let Wy, denote the welfare gain that is calculated at this optimum
according to (27).

Given these welfare-maximizing points within the LXX, NNN and NSN
regions, the final determination of the optimal policy rests on a comparison of
the welfare levels achieved at each of them. Proposition 5 shows that cartel deter-
rence achieves the first-best welfare gain. Therefore, if the NC region is attain-
able, any a and p within this region will equivalently achieve the first-best since
Wy 1s independent of a and p; see (24). If cartel deterrence is not feasible, the
optimal policy implements the collusive strategy that yields the highest welfare
gain.

This idea is formalized in the following result:

13 Note that this distinction between interior and corner solutions is not important for the discussion of
the optimal policy that follows.
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Proposition 6 Hold fixed F, y,,y,, and y,. If cartel deterrence is feasible, the optimal
policy sets (a*, p*) in the NC region and attains the first-best. If cartel deterrence is
not feasible, the optimal policy implements:

— LXX by setting «* = a7, and p* = p7, . if W' > max {W;\‘,NN, Wien },

LXX
— NNN by setting a* = a3, and p* = py o if Wy > max {W:xx’ Wien }
— NSN by setting a* = ajo, and p* = pr o if Wro > max {Wr,, Weo b

If any of these collusive strategies cannot arise in equilibrium, the corresponding
optimum point is not defined, and it is dropped from the above comparison.

Consider now how the remaining policy parameters—F,y;,y;, and y—should
be set. Proposition 6 states that the CA selects a and p in the NC region whenever
feasible since this achieves the first-best. The aim of the CA is therefore to maximize
the size of the NC region so that, for a fixed budget constraint, the chances that part
of the NC region lies within the feasible set of @ and p — below the budget constraint
— are maximized. The following result considers this optimal deterrence policy:

Proposition 7 The policy most likely to achieve deterrence sets F* = F and v =0.

Intuitively, a higher fine increases the costs of collusion and therefore tends to
deter cartels by shifting down the incentive-compatibility constraints. Offering
the first leniency applicant the maximum fine reduction by charging that party a
zero fine maximizes deviation incentives at the leniency stage, and thus reduces
the stability of NNN and NSN-type cartels; see (12) and (17). Note that this result
also echoes similar findings in the literature, including those of MP, Chen and
Harrington (2007), and Houba et al. (2015).

The levels of y; and y; that maximize deterrence cannot be determined at a
general level and must, instead, be calculated numerically for a given budget con-
straint. On the one hand, offering settling firms more generous fine reductions by
reducing y¢ improves deterrence by increasing the incentives to deviate from col-
lusive strategy NNN at the settlement stage; see (13). On the other hand, reducing
7 increases the value of collusive strategy NSN as part of which firms plan to set-
tle on the equilibrium path, which increases the stability of cartels of type NSN;
see (16) and (17). This, in turn, complicates the determination of y,. Although
higher values of y; improve deterrence by reducing the value of collusive strategy
LXX—see (7)—y, is bounded above by y, (see Sect. 3.1).

These interactions between the leniency program and the settlement procedure
become much clearer in the second-best setting: The CA’s limited budget implies
that it may be impossible to deter cartels—even when the policy parameters are set
in order to maximize the size of the NC region. When the first-best is not attaina-
ble, the second-best policy will—following Proposition 6—implement the collusive
strategy that generates the highest welfare gain. Therefore, in this second-best world,
the objective of the CA shifts from attempting to deter cartels to influencing the col-
lusive strategy that non-deterred cartels adopt in equilibrium.
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Our analysis of this second-best is facilitated by the following intermediate result.
Comparing (25), (26), and (27) at given & and p, we have:

Lemma 2 For a given level of a and p, we have W;xy > Wyoy > Wyyn-

Intuitively, the LXX equilibrium generates the highest welfare gain for given «
and p because it maximizes the frequency with which colluding firms cooperate
with the CA in equilibrium. Note also that this result differs from the welfare gains
comparison that underlies Proposition 6, which was carried out with the use of dif-
ferent values of a and p that, in each case, corresponded to the optimal values for a
given collusive strategy.

