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1 Introduction

The purpose of this survey is to provide a systematic exposition of theoretical contribu-

tions on collusion under adverse selection (typically pre-contractual private information

about own characteristics), covering both oligopolies and auctions.1 The intent is to pro-

vide an informal guide to the literature by describing and connecting theoretical models

and results that stand out. The focus is on the central assumptions that are made,

the main results that are obtained, and the underlying intuition for these results. This

survey may be useful for economic theorists that do not have a deep knowledge of the

field and seek a guide to the literature, and to empirical and experimental economists

that seek theoretical counterparts for their results and conclusions.

The choice of putting together results on collusion in oligopolies and auctions emerged

from the fact that these two types of markets share a relatively similar structure. The

similarity becomes particularly transparent if we think of an oligopoly where firms pro-

duce homogeneous goods, compete by setting prices, and demand is perfectly inelastic.

It is equivalent to consider: (i) an oligopoly in which firms simultaneously set prices

and the firm that sets the lowest price gets a unit demand as long as its price is lower

than the market reservation price; and (ii) a first-price sealed-bid procurement auction

in which firms simultaneously submit sealed-bids and the firm that submits the lowest

bid gets the contract as long as its bid is lower than the reserve price at the auction.2

The literature on collusion in oligopoly under adverse selection is relatively small.

1Collusion under moral hazard, comprising the seminal contribution of Green and Porter (1984) and
the subsequent literature (Kandori and Matsushima, 1998; Harrington and Skrzypacz, 2011), is not
included in this survey. However, a kind of moral hazard with be dealt with when we consider dynamic
models where firms’ private information about their own characteristics evolves over time (truthful
revelation of such post-contractual information is subject to moral hazard). Also mostly left out from
this survey is the literature on collusion (under adverse selection) in organizations (Tirole, 1986; Laffont
and Tirole, 1991; Tirole, 1992; Mookherjee and Tsumagari, 2004). Another topic that is not covered
is contract renegotiation (Dewatripont and Maskin, 1990), which can be viewed as a having a parallel
with collusion between future incarnations of principal and agent against their past incarnations.

2The difference between procurement auctions and auctions for the sale of an object is only apparent.
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This is probably due to the fact that most of the literature on oligopoly theory does

not involve adverse selection. As a result, when one starts to think about collusion in

oligopoly, one does not primarily think about adverse selection. However, issues such as

private information about production costs can jeopardize the possibility of establishing

a collusive agreement. On the other hand, almost all the literature on auction theory

involves adverse selection (bidders have private information about their own valuations),

which explains the sizeable literature on collusion in auctions under adverse selection.

To the best of my knowledge, there is no survey on collusion with private information

in oligopolistic settings.3 In contrast, collusion in auctions (which are almost always

assumed to involve private information on the part of bidders) has been the subject of

several surveys worth mentioning. The earliest of those was provided by Hendricks and

Porter (1989), who explained the intuition behind some of the issues that arise in the

establishment of collusive agreements in auctions. More recently, Salmon (2004) con-

tributed with a survey focusing on the design of spectrum auctions (which are typically

ascending multi-unit auctions) under the threat of collusion. An excellent source on

collusion in auctions, with a much broader scope than this review of theoretical develop-

ments, is the book by Marshall and Marx (2012). Very recently, Hendricks et al. (2014)

surveyed theoretical, empirical and experimental results on collusion in auctions.4

It is clear from this review that the main theoretical conclusions regarding the effec-

tiveness of collusion depend on the normative approach that is used and also on various

modelling options. In the literature on static collusion, the dominant normative approach

3There are several surveys on collusion in oligopoly, but none focused on private information. More-
over, the informational issue most discussed is imperfect monitoring of rivals’ behaviour (moral hazard).
Existing surveys on the behaviour of cartels in oligopolies include those by Jacquemin and Slade (1989),
Feuerstein (2005), Harrington (2006), Levenstein and Suslow (2006) and Ivaldi et al. (2007). The use
of game theory in industrial organisation was reviewed by Bagwell and Wolinsky (2002), and a compre-
hensive piece on bargaining with incomplete information was provided by Ausubel et al. (2002).

4In more practitioner-oriented contributions, Albano et al. (2006) and Kovacic et al. (2006) system-
atized precautionary measures aimed at inhibiting coordination in auctions. The experimental research
on collusion in multi-unit auctions was surveyed by Kwasnica and Sherstyuk (2013).
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to the study of cartel formation is based on the idea of a collusive mechanism designed ex

ante by a benevolent and uninformed third-party. The alternative approach is to have

one agent bribing the other, which raises the issue of signalling. In the literature on

dynamic collusion, the assumptions regarding communication and enforcement vary. In

some contributions, there exists an explicit mechanism collecting messages and giving

recommendations. In another strand, there is only tacit collusion5, that is, even without

explicit communication, non-cooperative equilibria emerge which yield profits that are

comparable or even equal to those that would be obtained under explicit collusion.

The survey is structured as follows. Section 2 reviews the theoretical literature on

collusion in oligopolies under adverse selection, being divided in three parts: Section 2.1

briefly describes some empirical evidence, Section 2.2 is dedicated to static models, and

Section 2.3 is dedicated to dynamic models. Section 3 reviews the theoretical literature

on collusion in auctions, being divided in several parts. After some empirical evidence is

briefly described in Section 3.1, Section 3.2 describes early contributions, in which com-

plete information among cartel members is assumed. Sections 3.3 and 3.4 are dedicated

to collusion in second-price auctions and first-price auctions, respectively. In Section 3.5,

the issue of bid recommendation versus bid enforcement is examined. Section 3.6 dis-

cusses interim cartel formation using the concept of ratifiability. Section 3.7 is dedicated

to collusion-proof auction design, being divided in a part on collusion-proof mechanism

design and a part specifically on collusion-proof auction design. Section 3.8 approaches

the issue of collusion through bribing the rival. Section 3.9 contrasts the case of common

values with the baseline case of independent private values. Section 3.10 describes some

specific situations in which tacit collusion emerges in single auctions. Section 3.11 is ded-

icated to collusion in repeated auctions (with private values and with common values).

Section 3.12 reviews the literature on collusion in simultaneous auctions, and, finally,

Section 3.13 mentions additional issues, such as auctions with externalities, corruption

5Collusion is said to be tacit, as opposed to explicit, when there are no side-payments and no
communication.
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of the auctioneer, the cooperative game theory approach to collusion in auctions, and

collusive (low-revenue) equilibria due to reputation building.

2 Collusion in oligopolies under adverse selection

2.1 Collusion in practice

The importance of taking into account asymmetric information constraints in the study

of collusion was stressed by Cabral (2005), mostly grounded on the discussion of the

lysine cartel by Eichenwald (2001). In this case, one of the dominant firms bluffed about

its capacity and cost level to discourage competitors from engaging in a price war, while

cheating by setting a lower price and conquering a greater market share than had been

agreed by the cartel.

Another instance in which adverse selection hindered collusion was reported by Hal-

lagan (1985). When a marketing order (legal collusive agreement) was proposed to hop

growers, those that had already invested in cost-reducing capacity expansions had rea-

sons to be unsatisfied with their allocated market shares and were probably those that

rejected the agreement. The predominant use of forward contracts in the hops industry

allowed the extraction of information about planned future output, which was then used

to elaborate a successful proposal.6

Cost asymmetries among firms originate participation issues, as observed by Genesove

and Mullin (1999) in their study on the trade association of cane sugar refiners, and by

Johnson and Libecap (1982) in their description of the obstacles to legal collusion among

6Cartels frequently use past market shares as a basis to decide collusive market shares (Marshall and
Marx, 2012, pp. 120-127), but “freezing” market shares is far from straightforward if these are unstable
or difficult to observe.
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shrimp fishermen that are heterogeneous in skill. When these asymmetries are very costly

to verify, they may not be accommodated in the design of the collusive agreement and,

therefore, constitute an obstacle to collusion. In some instances, communication about

production costs can be credible and thus help in establishing effective collusion, as in

the case of the maple flooring manufacturers’ association (Posner, 2009).

Third-party mediation for the establishment and maintenance of collusive behaviour

has been observed in practice, with this role being typically played by consulting firms

or trade associations.7 Side-payments among colluding firms have also been observed,

sometimes taking the form of buying the rival’s output (Harrington, 2006, pp. 57-61) or

litigation settlements (Marshall et al., 1994a).

2.2 Static models

The formal study of collusion between oligopolistic firms that are privately informed

about their own characteristics began with the contribution of Roberts (1985). In his

model, two firms, indexed by i ∈ {1, 2}, produce an homogeneous good having private

information about their i.i.d. unit costs, ci ∈ {c, c}. Firms collude by reporting their

costs to a third-party that decides the output of each firm, (q1, q2), as a function of the

profile of reports, (ĉ1, ĉ2). Side-payments are not allowed (in the baseline scenario).

In this setting, a perfectly efficient cartel agreement has two characteristics: (1) total

output is equal to the monopoly output of the firm with the lowest cost; and (2) the

low-cost firm carries out all the production whenever firms are asymmetric. However,

efficiency conflicts with the incentives for a high-cost firm to truthfully reveal its cost,

because this results in zero profit if the rival is a low-cost firm. Roberts (1985) found that

the most efficient cartel agreement that is incentive compatible involves two distortions

7Marshall and Marx (2012, p. 138) mention firm AC-Treuhand AG as having a long history of sup-
porting colluding firms.
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that prevent the high-cost firm from misrepresenting itself as a low-cost firm: (1) there

is excess output when both firms announce a high cost; and (2) not all production is

carried out by the low-cost firm when firms are asymmetric.

Allowing budget-balanced side-payment schemes, Roberts (1985) concluded that these

avoid the distortions by making it possible to appropriately compensate the high-cost

firm for not producing when firms are asymmetric. With side-payments, it is possible to

implement an efficient cartel in dominant strategies. The side-payment from the low-cost

firm to the high-cost firm must be: (i) not lower than the profit that a high-cost firm

would earn by producing half of the low-cost monopoly output (to provide incentives for

a high-cost firm to announce a high-cost supposing that the rival announces a low-cost);

and (ii) not higher than half of the low-cost monopoly profit (to provide incentives for

a low-cost firm to announce a low-cost supposing that the rival announces a low-cost).

The minimum value of the side-payment coincides with the outcome of a second-price

auction for the right to produce the low-cost firm’s monopoly output.

In his analysis, Roberts (1985) neglected the issue of participation in the collusive

agreement. In practice, it is possible that a firm may prefer not to join a cartel upon

observing its cost (interim individual rationality) or that a firm may prefer to abandon

a cartel upon observing the cartel’s recommendation (ex post individual rationality).

As shown by Cramton and Palfrey (1990) and by Kihlstrom and Vives (1989, 1992),

participation should not be taken for granted in the study of collusion with private

information.

A difficulty in incorporating participation constraints in cartel formation is that it

becomes necessary to take into account what happens if a firm rejects the cartel agree-

ment. Cramton and Palfrey (1990) explicitly modelled the threat game, or status quo

game, as a Cournot or Bertrand oligopoly with private information. Another difference

with respect to the work of Roberts (1985) is that they have considered a finite number

of firms and a continuum of possible types instead of two firms and a binary set of types.
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The cardinality of the type space is relevant because the result of Roberts (1985) on

the implementability of the efficient cartel (with side-payments) does not resist to the

consideration of a continuum of possible types instead of two possible types, although it

still holds with more than two firms if there are only two possible types (Cramton and

Palfrey, 1990).

