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20.1. Introduction and Overview

20.1.1. Auctions

An auction is “a market institution with an explicit set of rules determining resource 
allocation and prices on the basis of bids from the market participants” (McAfee and 
McMillan, 1987).1 Auctions are among the oldest market institutions; “marriage auc-
tions” for brides were used in Babylon as early as 500 BC. Products commonly bought 
and sold using auctions include art and jewelry, US Treasury Bills, used cars, the assets 
of bankrupt companies, and radio spectrum. Auctions are also commonly used in the 
government procurement of goods and services. Online auctions comprise a significant 
portion of the rapidly growing electronic commerce marketplace.

Auction theory provides an explicit model of price formation. Traditional mod-
els of competition that furnish equilibrium prices given demand and supply char-
acteristics, such as Cournot and Bertrand models of competition, do not explain the 
price-formation process in terms of buyer-seller interactions. In contrast, auction mech-
anisms explicitly lay out rules that govern the formation of prices. A typical auction con-
sists of a single auctioneer, responsible for selling an object, and a number of bidders 
who wish to buy the object. The auctioneer may announce a reserve price, that is, the 

1 A number of survey papers on auction theory and empirical work have been published. See, e.g., 
McAfee and McMillan (1987), Wilson (1992), Klemperer (1999), and Hendricks and Porter (2007). In 
addition, Klemperer (2008) analyzes the use and misuse of bidding markets in antitrust economics.
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lowest price at which the object would be sold. There are four basic types of single-item 
auctions analyzed in the economics literature: (1) the English auction, (2) the Dutch 
auction, (3) the first-price sealed-bid (FPSB) auction, and (4) the second-price sealed 
bid (SPSB) auction (also called a Vickrey auction).

These four types of auctions are characterized by the following two proper-
ties: (1) whether bids are open or closed (i.e., sealed) and (2) whether the winning bidder 
pays an amount equal to the winning bid or the highest losing bid. An English auction 
is an open-bid auction in which bidders sequentially raise the price of the item until no 
bidder is willing to raise it further. A Dutch auction is an open-bid auction that proceeds 
in the opposite direction: The seller begins the auction at a particular high price, and 
lowers the price until a bidder is willing to purchase the item. In both FPSB and Dutch 
auctions, the winning bidders pay an amount equal to the winning bid. In a closed auc-
tion, each bidder may submit only a single, sealed bid (that is, no bidder may observe 
another bidder’s bid). The seller then considers all submitted bids simultaneously. In 
FPSB and SPSB auctions, bids are submitted in a sealed fashion and are considered 
simultaneously by the seller to determine the winning bidder. In a FPSB auction, the 
highest bidder wins the item and pays an amount equal to the highest bid, that is, the 
winning bid. In a SPSB auction, the highest bidder wins the item and pays an amount 
equal to the second-highest bid, that is, the highest losing bid. In all four auction for-
mats, the seller does not sell the item if the price determined by the auction is below the 
reserve price.

In the theoretical literature on auctions, such as Milgrom and Weber (1982), English 
auctions are usually approximated by Japanese auctions for the sake of analytical con-
venience. In a Japanese auction, the seller starts the auction with the price of the item at 
a minimum level. Each bidder presses and holds down a button while the price of the 
item is raised continuously. Bidders drop out of the auction by releasing their button 
when the price of the item exceeds their willingness to pay, that is, their valuation. Each 
bidder can observe all of the bids. The auction ends when the second-highest bidder 
drops out, so the winning bidder is the last remaining bidder. The continuous increase 
in price in a Japanese auction simplifies the theoretical analysis and makes it trans-
parent that the winning bid in an English auction is approximately the second-highest 
valuation.

20.1.2. Standard Auction Models

The economic literature on auctions typically distinguishes two extreme types of infor-
mation environments: private value (PV) and common value (CV). In a PV auction, 
each bidder knows her own value but not those of other bidders. For example, an art auc-
tion with art collectors who do not intend to resell the item would be analyzed using the 
PV framework. Each bidder’s valuation is a personal characteristic that does not depend 
on other bidders’ valuations. In a CV auction, the value of the item up for auction is the 
same for all bidders, but that value is unknown to the bidders before the auction. Prior to 
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bidding, bidders receive different private signals about the true value of the object. For 
example, in an offshore oil tract auction, bidders conduct their own geologic research to 
form their private estimates of the value of an offshore tract.

