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Abstract

Over the last few decades, leniency programs have become important components

of anti-cartel policies in many jurisdictions. An extensive literature shows how such

programs can destabilize cartels and even discourage their formation in the first

place. Much less studied are settlement policies under which reduced fines are

offered to settling parties late in the prosecution (when the probability of conviction

is high). In particular, there has been little attention paid to the interaction of leniency

and settlement policies. This paper examines whether the availability of late-stage

settlements could negatively impact the effectiveness of early-stage leniency pro-

grams. Our main finding is that an appropriately designed settlement program can

make collusion more difficult: In equilibrium, the adoption of an optimal settlement

program by the Antitrust Authority reduces the occurrence of cartels by decreasing

the long-run gain from collusion. However, an overly generous settlement policy may

undermine leniency programs and encourage the formation of more cartels.
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1 | INTRODUCTION

Over the last few decades, leniency programs have been central to

the design of successful anti-cartel policies by antitrust authorities. By

offering incentives in the form of fine reductions, the United States

saw a dramatic increase in self-reporting by cartel members after the

redesign of its Corporate Leniency Program in 1993.1 Following this

success, many jurisdictions adopted similar policies to protect con-

sumers from higher prices by inducing a reduction in collusive behav-

ior, including the European Union (EU) and Canada.2 These policies

aid in the detection of collusion but also reduce the incentive to form

a cartel in the first place.

Leniency policies offer reduced fines or, in some cases, complete

immunity to a recipient firm that comes forward with information

leading to the detection and/or prosecution of firms for cartel

conduct in which the recipient was itself a participant.3 As enforce-

ment policies, they work by offering firms an incentive to self-report

collusion to the AA. To be eligible for leniency, firms are typically

required to self-report before the onset of an investigation or, under

certain circumstances, during the early stages of an investigation. In

many cases, the only eligible recipient of the reduced fine (or full

immunity) is the first firm to come forward.

Although leniency is an important component of anti-cartel poli-

cies, in this paper, we draw attention to a relatively unexplored area

of price-fixing prosecutions—settlements and plea bargaining. Settle-

ments, as we study them here, differ from leniency in that they tend

to occur in the later stages of a legal proceeding and are commonly

offered to speed up final resolution and reduce all parties' legal costs.4

As expressed by the European Commission with respect to its settle-

ment policy: “The difference between settlement and leniency is that
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settlement is a procedural efficiency instrument while leniency is an

instrument to gather evidence.”5

Since settlements as an enforcement tool predate modern

leniency programs, an important question is whether the effectiveness

of the newer leniency programs is affected by the presence of

settlement policies. In addition to being discussed by academics

(e.g., Ascione & Motta, 2010), this question has been considered by

competition authorities. For example, the International Competition

Network (2008a, p. 40) observes: “… the possible reductions of fine

that can be obtained from leniency and from settlement have to be

carefully balanced in order to ensure consistency and reciprocal

strengthening between the two instruments”.6 Similarly, the Organi-

zation for Economic Cooperation and Development (2008, p. 4) cau-

tions: “Depending on how leniency programs are structured, and the

parameters of settlements, the relationship between both settlements

and leniency programs can raise difficult questions.”7

To address the question, we study how settlements impact the

incentives generated by a leniency program. Specifically, we would

like to explore whether the ability to settle, in the later stages of a

legal proceeding, reduces the incentives to apply for leniency in the

beginning stages of a price-fixing trial. Put another way, we are inter-

ested in whether, and to what extent, leniency and settlements are

complements or substitutes from an enforcement perspective.

We present a theoretical model that explores the interaction

between leniency programs and settlement policies. Our analysis pro-

ceeds in two parts. First, we study the conditions under which collu-

sion occurs in equilibrium under a leniency program in the absence of

any settlement policy (base case). Second, we introduce a settlement

policy and explore the conditions that permit collusion as an equilib-

rium outcome in this case. Comparing the settlement policy case to

the base case provides insights regarding the impact of settlement

policies on the incidence and duration of collusive conduct.

The primary finding of our model demonstrates that a well-

designed settlement policy can increase the effectiveness of an anti-

cartel policy. We do find that settlements have both pro-collusive and

anti-collusive effects. On the one hand, a settlement can increase

incentives to collude by lowering the expected cost of forming a car-

tel, just as leniency can. On the other hand, a well-designed settle-

ment eliminates the need for a trial and, in a sense, acts as a

guaranteed conviction, ending the cartel—this reduces the incentives

to collude. Furthermore, we find that leniency and settlements can be

complementary law enforcement policies. Leniency acts directly on

the incentives to defect from the cartel while settlements act more

directly on the incentives to collude. Once the AA reaches the lower

bound of leniency (full amnesty from fines), there is an additional anti-

collusive effect that can be achieved through a settlement policy.

We classify the effects of a settlement policy as follows. First, the

settlement can be viewed as a valuable option for colluding firms:

They can take a “wait and see approach,” waiting until the conclusion

of an investigation to decide if they want to self-report. This increases

the value from forming a cartel and is pro-collusive. However, a gen-

erous settlement policy has the effect of guaranteeing the collapse of

the cartel if an investigation is opened. In other words, in a given

period, the probability of cartel collapse is higher with settlements.

This decreases the value from forming a cartel and discourages collu-

sion. If the settlement is chosen optimally, we can guarantee that the

second effect dominates the first, thus leading to an anti-collusive set-

tlement policy. However, if it is not chosen carefully, settlements can

in fact undermine the effectiveness of the overall enforcement policy,

leading to more collusion.

The next section of the paper briefly reviews the most relevant

literature, covering the areas of leniency policies and plea bargaining/

settlement research. Section 3 lays out the model and describes the

timing of our game. The main results of the paper are presented in

Section 4, first for the case of leniency with no settlements and then

for an optimal settlement policy with leniency policies in place. Section 5

considers the harm that can be done by non-optimal settlement

policies. Section 6 then offers some discussion and our conclusions.

2 | LITERATURE

This paper is related to the literature on both leniency programs and

settlement policies. While leniency programs of the sort we model

here are unique to anti-cartel policy, settlements and plea bargaining

arise in many areas of law. The differences between the two, as we

define them for our purposes here, are timing and intent. The leniency

program, in most cases, applies either before or during the early

stages of an investigation. An intent of the leniency program is to

destabilize cartels and to, in that way, act as a deterrent to forming a

cartel (see, e.g., Competition Bureau Canada, 2019). On the other

hand, settlements occur in the later stages of a legal proceeding. The

intent of settlements is typically said to expedite the judicial process

and free up legal resources (see, e.g., Brown & Bunnell, 2006). Settle-

ments are usually the result of plea bargaining between prosecution

and defendant.

Important work on the theory of leniency programs can be found

in Motta and Polo (2003), Hinloopen (2003), Spagnolo (2004), Aubert

et al. (2006), Feess and Walzl (2008), Motchenkova (2004), Chen and

Harrington (2007), Harrington (2008), Chen and Rey (2013), and Chen

et al. (2015), among others.8 While clearly establishing that leniency

programs can destabilize and thereby reduce collusion, earlier work

has also highlighted the possibly pro-collusive effects of the reduced

fines in leniency programs (Hinloopen, 2003; Motta & Polo, 2003;

Spagnolo, 2004).9 This literature has gone on to examine issues such

as the importance of granting leniency early versus late in an investi-

gation (Chen & Rey, 2013),10 whether only the first applicant should

receive leniency and how this might depend on the amount of infor-

mation an applicant can provide to the AA (Feess & Walzl, 2008), the

optimal reduction in fines for successful applicants (Harrington, 2008),

the potential benefits of positive whistleblower rewards (Aubert

et al., 2006), and the implications of denying leniency to cartel instiga-

tors/ringleaders (Chen et al., 2015).

The second strand of relevant literature relates to legal settle-

ments and plea bargaining, extensively studied by, among others,

Landes (1971), Gould (1973), Adelstein (1978), Shavell (1982a,
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1982b), Grossman and Katz (1983), P'ng (1983), Reinganum (1988),

Bebchuk (1984), Baker and Mezzetti (2001), and Kim (2010). This lit-

erature has found that the decision to settle depends on the per-

ceived severity of the crime, the probability of conviction, and the

relative cost of going to trial. Importantly, even if the economic bur-

den of a trial is zero, settlements can insure against the risk of wrong-

ful convictions and aide in the screening of guilty/innocent

defendants. In our model, we recognize the cost savings associated

with settlements but focus on the ability of settlements to eliminate

Type II judicial errors (failing to convict guilty defendants), which

reduces the incentive to collude.

These are the two strands of literature that form the basis of our

theoretical analysis.11 On the one hand, we have seen that early-stage

leniency programs have been introduced as a means of detecting cartels

but also to aid in the deterrence of collusive behavior. With respect to

late-stage settlements, the literature suggests that their main purpose is

to reduce the prosecutorial burden of continuing with a lengthy and

costly trial. Our contribution to the literature is a formal model of strate-

gic behavior, which considers the effect that settlement programs have

on collusive behavior in the presence of leniency programs. It shows

that a well-designed settlement policy can complement a leniency

program and increase the effectiveness of anti-cartel enforcement.

In recent independent work, Dijkstra and Seifert (2023) also study

the interactions between a leniency program and a settlement policy.

A common theme shared by their paper and ours is that a settlement

policy can be a complement to a leniency program. However, the

meaning of complementarity is somewhat different in the two papers.

In Dijkstra and Seifert (2023), a settlement policy is a complement to

a leniency program in the sense that cartels that would not have

applied for leniency in the absence of the settlement program take up

the option to settle whenever the AA forms a strong preliminary case

against them. In this paper, on the other hand, complementarity has

an additional meaning; that is, a well-designed settlement policy

increases the effectiveness of anti-cartel enforcement above and

beyond a leniency program. Furthermore, there are significant differ-

ences between the two models. For example, an interesting feature of

the Dijkstra and Seifert model is that an agreement among firms

covers not only their actions in the output market but also the condi-

tions under which they will apply for leniency and/or accept settle-

ments. The cartel agreement in our model, on the other hand, is more

conventional in that it governs the firms' actions in the output market

only and each firm decides independently whether to apply for

leniency or accept a settlement. In addition, the impact of a settle-

ment policy is analyzed using specific parameter values in Dijkstra and

Seifert (2023), while our results are derived from the model generally

without resorting to numerical examples.

3 | MODEL DESCRIPTION

Our model builds on the framework developed by Motta and Polo

(2003). The major modification we make is to allow for the possibility

of late-stage settlements. In our model, we examine the effect of

various settlement policies on the incentive to collude and compare

this to a baseline case with no settlements.