In the setting of Cramton and Palfrey (1990), a finite number of firms, i ∈ {1, ..., n},

report their i.i.d. unit costs, ci ∈ [c, c], to a third party that decides the output of

each firm, (q1, ..., qn), and a budget-balanced side-payment scheme, (t1, ..., tn) such that∑n
i=1 ti = 0. The analysis is carried out for the case of linear markets, i.e., under the

assumption that unit costs are constant and that market demand is linear: p = a− (q1 +

q2). Instead of reporting its unit cost, a firm can reject the mechanism, which means

that the cartel agreement is subject to interim individual rationality (IR) constraints.

Cramton and Palfrey (1990) assumed that the consequence of a unilateral rejection of the

mechanism is that the cartel breaks down and there is Cournot or Bertrand competition

under private information about costs. Together with the incentive compatibility (IC)

constraints, ex post efficiency pins down interim expected profits. Defining the “worst-off

type” as the one that gains the least or loses the most from collusion, ex post efficient

collusion is possible if the interim IR constraint is satisfied for this type. Under the threat

of Cournot competition, the worst-off type is the interior type for which the expected

output under the cartel agreement coincides with the expected output under Cournot

competition. If the continuation game is à la Bertrand, then the worst-off type is the

lowest-cost firm. Cramton and Palfrey (1990) claimed that ex post efficient collusion

becomes impossible as the number of firms grows. They formally showed this in the

case of a Bertrand threat game under the assumption that the distribution over types

is “unconcentrated” at the lowest cost8, and said that it is possible to show this in the

case of a Cournot threat game if the distribution over types is uniform.

8Precisely, under the assumption that there exists c∗ > c such that F (c) < 2(c−c)
a−c for all c ∈ (c, c∗).
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Cramton and Palfrey (1990) discussed two limitations of their analysis. One is the

problem of entry. Since there is a side-payment for not producing, a firm whose unit cost

is above the market’s reservation price would like to participate in the cartel. Therefore,

some way of filtering out inefficient firms is necessary for the cartel to form. Another

limitation is the assumption that there is no learning from disagreement: when the cartel

mechanism is rejected (out of equilibrium), firms do not update their beliefs about the

unit costs of the other firms. However, firms could infer that a firm that rejects the

agreement must have a relatively low cost and, as a result, expect a higher expected

output from that firm (than they expected at the interim stage) in the Cournot continu-

ation game. As a result of their updated beliefs, firms would conclude that it is in their

interest to produce less. This update would provide the defecting firm with an additional

incentive to defect.

Kihlstrom and Vives (1989, 1992), in a parallel development to the one by Cramton

and Palfrey (1990), also modified the model of Roberts (1985) with side-payments by

introducing individual rationality constraints and a threat game consisting of Cournot

competition with private information about costs. Their contribution is closer to Roberts

(1985) in that firms also have a binary type space.

In the framework of Kihlstrom and Vives (1989), two firms report their i.i.d. costs

(high or low) to a third-party that decides the output of each firm and a side-payment

scheme in which money burning is allowed but external subsidies are not. They studied

whether the industry profit-maximising outcome is implementable if firms can decide

whether or not to participate in the cartel at the interim stage and/or at the ex post

stage. If any of the firms rejects the cartel agreement, firms compete à la Cournot.

Competition takes place with private information about costs if the rejection is at the

interim stage, and with full information if rejection is only ex post. As in the framework

of Roberts (1985), to implement the industry profit-maximising collusive outcome, a side-

payment from the low-cost firm to the high-cost firm is necessary to provide incentives

for the high-cost firm to report a high cost (and, thus, give up production and profits).
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However, the side-payment cannot be too large for the IR restriction of the low-cost firm

to be satisfied. With linear demand, IC is compatible with interim IR and is compatible

with ex post IR. But, in general, interim IR and ex post IR are not compatible.

In the contribution of Kihlstrom and Vives (1992), it is also the case that firms report

their i.i.d. costs (finite number of types) to a third-party that decides the output of

each firm together with an ex post budget-balanced side-payment scheme. Firms choose

whether or not to join the cartel at the interim stage and may also have the opportunity

to withdraw from the agreement after observing the recommendation of the third-party

(i.e., at the ex post stage). In the case of a duopoly, they replicated the result of their

previous work (Kihlstrom and Vives, 1989): implementation of the efficient cartel is

possible if only interim IR is imposed, but not, in general, if both interim IR and ex

post IR are imposed. The problem is that the side-payment from the low-cost firm to

the high-cost firm must be large enough for the agreement to satisfy interim IR of the

high-cost firm, but, then, it becomes too large to be ex post IR for the low-cost firm when

facing a high-cost firm. Kihlstrom and Vives (1992) also remarked that if the industry

profit-maximising outcome is not implementable, no collusive outcome is implementable.

To understand the scenario in which they consider a continuum of firms, it is im-

portant to notice that, under the law of large numbers, the information is the same at

the interim stage and at the ex post stage (assuming deterministic cartel mechanisms).

Therefore, there is no distinction between interim IR and ex post IR. In this scenario, the

industry profit-maximising outcome is implementable. It is only in a variant scenario in

which a unilateral rejection does not break down the cartel, leading instead to Cournot

competition between the firm that rejected the agreement and a cartel composed by the

remaining firms, that Kihlstrom and Vives (1992) find that implementation of efficient

collusion is not possible.

Note the contrast between the results by Cramton and Palfrey (1990) – with suffi-

ciently many firms, implementation is not possible – and those by Kihlstrom and Vives
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(1992) – with a continuum of firms, implementation is possible. The origin of these

opposite results is that while Cramton and Palfrey (1990) considered a finite number

of firms and a continuum of possible types, Kihlstrom and Vives (1992) considered a

continuum of firms and a finite number of possible types. As a result, in the framework

of Kihlstrom and Vives (1992) there is a continuum of lowest-cost firms, which implies

that defection is not attractive because it leads to perfect competition and no profit.

Similarly to Cramton and Palfrey (1990), Kihlstrom and Vives (1989, 1992) also as-

sumed that there is no learning from disagreement. Recall that this means that firms

do not update their beliefs following a rejection of the cartel agreement. Firms simply

retain their priors about the characteristics of their rivals, disregarding the informational

content of the rejection. It is said that firms hold passive beliefs. Since profits in the con-

tinuation game (Cournot competition with private information) are affected by beliefs,

the updating of beliefs would modify the interim IR condition.

This was shown to be an important neglect by Cramton and Palfrey (1995). For

situations in which beliefs affect the reservation utility, they proposed a two-stage game

to separate the decision to participate in a mechanism from the actual play of the mech-

anism. In the first stage, firms either accept or reject the mechanism. If all firms accept

the mechanism, it is ratified. In this case, firms play the second-stage of the game, that is,

the mechanism. If, in the first stage, some firm rejects the mechanism, the mechanism is

not ratified. Firms receive information about who rejected the mechanism, update their

beliefs about the characteristics of their rivals, and then play a status quo mechanism.

The solution concept that they proposed for this two-stage game is the perfect sequen-

tial equilibrium, which is a refinement of the sequential equilibrium concept proposed by

Grossman and Perry (1986) to rule out implausible out-of-equilibrium beliefs.

As an application of this concept, Cramton and Palfrey (1995) showed that the cartel

agreement that they proposed in their previous work (Cramton and Palfrey, 1990) does

not survive ratifiability. No sequential equilibrium of the two-stage game in which an
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efficient cartel mechanism is ratified survives the refinement proposed by Grossman and

Perry (1986). This means that if we replace passive beliefs by a more tenable form of

belief updating, efficient collusion is no longer implementable. The intuition for this

result had already been put forward by Cramton and Palfrey (1990): by rejecting the

cartel mechanism, a firm credibly signals that it is efficient and (since Cournot quantities

are strategic substitutes) earns a higher profit in the continuation game. It is this

conjectured increase in profit that makes it beneficial for the firm to reject the cartel

mechanism in the first place.

It remains an open question, therefore, what is the optimal cartel mechanism that is

interim IR under plausible beliefs following a rejection. Attention cannot be restricted

to ratifiable mechanisms without loss of generality, since Celik and Peters (2011) showed

that there are collusive agreements that can only be implemented through mechanisms

that are rejected (by some types) in equilibrium. They provided an example based on a

Cournot duopoly with one-sided private information about cost. While the unit cost of

firm 1 is public, firm 2 has private information about its unit cost (low or high). As in

the extant literature, a third-party proposes a collusive mechanism specifying outputs

and side-payment as a function of the type reported by firm 2. Before the actual report

is made, there is a ratification stage in which firms either accept or reject the mechanism.

If both accept, the mechanism is played; if at least one rejects, firms update their beliefs

and engage in Cournot competition. Celik and Peters (2011) focused on equilibria that

involve positive probability of ratification and positive probability of rejection. They

constructed a mechanism that is only accepted by firm 2 if its cost is low, under which

firm 1 has lower expected profits than in the absence of the mechanism. This happens

because revelation hurts firm 1 (in expected terms), since its profit as a function of beliefs

is not convex. The resulting allocation cannot be implementable by a mechanism that is

accepted by both types of firm 2. If both types of firm 2 accepted the mechanism, firm 1

would not learn the type of firm 2 and would reject the mechanism because it prefers to

compete à la Cournot with interim beliefs. Celik and Peters (2011) pointed out that the
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allocation that maximizes industry profits is implementable with equilibrium rejection of

the mechanism but not by a mechanism that is always accepted. They also considered

a general model with n firms and i.i.d. private values in which they provided a lower

bound on implementable individual payoffs.

2.3 Dynamic models

In dynamic settings, the side-payment from the low-cost firm to the high-cost firm that

compensates the high-cost firm for not producing and having zero profit can be replaced

by a promise of a future compensation in the form of a greater market share. Repeated

interactions make it possible, therefore, to sustain at least some degree of collusion

without the need for side-payments.

Athey and Bagwell (2001) were the first to show this. They considered an infinitely

repeated Bertrand game, in which two firms have privately observed i.i.d. unit costs in

each period, ci,t ∈ {c, c}, and prices are publicly observed.9 In their model, demand is

perfectly inelastic: there is a unit mass of consumers whose reservation price is r > c.

Collusion does not rely on a third-party designing a mechanism. Instead, after firms

observe their costs, they either announce a cost level or say nothing, ai,t ∈ {c, c, N}.

Then, each firm selects a price and makes a market share proposal. The firm with the

lowest price captures the unit demand as long as the price is not greater than the reser-

vation price. If prices coincide, the market share proposals apply as long as their sum is

exactly one and no firm said nothing; if they do not add up to one or if some firm said

nothing, each firm captures half of the demand. There are no side-payments. Observe

that, when firms are symmetric, the output allocation does not interfere with the indus-

try profit. Therefore, instead of a side-payment as in Cramton and Palfrey (1990) and

9For simplicity, the probability of a firm’s cost being low was assumed to be higher than the proba-
bility of being high: Prob(ci,t = c) > Prob(ci,t = c).
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Kihlstrom and Vives (1992), the compensation of the high-cost firm for not producing

is a future favourable output allocation in periods when costs are symmetric. The com-

pensation is limited because it must be compatible with a perfect public equilibrium of

the continuation game.10 In a future period in which costs are equal, it must be optimal

for the disfavoured firm to accept a sufficiently low share of output and refrain from

undercutting the cartel price.