The standard economic model of an auction consists of a single seller and n  bid-
ders, i n=1 2, , ..., , who bid at an auction to purchase a single indivisible good. Bidder 
i’s valuation for the good is Vi , a real-valued random variable distributed according 
to the cumulative probability distribution Fi . The value of V  is known only to bidder 
i , but Fi  is known to the seller and the remaining bidders. In the symmetric indepen-
dent private value model (IPV), the valuations of bidders are assumed to be indepen-
dent draws from the same distribution F. In the CV model, the valuations of bidders 
are informative signals about a common value V  unobservable to the bidders. In this 
case, Vi  is typically modeled as an independent draw from a conditional distribution, 
H V. | ,( )  known to the bidders. Bidders in a common value auction are susceptible to 
the “winner’s curse.” A bidder tends to win when she overestimates V  and wins rarely 
when she underestimates V . The PV and CV frameworks also have been merged to 
study auction models in which bidders’ information consists of both private and com-
mon value components; see, for example, Milgrom and Weber (1982) or goeree and 
Offerman (2003).

Auctions are generally modeled as a Bayesian game, and bidders have Bayesian-Nash 
equilibrium bidding strategies. In a FPSB IPV auction, the unique equilibrium 
with n  risk-neutral, symmetric bidders is the collection of bidding functions 
b v v F s ds F xi i i

x n n( [( ( ) ) / ( ) ]) = − − −

−∞∫ 1 1�  for each i n= …1 2, , , . So each bidder bids less than 
her value, and the markdown factor decreases with the number of bidders. In contrast, 
in a SPSB PV auction, each bidder has a weakly dominant strategy to bid her valuation, 
regardless of the number of bidders. In a FPSB CV auction, each bidder shades her bid 
relative to her expected value of the object conditional on winning. However, the shad-
ing factor typically increases with the number of bidders due to the winner’s curse. In 
SPSB CV auctions, the equilibrium is not in dominant strategies and not unique without 
some refinement. One equilibrium involves bidding more than the average value (spe-
cifically bidding the value conditional on a second bidder having the same signal). In 
this case, the actual bid will exceed the willingness to pay, although the second-highest 
bid, the price, will not.

A fundamental (and remarkable) result in auction theory is the revenue equivalence 
theorem for IPV auctions. An auction mechanism (e.g., an English or Dutch auction) 
is efficient if the mechanism allocates the object to the bidder with the highest valua-
tion (Dasgupta and Maskin, 2000). The revenue equivalence theorem essentially states 
that all efficient, symmetric IPV auctions yield the same expected revenue. Thus, for 
IPV auctions, the expected winning bid is the same whether the auction mechanism 
is English, Dutch, FPSB, or SPSB. A necessary assumption for the theorem to hold is 
that the bidder with the lowest feasible valuation expects zero surplus. A first version of 
this result was obtained by Vickrey (1961) and later generalized by Myerson (1981) and 
Riley and Samuelson (1981). The revenue equivalence result does not hold, in general, 
for common-value auctions.
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20.1.3. Collusion in Auctions: Bid Rigging

In a bid-rigging scheme, bidders agree to collude to limit competition and obtain the 
good for a lower price (or higher in the case of procurement) than would result in the 
absence of such explicit collusion.2 A group of bidders who collude in an auction is 
called a bidding ring. Bidding rings may be all-inclusive, that is, include every bidder 
participating in an auction, or incomplete, consisting only of a subset of the set of all 
bidders. As Marshall and Marx (2012, p. 175) summarize: “Colluding bidders suppress 
their rivalry through the elimination of meaningful bids by all colluding bidders except 
for the ring bidder with the highest value. All other details and logistics of bidder col-
lusion flow from this foundational principle of the ring.” Bid rigging is generally illegal 
in the United States, the EU, China, and many other countries.3 Bid rigging is the most 
common form of explicit collusion in auction markets (the other, less common, form 
being explicit collusion between one or more bidders and the auctioneer). This should 
be expected since noncooperative behavior is not jointly optimal for bidders. Bidders 
are collectively better off colluding and transferring gains from trade from the seller to 
the ring.