For our purposes here, we define a settlement as a binding con-

tract between the defense and prosecution that offers a lower fine in

return for a guilty plea. The defendant may only accept or reject the

prosecutor's offer; no further negotiations are possible. Importantly,

we also assume that the acceptance of a settlement by one defendant

does not provide any additional information that can impact the

strength of the prosecution's case against the other members of

the cartel.12 Of course, settlement agreements can in practice take

many forms and some might involve situations in which one firm's set-

tlement raises the probability of conviction of other participants, but

in such a case, the settlement is a form of late and (potentially) less

generous leniency. We make these assumptions about settlements to

provide a clearer distinction between the policy tools. As noted, actual

settlement policies vary widely, for example, with respect to how

early or late, in an investigation/prosecution, settlement agreements

are reached and with respect to the degree of cooperation required of

settling parties. Contrasting the two best-known approaches, those

of the United States and EU, our model here tries to create a sharp

distinction between leniency and settlements and is therefore closer

to the European in which settlements come very late and involve only

limited cooperation with respect to securing convictions against other

defendants.13 Importantly, however, our model will allow us to solve

for the optimal settlement values, which will vary (in terms of fine

reductions) from case to case and will differ according to a defen-

dant's place in the settlement queue. This is in contrast to the

European Commission procedure that provides for a standard 10%

fine reduction in any approved settlement.14

In our analysis, the AA is a relatively passive player in the sense

that it will set some key policy parameters related to leniency and set-

tlements at the start and then, through the course of the game, apply

those policies mechanically. In effect, the objective of the AA here is

to design the settlement and leniency policies in order to minimize the

incidence of collusion. Our analysis culminates in a “comparative

statics” exercise, which compares the incentive to collude with and

without settlement policies.

3.1 | Firms

In our model, two symmetric firms play an infinitely repeated game.

The objective of each firm is to maximize its profits taking into

consideration the strategic decisions of the other firm. Firms discount

future payoff streams with a discount factor δ. We assume that the

payoffs in the static stage game are the same in all periods. If both

firms play their (static) Nash equilibrium strategy, they each receive

payoff πN. We allow for the possibility of collusion between the two

firms. If the firms collude and jointly set their strategic variable, they

can each achieve a per-period profit of πM. Once firms commit to col-

lusion, defection can occur at some point in the future. If a firm

defects from the agreement, it will receive πD that period while the

other firm will receive πS. If both firms defect from the agreement,

STRATHEARN ET AL. 3
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they each receive πB. To ensure that the static stage game has the

familiar Prisoner's Dilemma form, we assume the following ordering

of payoffs15:

Assumption 1. The ordering of payoffs is defined as

follows: πD > πM > πN ≥ πB > πS ≥0:

Colluding firms play a grim trigger strategy. If any of the following

events happen at time t, both firms will revert to static Nash strategies

from time tþ1 on forever: (i) One or both firms defect; (ii) one or both

firms apply for leniency; (iii) one or both firms accept a settlement; or

(iv) a trial results in conviction(s). To make our problem interesting

requires that collusion be profitable and stable in the absence of any

anti-cartel enforcement. In the absence of an AA, collusion is an equi-

librium strategy in an infinitely repeated game if the following condi-

tion holds:

πDþ
X∞
t¼1

δtπN <
X∞
t¼0

δtπM: ð1Þ

Collusion can be sustained in equilibrium if the discounted

present value of the perpetual profit stream πM (right-hand side of

(1)) is greater than the one-shot gain from deviating plus the

discounted present value of the perpetual profit stream πN (left-hand

side). It is convenient to express Condition (1) in terms of the discount

factor:

δ>
πD�πM

πD�πN
� δ0: ð2Þ

From Condition (2), in the absence of an AA, if firms are

sufficiently patient, that is, δ> δ0, collusion can be sustained as

an equilibrium outcome. In other words, if the AA did not exist

(no fine and no leniency), the minimum (critical) discount factor that

would permit collusion as an equilibrium outcome in a repeated

game is δ0.

In the presence of an AA, firms that collude face the prospect of

being investigated and successfully prosecuted. At each period, we

assume that the AA opens an investigation into a given industry with

probability α.16 Subsequent to an investigation, if there are no

leniency applicants and a cartel exists, a trial results in a successful

conviction with probability ρ.17 If firms are convicted, they are

required to pay the full fine F. The parameters α, ρ, and F are exoge-

nous and common knowledge from the beginning of the game.18 The

critical value for the discount factor must take into consideration

the probability of cartel collapse. This will raise the critical discount

factor. At this point, we assume:

Assumption 2. 1> δ> δ0
1�α :

Assumption 2 is a necessary condition for collusion to be sustain-

able when there is no leniency program, no trial cost, and guaranteed

conviction (upon investigation).19

We also assume that there is a pre-investigation leniency program

in place. Before the initiation of an investigation (early stage), firms

have the choice of revealing the existence of the cartel to the

AA. Firms that provide incriminating evidence to the AA will pay a

reduced fine L. Consistent with much of the literature (and the prac-

tice in some countries), we allow only the first applicant to be eligible

for leniency. As such, in cases where both firms simultaneously apply,

we assume that the AA randomly awards leniency to one of them. We

also make the following assumption regarding the value of the

reduced fine:

Assumption 3. The reduced fine under leniency, L, is

non-negative.

With Assumption 3, consistent with practice in most of the anti-

trust world, leniency applicants or whistleblowers cannot receive

monetary rewards for their cooperation.20

If and when the settlement stage is reached, we assume that the

AA makes a take-it-or-leave-it offer to each firm, which is then either

accepted or rejected. If at least one firm rejects the settlement, the

AA proceeds to trial (against the non-settling firms); otherwise,

the settlement is accepted by both firms and the game ends with

Nash reversion in all future periods.

To avoid later confusion, we define a few related terms. First, we

refer to the settlement policy as the policy tool that permits the AA to

settle with the defendant.21 Second, we refer to the settlement offer

as the take-it-or-leave-it offer to settle made by the AA to the defen-

dant.22 Finally, we refer to the settlement as the amount paid by the

defendant if it accepts the settlement offer. The settlement takes

the form of a reduced fine, Si, for firm i.

3.2 | The game

The timing of the game is as follows:

In Period 0, the AA decides to adopt, or not, a settlement policy. It

also sets the value of the reduced fine under leniency, L. These deci-

sions are observed by all firms.

In Period 1 onward, the following stages are observed:

Stage 1: Firms decide whether to collude. A cartel is formed only if

every firm agrees to collude. If at least one firm refuses,

firms compete non-cooperatively and the game moves to

the next period. If firms collude, the game proceeds to the

next stage.

Stage 2: Firms simultaneously and independently decide whether to

reveal the cartel to the AA (i.e., apply for leniency) and/or

whether to defect from the collusive agreement. In this

stage, firms choose from the following four actions:

1. collude and not reveal (denoted, C=NR),

2. collude and reveal C=Rð Þ,
3. defect and not reveal D=NRð Þ, and
4. defect and reveal D=Rð Þ.

4 STRATHEARN ET AL.
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Stage 3: If the firms collude and a leniency applicant comes forward

(reveals), the cartel ends and firms revert to the static Nash

equilibrium indefinitely. The leniency applicant pays the

leniency level of fine, L, while the other firm is convicted

with certainty and pays the full fine F. However, if there is

no leniency applicant, the AA opens an investigation with

probability α.

Stage 4: At the end of the investigation, the AA observes whether

collusion has taken place, but this does not guarantee con-

viction. If collusion has not taken place, the AA simply closes

the case and the game moves to the next period (i.e., there

are no wrongful convictions). If collusion has taken place

and the AA has a settlement policy, it makes settlement

offers to both firms. These offers are not necessarily identi-

cal. If the AA does not have a settlement policy, the case

proceeds to trial. The game moves to the next period if all

firms accept the settlement offers with both firms reverting

to (static) Nash play forever. Otherwise, the game proceeds

to the next stage.

Stage 5: The AA begins a trial against firms that have not accepted a

settlement. In this stage, firms can plead guilty and pay the

full fine F. By pleading guilty, firms avoid paying legal fees T.

However, if firms proceed to trial and are convicted, they

face both the full fine F and those legal fees T.23

Figure 1 summarizes the key stages of the game.

At this point, we make assumptions on the values of T, ρ, and F.

Assumption 4. F > ρFþT:

We assume that the cost of legal proceedings T is relatively small

when compared to the full fine F. Assumption 4 also implies that, for a

given value of T, the probability of conviction in the absence of

a leniency applicant is sufficiently low. The implication of Asssumption

4 is that, in the absence of a settlement policy, firms would choose to

proceed to trial rather than pleading guilty (and paying F).

The realized probability of conviction depends on the number of

leniency applicants. If there are no leniency applicants, the probability

of conviction is ρ. On the other hand, if there is at least one leniency

applicant, we assume that the probability of conviction is 1. The ratio-

nale for the latter condition is that, as part of leniency, firms are nor-

mally expected to provide evidence that can substantially increase the

probability of securing a conviction against the other firms. Finally, we

assume that the probability of conviction is invariant to the number of

firms that have accepted a settlement. The rationale for this derives

from our assumption that there is no cooperation requirement in

exchange for a settlement. As such, the acceptance of the settlement

will have no impact on the proceedings against the other firms who

do not accept the settlement.

As is standard with such dynamic games, we apply the method of

backward induction to solve for the set of subgame perfect Nash

equilibria. Since there is a possibility of multiple equilibria, when

needed, we apply the payoff dominance selection criterion as pro-

posed by Harsanyi and Selten (1988).

Before moving toward the solution of this model, it is worthwhile

to understand some important properties of the leniency and settle-

ment policies modeled here. In order to keep the model tractable

(reducing the number of branches in the game tree) when we intro-

duce settlements, we focus on a model in which leniency applications

are permitted only if firms apply before an investigation is launched

(early leniency) and not after. This is also a feature of a number of

existing leniency models, for example, Spagnolo (2004), Aubert et al.

(2006), and Feess and Walzl (2008). While this feature of our model

guarantees that leniency awards will not be observed in equilibrium, it

does not mean that the leniency program is ineffective—it will never-

theless make collusion less profitable and reduce the number of car-

tels formed.

Keeping leniency out of the post-investigation period allows us to

more clearly isolate the effects of our (post-investigation) settlement

policies, which have features differentiating them from leniency poli-

cies. Specifically, a settlement policy (as modeled here) does not

require a cartel member to cooperate with AA's cartel investigation,

and consequently, it does not strengthen the AA's ability to prosecute

the cartel. This, combined with the reduced fines, can lead to a con-

cern that settlement policies may diminish the effectiveness of

leniency programs. An important contribution of this paper is to

F IGURE 1 Stages of the game.
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demonstrate that, on the contrary, a well-designed settlement policy

can increase the effectiveness of an anti-cartel policy, even one that

includes a leniency program. By analyzing a model without post-

investigation leniency, we are able to clearly isolate the anti-cartel

effects of settlement policies.24

4 | MODEL SOLUTION

We present the solution to this model in three steps. In Section 4.1,

we consider the game without the possibility of settlement. In

Section 4.2, we add settlements as a policy option for the AA; and we

compare the results to determine whether the AA should commit to a

settlement policy in Stage 0.