Athey and Bagwell (2001) established that, if firms are sufficiently patient, efficiency

can be attained in this environment. Otherwise, firms sacrifice the efficient allocation of

output to increase incentives to reveal a high cost and decrease incentives to defect when

a firm must relinquish market share. Firms prefer to sacrifice efficiency than to reduce

price, which is always set equal to the reservation price. Athey and Bagwell (2001) also

studied the case in which firms are unable to communicate and the case in which firms

are allowed to make side-payments.

In a related contribution, Athey et al. (2004) considered the case in which the set of

possible realisations of the unit cost is an interval: ci,t ∈ [c, c]. They restricted attention

to symmetric perfect public equilibria, in which a collusive scheme can be described at

any period by a relation between privately observed cost and price and by a continuation

value, the same for all firms. The restriction to symmetric PPE is relatively strong,

because asymmetric schemes would allow one firm to have a greater continuation value

than the other.

Hörner and Jamison (2007) modified the informational structure of the model of Athey

and Bagwell (2001) by assuming that firms only observe if they have captured the unit

demand or not (demand is inelastic and fully allocated to a single firm) and not the prices

and demand of the rivals. Since they allow any finite number of firms, even if a deviation

is detected, the identity of the deviator does not become public information. In fact,

10A perfect public equilibrium (PPE) is a perfect Bayesian equilibrium in which strategies specify the
actions to be carried out in each period as a function of public history and current private information
(private histories are ignored).
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there is no public information at all, as public randomisation devices are also not allowed.

Hörner and Jamison (2007) showed that, even in this environment, full collusion can be

approximately attained. They also considered the case in which there are more than

two cost types and obtained a slightly weaker result (approximately full collusion can be

attained in a robust ε-equilibrium11). To construct their collusive equilibrium strategies,

they built on the notion of review strategies (Radner, 1985). There is a sequence of

rounds, each composed by a large number of periods. In each round, each firm is entitled

to a given number of “wins” (capture of the whole market at the reservation price). If, at

the end of a round, a firm got less wins that its quota, this firm detects that some other

firm has cheated. Between rounds, there is a short communication stage, in which firms

are supposed to win in an alternate way, independently of their costs.12 Depending on the

outcome of the communication stage, punishment can be triggered. In the punishment

phase, the firm that reported cheating is allowed to win in several consecutive periods

at a relatively low price (chosen so that the firm is exactly indifferent between reporting

and not reporting).

Chan and Zhang (2015) considered a similar environment to the one studied by Hörner

and Jamison (2007), but with demand elasticity (covering Cournot and Bertrand compe-

tition) and allowing side-payments between firms. They concluded that it is possible for

a cartel that does not observe prices nor costs to simultaneously solve the adverse selec-

tion problem (revelation of private information) and the moral hazard problem (secret

price undercutting).

11A robust ε-equilibrium only requires that a firm cannot gain more than a small ε > 0 by deviating.
See Radner (1981).

12Communication does not always occur, but it does occur with a sufficiently high probability. If the
firm that was supposed to win in the last period of the communication stage has detected cheating, it
should undercut the price in the first period of the communication stage, thereby communicating the
detection to the firm that was supposed to win in the first period. The firm that was supposed to win in
the first period learns that a detection occurred and communicates this to the firm that was supposed
to win in the second period by undercutting price in the second period. And so on. In this way, all
firms learn that cheating has occurred.
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Athey and Bagwell (2008) considered persistent cost shocks, that is, unit costs cor-

related over time (but still independent across firms). They studied two models: one in

which costs follow a Markov process with two states and imperfect persistence; another

in which there is a continuum of possible costs and persistence is perfect. In all other

aspects, their framework is similar to the one of Athey and Bagwell (2001): demand is

inelastic and there are no side-payments. In fact, their first model becomes equivalent

to the model of Athey and Bagwell (2001) when correlation is set to zero.13

Athey and Bagwell (2008) started by constructing the best pooling equilibrium, in

which firms share the market in equal parts and set a price that is equal to the consumers’

reservation price. In this equilibrium, prices are at their maximum level, but there is

no productive efficiency (market shares are independent of costs). The best pooling

equilibrium is sustained by a stick-and-carrot punishment scheme in which firms start by

sharing the market at a low price and, in each period, with some probability, switch back

to the collusive path (equal market shares and price equal to the consumers’ reservation

price). This equilibrium exists if firms are sufficiently patient. Under the assumption

that the cost distribution is log-concave, the best pooling equilibrium is actually the best

equilibrium if costs are perfectly persistent and it is close to optimal if costs are almost

perfectly persistent.

In the case of perfectly persistent costs but with a distribution that is not log-concave,

equilibria with an initial signalling stage (followed by a stage in which prices are higher

but market shares depend on early signals) may yield greater profits than the best

pooling equilibrium. In the case of imperfect persistence, if firms are sufficiently patient

to enforce the best pooling equilibrium, they can also enforce an “odd-even” equilibrium

in which there is partial productive efficiency and higher profits. In odd periods, the

low-cost firm gets a higher market share; in even periods, if a firm received a high market

13The model of Chakrabarti (2010) is similar to the perfect persistence model of Athey and Bagwell
(2008), but with Cournot competition (instead of Bertrand competition) and downward sloping demand
(instead of perfectly inelastic demand).
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share in the previous period, it receives a lower market share. With independent costs,

this entails some productive efficiency in odd periods but not in even periods (the cost

of the firm with an earned market share advantage is drawn from the prior distribution).

With persistence, some efficiency is lost because high-cost firms become more likely to

serve the market in even periods than low-cost firms. Athey and Bagwell (2008) found

that if persistence is sufficiently low, first-best collusion is possible. The global message

of their contribution is the following: when patience is high relatively to persistence,

there is productive efficiency, high prices and market shares are less correlated over time

than costs; when persistence is high relatively to patience, production is inefficient, prices

are high and market shares are stable.

Building on the model of Athey and Bagwell (2001), Lee (2010) introduced internal

contracting inside the firms (that can also be interpreted as vertical contracting with

a supplier). In each firm, it is a manager that privately observes the unit cost (high

or low) and reports it to the owner. The objective function of the manager is the

difference between the transfer received from the owner and the production cost. The

owner maximises the difference between sales revenues and the transfer paid to the

manager. It is the owners that communicate among themselves to establish a collusive

agreement. Efficient collusion consists in setting a price equal to the reservation price

of consumers (demand is inelastic) and allocating production to the lowest cost firm

(whenever firms are asymmetric). The timing of the game is as follows: (i) each manager

privately observes its cost type; (ii) each owner publicly offers a contract to its manager,14

specifying the output and transfer as a function of type; (iii) each manager reports its

type to the owner; (iv) each firm sets its price and makes a market-share proposal. In this

model, as in the strategic delegation model of Fershtman and Judd (1987), contracting

with managers allows firms to modify their behaviour. In this case, firms are able to

restrict their incentives to distort private information and, as a result, expand the scope

for efficient collusion.

14It seems restrictive to assume that a contract that is internal to the firm is perfectly observed.
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Hanazono and Yang (2007) and Gerlach (2009) also studied collusion in an infinitely

repeated Bertrand game with private information. But, in their models, in each period,

firms receive i.i.d. private signals about a binary demand shock (common value signals

instead of private value signals).

Miller (2012) studied collusion with private information allowing for interdependence

of cost shocks across firms (but not across time periods). He imposed a stronger solution

concept, perfect public equilibrium with ex post incentive compatibility in each period,

which guarantees robustness with respect to signals that are payoff irrelevant but which

may convey information about payoff relevant signals received by the rivals. The ex post

incentive compatibility condition in each period implies that firms still wish to report

truthfully after observing their rivals’ signals. In this setting, Miller (2012) concluded

that price wars always arise in equilibrium whenever firms’ costs depend not only on

their privately observed signals but also on the signals that are privately observed by

their rivals (that is, in environments with interdependent values).
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3 Collusion in auctions under adverse selection

3.1 Collusion in practice

Collusion in auctions is a pervasive phenomenon, having been responsible for most of the

criminal cases filed by the Antitrust Division of the U.S. Department of Justice between

1982 and 1988 (Porter and Zona, 1993). According to Graham and Marshall (1987): “a

retired auctioneer once noted that in 40 years of auctioneering, he had yet to attend an

auction at which a ring was not present.”

In what has been considered a prototypical case of bidder collusion (Addyston Pipe

& Steel Co.), the cartel agreed on the final price and conducted a pre-auction knockout

among its members to determine the designated winner (Marshall and Meurer, 2004;

Marshall and Marx, 2007). Pre-auction knockouts were also employed by a cartel of

stamp dealers, described in detail by Asker (2010). In another instance, after an auction

of a collection of rare books, colluding bidders used a post-auction mechanism to divide

the spoils (Porter, 1992).15

In other instances, exogenous rotation mechanisms were used instead of knockouts,

as in the electrical equipment conspiracy (Smith, 1961). Their “phases-of-the-moon”

system was a complex system of rotating designated winners that also calculated the bids

to be submitted by the cartel members, with the objective of concealing the collusive

behaviour from the authorities.

In his study of bidder collusion in school milk contracts, Pesendorfer (2000) noted that

the Florida cartel used side-payments while the Texas cartel did not. Therefore, there is

evidence on the existence of collusive agreements with and without side-payments.

15See Marshall and Marx (2012), pp. 59-64, for a description of cases in which knockouts and systems
of nested knockouts were used by cartels.
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Other well documented cases are those of bidder collusion in the Japanese construction

industry (McMillan, 1991), in forest timber sales Baldwin et al. (1997), and in school

milk procurement in Ohio (Porter and Zona, 1999). According to Athey and Levin

(2001), private information about common values played a significant role in U.S. Forest

Service auctions for timber sales.

Klemperer (1999, 2002) stressed that preventing collusion is crucial for auction design,

and argued that ascending and uniform auctions are vulnerable while the Anglo-Dutch

auction performs better. In addition to auction design, effective antitrust is also essential

to prevent collusion.

3.2 Early contributions

Early contributions to the literature on collusion in auctions neglected the issue of pro-

viding incentives for truthful revelation of information inside the cartel (Robinson, 1985;

Fehl and Güth, 1987; von Ungern-Sternberg, 1988). It was exogenously assumed that

cartel members truthfully shared their information among themselves. The focus was on

the incentives for defection from the collusive agreement at the moment of the auction.

Robinson (1985) explained that collusion is sustainable in second-price auctions but

not in first-price auctions, in the general case of affiliated values (which includes inde-

pendent private values and pure common values as particular cases). In a second-price

auction, the cartel agreement should be that the highest-value bidder bids his valuation

of the good while the others bid the reserve price. No bidder has incentives to cheat

on this agreement. As a result, the cartel obtains the good at the reserve price. In a

first-price auction, for the outcome to be the same, the cartel would have to recommend

that all bidders bid the reserve price. However, a bidder with a valuation above the

reserve price would have incentives to defect in order to obtain the good at a price only

slightly higher than the reserve price. For that reason, the cartel cannot convince the
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bidder with the highest valuation to bid below the second highest valuation, and this

renders collusion ineffective in first-price auctions.16

While Robinson (1985) presumed the cartel’s designated winner to be the bidder with

the highest-value, von Ungern-Sternberg (1988) allowed the designated winner to be a

bidder with a lower valuation (a bid rotation scheme or another reward for past collusive

behaviour may justify such designation). One of the core messages of the contribution

of Robinson (1985) is that, in a second-price auction or an ascending auction, bidding

(or remaining active until) the true value implements collusion in dominant strategies

if the designated winner is the highest-value agent. The main message of the contribu-

tion of von Ungern-Sternberg (1988) is that, even if the designated winner is not the

highest-value agent, collusion can still be implemented in a second-price auction by rec-

ommending the designated winner to submit an infinite bid. Two caveats should be

added. First, in ascending auctions, the threat of remaining in the auction forever lacks

credibility. How will the designated winner react to learning that a rival bidder deviated

from the collusive agreement and remained active until the designated winner’s valua-

tion? Even in second-price auctions, the credibility of bidding above one’s valuation is

questionable, as it is weakly dominated by bidding one’s valuation. The second caveat

is that the presence of outsiders reduces the designated winner’s incentives to bid above

his own valuation.