Rings differ from cartels insofar as they focus on individual auctions rather than a 
broad cross-section of product and geographical markets. The focus simplifies the task 
of a ring: it needs to coordinate the bids submitted by bidders. However, in doing so, 
rings face some of the same challenges as cartels: detection by the antitrust agencies 
or by the seller, internal enforcement, entry, and private information about the gains 
from trade. The ability of rings to solve these problems, and the nature of the solution, 
depends on the type of auction the seller uses.

One solution is to have all bidders submit identical bids, preferably at or near the 
reserve price, and let the seller randomly select the winning bidder. This scheme wastes 
a lot of the potential surplus from collusion because the good is unlikely to go to the 
bidder with the highest valuation. It is also difficult to enforce. Individual bidders have 
a strong incentive to bid slightly more than the agreed-upon price and win the good for 
sure. It is also easy to detect. Not surprisingly, this simple form of collusive bidding has 
become much less common after the US Federal Trade Commission prosecuted numer-
ous cases of identical bidding in the mid-twentieth century. A second solution is to have 

2 There is a substantial economic literature on noncooperative, tacit collusion in auctions. For 
theoretical analyses, see, e.g., Brusco and Lopomo (2002), Fabra (2003), and Blume and Heidhues 
(2006). For empirical analysis, see, e.g., Cramton and Schwartz (2000) and Ishii (2009). For 
experimental analyses, see, e.g., Sherstyuk (1999), Sherstyuk (2002), Kwasnica and Sherstyuk (2007), 
Li and Plott (2008), Sherstyuk and Dulatre (2008), Boone et al. (2009), Haan, Schoonbeek, and Winkel 
(2009), Potters (2009), Phillips and Menkhaus (2009), Brown, Plott, and Sullivan (2009), Hinloopen 
and Onderstal (2010), and Müller and Normann in volume 1 of this Handbook. In addition, there is also a 
substantial economic literature on corruption in auctions, i.e., bidders colluding with the auctioneer. See, 
e.g., Compte, Lambert-Mogiliansky, and Verdier (2005). We do not analyze these literatures here.

3 An interesting exception in the United States is the legality of explicit bid rigging in hostile takeovers 
of publicly traded companies. See McAfee et al. (1993).
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bidders pay kickbacks to each other as payment for either refusing to bid or for submit-
ting “phantom” bids, that is, intentionally losing bids. In order to avoid detection, bid-
ders coordinate on the amount of the “serious” bid, and then “nonserious” bidders place 
phantom bids. This technique requires more communication and explicit discussion of 
prices, but makes collusion more difficult to detect by antitrust authorities using statisti-
cal methods (see discussion below).

The side payments among bidders can also solve the problem of private information. 
The gains from trade captured by the ring from the seller, called the collusive surplus, 
are maximized when the serious bid is submitted by the ring member with the high-
est valuation. But in order to make this assignment, the members of the ring need to 
be incentivized to reveal their valuations. In one-shot auctions, rings typically solve 
this issue by holding a knockout auction, either before or after the seller’s auction, for 
example, Marshall and Marx (2012). The bidder with the highest valuation typically 
wins the knockout auction. The ring members share a sum of money equal to the dif-
ference between the price in the ring’s knockout auction and the price in the original 
auction.

How the collusive surplus is allocated among ring members depends on the nature 
of the ring. If the ring members are symmetric, for example, their valuations are drawn 
from the same distribution, the ring may agree to allocate equal shares of the collusive 
surplus to each ring member. Alternatively, if some members of the ring are economi-
cally stronger than others, for example, have lower costs or higher valuations, the ring 
may allocate the collusive surplus based on those characteristics; see graham, Marshall, 
and Richard (1990). For example, Asker (2010) analyzes how members of a bidding ring 
for the purchase of stamps in the United States allocated the collusive surplus among 
ring members depending on their bids in a knockout auction. Ring members shared 
each increment between bids in the knockout auction, provided their bids were above 
the auction price in the original auction. Half the increment was kept by the winner of 
the knockout auction, with the balance shared equally between those bidders who bid 
equal to or more than the incremental bid in the knockout auction.

In some auctions, for example, procurement contracts and corporate takeovers, a 
bid-rigging ring may allocate the collusive surplus by using subcontracts between ring 
members, by bringing “losing” ring bidders back into the deal as equity owners, or by 
splitting the takeover target into pieces (see McAfee et al., 1993).