To facilitate exposition, we begin with a result regarding

leniency that holds in both our non-settlement and settlement

treatments. In our model, leniency destabilizes the cartel by

increasing the incentive for colluding firms to reveal themselves to

the AA. In fact, in our model, the incentive to defect and reveal

is strictly increasing in the degree of leniency and does not

impact the incentives to collude and not reveal. As such, it is always

in the best interest of the AA to offer full leniency.25 Therefore,

we have:

Proposition 1. Offering full leniency by setting L¼0

has the greatest deterrence effect in both the settle-

ment and no settlement cases.26

4.1 | No settlement policy

4.1.1 | Stage 5—trial (without settlements)

We start by solving the subgame in Stage 5. Firms that have not

received leniency in Stage 3 will stand trial in Stage 5. If the other firm

was a successful leniency applicant, the firm can choose to plead not

guilty and face a (negative) payoff of � FþTð Þ or plead guilty and face

payoff �F. In this case, the firm will choose to plead guilty to avoid

the cost associated with a trial. On the other hand, if there are no

leniency applicants, Assumption 4 implies that the firm will choose to

plead not guilty and continue to trial.

4.1.2 | Decision to proceed to trial and open an
investigation in Stage 4/3

In Stage 4, after an investigation, the AA must decide whether to

proceed to trial. The AA will proceed to a trial if it finds evidence of

collusive behavior. By assumption here, if there is a cartel, the investi-

gation will uncover it, though not necessarily generating enough evi-

dence to secure a conviction. Moving back to Stage 3, as part of

regular monitoring, the AA will open an investigation with probability

α. The goal in this case is to exert its presence (deterrence) and catch

unsuspecting cartels (prosecution).

4.1.3 | Collusion/revelation game Stage 2

In Stage 2, each firm simultaneously chooses from the following set of

pure actions C=NR,C=R,D=NR,D=Rf g. As discussed earlier, the only

strategy that does not immediately trigger Nash reversion is when

both firms play C=NR. If firms play C=NR, the only time we revert to

the Nash equilibrium is if firms are investigated and successfully pros-

ecuted. This situation occurs with probability αρ. We can express the

value from colluding and not revealing as follows:

VCNR ¼ πMþαρ
δ

1�δ
πN�F

� �
�αTþ 1�αρð ÞδVCNR: ð3Þ

We can interpret Equation (3) as follows: Firms that collude and do

not reveal to the AA will receive collusive profits of πM in the period.

However, the AA may open an investigation with probability α, in

which case the firms will proceed to trial since the expected cost of a

trial and conviction is less than the cost of pleading guilty. Therefore,

there is an αρ probability that firms are found guilty, pay a fine F, and

revert to the static Nash equilibrium in all future periods. Since firms

pay the legal fees when going to trial (win or lose), there is an α proba-

bility that the firms will incur legal costs of T. Finally, the last term rep-

resents the possibility that the cartel will not be convicted and will

continue to operate next period. We can solve Equation (3) as follows:

VCNR ¼ πMþαρ δ
1�δπ

N�F
� ��αT

1� 1�αρð Þδ : ð4Þ

To cover the other possible strategies, if one firm applies for

leniency, it will face a fine of L¼0 while the other firm faces the full

fine F (pleading guilty to avoid paying legal fees). If both firms apply

for leniency, they face an expected fine of F
2. If neither firm reveals,

they face an expected cost of α ρFþTð Þ. We depict the stage game

using the normal form representation in Table A1. When F is suffi-

ciently small, there are two Nash equilibria in the Stage 2 subgame—

namely, with both playing C=NR and with both playing D=R. However,

when F is large, there is a single Nash equilibrium—in which both play

D=R. The payoff dominant Nash equilibria of the normal form stage

game are defined by Lemma 1.

Lemma 1. Let bF αð Þ� πD�πN
� �

δ 1�αρð Þ�δ0ð Þ�αT
� �

=

αρ. In the absence of a settlement policy, the payoff

dominant equilibria of the Stage 2 subgame can be clas-

sified as follows. If F ≤bF αð Þ, then C=NR is payoff domi-

nant. If F >bF αð Þ, then D=R is the only Nash equilibrium.

We find that, for a given level of α, if the full fine F is sufficiently

small, C=NR will arise as payoff dominant equilibrium in the Stage

2 subgame.

6 STRATHEARN ET AL.
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4.1.4 | The decision to collude in Stage 1

We consider the conditions under which a cartel is formed in equilib-

rium. If the outcome in Stage 2 is D=R, the firms will not form a cartel.

We can see this explicitly by comparing the value from not colluding

(NC) and D=R:

VNC � πNþ δ

1�δ
πN > πBþ δ

1�δ
πN�F

2
: ð5Þ

This makes intuitive sense; if the firms know that defection

occurs in Stage 2, there is no incentive to form a cartel in Stage 1. This

follows directly from the fact that πN ≥ πB. Therefore, if F >bF αð Þ, collu-
sion cannot occur in equilibrium. However, if F ≤bF αð Þ, then collusion

can occur as an equilibrium outcome if the value from playing collude

and not reveal is greater than the value from not colluding VNC
� 	

.

This is illustrated by the following condition:

VNC ≤VCNR ) πNþ δ

1�δ
πN ≤

πMþαρ δ
1�δπ

N�F
� ��αT

1� 1�αρð Þδ : ð6Þ

We can express Equation (6) in terms of F:

F ≤
πM�πN
� ��αT

αρ
�bFIR αð Þ: ð7Þ

Formally, F ≤ bF αð Þ is the familiar incentive compatibility constraint

(IC) and F ≤bFIR αð Þ is the individual rationality constraint (IR). As such, if

the IC and the IR conditions hold, collusion can occur as an

equilibrium outcome. Notice that for C=NR to occur in equilibrium,

VCNR ≥ πDþ δ
1�δπ

N. Furthermore, we know that πDþ δ
1�δπ

N > πNþ
δ

1�δπ
N. Based on this, if the IC condition holds, then the IR condition

will also hold (i.e., the latter is redundant).27

We plot illustrations of condition bFIR αð Þ and bF αð Þ in Figure 2.28

The highlighted region, all else being equal, shows the values of F and

α where collusion occurs in equilibrium (with no settlement policy).

The area to the left of the vertical dashed line represents values that

satisfy Assumption 2, involving discount factors large enough to sup-

port collusion.

Proposition 2. In the absence of a settlement policy,

collusion will occur in equilibrium if F ≤bF αð Þ. In other

words, for a given level of α, if the full fine F is suffi-

ciently low, then collusion can be sustained as an equi-

librium outcome.

4.2 | Settlement policy

It is first important to recognize that whether we ever reach the

settlement stage of the game depends on actions taken up to that

point. If the firms do not come to a collusive agreement at Stage

1 or if they do agree and at least one firm subsequently reveals,

there is no need for the AA to offer settlements.29 Therefore, the

AA and colluding parties will only find themselves playing the settle-

ment subgame if both firms had chosen either C=NR or D=NR. With

any other choices, the game would proceed as the game with no

settlements.

F IGURE 2 Collusion region under no
settlements.
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4.2.1 | The settlement stage

In the settlement stage, the AA will offer each firm i ¼1,2ð Þ a settle-

ment offer Si. As with leniency, we restrict settlement offers to be

non-negative; that is, defendants will not be paid to settle. In this

stage, the objective of the AA is to induce firms to accept the settle-

ment offer as this will guarantee the death of the cartel. Furthermore,

since we assume that there are no cooperation requirements associ-

ated with settling, inducing both firms to accept is optimal in the

sense that it guarantees the collapse of the cartel while foregoing a

lengthy trial.30 However, as they represent reductions in fines, settle-

ments have a pro-collusive effect that is increasing in the generosity

of the settlement offer: As the AA lowers the settlement amount

(i.e., makes the settlement more generous), it increases the expected

value from playing C=NR. The key for the AA, then, will be to make

offers generous enough to be accepted, ending collusion from that

point on, but not more generous than necessary as this increases the

profitability of collusion.

If an investigation has been opened and there are no leniency

applicants, the firms proceed to the settlement stage. Payoffs in the

subgame at the settlement stage will depend on the collusion/

defection decisions that preceded it. In Table 1, we present the settle-

ment subgame payoffs for the case after both firms had decided to

collude and not reveal. The remaining cases are presented in

Table A2. Notice that there are four games, each representing a situa-

tion where there has not been a leniency applicant.

Let VCNR
R represent the value of C=NR in Stage 4 if both firms

reject the settlement offer. We assume that the AA does not know

which strategy was played by the firms in Stage 2. As such, the AA

wants to induce firms to accept the settlement independent of the

strategy. The value of C=NR (in the settlement stage) to each firm

without the acceptance of a settlement offer is as follows:

VCNR
R ¼ πMþρ

δ

1�δ
πN�F

� �
�Tþ 1�ρð ÞδVCNR: ð8Þ

Solving Equation (8), we arrive at the following:

VCNR
R ¼ 1�δρ 1�αð Þð ÞπMþ 1�δ 1�αð Þð Þ ρ δ

1�δπ
N�F

� ��T
� �

1�δ 1�αρð Þð Þ : ð9Þ

As noted, Equation (8) reflects the case where the AA offers a

settlement that is rejected by both firms. Firms proceed to trial with

probability ρ of being convicted. If they are not convicted, they will

continue colluding. Therefore, the expected value from not being

convicted at trial after rejecting the settlement is VCNR: If the firms

were to reject the settlement offer today, they would continue to

reject the settlement in the future. Hence, the firm's continuation pay-

off is the same as the one without settlements.

From Tables 1 and A2, we see that, in this case, with collusion but

no leniency applications, the AA can induce a single firm i to accept

the settlement if πMþ δ
1�δπ

N�Si ≥V
CNR
R and Si ≤ ρFþT.31 Since ending

collusion only requires reaching a settlement agreement with one

firm, the settlement offer does not have to be equally generous to the

two firms. Notice that, after inducing firm i to accept, the AA only

needs to make a settlement offer to firm j such that Sj ≤ ρFþT. As

such, assuming that the IR constraint holds (F <bFIR αð Þ), if the AA does

not know which case has materialized, they will offer one firm S� and

the other firm S��, defined as follows:

S� ¼ max
1�δ 1�αð Þð Þ ρFþTð Þ�δ 1�ρð Þ πM�πN

� �
1�δ 1�αρð Þ ,0


 �
andS��

¼ ρFþT: ð10Þ

The max operator in the S� expression limits settlement offers to

non-negative values. If the optimal settlement amount, as determined

by the first term in the S� expression, would have been negative, the

best the AA could do would be to offer to a settlement with a fine of

zero. But this will not be generous enough in such a case—firms will

try to hold on, hoping for an acquittal that would allow their cartel to

continue into the next period.32 Positive settlements can only be help-

ful then if the following condition holds:

F >
δ 1�ρð Þ πM�πN

� �� 1�δ 1�αð Þð ÞT
ρ 1�δ 1�αð Þð Þ �bFþ αð Þ: ð11Þ

To provide some additional context, let us consider the relationship

between S� and S��. Assuming that all possible settlement amounts

are non-negative (Condition 11 holds), we can demonstrate that

S� ¼ 1�δ 1�αð Þð Þ ρFþTð Þ�δ 1�ρð Þ πM�πN
� �

1�δ 1�αρð Þ and S�� ¼ ρFþT, ð12Þ

where it can be shown that S�� �S� is positive as long as the firms' IR

is satisfied. In this situation, one firm will get the generous settlement

offer S� while the other firm will have a settlement amount S�� that is

slightly less than the expected fine from rejecting the settlement and

proceeding to trial. In all cases, we can see that this settlement struc-

ture leads to a situation where the subgame Nash equilibrium to the

settlement game is accept/accept.33

4.2.2 | Collusion/revelation game (with
settlements) Stage 2

If the AA makes an attractive settlement offer S to a firm in Stage

4, the value associated with the C=NR equilibrium for the firm is as

follows:

TABLE 1 Normal form game in the settlement stage.