These early contributions involved several strong assumptions: exogenous participa-

tion in the cartel, exogenous information sharing among cartel members, and absence

of a strategic response from the auctioneer. Still, they were important to further our

understanding of the relationship between the format of the auction and the incentives

16Fehl and Güth (1987), also assuming exogenous information sharing inside the cartel, essentially
confirmed the results of Robinson (1985) in a setting that allowed for a continuum of possibilities between
first-price and second-price auctions (price being a weighted average between the first and the second
price) and for external competition from an outsider. When deriving the optimal behaviour of the cartel
in the face of external competition, Fehl and Güth (1987) assumed that the cartel was uncertain about
the outsider’s valuation, while the outsider knew the cartel’s valuation.
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for deviation from the cartel agreement at the moment of bidding.

3.3 Collusive mechanisms in second-price auctions

Graham and Marshall (1987) were the first to simultaneously take into account five issues

that are faced by a cartel, in the context of a second-price auction: (i) the problem of

participation in the cartel; (ii) the problem of truthful information sharing inside the

cartel; (iii) the problem of defection at the moment of the auction; (iv) the existence of

external competition; and (iv) the strategic reaction of the auctioneer.17

In the model of Graham and Marshall (1987), there is a finite number of ex ante

symmetric bidders, i ∈ {1, ..., n}, with independent private valuations, vi ∈ [v, v], with

probability density f(vi) and cumulative probability F (vi), of which k bidders form a

cartel. Before the auction takes place, a third-party runs a pre-auction knockout to

determine the cartel’s designated winner, that is, the member of the cartel that will be

recommended to bid at the auction. The third-party must earn zero profit in expectation

but may have positive or negative profits ex post (there is only ex ante budget-balance).

The proposed pre-auction knockout is itself a second-price auction.

More precisely, the collusive mechanism proposed by Graham and Marshall (1987),

designated as PAKT, works as follows: (i) a third-party pays a fixed amount to each

member of the cartel; (ii) each member submits a bid to the third-party; (iii) the highest

bidder becomes the cartel’s designated winner and is recommended to submit his valu-

ation at the auction while the other members are recommended to submit no bid or to

bid not higher than the reserve price; (iv) each bidder submits a bid at the auction; (v)

17Graham and Marshall (1987) also studied a variant of the ascending auction (that can be designated
as a Japanese English thermometer auction) in which price increases continuously and in which the
auctioneer only sets a reserve price after observing the second price, i.e., the price at which only a single
bidder remains active. The results that they obtained with this auction format are similar to those
obtained in the simpler case of the sealed-bid second-price auction.
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if the designated winner wins the auction, he pays the third-party the difference between

the second highest bid at the pre-auction knockout and the price paid at the auction,

if this difference is positive.18 Under this mechanism, the gains from collusion, which

only exist if the cartel includes the two highest-value bidders, are transferred by the

designated winner of the auction to the third-party, which had previously transferred to

each member of the cartel an equal share of the ex ante expected gains from collusion.

As a result, each bidder gets his non-cooperative payoff plus an equal share of the ex

ante expected gains from collusion.

This collusive mechanism is interim individually rational, incentive compatible (agents

report their valuations truthfully and submit the recommended bids), durable19 (mem-

bers would never unanimously approve a change to another mechanism after knowing

everyone’s valuations) and first-best efficient (the cartel member with the highest-value

gets the object at the reserve price or at the highest outside valuation whenever his

valuation is higher than the reserve price and the highest outside valuation).

In this environment, cartels of any size are viable, and the gains from collusion to each

member increase with the size of the cartel. Therefore, the auctioneer should expect to

face a global cartel (k = n) and, as a result, should set a reserve price that is optimal

taking into account that she is facing a single bidder with a valuation drawn from the

distribution F n. That is, the auctioneer should set the monopoly price associated with

the demand given by q(p) = 1−F (p)n. As a result, it can be shown that cartel formation

may involve a prisoner’s dilemma, in the sense that, if the number of bidders is small,

the increase of the reserve price by the auctioneer in response to the existence of a cartel

can make the cartel worse off than if it had not been formed in the first place.

Graham et al. (1990) noted that in contexts in which bidders are significantly het-

erogeneous, nested structures of coalitions typically emerge. Using the framework of

18This payment from the designated winner to the third-party is assumed to be exogenously enforced.

19In the sense of Holmström and Myerson (1983).
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Graham and Marshall (1987), but with ex ante heterogeneous bidders, they considered

a system of nested knockouts and concluded that gains from collusion are distributed

among members of the cartel according to their ex ante Shapley value.

Mailath and Zemsky (1991) also studied the consequences of ex ante heterogeneity

among bidders in the context of a second-price auction with independent private values.

They established that efficient collusion by any subset of bidders is still possible if ex post

budget-balance is imposed.20 Mailath and Zemsky (1991) showed that efficiency implies

that a bidder’s interim expected gain from colluding relatively to competing must be

independent of his type (it must coincide, therefore, with the ex ante expected gain).

In the mechanism that they propose, which is an AGV mechanism21, the side-payment

has two parcels. Each bidder: (i) pays to the cartel his interim expected gain from

being the designated winner and obtaining the object at the reserve price instead of the

second highest value; (ii) receives an equal fraction of the other bidders analogous interim

expected gains.22 This means that bidders with lower valuations receive greater side-

payments (to exactly compensate their lower expected gain from being the designated

winner and getting the object at the auction at the reserve price instead of the second

price). Mailath and Zemsky (1991) also concluded that the collusive surplus can be

divided in a way that no subset of bidders is better off by colluding among themselves

and excluding the other bidders (the cooperative game whose characteristic function is

the ex ante collusive surplus of that coalition has a non-empty core).23

20When dealing with heterogeneous bidders, Graham et al. (1990) only imposed the weaker condition
of ex ante budget-balance.

21See d’Aspremont and Gérard-Varet (1979) and Arrow (1979).

22Considering an all-inclusive cartel, the side-payment received by bidder i is:

ti(v) = −
∫ vi

v

max(v − r, 0) g−i(v) dv +
1

n− 1

∑
j 6=i

∫ vj

v

max(v − r, 0) g−j(v) dv + σi,

where r is the reserve price, g−i is the probability density of the highest value among all bidders except i,
and σi is a fixed component (which should be null if bidders are ex ante symmetric) satisfying

∑
j σj = 0.

23The collusive mechanism of Mailath and Zemsky (1991) does not appear to be collusion-proof, as
two bidders may want to jointly deviate at the knockout with the lowest-value bidder announcing the
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Observe that, just like the mechanism of Graham and Marshall (1987), the mechanism

of Mailath and Zemsky (1991) does not require an ex ante commitment to form a cartel,

as there is always an interim expected gain from colluding relatively to competing, which

is independent of own type and, by definition, independent of the types of the other

bidders. Being constant, this interim expected gain from participating must necessarily

be equal to the bidder’s share of the ex ante expected gain from colluding.

Lopomo et al. (2005) studied ascending auctions with heterogeneously distributed

independent private values. The distinctive feature of their framework is that they ruled

out pre-auction communication, considering instead a post-auction knockout.24 They

assumed that the cartel cannot restrict its members from participating in the auction25,

and imposed ex post budget balance, which makes their setup similar to the one of

Mailath and Zemsky (1991) but without pre-auction communication.26 In contrast with

the previous literature, they concluded that collusion in ascending auctions generates

inefficiency (the bidder with the highest valuation may not get the object). This may

seem surprising, because, with independent private values, ascending auctions are effi-

cient and, furthermore, the post-auction knockout that they proposed is itself an efficient

auction. The problem is that the post-auction mechanism gives incentives for some types

of bidders to overbid at the main auction. If only ex ante budget-balance was imposed,

the cartel would be able to collude efficiently by employing an analogous mechanism to

the one proposed by Marshall and Marx (2007).27

reserve price in order to maximise the transfer that he receives.

24The post-auction knockout is related to the dissolution of a partnership (Cramton et al., 1987).

25In any case, in the absence of pre-auction communication, the ability to restrict all cartel members
except one from participating would not be useful (Lopomo et al., 2005).

26Although this hasn’t been formally shown by Mailath and Zemsky (1991), their mechanism works
even if the cartel cannot restrict its members from participating in the auction.

27This mechanism consists in the designated winner paying the third-party what would be the interim
expected value of the collusive gain if the second-highest bidder was the designated winner (that is, the
negative externality imposed by the designated winner on the remaining cartel members), and all cartel
members receiving an equal share of the ex ante expected value of this payment so that ex ante budget-
balance is satisfied. As explained by Lopomo et al. (2005), this mechanism can be adapted to dispense
with pre-auction communication. All that is necessary is to recommend cartel members to exit the
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Marshall and Marx (2009) studied the impact of two auction design “details” on the

vulnerability to collusion of ascending and second-price auctions with independent pri-

vate values, focusing on cartel agreements that only require payments from the bidder

that wins the auction. Together with the second-price auction, they considered four

variations of the ascending auction, distinguished by whether bidders can reenter the

auction28 and by whether the bidder IDs (not the underlying identities) of the active

bidders are publicly revealed. Furthermore, they considered three registration regimes,

according to the information that is made public about bidder IDs and underlying identi-

ties: transparent (all information is public), semitransparent (there is public information

about the set of bidder IDs but not about the underlying identities) and nontransparent

(no public information). Note that if registration is semitransparent, an all-inclusive

cartel can verify that no member has multiple bidder IDs and, in that case, the semi-

transparent regime is equivalent to the transparent regime. Marshall and Marx (2009)

considered ex ante cartel formation and assumed that if some bidder does not join the

cartel, the others bid non-cooperatively. The ex ante budget-balanced side-payment

scheme was assumed to be exogenously enforced.

Without restrictions on side-payments, first-best collusion can be achieved in all sce-

narios, both with the mechanism of Marshall and Marx (2007) or with that of Mailath

and Zemsky (1991). The focus of the investigation is on scenarios in which only the

winner pays. Even with that important restriction on side-payments, first-best collusion

can be achieved in any auction format if registration is transparent and the winner’s ID

is revealed. If the cartel is all-inclusive, semitransparent registration is sufficient. Other-

wise, with semitransparent or nontransparent registration, first-best collusion cannot be

achieved at a second-price auction or ascending auction without revelation of active bid-

auction when the price reaches their value or when all non-cartel bidders have exited (as a result, the
cartel obtains the object at the lowest possible price). After the auction, every member receives a fixed
payment from a third-party (calculated to exactly satisfy ex ante budget-balance), and a second-price
auction determines who keeps the object and pays the second-price to the third-party.