In repeated auctions, the ring has more scope for meeting the challenges of collusion. 
The simplest assignment is for ring members simply to take turns, with each being the 
sole bidder in a given auction. More sophisticated bid rotation schemes involve bidders 
communicating with each other regarding items they would like to win. The ring can 
solve the incentive problem without knockout auctions or side payments by agreeing on 
future allocations (Athey and Bagwell, 2001). Bidders can keep a “tally sheet” recording 
each bidder’s winnings to ensure the bidders’ wins approximately balance out over time. 
This type of scheme is more efficient than simple bid rotation schemes, but requires 
more coordination and communication, thus increasing the likelihood the collusion is 
discovered and prosecuted by antitrust authorities.
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The enforcement issue is also more easily solved by rings in repeated auctions. To 
deter bidders from cheating on a collusive agreement in repeated auctions, the ring 
can punish members who cheat by reversion to non-cooperative bidding. A “bidding 
war” ensues in which all firms pay high prices and earn low profits until the collusive 
agreement can be reestablished (see, e.g., Porter, 1983 and 2005 in the context of a 
railroad cartel).

In what follows, we will survey the literature on the theory and practice of bidding 
rings in one-shot auctions and in repeated auctions. The main theme is how the type of 
auction, whether it is first-price or second-price, sealed bid or oral, affects the incentive 
of bidders to collude and the way in which they collude.

20.2. Bid Rigging: Theory

20.2.1. The Incentive to Collude in Different Auction Formats

Economic theory shows that the incentive of bidders to collude in an auction depends 
in part on the auction format (see, e.g., Robinson, 1985, Waehrer, 1999, and Marshall and 
Marx, 2007). In an ascending bid auction, for example, an English auction, the ring bids 
up to the highest valuation of its members. This bidding strategy is the same as if the ring 
member with the highest valuation had bid when there was no collusion. Thus, if in the 
presence of the bidding ring a non-ring member wins the auction, that non-ring mem-
ber pays the same price that she would have paid in the absence of the ring. As Marshall 
and Marx (2012, p. 176) discuss, this has an important implication: “if a ring wins, and 
there are gains to their collusion, then the ring captures all of those gains; however, if the 
ring loses, there are no gains from the collusion for non-ring bidders. The collusion is 
self-contained in this sense.”

In contrast, at a sealed-bid auction, for example, a FPSB auction, the ring submits 
a bid lower than the amount that the ring member with the highest valuation would 
have bid in the absence of the collusion. This shading of the ring’s bid can sometimes 
result in a non-ring member winning the collusive auction when that non-ring mem-
ber would not have won the auction in the absence of the collusion. As Marshall and 
Marx (2012, p. 176) note: “the extra bid shading by the highest-valuing colluding bidder 
opens the possibility that the ring does not capture all the gains to its collusive conduct. 
The non-colluding bidders are beneficiaries, in expected terms, from the collusion.  
. . .The leakage of some of the collusive gain to the outside bidders, which is absent at the 
ascending-bid auction, means the incentives for suppression of rivalry through collu-
sion are typically weaker at the sealed-bid auction than at the ascending-bid auction.”

An interesting corollary to this discussion relates to the incentives of non-ring mem-
bers to join a ring. In the case of ascending bid auctions, non-ring members have no 
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incentive to remain outside of the ring, since the ring captures all the collusive gains. 
In contrast, in the case of FPSB auctions, non-ring members may find it more profit-
able on average to remain outside the ring since the collusive gains leak out to non-ring 
members.

20.2.2. Bid Rigging in One-Shot versus Repeated Auctions

given an auction format, what is the optimal, incentive-compatible collusive mecha-
nism? Is the collusive mechanism efficient? Is it unique? Economic theory attempts to 
answer these questions. A primary issue in the theoretical analysis of bid rigging is sta-
bility. A collusive scheme cannot be sustained in the absence of an appropriate enforce-
ment device, such as side payments or punishments. In the absence of such a device, 
bidders have an incentive to lie about their valuations or otherwise deviate from the 
collusive scheme. Theoretical studies of bid rigging in auctions fall into two broad 
areas: collusion in one-shot auctions and collusion in repeated auctions.