The following result considers the optimal policy in the second-best setting.

Proposition 8 If cartel deterrence cannot be achieved for any parameter values, the
optimal policy sets F* = F and v, = 0. If the resulting (a*, p*) falls within the LXX
region according to Proposition 6 when ys = 1, the optimal policy also sets yg = 1.
Otherwise, it sets y;f arbitrarily close to zero.

The intuition for this result is most easily understood by considering Fig. 4: When
cartel deterrence is not feasible, the objective of the CA is to maximize the size of
the LXX region relative to both the NNN and NSN regions. If the optimal (a*, p*)
is (according to Proposition 6) implemented in the NNN or NSN regions, then by
expanding the LXX region the CA may succeed in moving this optimum point into
the LXX region, which increases welfare (according to Lemma 2). If the optimum
falls within the LXX region to begin with then—given the downward-sloping budget
constraint and horizontal iso-welfare gains curves in the LXX region—expanding
the size of this region allows a higher iso-welfare gains curve to be reached. It is
easy to see by inspection of the profitability thresholds in (19)—(21) that the size of
the LXX region is maximized by setting y; = 0 and y¢ = 1.

If the optimal (a*, p*) does not fall within the LXX region when y; =0 and
vs = 1, the CA should maximize the size of the NSN region relative to NNN by
offering the most generous possible fine reduction to settling firms: y¢ — 0. This
implies an increase in welfare whenever an optimum that previously fell within the
NNN region now falls within the NSN region (Lemma 2). Although reducing yq
reduces the size of the LXX region, this cannot imply a drop in welfare by moving
an optimum that previously fell within the LXX region into NSN, since the optimum
was not implemented in LXX — even when this region was at its maximum size.

This highlights an important feature of the optimal joint design of the leniency
program and the settlement procedure: Whenever cartel deterrence is not feasible
due to the CA’s limited resources, the CA should maximize the frequency with
which colluding firms cooperate with it in equilibrium. It does so by making the
leniency program as generous as possible relative to settling: by setting y; = 0 and
ys = L. If firms do not apply for leniency in these circumstances, the CA should
maximize the appeal of the settlement procedure by extending generous fine reduc-
tions to settling firms as well. This improves welfare by encouraging otherwise
uncooperative NNN-type cartels to cooperate with the CA by settling.
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Finally, since a higher fine F can be shown to shift all three profitability thresh-
olds leftwards, setting the highest fine possible maximizes the size of the LXX
region relative to both NNN and NSN, and maximizes the size of the NSN region
relative to NNN. The fine reduction that is offered to the first leniency applicant—y,
—does not affect the profits of colluding firms on the equilibrium path, and hence its
optimal value is not pinned down by these second-best considerations.

6 Robustness & Extensions

In this section, we show that our results are robust to the inclusion of private actions
for damages (PADs) and an ex ante leniency program. We also discuss extensions of
the model to alternative fine structures.

6.1 Private Actions for Damages

A growing volume of research has highlighted the importance of PADs as a
component of the total penalty paid by convicted cartels (see, e.g., Buccirossi et
al., 2020; Buiten et al., 2018; Emons and Lenhard, 2020; Katsoulacos et al., 2020a;
Spagnolo, 2004). We may integrate damages into our model in a simple way by
assuming that leniency applicants, settling firms, and cartels that are convicted
following a full prosecution will be found liable for damages by a court with
probability ¢;, oy, and oy, respectively.'” If we suppose that the damages payable
are, in each case, equal to a proportion & of the cartel fine F,*° the total expected
penalties payable when one firm applies for leniency, when all firms apply for
leniency, when firms settle, and when firms are convicted following a prosecution
may be written, respectively, as: ¢ F = (v, + 0, &)F; ¢ F = (v, + 0. 8)F;
¢sF = (vs + 058 )F; and gy F = (1 + op&)F.