28In a Japanese English auction (Milgrom and Weber, 1982), reentry is not possible; in a standard
English auction, reentry is possible.
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der IDs. In an ascending auction with revelation of active bidder IDs, first-best collusion

can be achieved, even if registration is nontransparent. In sum, collusion is facilitated

by: the revelation of information during an ascending auction; and the disclosure of

information about the number of bidders and their underlying identities.

3.4 Collusive mechanisms in first-price auctions

McAfee and McMillan (1992) studied collusion in sealed-bid first-price auctions with in-

dependent private values, focusing on all-inclusive cartels. They distinguished between

weak cartels, in which there are no side-payments, and strong cartels, in which ex post

budget-balanced side-payments schemes are allowed. McAfee and McMillan (1992) con-

sidered the problem of designing a cartel mechanism with the objective of maximising

the ex ante expected value of cartel profits. A cartel mechanism dictates bids and side-

payments (if they are allowed) as a function of the profile of reported valuations. An

important restriction of their work is the assumption that agents cannot deviate at the

moment of the auction. Contrarily to the early contribution of Robinson (1985), the

focus of McAfee and McMillan (1992) is on the incentives for truthful revelation of pri-

vate information. The ex ante incentives to join a cartel were analysed through a cartel

formation game, but the interim incentives to participate were not investigated.29

To tackle the case of weak cartels, McAfee and McMillan (1992) started by showing

that if bidders whose valuation is not higher than the reserve price are restricted to have

no profit (as is forcefully the case in weak cartels), efficiency implies non-cooperative

profits.30 As a result, a weak cartel cannot implement an efficient collusive agreement.

The characteristics of the optimal (second-best) collusive mechanism depend on the

29Participation in a cartel that is able to enforce recommended bids can be always induced by trig-
gering a harsh punishment whenever there is a unilateral rejection to participate (for example, one of
the members that accepts to participate is forced to submit a bid equal to v).

30There is efficiency if it is always the bidder with the highest valuation that gets the object.
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shape of the hazard rate, f(v)
1−F (v)

. If the hazard rate is strictly increasing, the best that a

weak cartel can do is implement a kind of best pooling equilibrium, in which all agents

with a valuation above the reserve price bid the reserve price while the others bid zero.

This agreement sacrifices efficiency: as the seller allocates the good randomly, the buyer

with the highest valuation does not necessarily get the object. On the other hand, this

agreement has the advantage of implementing the most collusive price, thus capturing

the maximum possible surplus from the seller. The case in which the hazard rate is

weakly decreasing (which is a less natural case) is even more adverse for the cartel:

collusion is totally ineffective as it cannot improve on non-cooperative profits. In both

cases, each bid is a function of only the bidder’s own valuation. This means that weak

cartels can dispense with communication without loss.

Strong cartels are much more effective. McAfee and McMillan (1992) proved that

if the cartel is all-inclusive, the first-best collusive agreement is implementable: it is

always the bidder with the highest valuation that gets the object and the seller only

receives the reserve price. Optimal collusion can be implemented through a first-price

pre-auction knockout. If the highest bid is above the reserve price, this bidder bids the

reserve price at the auction and the difference between the second highest bid and the

reserve price (if it is positive) is equally divided among the cartel members. McAfee

and McMillan (1992) remarked that a budget-breaker (allowing ex ante budget-balance

instead of ex post budget-balance) is not necessary to implement first-best collusion, but

would have the advantage of allowing implementation in dominant strategies (through

a second-price pre-auction knockout). McAfee and McMillan (1992) also remarked that

bidders with values below the reserve price must earn some profit for side-payments to

be useful. If bidders with values below the reserve price are restricted to have no profit,

then the optimal (second-best) collusive mechanism is the same as in the case of weak

cartels, that is, side-payments are useless.

The seller’s response to collusion is an increase of the reserve price. If there are

few bidders, collusive profits (taking into account the response of the seller) end up
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being lower than non-cooperative profits. Bidders, as well as the seller, are hurt by the

possibility of collusion. They would prefer to commit to bid non-cooperatively, if that

was possible. This was also the conclusion of Graham and Marshall (1987) in the context

of second-price auctions.

Marshall et al. (1994b) used numerical methods to study cartel behaviour in the

presence of outsiders in first-price auctions. Even if bidders are symmetric, as a result of

collusion, the cartel representative becomes asymmetric with respect to outside bidders.

In that setting (first-price auctions with ex ante heterogeneous bidders), a closed-form

solution is not available.

Waehrer (1999) studied joint bidding in first-price auctions with asymmetric inde-

pendent private values. He showed that (fixing the number of bidding groups), group

payoffs per member are decreasing in size in first-price auctions and increasing in size in

second-price auctions.

3.5 BCMs versus BSMs

Marshall and Marx (2007) studied collusion in first-price and second-price auctions with

heterogeneously distributed independent private values. They focused on incomplete

cartels (i.e., they allowed competition from outsiders), and this made it inevitable to

deal with the technical difficulties of the analysis of asymmetric first-price auctions.

Their setting allows ex ante budget-balanced side-payment schemes (ex post budget-

balance could be assumed in second-price auctions but would complicate the analysis

of first-price auctions) and involves ex ante participation decisions and a non-strategic

auctioneer. Restricting their attention to pre-auction mechanisms (i.e., mechanisms

that do not rely on outcome of the auction), Marshall and Marx (2007) distinguished

between a bid submission mechanism (BSM)31, which describes a cartel that has complete

31Marshall and Marx (2012, p. 190) mention a case in which a bidder also submitted the bid for at

29



control over bids, and a bid coordination mechanism (BCM), which describes a cartel

that recommends bids to its members but cannot enforce the recommended bids. In a

BCM, contrarily to a BSM, bidders have the opportunity to deviate at the auction.32

Marshall and Marx (2007) showed that a BCM can fully suppress ring competition

in a second-price auction33 but not in a first-price auction. In a first-price auction, the

designated winner should be recommended to bid above what would be optimal to avoid

other cartel members from overbidding while another cartel member should be recom-

mended to bid just below the designated winner’s bid to avoid the designated bidder

from underbidding. They left open the question of whether a BCM can actually achieve

any collusive gains in a first-price auction, to which Lopomo et al. (2011) answered neg-

atively. Considering two ex ante symmetric bidders with binary type-spaces, Lopomo

et al. (2011) concluded that collusion between the two bidders is totally ineffective: no

collusive mechanism can improve on non-cooperative profits. Marshall and Marx (2007)

also showed that a BSM can suppress ring competition in both first-price and second-

price auctions, but is vulnerable to shill-bidding (bids submitted by ring members under

a different name that cannot be traced back to them) in first-price auctions.

3.6 Ratifiability

Tan and Yilankaya (2007) showed that, in second-price auctions with participation costs

(even if these are arbitrarily small), the efficient cartel mechanism proposed by Mailath

least one of its competitors (U.S. v. Brinkley & Son).

32Mailath and Zemsky (1991) and McAfee and McMillan (1992) have studied BSMs, but the mecha-
nism proposed by Mailath and Zemsky (1991) for collusion in second-price auctions also seems to work
as a BCM (it is not necessary to restrict the behaviour of the cartel members at the auction).

33They use a mechanism in which all bidders receive an equal share of the ex ante collusive gains.
More precisely: bidders receive a fixed payment from the mechanism, s, and, if the cartel is all-inclusive,
the designated winner pays v(2) − r to the mechanism if the second highest bid at the knockout is v(2)
and the reserve price is r. If the cartel is not all-inclusive, the designated winner pays the expected
value of the collusive gains at the auction (the uncertainty concerns the values of the outside bidders).
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and Zemsky (1991) is not ratifiable. By rejecting the cartel agreement, a bidder credibly

signals that it has a high value, discouraging other bidders from participating in the

auction. Suppose that a credible veto set (that is, a self-fulfilling set of types that

reject the mechanism)34 is composed by types in [vx, v]. All bidders with a valuation

below vx are discouraged from participating in the auction (because they would pay

the participation cost and surely lose the auction). Bidders with valuations that are

only slightly higher than vx would also be discouraged because the expected gain at the

auction would not compensate the participation cost. Even a bidder with valuation v

would be discouraged from participating in the auction if he believed that mechanism

had been rejected by a bidder with a type sufficiently close to v. Tan and Yilankaya

(2007) found that, for any strictly positive value of the participation cost, there exists a

credible veto set and concluded that the cartel mechanism is not ratifiable. With a null

participation cost, the origin of non-ratifiability disappears because it is always weakly

preferable for any bidder to participate at the auction.35

Considering learning from disagreement, that is, dispensing with the assumption of

passive beliefs, Hendricks et al. (2008) found that in the case of pure common values,

any mechanism with positive interim expected payoff is ratifiable. With pure common

values, if the rejection of the cartel mechanism credibly signals a high signal, the other

bidders are led to bid even more aggressively. As a result, a mechanism that is accepted

with passive beliefs is also accepted if there is learning from disagreement.

34To understand the concept of ratifiability, suppose that, following an out-of-equilibrium rejection
of the mechanism, the other bidders form the belief that the types that would have plausibly rejected
the mechanism are those that belong to some veto set, and thus update their beliefs using Bayes’ rule
conditioning on this set. If, given this form of updating, the types in the veto set are exactly those
that prefer the continuation game to the status quo game, the veto set is credible and we say that the
mechanism is not ratifiable.

35The contribution of Hsueh et al. (2012) is in the same spirit to that of Tan and Yilankaya (2007),
but for first-price auctions.
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3.7 Collusion-proof auction design

3.7.1 Collusion-proof mechanism design

In mechanism design, coalition incentive compatibility conditions were first studied by

Bennett and Conn (1977) and Green and Laffont (1979). Assuming that there are no

informational frictions inside a coalition, they showed that it is impossible to design a

dominant strategy coalition incentive compatible mechanism that is efficient (that is, a

Groves mechanism that is also coalition incentive compatible in dominant strategies).

There always exists a coalition for which truth-telling is not a dominant strategy. Crémer

(1996) obtained a different result in a framework that takes into account the existence

of asymmetric information among members of a coalition, in the sense that coalitions

must coordinate their announcements through mechanisms that must also be dominant

strategy incentive compatible. Crémer (1996) was able to design a mechanism that resists

deviations by coalitions of two agents and which is such that deviations by coalitions of

more than two agents would be undermined by subcoalitions.

In the presence of collusion, it can be conjectured that is not without loss of efficiency

that one can replace a Bayesian incentive compatible mechanism with a dominant strat-

egy incentive compatible mechanism.36 This probably justifies the fact that most of the

subsequent literature on collusion in mechanism design has focused on Bayesian incentive

compatible mechanisms.

In his seminal contribution on collusion in organisations, Tirole (1986) introduced

the principal-agent-supervisor model. The role of the supervisor is to disclose to the

principal information that he may receive about the productivity of the agent. However,

36Without collusion, in many environments, outcomes that are attainable with Bayesian mechanisms
are also attainable with dominant strategy mechanisms. See Mookherjee and Reichelstein (1992) for an
ex post equivalence result, and Manelli and Vincent (2010) and Gershkov et al. (2013) for interim payoff
equivalence results.
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the agent and the supervisor have the opportunity to collude, and this possibility must

be taken into account by the principal when designing the contract with the agent and

the supervisor. Formally, Tirole (1986) introduced coalition incentive constraints that

rule out joint deviations which improve the coalition’s total surplus. In his setting, the

fact that the supervisor’s information is verifiable justifies the absence of informational

frictions and the consequent efficient contracting inside the coalition.