Accept Reject

Accept πMþ δ
1�δπ

N�S1
πMþ δ

1�δπ
N�S2

πMþ δ
1�δπ

N�S1
πMþ δ

1�δπ
N�ρF�T

Reject πMþ δ
1�δπ

N�ρF�T

πMþ δ
1�δπ

N�S2

VCNR
R

VCNR
R

8 STRATHEARN ET AL.
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VCNR
S ¼ πMþα

δ

1�δ
πN�S

� �
þ 1�αð ÞδVCNR

S !VCNR
S

¼ πMþα δ
1�δπ

N�S
� �

1� 1�αð Þδ : ð13Þ

It is important to note that VCNR
R and VCNR

S are different. VCNR
S is

the value associated with the C=NR equilibrium in Stage 2, before a

settlement is offered. On the other hand, VCNR
R is the value associated

with rejecting the settlement in Stage 4 given that the firms have cho-

sen to play C=NR. Importantly, VCNR
S does not depend on ρ. In other

words, under settlements, the probability of a successful conviction is

1 (accepting a settlement). This has the effect of increasing the proba-

bility of cartel collapse from αρ to α. An increase in the probability of

cartel collapse leads to a reduction in the value from forming a cartel

in the first place.

Next, we consider firm decisions in Stage 2. The normal form

game associated with this stage can be found in Table A3. As in the

no settlement policy case, we apply the payoff dominance refinement.

Recall that one firm is offered S� while the other firm is offered S��.

To guarantee mutual acceptance at the settlement stage, the AA will

make the settlement offer suggested above: Si ¼ S�,Sj ¼ S��
� 


. Though

the firms at Stage 2 will understand that settlement offers will be

made and accepted, they will not know which firm will be getting the

more generous offer, S�. Assuming that the most generous offer is

allocated randomly (perhaps after a race to the AA), in the Stage 2 sub-

game, firms would make decisions based on the expected settlement

amount:

Se ¼ 2�δ 2�α ρþ1ð Þð Þð Þ ρFþTð Þ�δ 1�ρð Þ πM�πNð Þ
2�2δ 1�αρð Þ : ð14Þ

Since L¼0, it is easy to see that both C=R and D=NR are strictly

dominated by D=R (as they were in the game without settlements).

C=NR can occur in equilibrium if the following holds:

πDþδ
πN

1�δ
≤
πMþα δ

1�δπ
N�Se

� �
1� 1�αð Þδ : ð15Þ

Substituting Se into Equation (15), we get the following condition

on F:

F ≤
πD�πN
� �

δ 2 1�δþδαρð Þ 1�αð Þþα 1�ρð Þ½ ��δ0 2�δ 2�αρ�αð Þ½ �f g
ρα 2�δ 2�αρ�αð Þ½ �

�T
ρ
� F̂S αð Þ:

ð16Þ

If F ≤ bFS αð Þ, we can demonstrate that C=NR is a payoff dominant

equilibrium. In addition, if F >bFS αð Þ, then D=R is a payoff

dominant equilibrium. We summarize this result in Lemma 2.

Lemma 2. With a settlement policy in place, the payoff

dominant equilibria of the Stage 2 game are as follows:

If F ≤bFS αð Þ, then C=NR is payoff dominant. If F > bFS αð Þ,
then D=R is the only Nash equilibrium in this subgame.

4.2.3 | Decision to form a cartel in Stage 1

As noted, firms will not commit to a cartel in Stage 1 if they expect

defection or revelation in Stage 2. As such, if the play of D=NR or D=R

is expected, firms will not form a cartel. However, if firms expect to

reach the C=NR equilibrium in Stage 2, they will, under certain circum-

stances, collude in Stage 1. As we did in the no settlement case, we

compare the value from colluding with the value from not colluding

for each firm—but here under the expected settlement. In the earlier

stages of the game, firms based their decision to collude on the

expected value from the C=NR equilibrium given the expected settle-

ment amount less the value from the no collusion equilibrium. This

value would be34

VCNR
S �VNC ¼ πMþα δ

1�δπ
N�Se

� �
1� 1�αð Þδ � πN

1�δ

¼ 2�δ 2�αρ�αð Þð Þ πM�πNð Þ�α ρFþTð Þð Þ
2 1� 1�αð Þδð Þ 1�δ 1�αρð Þð Þ : ð17Þ

Based on this, collusion will occur in equilibrium (the difference is

non-negative) if

F ≤
πM�πN
� ��αT

αρ
�bFIR αð Þ: ð18Þ

Notice that this is the same individual rationality condition we

observed in the no settlement case (Condition 7). As the condition will

again prove to not be binding, we can show:

Proposition 3. Collusion will occur as an equilibrium

outcome in the game with settlements if F ≤bFS αð Þ:

In Figure 3, we illustrate the collusive region under settlements

for a particular set of parameter values. The figure contains two new

curves. The dark red line represents the parameter values such that

the payoff from the C=NR equilibrium when settlement offers are

accepted is equal to profits from not colluding in the first place. Below

this curve collusion would occur. The green curve represents the

parameter values for which the settlement amount S must be 0 to be

accepted by firms, and below the green curve, the settlement amount

has to be negative to be accepted. The red and green curves cross at

an important point. To the left of this point, the green curve lies below

the red curve, implying the existence of a range of parameters for

which (if cartel forms and is later caught) the firms will accept the set-

tlement offers from the AA. This is the red-shaded area. To the right

of the intersection, on the other hand, firms that collude would accept

only a negative settlement amount. As we do not allow negative set-

tlements, the red curve to the right of the intersection is not relevant

(and is dashed in the figure). The red-shaded area in Figure 3 then

STRATHEARN ET AL. 9
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illustrates the region in which collusion will still arise but in which set-

tlements will be accepted should an investigation be conducted (end-

ing the cartel with probability α). The red-thatched region represents

parameter values where collusion will arise and no settlements will be

accepted, in which case the cartel ends with probability αρ.

4.2.4 | Settlement policy in Period 0

In the previous sections, we saw that there are two possible optimal

settlement amounts that occur based on the one-shot gain from collu-

sion relative to the expected value from being investigated and con-

victed. We have also shown that offering full leniency has the effect

of making collusion more difficult in the Stage 2 subgame. This holds

in both the settlement and no settlement models. What remains is to

demonstrate that by offering a settlement policy at the beginning of

the game, the AA can reduce the parameter space over which firms

will choose to collude. We do this by demonstrating that implement-

ing a settlement policy (on top of a leniency policy) can decrease the

range of fines that would allow C=NR as an equilibrium strategy.

To begin, recall that the IR in the case with settlements is the

same as in the case without settlements. This means that it continues

to be redundant. Turning to the IC, we find that

bF αð Þ�bFS αð Þ¼ δ 1�ρð Þ πD�πN
� �

1�δ 1�αρð Þð Þ
ρ 2�δ 2�αρ�αð Þð Þ > 0!bF αð Þ>bFS αð Þ:

ð19Þ
This suggests that a settlement policy—when settlements are

accepted—will further reduce the range of fines that permit collusion

as an equilibrium outcome (i.e., some fines that would be too low to

discourage collusion in the case with no settlement policy will still be

high enough to discourage collusion when we add the settlement pol-

icy). If we allowed settlement values to be negative, we would be

largely finished here, but constraining S offers to be non-negative pro-

vides a small complication.

To help fully describe the equilibrium path, we want to comparebFþ αð Þ, bF αð Þ, and bFS αð Þ. Recall that bFþ αð Þ is the maximum value of F

such that a settlement offer would be accepted. To identify the point

of intersection between bFS αð Þ andbFþ αð Þ—the red and green curves in

Figure 3—we find the roots α1 such that bFS α1ð Þ¼bFþ α1ð Þ. We demon-

strate in Appendix B that one of these roots lies in the interval

0,1� δ0
δ

� �
. Let this root be denoted by α1. Furthermore, we find thatbF αð Þ>bFþ αð Þ if and only if δ> δ0

1�α, which, in turn, is implied by Assump-

tion 2. Based on this result, the equilibrium path is defined in the fol-

lowing proposition:

Proposition. Suppose F <bF αð Þ so firms will play C=NR

in the game without settlements. In equilibrium, the AA

sets L¼0 and introduces a settlement policy at Period

0. The equilibrium path from Stage 1 onwards depends

on the values of α, δ, and F as follows:

We illustrate Proposition 4 in Figure 4, which is obtained by add-

ing the original collusive boundary from the model without settle-

ments, bF αð Þ, into Figure 3. Here again, the red-shaded area is the

collusive region in which settlements would be accepted, the red-

thatched area is the collusive region in which settlement offers would

be rejected, and the new blue area is the reduction in the collusive

F IGURE 3 Collusion region under
settlements.
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region brought about by the addition of a settlement program. From

Figure 4, we can see that the settlement policy reduces cartel occur-

rence if F is between max bFS αð Þ,bFþ αð Þ
n o

and bF αð Þ. Note thatbFS αð Þ>bFþ αð Þ when α� 0,α1ð Þ and bFþ αð Þ≥ bFS αð Þ when α� α1,1� δ0
δ

� �
.

By offering a generous settlement to a single firm, the AA can

induce a “race to settle” and take advantage of the fact that the

expected settlement amount falls somewhere between the full fine

and the generous settlement amount. This raises the probability of

cartel death. Hence, while, on the one hand, the reduced fines coming

through settlements might appear to encourage collusion, the fact

that settlements end cartels that might overwise continue (with prob-

ability [1 � ρ]) lowers the projected gains from entering into cartel

agreements in the first place. This reduces the areas in parameter

space over which firms will attempt collusion—shrinking it by the blue

area in Figure 4.

It is instructive to consider how generous the settlement offers

must be to be effective. As is clear from the expressions for S� and S��

(in (12)), the generosity of the settlement will depend on a number of

model parameters and in an intuitive way. Since S� is an offer so gen-

erous that a defendant is willing to give up a potential future series of

(expected) monopoly profits, this offer will need to be more generous

(i.e., S� must be lower) when those expected profits will be higher.