The integration of damages into the model is therefore achieved by replacing y,,
7., and yg with ¢, ¢, and ¢y, as defined above, and by increasing the fine paid by
firms that do not cooperate with the CA to ¢y F'. This leaves our equilibrium analysis
in all other respects unchanged. Moreover, since the ¢ parameters defined above are,
in each case, proportional to the respective y’s, the marginal effects that underlie our
analysis of the optimal fine reductions under leniency and settlements carry over to
this setting, which leaves our policy results unaffected.

1 In practice, it is reasonable to suppose that oy > max{c;, o). The EU Damages Directive (Directive
2014/104/EU) prevents the information that is contained in leniency statements and settlement submis-
sions from being used in follow-on damages claims (Motchenkova and Spagnolo, 2019).

20 This can be motivated by the idea that cartel fines capture an important element of the economic harm
of collusion. Since the optimal fine will continue to be set at F' = F in this version of the model, we can
think of the upper bound on fines F that is defined by competition law as reflecting the harm of cartels in
symmetric industries of this type.

@ Springer



266 P.T. Dijkstra, J. Seifert

6.2 Ex Ante Leniency

We can also show that offering firms the opportunity to apply for leniency after a
cartel forms but before an investigation is opened leaves our results unchanged. To
illustrate, consider collusive strategy NNN: The value of this strategy — Vyyy — 1s
given in (9). Deviating from this collusive strategy by applying for leniency before
an investigation is opened yields deviation profits VZNN = 1”7”5 — 7, F. NNN is robust

to these deviations whenever Vy,y > VLNN‘ Since 1ﬂTN5 -7 F <Vp, see (5), NNN
must be robust to these deviations into an ex ante leniency application whenever it is
robust to deviations at the collusion stage.

In a similar way, it is straightforward to show that deviating from NSN and LXX
by applying for ex ante leniency does not lead to additional constraints on the incen-
tive-compatibility of those strategies. In each case, the deviation profits lie below V/,,
while the profits of remaining with NSN and LXX—Vy and V; yy—must lie above
V, in order for those strategies to be robust to deviations at the collusion stage.

Moreover, the profits that are derived from the collusive strategy as part of which
all firms agree to apply for ex ante leniency on the equilibrium path can be written

”N YL

as VLXX =ay—r F+ 5VLxx => VLXX = . It follows immediately from (5) that

\~/LXX < Vp, so that cartels that intend to apply for ex ante leniency cannot be incen-
tive-compatible. Adding the possibility of ex ante leniency therefore does not affect
the results of this paper.

6.3 Fine Structure and Recidivism

Our model carries over the assumption of a fixed fine from MP. By contrast, related
research has considered the issue of optimal fines (see Katsoulacos et al., 2015;
2019a; b; 2020b). One important issue that is highlighted by this literature is the fact
that revenue-based fines incentivize cartels to increase their price above the monop-
oly level in order to reduce their revenue and, hence, their expected fines. Since we
consider the decision of firms to form a cartel and abstract from the pricing deci-
sions that cartels adopt, this issue does not arise in our set-up.

Instead, our model focuses on the interactions between leniency and settlements,
which, in turn, have not been considered in the optimal fine literature to date. While
combining these strands of research remains an important objective for future work,
the fundamental trade-offs between the fine reductions offered to leniency applicants
and settling firms that we identify here should be robust to the particular method of
calculating cartel fines.

Other related research makes the probability of investigation endogenous to the
pricing behavior adopted by a cartel (see, e.g., Chen and Harrington, 2007, which
was discussed in Sect. 2). These effects are also absent in our set-up that abstracts
from cartel pricing decisions. By contrast, in line with MP, we make the probability
of investigation endogenous to the CA’s optimal budget allocation decision.