Asymmetric information inside the coalition is relevant in the work of Laffont and

Martimort (1997), who studied collusion-proof mechanism design using a model in which

two firms (downstream and upstream) simultaneously announce their privately known

unit costs (high or low) to a regulator who then decides output (q = q1 = q2) and trans-

fers (t1 and t2) through an IC and interim IR mechanism. However, after the regulator

proposes a mechanism, an uninformed third-party that maximizes the ex ante sum of

agents’ rents can propose to the firms an ex post budget-balanced side-contract through

which the two firms can collude and coordinate in misreporting.37 The side-contract is

a direct mechanism that must also be IC, interim IR38 and budget-balanced, and which

is assumed to be enforceable. A mechanism is collusion-proof if the null side-contract

appears in an equilibrium, and is strongly collusion-proof if the null side-contract is

a characteristic of every equilibria. An important modelling option is that agents are

assumed to non-cooperatively decide (commit) to participate in the main mechanism

before adhering to and exchanging information through the cartel mechanism. This tim-

ing prevents agents from being able to collude on participation. Laffont and Martimort

(1997) found that if there is an ex ante stage in which the firms can agree to equally

share the transfers received by the regulator (in practice, this implies that contracts are

anonymous), collusion is possible. In the absence of such an ex ante stage, the possi-

37Schummer (2000) deviated from the usual consideration of an uninformed third-party in his study
of manipulation of a mechanism by a pair of agents through a bribe offered by one agent to another.

38The participation constraint is analysed under passive beliefs, that is, if firm i rejects the side-
contract, firm j maintains its prior belief about the type distribution of firm i. Observe, however, that
with implementation being in dominant strategies, beliefs are irrelevant.
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bility of collusion is irrelevant when S ′′′(q) ≥ 0, where S(q) is the value of output to

consumers. In this case, although collusion can relax the participation constraints by

increasing agents’ payoffs, the principal can capture all gains from collusion by tighten-

ing participation constraints (decreasing transfers across all types). The fact that agents

cannot collude on participation may be crucial for their results.

Laffont and Martimort (2000) allowed agents’ types to be positively correlated. In

their model, two agents simultaneously announce their privately known valuations (high

or low) for a public good to a regulator who then decides output and transfers (financed

through distortionary taxation).39 They established a weak collusion-proof principle: any

equilibrium outcome can be obtained through a weakly collusion-proof mechanism, that

is, a mechanism such that the null side-contract is a continuation equilibrium. However,

collusion entails a cost for the principal: the optimal collusion-proof mechanism is not

first-best efficient, contrarily to the optimal mechanism in the absence of collusion. In

the base scenario, Laffont and Martimort (2000) considered passive beliefs following an

out-of-equilibrium rejection of the side-contract, but then they showed that the solution

obtained is strongly ratifiable in the sense of Cramton and Palfrey (1995).

In an important contribution on the subject of collusion in organisations, Mookherjee

and Tsumagari (2004) allowed agents to collude before committing to participate.40 In

their model, a principal combines the inputs from two suppliers that have privately

known unit costs, ci ∈ [c, c], to produce an output according to a production function

that is strictly increasing in each input, quasi-concave, and exhibits constant returns to

scale.41 They compared three scenarios: centralisation, in which the principal contracts

with both suppliers, but one of the suppliers can propose to the other supplier a collusive

39They assume that p(v, v) ≥ p(v, v), where p is the prior distribution over type profiles, to prevent
bunching.

40See also Faure-Grimaud et al. (2003).

41Two important limit cases of this class of technologies are perfect complements, considered by
Laffont and Martimort (1997), and perfect substitutes, with which the setting becomes a procurement
auction. In the case of a procurement auction, the side-contract corresponds to a resale contract.
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mechanism designed ex ante that may involve side-payments and input reallocations42;

delegation to a supplier, in which the principal contracts with one supplier, who, in

turn, contracts with the other supplier; and delegation to a middleman, in which the

principal contracts with a middleman (informed or uninformed), who, then, contracts

with both suppliers. Mookherjee and Tsumagari (2004) showed that it is never optimal

for the principal to delegate to one supplier the right to contract with the other supplier,

because centralisation reduces the problem of double marginalisation of rents. Delegation

to an uninformed middleman is even worse than delegation to a supplier. However,

delegation to an informed middleman may be preferable to centralisation if the two inputs

are complements. The informed middleman induces perfect coordination between the

suppliers (whose rents are fully extracted by the middleman), which has the disadvantage

of eliminating competition between suppliers, but the advantage of eliminating the input

distortions that are due to information frictions among suppliers.

Che and Kim (2006) demonstrated that collusion between agents does not hurt the

principal in a large class of environments with risk-neutral agents. The highest payoff

in the absence of collusion can still be implemented in the presence of collusion if types

are uncorrelated. If types are correlated, the implementation result does not hold if

there are only two agents, but holds generically if there are at least three agents. Their

method of implementation is to “sell the allocation to the cartel” for an ex post constant

payoff (equal to the original expected payoff in the absence of collusion), turning the

cartel into the residual claimant of the surplus.43 Notice that, as the cartel becomes the

residual claimant of the surplus, it inherits the same asymmetric information frictions

42In the case of a procurement auction, the side-contract corresponds to a resale contract.

43They give the example of a procurement auction where the buyer has a valuation of 2 and the
two potential suppliers have independent and uniformly distributed costs in the interval [0, 1]. Without
collusion, the best that the buyer can do is to procure the good at an expected price of 2

3 using, for
example, a second-price auction (Myerson, 1981). In the presence of collusion, the buyer can still procure
the good for a price of 2

3 through a sealed-bid auction in which the losing bidder receives 2
3 while the

highest bidder supplies the good and receives his bid from the losing bidder. The buyer always pays 2
3 ,

while the suppliers become residual claimants.
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that were faced by the principal. It is important for their result that they consider the

same timing as Laffont and Martimort (1997, 2000): agents non-cooperatively decide

(commit) to participate before the side-contract is proposed to them.44

3.7.2 Optimal collusion-proof auctions

Dequiedt (2007) investigated the problem of optimal auction design in the presence

of two colluding bidders with binary independent private values. The timing of his

model is the following: (1) bidders learn their valuations; (2) the principal announces

an auction mechanism; (3) the third-party announces a side-contract (that maximizes

the ex ante expected sum of bidders’ surpluses); (4) bidders play in the side-contract;

(5) bidders play in the auction mechanism. Once the side-contract is accepted, bidders

must follow it (it is a BSM). The side-contract specifies a budget-balanced system of

side-payments and, in the scenario in which it is possible, a post-auction reallocation

of the good.45 The side-contract also specifies a punishment strategy to be carried out

if the other bidder rejects the side-contract. This means that the cartel can commit

to punishment strategies if an agent refuses the collusive agreement. The result is that

(with both technologies) collusion is efficient in the optimal collusion-proof auction.

Bidders behave as a single bidder. If reallocation is not possible, the problem of the

seller becomes analogous to multi-product monopoly pricing; if reallocation is possible,

it becomes analogous to single-product monopoly pricing. One important difference

between the setting of Dequiedt (2007) and the one of Laffont and Martimort (1997),

44The focus of this survey is on environments with adverse selection. In a perfect information en-
vironment, neither renegotiation nor collusion (assuming non-binding collusive agreements) diminish
implementability when n ≥ 3 (Sjöström, 1999). Truth-telling is induced by asking also two other agents
to report the type of each agent, and penalising an agent that reports differently from the other two.
Collusion in mechanism design under moral hazard, which is not covered in this survey, was studied by
Baliga and Sjöström (1998), among others.

45There are two side-contract technologies: T1 and T2. Under T1, reallocation is not possible. Under
T2, reallocation is possible.
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Laffont and Martimort (2000) and Che and Kim (2006) is the fact that bidders do not

have to commit to participate in the auction before exchanging information through side-

contracting. This means that, in addition to manipulating the type announcements, the

cartel also manipulates the participation decisions. The other major difference is the

harsh punishment that follows a rejection of the side-contract, which raises a debatable

commitment issue.

In a related contribution, Pavlov (2008) considered a finite number of bidders with

independent private values and a continuum of possible types, considering the same

timing as Dequiedt (2007): the decision to participate in the auction mechanism coming

after cartel formation and communication (there is also collusion on participation). In

some sense, by choosing a mechanism, the principal determines the outside options of

the agents in the cartel problem. If some agent rejects the side-contract, agents play the

mechanism under passive beliefs (this assumption is questionable but hard to dispense

with). In a class of environments, the principal can eliminate all losses from collusion;

for other environments, Pavlov (2008) provides an optimal mechanism (in the class of

symmetric and linear menus). Pavlov (2008) suggests that differences with respect to

the results of Dequiedt (2007) may be due to the set of possible types (binary versus

continuum) or to the fact that in Dequiedt (2007) the cartel can commit to punishment

strategies if the some agent rejects the side-contract. Che and Kim (2009) also indicate

these two possibilities but conjecture that it is the discrete set of types that drives the

results of Dequiedt (2007).

The contribution of Che and Kim (2009) is close to the one of Pavlov (2008), but

they only consider the case in which the principal cannot prohibit the cartel from real-

locating the object after the auction. On the other hand, they allow asymmetric agents

and partial cartels. Perhaps more importantly, Che and Kim (2009) do not impose pas-

sive beliefs following a rejection of the cartel mechanism. They consider both a weak

collusion-proof (WCP) notion and a strong collusion-proof (SCP) notion (an auction

mechanism is collusion-proof if no side-contract makes bidders better off). The WCP
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notion involves passive beliefs following a rejection of the side-contract, as considered by

Pavlov (2008). Under the SCP notion, out-of-equilibrium beliefs are not restricted: the

side-contract cannot hurt the seller in any equilibrium. In any case, the continuation be-

haviour following a rejection of the side-contract is non-cooperative, while in the setting

of Dequiedt (2007) the continuation behaviour was designed to impose the maximum

possible punishment on an agent that rejected the side-contract. Che and Kim (2009)

showed that if the cartel is not all-inclusive, the second-best (i.e., the highest payoff in

the absence of collusion) is WCP implementable. They also gave sufficient conditions

(which are harder to interpret) for the second-best to be SCP implementable.

It is worthwhile mentioning that Dequiedt (2007), Pavlov (2008) and Che and Kim

(2009) considered a BSM, that is, an enforceable mechanism, as the side-contract specifies

the bids that are submitted and is automatically enforced after it is accepted.

3.8 Bribing the rival

3.8.1 Bribing the rival in second-price auctions

Eső and Schummer (2004) explored an alternative approach. Instead of having an un-

informed third-party designing an ex ante optimal collusive mechanism, they allow one

bidder to have the opportunity to bribe its rival before a second-price auction takes

place (they focus on the case of two bidders with i.i.d. private values in a continuum

type space).46 As this is an informed principal framework, the offering of a bribe con-

veys information to the receiver about the valuation of the briber. As is standard in

signalling games, Eső and Schummer (2004) use two refinements to exclude implausible

out-of-equilibrium beliefs: perfect sequential equilibrium (PSE), proposed by Grossman

46Very recently, Balzer (2015) proposed a framework in which one of the bidders proposes a mechanism
(which is a more general contract than a take-it-or-leave-it monetary bribe) to the other bidder, in the
context of second-price auctions and first-price auctions.
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and Perry (1986); and D1, defined by Cho and Kreps (1987) and studied by Cho and

Sobel (1990). When the value of the bribe is exogenously fixed, there are two equilibria:

a separating equilibrium with high-type bribers bribing and low-type receivers accepting;

and a pooling equilibrium with no bribing, which does not survive D1 or PSE. When

the value of the bribe is endogenous, there are many equilibria but a unique continuous

equilibrium. Low-type bribers are separated through the amount that they offer, while

high-type bribers are pooled. The highest bribe is always accepted while other amounts

are accepted with some probability. In any case, the outcome is inefficient.