Specifically, the better settlement offer must be more generous when

the probability of conviction (ρ) is lower, the per-period profit advan-

tage of collusion (πM�πN) is higher, the probability of an investigation

(α) is lower, and the discount factor (δ) is greater.35

As the less generous offer, S�, is designed only to match the

expected costs of going to trial when the defendant knows the cartel

will definitely end (because the other defendant has settled), its value

is determined only by the expected one-shot costs from going to trial

with some probability of conviction and fines.

Under this settlement policy, the AA effectively offers a “first to
settle” discount to the first defendant to come forward, just as

leniency programs typically favor earlier applicants.36 This first to set-

tle discount can be shown to be

S�� �S� ¼ δ 1�ρð Þ πM�πN
� ��δα 1�ρð Þ ρFþTð Þ

1�δ 1�αρð Þ ð20Þ

or expressed as a percentage discount from the less generous offer

(S��):

S�� �S�

S��
¼ δ 1�ρð Þ πM�πN

� ��α ρFþTð Þ� �
1�δ 1�αρð Þð Þ ρFþTð Þ : ð21Þ

It is straightforward to show that this percentage discount is

decreasing in the probability of conviction (ρ) and that the discount

goes to 0 as the probability of conviction goes to 1.

Note that there is an additional anti-cartel effect in the red-

shaded area of Figure 4. In this area, cartels will form but, if detected,

will be immediately terminated as a result of the settlements. In this

region, cartels that would have ended with probability αρ will now

end with probability α—that is, we should, in equilibrium, observe that

cartels last for fewer periods in this region. Indeed, in this region, the

settlement policy decreases the life expectancy of cartels. To see this,

note that the probability of a cartel ending after T periods follows a

geometric distribution, specifically Pr t¼ Tð Þ¼ 1�pð ÞT�1p, where p

denotes the probability of cartel death in each period. In this region of

F IGURE 4 Collusion region—no settlements
versus settlements.
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Figure 4, we have p¼ ρα under no settlements and p¼ α under settle-

ments. Since the mean of this distribution is E tð Þ¼1=p, we can con-

clude that the settlement policy shortens the life expectancy of cartels.

So how do settlements compare with leniency? Here, leniency

allows the AA to reduce the range of fines that permit C=NR as an

equilibrium outcome. While a well-designed settlement policy will also

expand the AA's ability to deter collusion, importantly, it can also bring

some active collusion to an early end. The key reason is that settle-

ments, when well designed, act as a guaranteed conviction (and cartel

death) when firms make it to the investigation stage.

5 | EXOGENOUSLY FIXED SETTLEMENT
POLICIES

In the previous section, we demonstrated that an optimal settlement

policy, when added to a leniency policy, could reduce cartel incidence

and shorten cartel lives. A key feature of the optimal settlement policy

was that settlement offers were asymmetric—one firm (perhaps the

first in) receives a more generous settlement offer than the other.

Since one firm's settlement is enough to end the cartel, there is less

value to securing the second settlement. In this section, we show that

this asymmetry is a critical reason for the success of the policy. In so

doing, we demonstrate that policies that standardize and fix settle-

ment discounts may render settlements less effective.37

To establish this result, we assume now that there is an exoge-

nous symmetric settlement policy (established at the beginning of the

game) that allows any firm to plead guilty and receive a reduced fine

of S. Assume also that the IR constraints continue to be satisfied and

F >bFþ to ensure that S� >0. Everything else in the game will remain

the same. For a settlement to be accepted by both firms in equilib-

rium, it must be the case that S≤ S�:

We can demonstrate that, in the case where S¼ S� > 0, the value

from colluding under settlements is equal to the value from colluding

under no settlement (VCNR
S S�ð Þ¼VCNR). Furthermore, note from (13)

that VCNR
S is linearly decreasing in the settlement offer S. This implies

VCNR ¼VCNR
S S�ð Þ<VCNR

S Sð Þ ð22Þ

for any S� 0,S�½ Þ. Hence, any exogenously set settlement S� 0,S�½ �
will lead to a value of colluding under settlements that is greater than

or equal to the value of colluding under no settlements. In other

words, offering an exogenously set uniform settlement program, at

best, has the same deterrent effect as offering no settlements. These

results lead us to the following proposition.

Proposition 5. Symmetric settlements, S, that are set

by an exogenous policy rule lead to the following

outcomes:

1. If S> S�, then settlements will not be accepted and

firms would proceed to trial (the settlement would

be ineffective).

2. If S¼ S�, then the settlement will be accepted by

both firms but does not confer any additional collu-

sion deterrence effects.

3. If S< S�, then the settlement will be accepted by

both firms but will lead to collusion over a larger set

of parameter values.

Hence, Proposition 5 tells us that symmetric settlement offers

cannot add to cartel deterrence. And more than that, the proposition

also tells us—at Part 3—that an exogenously set settlement policy can

actually lead to more collusion. By offering very generous settlement

terms (S< S�) to all participants equally, the AA reduces considerably

the expected costs of collusion more than it reduces the expected

benefits, encouraging cartel formation. Importantly, however, it

remains true that the settlement program increases the probability of

cartel collapse from αρ to α and thereby shortens expected cartel

lives, so with such a settlement policy, we may have more, but

shorter-lived, collusion.

We observe, then, that the asymmetry of our original settlement

policy was a key element of its success at reducing collusion. It is easy

to see that, if there were more than two firms and it took only one

settlement to end the cartel for all firms, the expected settlement

offer would rise toward S�� providing even greater deterrence.

6 | CONCLUSIONS

We have provided a model that adds the possibility of late-stage set-

tlements into a cartel policy with fines and leniency. We find that

offering an appropriate settlement program can further deter collusion

relative to the deterrence provided by a system of fines and leniency.

By offering the highest (i.e., least generous) settlement that would

induce all firms to accept, the AA can guarantee the breakdown of the

cartel. Even though it reduces the expected punishment for detected

cartels, this early termination can lead to enhanced cartel deterrence.

Of course, this means that the policy has a second important

effect beyond deterrence: It shortens the expected lives of cartels

that are nevertheless formed. In areas of the parameter space in

which cartels would still form but where settlement offers would be

accepted, cartels will end upon detection without the need to go to

trial where the AA could lose (and the cartels survive).

Importantly, these positive effects derived from the settlement

policy add to the deterrence provided by the leniency policy—

suggesting a complementarity between the policies when properly

designed. We did see, however, that a particular feature of the opti-

mal settlement policy is key: Settlement offers here were asymmetric.

One firm would receive a very generous settlement offer—after all,

only one settlement is needed to end the cartel—but the other a much

less generous offer. It is, in part, the probability of getting the less

generous offer at settlement time that discourages cartel formation.

If, for some reason, the settlement offers made to the two firms must

be the same, the added benefit of the settlement policy with respect

to deterrence disappears—and in fact, overly generous settlement

12 STRATHEARN ET AL.
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offers may undo some of the benefits of the leniency program and

encourage collusion.

This is one of the first papers we know of to explore, in a formal

way, the relationship between settlements and leniency policies.

There is clearly much more to be done here. Future work could study,

for example, the comparative statics around the equilibrium, test the

generality/robustness of various results of the model in the face of

some alternative modeling assumptions, and consider the implications

of offering rewards at either the leniency or settlement stages. For

example, it would be useful to consider larger cartels with more than

two members. Our conjecture here is that settlement policies of the

type we explore here will be even more effective the larger the num-

ber of firms in the cartel. Given the asymmetric settlement offers we

propose, and the fact that only one firm will get the generous offer,

the expected settlement value at the start of the game will be less

generous the more firms there are in the cartel. This reduces the pro-

collusion effects of settlements, without reducing their effectiveness

when actually needed to end cartels.

Finally, it would be worth exploring how private damages secured

through follow-on actions will influence the take-up of settlement

offers and how policies can be shaped to optimize the combined

deterrence provided by these different instruments. Suppose that

agreeing to settle does expose the settling firm to a much higher prob-

ability of losing a private follow-on action for damages. A simple con-

jecture here is that the first settlement will have to be that much

more generous to induce a firm's acceptance. Whether the less gener-

ous settlement offer will also need to be made more generous may

depend on whether having one firm settle increases the risk of other

firms losing damage actions against them. This highlights a tension,

identified by the OECD (2023) among others, between private

enforcement (with damage awards) and leniency/settlement pro-

grams. To try to reduce this conflict, some jurisdictions have provided

for partial protection for leniency applicants from private damage

actions.38
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ENDNOTES
1 See United States Department of Justice (1993).
2 See, for example, Competition Bureau Canada (2019) and the European

Commission (2006). Information on the growing experience with

leniency programs internationally can be found on the websites of the

International Competition Network (ICN), for example, ICN (2014,

2019), and the Organisation for Economic Co-operation and Develop-

ment (OECD), for example, OECD (2001, 2002). See also Spagnolo

(2008). More references to literature on leniency are provided below.
3 For our purposes here, we define leniency programs as including the

possibility of full immunity—typically only to the first to come forward

to the Antitrust Authority (AA). Some jurisdictions refer to these as sep-

arate policies—the immunity policy for those who are first in and fine

reductions for later applicants who nevertheless cooperate in the inves-

tigation of the cartel (see, e.g., the sources cited in Footnote 2). This

distinction is not important for the model we apply here.
4 To be clear, what are called settlement policies can differ across coun-

tries. On this, see, for example, Guttuso (2015). In some jurisdictions

(e.g., the United States), settlements can operate more like extensions

of the leniency program, offering reduced fines to defendants who

come forward relatively soon after leniency has been awarded to

another defendant. Our approach of treating settlements as coming

later, and with the objective of securing procedural efficiencies, is closer

to that of the European Commission (Guttuso, 2015, p. 397). See also

Schinkel (2011). Surveys of settlement policies in a wide variety of

countries can be found in ICN (2008b) and OECD (2008).
5 European Commission (2023).
6 See generally ICN (2008a, pp. 39–40; 2008b, pp. 7–8).
7 It goes on, “For example, some jurisdictions expressed a concern that

settlement discounts must be calibrated carefully and take account of

the specificities of leniency regimes in order to avoid the risk of grant-

ing settlement discounts in a range that would reduce the incentives of

companies to come forward and cooperate under leniency.”
8 Spagnolo (2008) provides a nice survey of the earlier literature on

leniency programs.
9 In this regard, settlement policies are similar in the sense that they also

involve a trade-off between destabilization of cartels on the one hand

and encouragement of collusion (due to reduced fines) on the other

hand. But as our analysis will show, they differ in how cartels are

destabilized.
10 While settlements occur after the onset of an investigation as well, in

our model, they are different from (post-investigation) leniency in that

the acceptance of a settlement by one firm does not increase the prob-

ability of convicting other members of the same cartel. It is remarkable

that the settlement policies in our model can reduce cartel incidence

and shorten cartel lives despite the fact that settlements do not provide

any additional information to strengthen the prosecution's court case.
11 More broadly, our paper also relates to the literature on collusion. For a

review of this literature, see Harrington (2017), and for an interesting

integration of theory with case examples, see Marshall and Marx (2012).