A third consideration in relation to fines concerns cartel duration. Several juris-
dictions make the fine dependent on the duration of a cartel (US Department of
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Justice, 1993; European Commission, 2002). If the fine increases over the lifetime of
a cartel, colluding firms may abandon collusive agreements after some time in order
to reduce expected fines. The idea that the CA should encourage cooperation among
cartels of a given duration through the leniency program and, failing that, through
the settlement procedure should still hold in this non-stationary setting, however.

Finally, in line with MP and the EU leniency program (see European Commis-
sion, 2006; Marvao, 2016), we do not restrict access to the leniency program for
repeat offenders (recidivists). In this regard, it is worth highlighting the legal distinc-
tion between repeat offenders (who re-cartelize a market in which they were pre-
viously convicted) and multiple offenders (who establish cartels in markets other
than the one in which they were previously convicted) (Marvao, 2022). According
to Werden et al. (2011), while multiple offenders are common, legal nuances around
market and firm definition imply that repeat offenders are rarely, if ever, identified
in practice. If repeat offenders are excluded from the leniency program, we should
expect it to become less relevant: Firms that might otherwise have applied for leni-
ency as part of their agreed collusive strategy would instead settle or refuse to coop-
erate with the CA.

Moreover, denying leniency to repeat offenders reduces the number of deviations
that leniency applicants have available to them in later periods, which can stabilize
collusion. Indeed, Chen and Rey (2013) show that when leniency is restricted to first
offenders and firms play a collusive strategy as part of which they apply for leniency
once and then never again, the leniency program is rendered entirely ineffective.

7 Conclusion

This paper studies the interactions between a cartel leniency program and a settle-
ment procedure. We derive the conditions under which colluding firms apply for
leniency, settle, or refuse all cooperation with the CA in equilibrium. By comparing
the equilibrium outcomes in the presence of settlements with those that arise in the
absence of settlements, we show that settlements can act as a complement or substi-
tute to the leniency program, and that settlements exert important deterrence effects.

We also study the optimal design of policy. Whenever cartel deterrence is not feasi-
ble due to the limited budgetary resources of the CA, the CA should make the leniency
program as attractive as possible by offering maximal fine reductions to leniency appli-
cants and minimal fine reductions to settling firms. This maximizes the frequency with
which colluding firms cooperate with the CA in equilibrium. Only if colluding firms
cannot be induced to apply for leniency under these circumstances should maximal
fine reductions also be offered to settling firms. This maximizes the chances that set-
tlements improve welfare by encouraging firms that cannot be persuaded to participate
in the leniency program under any circumstances to cooperate with the CA by settling
instead.

This result highlights an important interdependence between the fine reductions that
should be offered to leniency applicants and to settling firms. Current antitrust enforce-
ment practice does not explicitly link the leniency program and the settlement proce-
dure to one another in the way that is suggested by this result, however. Past experience
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may facilitate this linkage, in the sense that more generous fine reductions could be
offered to settling firms where take-up of the leniency program has historically been
limited.

Reflecting on current practice in light of this result, the EU approach of granting
settling firms a relatively modest fine reduction of 10% appears consistent with the con-
cern that additional reductions may result in settlements’ undermining the effectiveness
of the leniency program.

There are several directions for future research: In line with the discussion in
Sect. 6.3, it would be interesting to combine our analysis of leniency and settlements
with existing work with respect to the optimal structure of cartel fines. Moreover, it
could be interesting to allow the CA to reveal information about the strength of its pre-
liminary case strategically. This might allow the CA greater control over the types of
cartels that settle their cases and hence control over the circumstances under which set-
tlements act as a complement or substitute to the leniency program.

Appendix A Dominated Strategies

We demonstrate that collusive strategies NNS (‘no leniency application, no settlement
of a strong preliminary case, settle a weak preliminary case’) and NSS (‘no leniency
application, settle a strong preliminary case, settle a weak preliminary case’) can be
omitted from consideration.