Chen and Tauman (2006) also considered one bidder bribing the rival before a second-

price auction. In contrast with Eső and Schummer (2004), they take into account the

possibility of shill bidding (a bidder using another identity to get the object). They also

consider independent private values, but restrict the analysis to the case of three possible

types, and at some points to the case of two possible types. Chen and Tauman (2006)

proposed a side-payment mechanism that depends only on the auction price, which is

able to implement some degree of collusion even in an environment in which bids are

secret and only the auction price becomes public information.

3.8.2 Bribing the rival in first-price auctions

Rachmilevitch (2013a) also investigated a situation in which one bidder can bribe his

rival, using the same model as Eső and Schummer (2004) but considering a first-price

auction. This change of auction format has important implications. To begin with,

the second-price format implies separation between the bribing and the bidding because

(independently of beliefs) bidding the true value is always a weakly dominant strategy.

This is not the case in first-price auctions, in which the optimal bid depends on the bid

submitted by the rival. Considering pure strategies, under the assumption that v = 0,

Rachmilevitch (2013a) concluded that the only continuous and monotonic equilibrium

(if it exists) is trivial: all types offer a null bribe. To understand this result, observe that
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if the briber employed a separating strategy, the receiver would be able to identify the

type of briber. Then, the receiver would maximize his payoff by rejecting the bribe and

bidding slightly above the briber’s valuation.

3.9 Affiliated values

With common values, the outcome of an auction with non-cooperative bidders is inef-

ficient. This suggests that this environment is more favourable to collusion. In fact,

McAfee and McMillan (1992) argued that, in common value auctions, the following sim-

ple collusive mechanism would work: randomly select a designated winner and ask all

members to report their valuations. The designated winner would then bid in the auction

having all the information. This mechanism is efficient, because all the information is

known by the bidder, and incentive compatible, because there is no reason for members

to misreport their valuations.

Hendricks et al. (2008) studied collusion with affiliated values (pure common values

and independent private values are particular cases) in first-price auctions with a re-

serve price. They considered an all-inclusive cartel composed by two ex ante symmetric

bidders, imposing ex post budget-balanced side-payments and interim individual ratio-

nality. If cartel formation took place ex ante, the mechanism proposed by McAfee and

McMillan (1992) would implement efficient collusion. However, private information may

interfere with interim cartel formation. Bidders with high signals may earn more if the

auction is competitive than if they form an efficient cartel that is incentive compatible.

The intuition for this is that bidders with low signals don’t have to worry so much about

the winner’s curse and, thus, demand higher payments for revealing their signals. As a

result, a bidder with a high signal ends up paying less to the seller but pays more to the

other bidders. The cartel mechanism proposed by Hendricks et al. (2008), designated

as first-price knockout with information sharing, is a modified version of the first-price

knockout considered by McAfee and McMillan (1992): there is a first-price knockout in
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which the winner pays his bid to the loser and earns the right to be the sole bidder at

the auction; before the auction takes place, the loser reports his valuation to the winner.

Hendricks et al. (2008) considered two types of beliefs originating from the rejection

of the cartel mechanism: passive beliefs and learning from disagreement. Under passive

beliefs, the mechanism is efficient and interim IR in the case of affiliated private values

and in any case in which the reserve price is not binding. In the case of common values

with independent private signals, the first-price knockout with information sharing can

implement any cartel mechanism that is ex post efficient, incentive compatible and ex

ante budget-balanced. In this case, the mechanism is also interim IR if and only if, for the

type with the highest possible valuation, the interim expected payoff from colluding is

greater than the competitive payoff. Considering learning from disagreement, Hendricks

et al. (2008) found that in the case of pure common values, any mechanism with positive

interim payoff is ratifiable. Common values favour ratifiability because rejection of the

mechanism signals a high value and, as a result, induces others to bid more aggressively.47

3.10 Tacit collusion in single auctions

3.10.1 Tacit collusion in auctions with participation costs

Campbell (1998) studied coordination in second-price auctions with participation costs,

considering two bidders with independent private values. In the scenario without cheap

talk, he obtained sufficient conditions for the existence of an asymmetric equilibrium and

for the two bidders to prefer to coordinate on the most asymmetric equilibrium. In the

scenario with cheap talk, bidders do not lose by revealing that their value is below the

participation cost. Moreover, bidders with values above the participation cost do not

47Tan and Yilankaya (2007) showed non-ratifiability of efficient collusion with independent private
values and costly participation.
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gain by announcing lower values, because this would only induce the rival to participate.

As a result, there is partial separation and, consequently, gains from cooperation through

cheap talk.48

3.10.2 Tacit collusion in ascending auctions with resale

Garratt et al. (2009) showed that an ascending auction with resale is susceptible to tacit

collusion. They found an equilibrium in which, with positive probability, one bidder

wins the auction without competition and then optimally resells the good to the other

bidders. More precisely, in this tacit collusion equilibrium, there is a threshold value

below which all bidders except the designated bidder bid zero and, thus, the designated

bidder gets the object at the reserve price. These equilibria Pareto-dominate (from the

perspective of the bidders) the standard equilibrium in which each bidder remains active

until his value is reached. The final outcome may be inefficient due to the arbitrary

choice of the designated bidder.49

3.10.3 Tacit collusion in ascending auctions with common values

Avery (1998) studied strategic jump bidding in ascending (English) auctions50 as a de-

vice to intimidate the opponent, in a way that leads to coordination on an asymmetric

equilibrium that is Pareto-superior for the bidders and reduces the seller’s revenue. Affili-

ated values (with private values and common values being particular cases) are necessary

48It is important to notice that beliefs influence the decision to participate in the second-price auction
but not the bid submitted by an agent that participates, which coincides with his true valuation.

49Inefficiency was also a feature of the model of Lopomo et al. (2005), which has in common the
absence of pre-auction communication.

50Jump bidding is not possible if the auction format is such that it is the auctioneer that increases the
price while bidders only decide whether to exit or not, as in the model of Milgrom and Weber (1982).
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for the results. In an environment with independent private values, it would remain a

dominant strategy for an agent to bid until his valuation is reached.

3.11 Repeated auctions

3.11.1 Independent private values

Aoyagi (2003) studied all-inclusive cartels in repeated auctions without side-payments,

showing that the adjustment of continuation payoffs can partially compensate the lack

of side-payments. Considering two ex ante symmetric bidders with affiliated signals

i.i.d. across time periods, he characterised the equilibrium payoffs for the case of private

or independent values. Aoyagi (2003) focused on bid rotation schemes that work as

follows: the mechanism can be in a symmetric phase or in an asymmetric phase (that

favours one of the bidders); it starts in a symmetric phase, in which the bidder that

reports the highest value becomes the designated winner; with some probability, there

is a transition to an asymmetric phase that favours the bidder that reported the lower

value; after a number of periods in the asymmetric phase, there is the return to the

symmetric phase. Collusion is not first-best efficient, because the recommendations in

the asymmetric phase are not efficient.51

Skrzypacz and Hopenhayn (2004) studied all-inclusive tacit collusion in repeated auc-

tions with independent private values (i.i.d. across time) and limited public monitoring.

They started by explaining that the folk theorem proved by Fudenberg et al. (1994)

establishes that transfers of future payoffs in a repeated game approximate the role of

monetary transfers in a one-shot game (in the case of independent private values). Since

McAfee and McMillan (1992) showed that full collusion is implementable in a single

51Aoyagi (2003) did not consider the reaction of the seller to continued collusion.

43



auction if side-payments are possible, the folk theorem implies that approximately full

collusion is implementable in a repeated game with communication.

The investigation of Skrzypacz and Hopenhayn (2004) focused on the case in which

there is no explicit communication and monitoring is limited in the sense that only

the identity of the winner becomes public information. Athey and Bagwell (2001) had

shown that if agents observe past prices there is no need for explicit communication.

In a scenario with only two bidders, Skrzypacz and Hopenhayn (2004) showed that

the optimal collusive outcome is uniformly bounded away from efficient collusion for

any discount factor. Communication is, therefore, crucial. In a scenario with a finite

number of bidders, they provided tacit collusive schemes relying on temporary exclusion

that improve on bid rotation (scheme in which the designated winner is independent of

valuations and pays the reservation price) and on non-cooperative bidding. They also

showed that large cartels can achieve almost efficient collusion.

Instead of investigating whether efficient collusion can be achieved if firms are suffi-

ciently patient, Thomas (2005) tried to find what reserve price should the seller set to

destabilise collusion. Considering a repeated first-price auction setting with independent

private values that are i.i.d. across time periods, he examined the collusive schemes pro-

posed by McAfee and McMillan (1992) for scenarios without side-payments (bid rotation)

and with side-payments (first-price pre-auction knockout), respectively.

Aoyagi (2007) studied collusion in repeated auctions with communication, considering

a general auction format that includes first-price and second-price auctions as particu-

lar cases, and assuming that the winner of the auction is publicly observable. In his

setting, agents receive signals that are i.i.d. across time periods with a finite support.

For independent and correlated private signals and for general interdependent values,

he identifies relatively weak conditions under which efficient collusion is approximately

attained in an equilibrium. The collusive mechanism proposed by Aoyagi (2007) adjusts

the continuation payoffs through exclusion. Observable deviations are punished through
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permanent reversion to the Nash equilibrium of the stage game. It remains an open

question whether the positive result obtained by Aoyagi (2007) extends to the case in

which the type distribution has a continuum (instead of finite) support, which is the

scenario considered by Aoyagi (2003).

Blume and Heidhues (2006, 2008) studied collusion in repeated auctions without

communication. In their framework, agents only learn whether they got the object

or not. They do not even learn who got the object. Notice that it is in the interest

of an auctioneer to withhold all possible information to make collusion more difficult.

They consider the concept of essentially perfect Bayesian equilibrium. While the previous

literature had focused on public perfect equilibrium, in which strategies are only a function

of public history and current private information, they use private strategies (as there is

no public information, not even about who has deviated).

Rachmilevitch (2013b) also studied tacit collusion in repeated auctions of a standard52

format, proposing an endogenous bid rotation scheme for an environment in which two

bidders with independent private values cannot exchange side-payments nor communi-

cate (except through bidding at each auction), and cannot even rely on a public cor-

relation device. His collusive scheme improves on the bid rotation scheme of McAfee

and McMillan (1992) by letting the current period’s winner be chosen by the previous

period’s loser. This provides a compensation for losing an auction, which is the oppor-

tunity of getting the good for free in the following period, and originates an efficiency

gain because a bidder will choose to win if and only if his valuation is above a certain

threshold. In equilibrium, the previous period’s winner bids zero while the previous pe-

riod’s loser bids slightly above zero if his valuation is above a certain threshold and does

not bid otherwise.