Some more recent examples of this literature include Paha (2017),

Calvano et al. (2020), Celen and Saglam (2022), and Ying et al. (2023).
12 By contrast (and as noted above), leniency programs typically require

the recipient's cooperation to secure the conviction of other

defendants.
13 See O'Brien (2008) for a comparison of the US and EU approaches to

cartel settlements.
14 See European Commission (2008). The 10% fine reduction is provided

for in paragraph 32. Useful surveys of European Commission cartel set-

tlements can be found in Laina and Bogdanov (2019) and earlier articles

by the same authors cited therein.
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15 We acknowledge that part of Assumption 1, πN ≥ πB , is not compatible

with the price competition model. We make this assumption to simplify

our analysis. But this assumption can be relaxed with appropriate modi-

fications to the analysis.
16 We assume that all firms in an industry are under investigation if an

investigation is commenced within that industry, Hence, the probability

that a firm is under investigation is also α.
17 In the model, if both firms are on trial, either both will be convicted or

neither will be convicted. Also, we assume there will be no false posi-

tives in the model—firms that do not collude run no risk of prosecution

and/or conviction.
18 By assuming F is exogenous, we follow Motta and Polo (2003) and

Chen and Rey (2013). As would be the case in many models of deter-

rence, maximal deterrence could be achieved by increasing the level of

F to the highest possible level. Chen and Rey (2013, p. 923) make this

point as well. There are a variety of reasons why legal systems in most

countries limit maximum fines including the following: (i) the possibility

and costs of Type I errors (i.e., incorrect convictions), (ii) the limited abil-

ities of the convicted to pay extremely high fines, (iii) the social costs

imposed on others (e.g., employees, suppliers, and customers) if a fine

was so high as to bankrupt a firm, (iv) concerns about preserving mar-

ginal deterrence (e.g., see Landes, 1983, p. 655), and (v) rules of natural

justice that suggest that punishments should be proportionate to the

harms flowing from the offenses. See Wils (2006) for more discussion

of these points.
19 To be more specific, Assumption 2 can be derived from the counterpart

of (1) for the situation where a cartel is caught and convicted with prob-

ability α in each period. In that situation, a firm's expected payoff from

collusion is VC ¼ πMþα δ
1�δπ

N
� �

= 1� 1�αð Þδ½ �, while its payoff

from defection is VD ¼ πDþ δ
1�δπ

N. The cartel is sustainable if VC >VD.

Solving this inequality for δ yields the condition in Assumption 2.
20 Though the list of countries that offer rewards for participants coming

forward to reveal cartel conduct is growing, it is still relatively small,

including the United Kingdom, South Korea, Hungary, and Pakistan.

See, for example, Inman et al. (2020).
21 This policy, which is not specific to a particular case, may be formalized

in the form of regulations or guidelines, but for our purposes, it is really

just a credible statement that the AA will (or will not) make settlement

offers after an investigation. Settlement offers are determined on a

case-by-case basis by the AA.
22 For expositional ease, we will treat the AA as if it is the prosecuting

authority here. In fact, in some jurisdictions, prosecutions are led (par-

ticularly in criminal matters) by a public prosecutor independent of

(though typically supported by) the AA.
23 To be clear, the costs T must be paid if a defendant goes to trial,

whether or not it wins. Recognizing that the AA also faces a cost of going

to trial, though very reasonable, would complicate the AA's objective

function, so we rule it out here. It is also true that the magnitude of these

costs would not affect the solution to the optimal settlement offer below.
24 To be clear—the main objective of our analysis is to study how leniency

interacts with settlement policies. Given this narrow scope, we simplify

the AA's objective function by assuming it wants to minimize the inci-

dence of collusion. This will help us understand the optimal antitrust

policy in the absence of budget constraints. If we were to include a

budget constraint, a natural way to model this would be to make the

investigation probability, α, an increasing function of the resources

assigned to the AA. Finally, our model does not treat F as a choice vari-

able; rather, we assume that this is exogenously set and in line with the

principles of justice—the punishment for a violation should not be

grossly disproportionate.
25 Full leniency, or immunity, is indeed often granted to the first party to

come forward and cooperate with the AA in its investigation and

prosecution. Some recent and/or prominent examples of firms securing

immunity are the following: in the United States, Tyson Foods in the

broiler chicken price-fixing case (see McCrimmon, 2020); in Europe,

MAN in the truck manufacturing cartel (see McDermott Will &

Emery, 2016) and Samsung in the LCD price-fixing case (see

Chiu, 2010); in Australia, JPMorgan Chase in a stock-issuing case

(see John & Kaye, 2019); and in Canada, Loblaw/Weston in a bread

price-fixing case (see Edmiston, 2021).
26 Proofs for all propositions and lemmas can be found in Appendix B.
27 To explain this important result—the redundancy of the IR constraint—

another way, we need to only note that if the other firm is playing

C=NR, then playing D=R is always more profitable than the case of no

collusion. In this case, the defector gets the defector's payoff and by

revealing (and getting leniency) avoids any punishment. If C=NR is an

equilibrium, it must be the case that playing C=NR would then be even

more profitable for the firm than D=R. Hence, when both firms playing

C=NR is an equilibrium to the subgame, it must be profitable; hence, the

IR constraint cannot be binding. The exact same argument can be

applied to the game with settlements that follows.
28 For the purposes of presenting this graph, we have set the following

parameter values: πD ¼10,πN ¼5,πM ¼8, δ¼ :9, ρ¼ :5, andT¼0.
29 Technically, if one firm chose to reveal, the AA could offer a settlement

to the remaining firm, but this would serve no purpose. In this case, the

conviction is assured, which means the best the other firm can do is

confess to reduce its own legal costs. Offering a reduced fine via settle-

ment then can only reduce the deterrence effect of the anti-cartel

policy.
30 Strictly speaking, as we have effectively chosen the AA's action to mini-

mize cartel activity (and not necessarily to minimize its costs or increase

fine revenues), we could be indifferent between getting one firm to set-

tle and securing settlements from both. It seems reasonable to break

this tie by assuming that the AA choses the lower cost alternative.
31 In fact, the condition Si ≤ ρFþT will be redundant if the individual ratio-

nality condition holds.
32 To be more precise, there are two Nash equilibria in the stage game in

this case: accept/accept and reject/reject, with the latter payoff domi-

nating the former. Consistent with our earlier assumptions on equilib-

rium selection, we assume that the firms would reach the payoff

dominant equilibrium (reject/reject).
33 If settlement offers were in the range S� < S ≤ S��, defendant firms

would again find themselves in a coordination settlement subgame. If

one firm expected the other to settle it would be best for that firm to

settle as well, but if it did not expect the other to settle it would also

refuse to settle. Assuming once more that the firms will reach the pay-

off dominant equilibrium, they will choose not to settle. It is for this rea-

son that at least one settlement offer must be as low as S� to make its

acceptance a dominant strategy. However, if defendants have more

pessimistic expectations about their co-defendant's play, there is even

greater scope for a settlement policy to reduce collusion.
34 This is the settlements-inclusive analog of Condition (6) from the no

settlement case.
35 These results follow from a straightforward comparative statics analysis.
36 To be clear, in our model, the AA makes settlement offers to the two

firms simultaneously; the “first to settle” discount is just an informal

way of interpreting the difference between S� and S��. If we adopt the

alternative assumption that settlement offers are made sequentially to

firms, the AA will be able to induce both firms to accept a settlement

with the less generous offer S�� . The reason is similar to an argument

about how exclusive contracts may be used by an incumbent to deter

entry at zero cost in the naked exclusion model of Segal and Whinston

(2000). Specifically, the first firm to receive an offer will recognize that

if it rejects the offer, the AA can, and will, offer the more generous S�
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to the second firm. This will terminate the cartel. Foreseeing this out-

come, the first firm is willing to accept the offer S�� , which the AA will

indeed offer in equilibrium. After the first firm accepts the offer S��, the
second firm realizes that the cartel will break down, in which case AA

needs to offer only S�� to induce the firm to settle. Therefore, under

this alternative assumption of sequential settlement offers, the anti-

cartel effect of the settlement policy is even stronger because the firms'

expected amount of settlement is less generous.
37 The EU policy of awarding a standard 10% fine reductions to settling

parties, for example, might suffer from this problem, though as Schinkel

(2011) explains, there are other margins the Commission and settling

parties can work on to make settlements more generous if necessary.
38 See OECD (2023, p. 15). For an academic treatment of some of the

issues, see Buccirossi et al. (2020).
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TABLE A1 Stage 2—payoff matrix
without a settlement policy.

Firm 2

C=NR C=R D=NR D=R

Firm 1 C=NR VCNR

VCNR

πMþδ πN

1�δ�F

πMþδ πN

1�δ�L

πSþδ πN

1�δ�α ρFþTð Þ
πDþδ πN

1�δ�α ρFþTð Þ
πSþδ πN

1�δ�F

πDþδ πN

1�δ�L

C=R πMþδ πN

1�δ�L

πMþδ πN

1�δ�F

πMþδ πN

1�δ� FþL
2

πMþδ πN

1�δ� FþL
2

πSþδ πN

1�δ�L

πDþδ πN

1�δ�F

πSþδ πN

1�δ� FþL
2

πDþδ πN

1�δ� FþL
2

D=NR πDþδ πN

1�δ�α ρFþTð Þ
πSþδ πN

1�δ�α ρFþTð Þ
πDþδ πN

1�δ�F

πSþδ πN

1�δ�L

πBþδ πN

1�δ�α ρFþTð Þ
πBþδ πN

1�δ�α ρFþTð Þ
πBþδ πN

1�δ�F

πBþδ πN

1�δ�L

D=R πDþδ πN

1�δ�L

πSþδ πN

1�δ�F

πDþδ πN

1�δ� FþL
2

πSþδ πN

1�δ� FþL
2

πBþδ πN

1�δ�L

πBþδ πN

1�δ�F

πBþδ πN

1�δ� FþL
2

πBþδ πN

1�δ� FþL
2

APPENDIX A: PAYOFF MATRICES OF VARIOUS SUBGAMES

Here, we present the payoff matrices associated with several sub-

games in our model. Specifically, Table A1 is the payoff matrix of a

Stage 2 subgame under the assumption that there is no settlement

policy. Table A3 is the counterpart to Table A1 under the alternative

assumption that there is a settlement policy in place. The four payoff

matrices in Table A2 are the normal form representation of subgames

at the settlement stage of the model (with a settlement policy in

place).
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APPENDIX B: PROOFS OF LEMMAS AND PROPOSITIONS

While Proposition 1 is placed before Lemmas 1 and 2 in the main text,

here, we will present the proof of the proposition after those of the

two lemmas. This is because the former is built on (a more general

version of) Lemmas 1 and 2.