A.1 Collusive Strategy NNS

Consider first collusive strategy NNS. Using similar arguments to those in Sect. 4.3, the
value of this strategy is equal to

. a{ e +6(pitmy = )+ (1 = e + 8V | }
NNS =
+3 [y = ¥sF + 6V (A1)
1
Rewriting (A1) yields

- Tc o« (e — my)(1 + 6py) + F(yg + 6p7)
MWS™1_6 2456 1-6

. (A2)

Comparing this to Vg, we have

ad(p;—p)|(wc—ay+F
VNSN_VNNS=[ 243 T >0,

Thus, if both strategies are incentive-compatible, firms strictly prefer NSN over
NNS. We will show below that, whenever NNS is incentive-compatible, so is NSN,
so that NNS may indeed be omitted from consideration.
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A deviation from NNS at the leniency stage yields value

N
Vins = T-5 nk.

These are identical to the profits of deviating into a leniency application from col-
lusive strategy NSN (see Online Appendix). Continuing with NNS by not applying
for leniency yields

Vins =%{”C + 5[P1(”N -F)+{-p)rc+ 5VNNS] }
+ %[n,v — ¥sF + 6Vyps]-
Comparing the continuation profits under NSN and NNS, we have:
Visy = Vins = %[(VNSN = Vws)(1 +8) + (py = po) (¢ — 7y + F)] > 0.

Thus the continuation profits are higher under NSN than under NNS; and, hence, if
NNS is robust to deviations at the leniency stage, NSN must similarly be robust.

Now consider the deviation from NNS whereby a firm unilaterally settles a
strong case. Settling when the CA has a strong case yields value

N
Vnss = 1-5 rsk,

which is the same as the value achieved by a firm that deviates from NSN by unilat-
erally settling a weak case: Vg (see Online Appendix).

The value of continuing with NNS by not settling the strong case, once estab-
lished, is

Vis = 7ie + 6[py(my — F) + (1 = p)7e + 6Viyys) -

Since Vyys < Vysy and p; > p,, we have Ve < Vygy. So if NNS is robust to devia-
tions as part of which a firm unilaterally settles a strong case, then NSN must also be
robust to deviations as part of which a firm unilaterally settles a weak case.

Finally, the firm could deviate from NNS by deciding unilaterally not to settle
a weak case. The value of this deviation is

Vs = =2 — F

If the firm sticks to settling the weak case, the profits are
Vs = 7ty — vsF + 6Vyys. (A4)

Sticking to NNS is more profitable whenever Vg > Vi, which is equivalent to

N
(1= 1 +8( Vs - m) >0,
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The first term is non-negative because y¢ < 1. Hence, this condition is always satis-
fied if the second term is positive. This must be true whenever NNS is robust to
deviations at the cartel formation stage, since then Vg > Vj, > 1%; see (5). Hence,
this latter deviation does not impose any additional restrictions on the incentive-
compatibility of NNS.

We therefore conclude that if collusive strategy NNS is incentive-compatible, so
is collusive strategy NSN. Whenever both strategies are incentive-compatible, NSN
yields a higher value to firms, so that NNS is Pareto-dominated.

A.2 Collusive Strategy NSS

Consider the collusive strategy NSS as part of which firms do not apply for leniency,
but agree to settle any case if investigated. The value of this strategy is

which can be rewritten as

Tc (X(ﬂ'C -y + ySF)

V. =
NS5 1-6

Since y; < yg, this value cannot exceed the profits from a leniency application; see
(7) and the Online Appendix. Hence the constraint that is implied by deviations at
the collusion stage is tighter for NSS than LXX, and this is the only relevant incen-
tive-compatibility constraint for LXX.

We therefore conclude that if collusive strategy NSS is incentive-compatible, so
is collusive strategy LXX. Whenever both strategies are incentive-compatible, LXX
always yields a higher value to firms, so that NSS is Pareto-dominated.
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