Rachmilevitch (2013a) considered the same setting, but focused on repeated first-price

52Standard auctions include first-price, second-price and all-pay auctions as particular cases. See
Riley and Samuelson (1981).
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auctions and considered bidders with only three possible types. In this case, approxi-

mately efficient collusion can be achieved if bidders are sufficiently patient. An analogous

result had been obtained by Hörner and Jamison (2007) for the two-type case, but their

analysis relied on the ε-equilibrium notion. On the other hand, they did not require

observability of rival’s bids (prices) nor common knowledge of the winner’s identity.

3.11.2 Common values

Feinstein et al. (1985) investigated cartel behaviour in a repeated procurement auction

using a quite complex model involving correlation between valuations across bidders and

across time periods, and substitutability of demand between adjacent periods. They

highlighted that the cartel has incentives to manipulate the expectations of a purchaser

that does not acknowledge the existence of the cartel, even if the scope for manipulation

is limited by the cartel’s need to conceal its existence. This kind of manipulation is

possible due to correlation of valuations across time periods, and plays a meaningful role

because there is demand substitutability across time periods. Since these ingredients

are absent from the subsequent literature on collusion in repeated auctions, this kind of

cartel behaviour did not reappear in the extant literature mentioned above.

3.12 Simultaneous auctions

3.12.1 Sealed-bid auctions

Anton and Yao (1992) studied bidder coordination in first-price split award procurement

auctions. In split award procurement auctions, either all production is awarded to a single

supplier or divided between suppliers. They consider two suppliers with i.i.d. private

information about their own production cost parameters, ci ∈ [c, c]. Each supplier bids
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a price for the total supply and a price for half of the total supply. The buyer selects the

lowest-cost combination. For supplier i, the cost of supplying all the production is ci,

while the cost of supplying half of the production is Cθi. Anton and Yao (1992) focus

on split equilibria, which involve split award for all cost types (sole supplier equilibria,

which involve sole supply for all cost types are similar to single-unit auction equilibria;

hybrid equilibria, in which there is split award for some cost types and sole supply for

other types, involve technical complications). A remarkable feature of split equilibria is

that there is pooling at a constant price (independent of types). If p(θ2) > p(θ1), then

type θ2 would gain by mimicking type θ1 because output is constant (one half of the

total supply) and the transfer would be greater. Split equilibria only exist if splitting

production implies a significant efficiency gain. Precisely, if C < θ

θ+θ
.

Pesendorfer (2000) studied collusion with and without side-payments in simultaneous

first-price auctions with a reserve price. Considering a finite number of bidders with

auction-dependent i.i.d. private values, he showed that efficient collusion cannot be at-

tained without side-payments. Pesendorfer (2000) proposed the “ranking mechanism”,

according to which each bidder submits a ranking of contracts, and each contract goes

to the bidder that ranks it the highest (with random tie-breaking). In this environment,

even weak cartels are approximately efficient: as the number of auctions tends to infinity,

the outcome converges to efficient collusion. Pesendorfer (2000) also showed that strong

cartels should exhibit a higher variance of the number of contracts won by a bidder than

weak cartels. This study had an empirical motivation, which was to investigate bidding

for school milk contracts in Florida and Texas.

3.12.2 Ascending auctions

Milgrom (2000) studied simultaneous ascending auctions. More precisely, an auction for

multiple items in which there are rounds of bidding. In each round, bidders make sealed

bids for items in which they are interested and results are posted (bidders and prices
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become public information). In the subsequent round, bids must involve a minimum (ab-

solute or relative) increment over the standing highest bid. In a subsection on collusion,

Milgrom (2000) remarked that a multi-unit auction in which bidding closes simultane-

ously for all items is more susceptible to collusion than if bidding closes sequentially. He

provided an example in which valuations are publicly known.

Ausubel and Milgrom (2002) introduced a family of ascending package auctions and

concluded that these are more resistant to collusion than the standard simultaneous

ascending auctions. In their setting, there are y varieties of items to be sold and mj

units of each variety j ∈ {1, ..., y}. A package is a vector specifying the number of units

of each variety. They allow exclusive bidding on any number of packages. After each

round, the auctioneer announces what are the provisionally winning bids. The auction

finishes when there are no further bids.

Ausubel and Schwartz (1999) found a paradoxical result when studying uniform price

multi-unit auctions53 in which two bidders submit alternating bids. Under the assump-

tion that bidders know each other’s valuations, there is a single subgame perfect equilib-

rium, which exhibits efficient tacit collusion: one bidder posts a minimal bid on slightly

more than half of the units, the other bidder posts a minimal bid on the remaining units,

and no more bids are submitted so the auction ends.54

Brusco and Lopomo (2002) investigated tacit collusion via signalling in simultaneous

auctions. They considered a multi-object ascending auction that they called “simulta-

neous ascending bid auction”. The presence of multiple objects is amenable to a kind

of market sharing agreement, according to which each bidder gets some of the objects

at the reserve price. In the framework of Brusco and Lopomo (2002), there are no

side-contracts and, therefore, no third-party is involved. In the benchmark scenario, in

53The uniform price auction (or clearing price auction) results in a single price for all units, while the
pay-as-bid auction (or discriminatory price auction) results in a different price for each unit.

54Grimm et al. (2003) also considered an environment without private information in their study of
the German GSM spectrum auction.
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which there is no complementarity between objects, each object j yields an i.i.d. value

vji ∈ [0, 1] to each agent i. In this case, there exists an equilibrium with single ascending

auction strategies (each bidder remains active until his valuation is reached). For the two

bidder and two objects case, they establish existence of a tacit collusion equilibrium with

the following strategies. Bidders initially post a minimum bid on the object that they

prefer. If these are different objects, they do not bid in the second round and, therefore,

each gets one of the objects at the reservation price. If they bid on the same object, they

revert to the equilibrium with single ascending auction strategies. The collusive equi-

librium exists if the expected value of the valuation is greater or equal to 1
2
. Under an

additional condition, Brusco and Lopomo (2002) analyse strategies according to which

bidders still try to coordinate after selecting the same object in the initial round.

Engelbrecht-Wiggans and Kahn (2005) also study tacit collusion equilibria, or low-

revenue equilibria, in simultaneous ascending auctions. They consider two bidders with

i.i.d. valuations for two objects that are simultaneously auctioned. They find collusive

equilibria similar to those in the work of Brusco and Lopomo (2002).55

3.13 Miscellaneous

3.13.1 Auctions with externalities

Caillaud and Jehiel (1998) studied collusion in auctions with externalities. More pre-

cisely, they considered a second-price auction with reserve price and assumed that bidders

have independent private values and suffer a publicly known additive negative external-

ity (a bidders is hurt if another bidder gets the object). The restricted the collusive

55More recently, Ausubel et al. (2014) studied demand reduction (reducing the bid on the marginal
unit in order to reduce the price paid for inframarginal units) and inefficiency in multi-unit auctions,
comparing the revenue and efficiency of the uniform auction with that of the pay-as-bid auction.
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mechanism to be ex ante budget-balanced56 and to satisfy interim IR conditions. They

concluded that the externality may originate a conflict between efficiency and participa-

tion. While it is efficient for the cartel to restrain the bidders from getting the object

(as it internalises the negative externality), high-value bidders have much to lose from

restraining and must be compensated for that. The problem is aggravated as low-value

bidders then tend to mimic the high-value bidders in order to be compensated as well. As

a result, efficient collusion may not be implementable. It should be remarked that out-

of-equilibrium beliefs following a rejection of the mechanism are assumed to be the most

conductible to collusion, which strengthens the conclusion.57 Caillaud and Jehiel (1998)

also considers a scenario in which the seller optimally sets the reserve price anticipating

collusive behaviour by the bidders.

3.13.2 Corrupt auctioneer

LaCasse (1995) studied corruption in the assessment of quality under the threat of gov-

ernment prosecution, in the context of first-price auctions. Corruption of the auction-

eer through bribes was also the subject of the contributions of Compte et al. (2005),

Lambert-Mogiliansky and Sonin (2006) and Lengwiler and Wolfstetter (2010).

3.13.3 Cooperative game theory approach

Güth and Peleg (1996) explored an alternative approach to the study of collusive be-

haviour in auctions, based on the notions of fair division and envy-freeness, and requiring

dominant strategies. In their framework, collusion is totally ineffective.

56They found that ex post budget-balance can be imposed without loss for the cartel.

57Beliefs are relevant in a second-price auction with externalities because they influence the threshold
for participation. Above the threshold, bidders bid their valuation augmented by the externality.
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Barbar and Forges (2007) also approached the problem of cartel formation and be-

haviour from a cooperative game theory perspective, based on the concepts of incen-

tive compatible core and Shapley value. They showed that an ex post budget-balanced

side-payment scheme can implement efficient collusion in second-price auctions with in-

dependent private values, if agents commit to participate ex ante. Core-stable bidding

rings were further investigated by Biran and Forges (2011), in a setting with independent

private values, and by Forges and Orzach (2011), in a setting with common values.

3.13.4 Low-revenue equilibria due to reputation building

Bikhchandani (1988) concluded that a finitely repeated second-price auction with com-

mon values has a low revenue equilibrium if, with a small probability, one of the bidders

values the good slightly more than the other bidder. Kwiek (2011, 2013) also studied bid-

der behaviour using the incomplete information approach to reputation building, which

has been introduced by Kreps and Wilson (1982) and Milgrom and Roberts (1982).
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Crémer, J. (1996). Manipulations by coalitions under asymmetric information: The case

of Groves mechanisms. Games and Economic Behavior, 13(1):39–73.

d’Aspremont, C. and Gérard-Varet, L.-A. (1979). Incentives and incomplete information.

Journal of Public Economics, 11(1):25–45.

Dequiedt, V. (2007). Efficient collusion in optimal auctions. Journal of Economic Theory,

136(1):302–323.

Dewatripont, M. and Maskin, E. (1990). Contract renegotiation in models of asymmetric

information. European Economic Review, 34(2):311–321.

Eichenwald, K. (2001). The informant: A true story. Broadway Books.

Engelbrecht-Wiggans, R. and Kahn, C. M. (2005). Low-revenue equilibria in simultane-

ous ascending-bid auctions. Management Science, 51(3):508–518.
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Güth, W. and Peleg, B. (1996). On ring formation in auctions. Mathematical Social

Sciences, 32(1):1–37.

Hallagan, W. S. (1985). Contracting problems and the adoption of regulatory cartels.

Economic Inquiry, 23(1):37–56.

Hanazono, M. and Yang, H. (2007). Collusion, fluctuating demand, and price rigidity.

International Economic Review, 48(2):483–515.

Harrington, J. E. (2006). How do cartels operate? Now Publishers Inc.

Harrington, J. E. and Skrzypacz, A. (2011). Private monitoring and communica-

tion in cartels: Explaining recent collusive practices. American Economic Review,

101(6):2425–2449.

Hendricks, K., McAfee, R. P., and Williams, M. A. (2014). Auctions and bid rigging.

In Blair, R. D. and Sokol, D. D., editors, Oxford Handbook on International Antitrust

Economics, volume 2, chapter 20. Oxford University Press.

Hendricks, K., Porter, R., and Tan, G. (2008). Bidding rings and the winner’s curse.

RAND Journal of Economics, 39(4):1018–1041.

Hendricks, K. and Porter, R. H. (1989). Collusion in auctions. Annales d’Économie et
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