B.1 | Proof of Lemma 1

Here, we derive the payoff dominant equilibria of the Stage 2 subgame

in the absence of a settlement policy. The payoff matrix associated

with this subgame is presented in Table A1. Even though Lemma 1 in

the main text is stated for the case of L¼0 only, we will demonstrate

below a more general version of the lemma that holds for L� 0,F½ Þ.
We do so because the more general version of Lemma 1 is needed for

the proof of Proposition 1.

As the first step of this analysis, we note that both firms playing

D/R are a Nash equilibrium in this subgame. To see this, consider a

firm's payoffs associated unilateral deviations from D/R. Comparing

the payoffs in Table A1, we see that deviating to C/NR, C/R, or D/NR

is not profitable because FþL
2 < F and πB > πS. This confirms that {D/R,

D/R} is indeed an equilibrium in this subgame.

Moreover, there is one or two additional Nash equilibria in this

subgame. The specific number of equilibria depends on the magnitude

of L. Accordingly, the rest of the analysis is divided into two cases:

L� 0,α ρFþTð Þ½ Þ and L� α ρFþTð Þ,F½ Þ.

Case 1. L< α ρFþTð Þ:

In this case, {C/NR, C/NR} is an additional Nash equilibrium in the

subgame if

F ≤
πD�πN
� �

δ 1�αρð Þ�δ0ð Þþ 1� 1�αρð Þδð ÞL�αT

αρ
�bF L,αð Þ: ðB1Þ

To show this, note that πD > πM and πB > πS imply that C/R is dom-

inated by D/R. Moreover, L< α ρFþTð Þ and FþL
2 < F entail that D/NR is

dominated by D/R. Hence, for {C/NR, C/NR} to be an equilibrium, we

only need to show that a firm earns a larger payoff by playing C/NR

than playing D/R, that is,

TABLE A2 Normal form representation of subgames in the settlement stage.

Case 1 : C=NR,C=NRf g Case 2 : D=NR,D=NRf g

Firm 2 Firm 2

Accept Reject Accept Reject

Firm 1 Accept πMþ δ
1�δπ

N�S1
πMþ δ

1�δπ
N�S2

πMþ δ
1�δπ

N�S1
πMþ δ

1�δπ
N�ρF�T

Firm 1 Accept πBþ δ
1�δπ

N�S1
πBþ δ

1�δπ
N�S2

πBþ δ
1�δπ

N�S1
πBþ δ

1�δπ
N�ρF�T

Reject πMþ δ
1�δπ

N�ρF�T

πMþ δ
1�δπ

N�S2

VCNR
R

VCNR
R

Reject πBþ δ
1�δπ

N�ρF�T

πBþ δ
1�δπ

N�S2

πBþ δ
1�δπ

N�ρF�T

πBþ δ
1�δπ

N�ρF�T

Case 3 : D=NR,C=NRf g Case 4 : C=NR,D=NRf g

Firm 2 Firm 2

Accept Reject Accept Reject

Firm 1 Accept πDþ δ
1�δπ

N�S1
πSþ δ

1�δπ
N�S2

πDþ δ
1�δπ

N�S1
πSþ δ

1�δπ
N�ρF�T

Firm 1 Accept πSþ δ
1�δπ

N�S1
πDþ δ

1�δπ
N�S2

πSþ δ
1�δπ

N�S1
πDþ δ

1�δπ
N�ρF�T

Reject πDþ δ
1�δπ

N�ρF�T

πSþ δ
1�δπ

N�S2

πDþ δ
1�δπ

N�ρF�T

πSþ δ
1�δπ

N�ρF�T

Reject πSþ δ
1�δπ

N�ρF�T

πDþ δ
1�δπ

N�S2

πSþ δ
1�δπ

N�ρF�T

πDþ δ
1�δπ

N�ρF�T

TABLE A3 Stage 2—payoff matrix
with a settlement policy.

Firm 2

C/NR C/R D/NR D/R

Firm 1 C/NR VS
CNR

VS
CNR

πMþδ πN

1�δ�F

πMþδ πN

1�δ�L

πSþδ πN

1�δ�αSe

πDþδ πN

1�δ�αSe
πSþδ πN

1�δ�F

πDþδ πN

1�δ�L

C/R πMþδ πN

1�δ�L

πMþδ πN

1�δ�F

πMþδ πN

1�δ� FþL
2

πMþδ πN

1�δ� FþL
2

πSþδ πN

1�δ�L

πDþδ πN

1�δ�F

πSþδ πN

1�δ� FþL
2

πDþδ πN

1�δ� FþL
2

D/NR πDþδ πN

1�δ�αSe

πSþδ πN

1�δ�αSe
πDþδ πN

1�δ�F

πSþδ πN

1�δ�L

πBþδ πN

1�δ�αSe

πBþδ πN

1�δ�αSe
πBþδ πN

1�δ�F

πBþδ πN

1�δ�L

D/R πDþδ πN

1�δ�L

πSþδ πN

1�δ�F

πDþδ πN

1�δ� FþL
2

πSþδ πN

1�δ� FþL
2

πBþδ πN

1�δ�L

πBþδ πN

1�δ�F

πBþδ πN

1�δ� FþL
2

πBþδ πN

1�δ� FþL
2

STRATHEARN ET AL. 17

 10991468, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

de.3991 by C
ochrane C

anada Provision, W
iley O

nline L
ibrary on [08/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



VCNR > πDþδ
πN

1�δ
�L: ðB2Þ

Substituting (4) for VCNR in (B2) and rearranging terms, we

obtain (B1).

Furthermore, note that

πDþδ
πN

1�δ
�L> πBþδ

πN

1�δ
�FþL

2
: ðB3Þ

Then (B2) and (B3) imply that each firm earns a larger payoff in

the C/NR equilibrium than in the D/R equilibrium. In other words, the

C=NR equilibrium payoff dominates the D=R equilibrium if F ≤bF L,αð Þ.
In the case where F >bF L,αð Þ, the D=R equilibrium is the only Nash

equilibrium.

Recall that Lemma 1 in the main text presents the result for the

case L¼0, which is a special case of L< α ρFþTð Þ. The bF αð Þ function in

Lemma 1 is obtained by setting L¼0 in bF L,αð Þ defined in (B1).

Case 2. L� α ρFþTð Þ,F½ Þ:

In this case, there may be two Nash equilibria in this subgame in

addition to {D/R, D/R}: {D/NR, D/NR} and {C/NR, C/NR}. To see that

{D/NR, D/NR} is a Nash equilibrium, we consider a firm's payoffs asso-

ciated unilateral deviations from D/NR. Comparing the payoffs in

Table A1, we find that deviating to C/NR, C/R, or D/R is not profitable

because πB > πS and F ≥ α ρFþTð Þ. This confirms that {D/NR, D/NR} is

indeed an equilibrium in this subgame.

To see that {C/NR, C/NR} may be an equilibrium in this subgame,

note again that πD > πM and πB > πS imply that C/R is dominated by

D/R. Moreover, given its rival's choice of C/NR, each firm earns a

larger payoff by playing D/NR than playing D/R because

L> α ρFþTð Þ. Hence, for {C/NR, C/NR} to be an equilibrium, we only

need to show that a firm earns a higher payoff by playing C/NR than

playing D/NR, that is,

VCNR ≥ πDþδ
πN

1�δ
�α ρFþTð Þ: ðB4Þ

Substituting (4) for VCNR in (B4) and rearranging terms, we obtain

F ≤
πD�πN
� �

δ 1�αρð Þ�δ0ð Þ�αδ 1�αρð ÞT
αρδ 1�αρð Þ �bFNL αð Þ: ðB5Þ

Therefore, {C/NR, C/NR} is also an equilibrium if (B5) holds.

To apply the criterion of payoff dominance, note that

L≥ α ρFþTð Þ implies that FþL
2 > α ρFþTð Þ. Then from Table A1, we see

that both firms earn a larger payoff in the D/NR equilibrium than in

the D/R equilibrium. Therefore, if F >bFNL αð Þ (i.e., if (B5) fails to hold),

the payoff dominant equilibrium is {D/NR, D/NR}.

On the other hand, if (B5) holds, {C/NR, C/NR} is the third Nash

equilibrium. Since

πDþδ
πN

1�δ
�α ρFþTð Þ> πBþδ

πN

1�δ
�α ρFþTð Þ> πBþδ

πN

1�δ
�FþL

2
,

ðB6Þ

we conclude from (B4) and (B6) that {C/NR, C/NR} is the payoff domi-

nant equilibrium when F ≤bFNL αð Þ.

B.2 | Proof of Lemma 2

This proof is based on comparisons of the firms' payoffs in Table A3,

where Se denotes the ex ante expected settlement amount. As in the

case of Lemma 1, we will demonstrate below a more general version

of Lemma 2 that holds for L� 0,F½ Þ because it is needed for the proof

of Proposition 1. Accordingly, the following analysis is conducted for L

in two separate ranges: L< αSe and L� αSe,F½ Þ.
Recall from the discussions in Section 4.2 of the main text that

Se ¼ S� þS��

2
¼ 2�δ 2�α ρþ1ð Þð Þ½ � ρFþTð Þ�δ 1�ρð Þ πM�πN

� �
2�2δ 1�αρð Þ : ðB7Þ

While the discussion in the main text is conducted in the context

of L¼0, (B7) is applicable even if L>0 because the settlement stage

of the game is reached only if there has been no leniency applicant.

As a result, the magnitude of L has no impact on S� and S��.

Case 1. L< αSe:

First, we demonstrate that {D/R, D/R} is a Nash equilibrium. Note

that L< F entails FþL
2 < F: This, along with L< αSe, implies that D/NR is

strictly dominated by D/R. Moreover, FþL
2 < F and πB > πS

(by Assumption 1) ensure that each firm has no incentive to deviate

unilaterally from D/R to C/NR or C/R. This confirms that {D/R, D/R} is

indeed a Nash equilibrium.

Second, we show that {C/NR, C/NR} is a Nash equilibrium if

F ≤bFS L,αð Þ, where

bFS L,αð Þ� αρ 2�δ 2�α�αρð Þð Þ½ ��1 � 2L 1�δþαδð Þ 1�δþδαρð Þ
�

þ δ 2 1�δþαδρð Þ 1�αð Þþα 1�ρð Þð Þ½

� δ0 2�δ 2�α�αρð Þð Þ� πD�πN
� �	�T=ρ:

ðB8Þ

Observe from Table A3 that, given its rival's choice of C/NR, a

firm earns a larger payoff from playing D/R than playing either C/R or

D/NR. Hence, a firm will have no incentive to deviate from C/NR if its

payoff is no less than that from playing D/R, that is, if

VCNR
s ≥ πDþδ

πN

1�δ
�L: ðB9Þ

Rewriting (B9) using (13) and (B7), we obtain F ≤bFS L,αð Þ. There-
fore, when L< αSe and F ≤bFS L,αð Þ, there are two Nash equilibria in this

subgame.
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To apply the payoff dominance criterion, we note that

πDþδ
πN

1�δ
�L> πBþδ

πN

1�δ
�FþL

2
: ðB10Þ

Then (B9) and (B10) imply that the C=NR equilibrium payoff domi-

nates the D=R equilibrium. In the case that F >bFS L,αð Þ, the D=R equi-

librium is the only Nash equilibrium.

Recall that Lemma 2 in the main text presents the result for the

case L¼0, which is a special case of L< αSe. The bFS αð Þ function associ-

ated with Lemma 2 is obtained by setting L¼0 in bFS L,αð Þ defined

in (B8).

Case 2. L� αSe,F½ Þ:

In this case, {D/R, D/R} is still a Nash equilibrium. To see this,

note from Table A3 that any unilateral deviation by a firm from D/R

to C/NR, C/R, or D/NR would lead to a lower payoff because FþL
2 < F

and πB > πS (by Assumption 1). Moreover, {D/NR, D/NR} is also a

Nash equilibrium: Any unilateral deviation by a firm from D/NR to

C/NR, C/R, or D/R would lead to a lower payoff because πB > πS

and L≥ αSe.

To find the condition under which C=NR occurs in equilibrium,

observe from Table A3 that, given its rival's choice of C/NR, a firm

earns a larger payoff from playing D/NR than playing either C/R or

D/R. Hence, a firm will have no incentive to deviate from C/NR if its

payoff is no less than that from playing D/NR, that is,

VCNR
S ≥ πDþδ

πN

1�δ
�αSe: ðB11Þ

Rewriting (B11) using (13) and (B7), we obtain

F ≤
δ 2�α�2δþ2αδ�α 1�2δþ2αδð Þρð Þ�δ0 2�δ 2�α�αρð Þð Þð Þ πD�πNð Þ

αδρ 2�α�2δþ2αδ�α 1�2δþ2αδð Þρ½ �
� T

ρ
� bFS,NL αð Þ:

ðB12Þ

In other words, {C/NR, C/NR} is the third Nash equilibrium in this

subgame if (B12) holds.

To apply the payoff dominance criterion, we first compare a firm's

payoffs under the D/R equilibrium and the D/NR equilibrium. Because

L≥ αSe implies LþF
2 > αSe, we conclude from Table A3 that each firm

earns a larger payoff in the D/NR equilibrium than in the D/R equilib-

rium. In other words, the D/NR equilibrium payoff dominates the D/R

equilibrium.

In the case where (B12) holds, we also need to compare a firm's

payoff in the C/NR equilibrium with that in the D/NR equilibrium to

determine payoff dominance (or the lack of). Note that

πDþδ
πN

1�δ
�αSe > πBþδ

πN

1�δ
�αSe: ðB13Þ

Then (B11) and (B13) imply that {C/NR, C/NR} payoff dominates

{D/NR, D/NR}. Hence, we conclude that {C/NR, C/NR} is payoff domi-

nant among the three equilibria in this case.

B.3 | Proof of Proposition 1

Here, we want to prove that it is optimal for the AA to set L¼0 with

or without a settlement policy. We start with the case where there is

no settlement policy and show that deviating from L¼0 will increase

cartel occurrence. Note from (B1) that

∂bF L,αð Þ
∂L

¼1� 1�αρð Þδ
αρ

>0: ðB14Þ

In other words, for L� 0,α ρFþTð Þ½ Þ, a larger L expands the range

of F over which collusion occurs in equilibrium. On the other hand, we

see from (B5) that bFNL αð Þ is independent of L, implying that a change

in L has no impact on cartel occurrence for L� α ρFþTð Þ,F½ Þ. More-

over, we can demonstrate that

bFNL αð Þ�bF 0,αð Þ¼ 1� 1�αρð Þδð Þ πD�πN
� �

1�αρð Þδ�δ0ð Þ
αρδ 1�αρð Þ >0: ðB15Þ

Together, (B14) and (B15) imply that in the absence of a settle-

ment policy, cartel occurrence is minimized at L¼0: Therefore, it is

optimal for the AA to set L¼0 in the absence of a settlement policy.

Now, we consider the case with a settlement policy. Note from

(B8) that

∂bFS L,αð Þ
∂L

¼2 1� 1�αð Þδð Þ 1�δ 1�αρð Þð Þ
αρ 2�δ 2�α�αρð Þð Þ > 0: ðB16Þ

In other words, for L� 0,αSe½ Þ, a larger L expands the range of F

over which collusion occurs in equilibrium. On the other hand, we see

from (B12) that bFS,NL αð Þ is independent of L, implying that a change in

L has no impact on cartel occurrence for L� αSe,F½ Þ. Moreover, we

can demonstrate that

bFS,NL αð Þ�bF 0,αð Þ¼2 1� 1�αð Þδð Þ 1�δ 1�αρð Þð Þ πD�πN
� �

αρ

1
A
� δ0
δB

� �
>0:

ðB17Þ

In (B17), A�2�δ 2�α�αρð Þ and B�2�α�2δþ2αδ�αρ 1�ð
2δþ2αδÞ. Assumption 2 implies that 1

A >
δ0
δB. Hence, the sign of (B17) is

positive. Taken together, these observations mean that when the AA

adopts a settlement policy, cartel occurrence is minimized at L¼0.

Therefore, it is optimal for the AA to set L¼0.

B.4 | Proof of Proposition 2

This result is established through the analysis in Section 4.1.
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B.5 | Proof of Proposition 3

This result is established through the analysis in Section 4.2.

B.6 | Proof of Proposition 4

It has been established in Proposition 1 that the AA sets L¼0 with or

without a settlement policy. The rest of the proof proceeds in three

steps. First, we prove the results in each of the three components in

this proposition taking as given that the AA implements a settlement

policy and that α1 is in the interval 0,1�δ0=δð Þ. Second, we show that

the AA indeed introduces a settlement policy in equilibrium. Third, we

demonstrate that α1 � 0,1�δ0=δð Þ.
To prove Part 1 of the proposition, recall from the definition ofbFþ αð Þ that a firm would reject any settlement offer with Si ≥0 for

F <bFþ αð Þ. As a result, a settlement policy is ineffective in this case and

the equilibrium is the same as that in the absence of a settlement pol-

icy. Since bF αð Þ>bFþ αð Þ, Proposition 2 implies that the firms will choose

collude and not reveal in equilibrium.

Regarding Part 2 of the proposition, it is shown below thatbFS αð Þ<bFþ αð Þ for α> α1. Then F >bFþ αð Þ entails F >bFS αð Þ, and hence,

Proposition 3 implies that the firms will not collude in equilibrium.

Turning to Part 3 of the proposition, we note that bFS αð Þ> bFþ αð Þ
for α< α1 (this will be shown in the final part of this proof). In the

case where F >bFS αð Þ, Proposition 3 implies that the firms will not

collude in equilibrium. If bFS αð Þ> F >bFþ αð Þ, on the other hand,

Proposition 3 suggests that the firms will choose collude and not

reveal in equilibrium. Moreover, by the definition of bFþ αð Þ, we know

that they will accept the AA's settlement offers after an investigation

is opened.

Next, we show that the AA indeed introduces a settlement policy

in equilibrium. Using the definitions of bF αð Þ and bFþ αð Þ, we find

bF αð Þ�bFþ αð Þ¼ 1�δ 1�αρð Þ½ � πD�πN
� �

δ 1�αð Þ�δ0½ �
αρ 1�δ 1�αð Þ½ � >0 ðB18Þ

by Assumption 2. Moreover, we have shown in (19) that bF αð Þ>bFS αð Þ.
Using these observations to compare the equilibria we have derived

above with those in the absence of a settlement policy, we find that

the settlement policy reduces cartel occurrence for F between

max bFS αð Þ,bFþ αð Þ
n o

and bF αð Þ and it does not change cartel occurrence

otherwise. Therefore, it is optimal for the AA to adopt a settlement

policy in equilibrium.

Finally, we derive α1 and demonstrate that α1 � 0,1�δ0=δð Þ.
Recall that α1 is one of the roots to the equation bFS αð Þ�bFþ αð Þ¼0.

Denote this equation by Θ αð Þ¼0. Using the definitions of bFS αð Þ andbFþ αð Þ, we find

Θ αð Þ¼� 1�δþαδρð Þ πD�πN
� �

2δ2α2þ 3δ�4δ2�δρþδδ0þδρδ0
� �

α�2 1�δð Þ δ�δ0ð Þ� �
α 1�δþαδð Þρ 2�2δþαδþαδρð Þ :

ðB19Þ

In (B19), note that 1�δþαδρ>0, πD�πN >0, 1�δþαδ>0, and

2�2δþαδþαδρ> 0. Therefore, Θ αð Þ¼0 entails Γ αð Þ¼0 where

Γ αð Þ�2δ2α2þ 3δ�4δ2�δρþδδ0þδρδ0
� �

α�2 1�δð Þ δ�δ0ð Þ:
ðB20Þ

Using the quadratic formula, we find the two roots of this

equation:

α1 ¼
�3δþ4δ2þδρ�δδ0� δρδ0�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3δ�4δ2�δρþδδ0þδρδ0
� �2þ16δ2 1�δð Þ δ�δ0ð Þ

q
4δ2

:

ðB21Þ

Since the discriminant in (B21) is positive, there are two distinct

real roots. Moreover, it is easy to verify that one root is positive and

the other is negative. Discard the negative root, and define the posi-

tive root as α1, that is,

α1 ¼
�3δþ4δ2þδρ�δδ0� δρδ0þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3δ�4δ2�δρþδδ0þδρδ0
� �2þ16δ2 1�δð Þ δ�δ0ð Þ

q
4δ2

:

ðB22Þ

To show that α1 � 0,1�δ0=δð Þ, we evaluate (B20) at α¼0 and

1�δ0=δ to find Γ 0ð Þ¼�2 1�δð Þ δ�δ0ð Þ<0, and

Γ 1�δ0
δ

� �
¼ 1�ρð Þ δ�δ0ð Þ 1�δ0ð Þ>0: ðB23Þ

By the intermediate value theorem, there must exist a

c� 0,1�δ0=δð Þ such that Γ cð Þ¼0. Since α1 is the only positive root,

we conclude that α1 � 0,1�δ0=δð Þ. Moreover, note from (B19) and

(B20) that Θ αð Þ has the opposite sign of Γ αð Þ; the preceding analysis

also implies that bFS αð Þ>bFþ αð Þ for α< α1.

B.7 | Proof of Proposition 5

We only need to demonstrate VCNR
S S�ð Þ¼VCNR. The rest of the propo-

sition follows from the analysis in the main text.

Substituting S� in (12) for S in (13) and rearranging, we obtain

VCNR
S S�ð Þ¼ πMþαρ δ

1�δπ
N�F

� ��αT

1� 1�αρð Þδ : ðB24Þ

Comparing (B24) with (4), we find that VCNR
S S�ð Þ¼VCNR.
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