20.2.2.1. Bid Rigging in One-Shot Auctions
graham and Marshall (1987) develop models of bidding rings in SPSB and English IPV 
auctions. They assume that all bidders are ex ante identical in the sense that their valu-
ations are drawn from the same distribution. They describe a collusion mechanism in 
which, prior to the main auction, each ring member submits a sealed “reported bid” to 
a risk-neutral ring center. The ring center determines the two highest reported bids and 
selects the member with the highest reported bid to act as the sole bidder in the actual 
auction. The ring center specifies that the bid submitted in the actual auction should 
equal the highest reported bid submitted to the ring. Other ring members are instructed 
to bid zero or not submit a bid. If the ring member wins the main auction, she pays the 
auctioneer an amount equal to the second-highest bid of all bids submitted in the main 
auction. She also must pay the ring center the difference between (1) the second-highest 
reported bid to the ring and (2) the second-highest bid of all bids submitted in the main 
auction, if this amount is positive.

graham and Marshall show that the auctioneer’s best response to the formation of a 
bidding ring is to set a reserve price that increases as a function of the number of bid-
ders in the ring. For any given number of bidders in a ring, each ring member’s payoff 
to collusion decreases as the reserve price increases. Thus, for any given reserve price, 
the expected payoff to ring members increases as the number of bidders in the ring 
increases. Therefore, the Nash equilibrium is characterized by (1) a ring that includes all 
bidders and (2) a reserve price optimal for such a ring.

From an ex ante perspective, the ring center’s expected payments to ring members 
equal the center’s expected revenues from the ring member who submits the high-
est reported bid to the ring. In this sense, the ring center is ex ante budget balancing. 
However, a difficulty with the graham and Marshall collusion mechanism is that the 
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ring center is not ex post budget balancing. That is, ex post the center’s expected payouts 
exceed its expected revenues.

Mailath and Zemsky (1991) relax the identical-bidder assumption in graham and 
Marshall (1987) and show that an ex post budget balancing efficient collusion can be 
achieved in a second-price auction. Furthermore, this outcome is possible even for a 
proper subset of bidders. They construct an explicit mechanism that implements this ex 
post efficient collusive result. With this efficient mechanism, the collusive surplus can 
always be divided up in such a way that, not only will every bidder wish to participate, 
but every subset of bidders will also wish to participate. As a consequence, no subset of 
bidders can do better by colluding among themselves and excluding the other bidders. 
That is, there exist allocations of the collusive surplus achieved by the ring coalition that 
make each subring better off than it could be in the absence of the ring.

In contrast to the study of bidding rings in SBSP and English auctions, McAfee and 
McMillan (1992) analyze bidding rings in a FPSB IPV game.4 They define two types of 
cartels: weak cartels in which cartel members cannot make side payments, and strong 
cartels in which side payments are permitted. For weak cartels, they prove that the opti-
mal collusive scheme (for a large class of valuation distribution functions) is identical 
bidding. All bidders with valuations above the reserve price bid the reserve price, and 
those with valuations below the reserve price submit bids equal to zero. They show that 
the optimal collusive scheme is inefficient, since the winning bidder is picked at random 
by the auctioneer out of all the bidders submitting identical bids. Thus, the winning bid-
der is not necessarily the bidder with the highest valuation for the object.

For strong cartels, McAfee and McMillan (1992) demonstrate that an efficient, opti-
mal mechanism exists for all-inclusive rings. They show this mechanism can be imple-
mented by having the bidders hold a first “knockout” FPSB auction, and then having 
the winner of this knockout round participate in the actual auction if that winner’s bid 
in the knockout round exceeds the reserve price. The winning cartel member then pays 
each of the losers an equal share of the difference between her bid in the prior, knockout 
auction and the reserve price.

McAfee and McMillan (1992) characterize optimal collusive mechanisms when 
members of the bidding ring report their valuations to a direct, incentive-compatible 
mechanism, for example, a “center.” McAfee and McMillan assume the center specifies 
and enforces the bids. Marshall and Marx (2007) and Lopomo, Marx, and Sun (2011) 
extend the model of McAfee and McMillan (1992) by assuming the center cannot con-
trol the bids ring members submit at the auction, but the center can enforce side pay-
ments between ring members. Lopomo, Marx, and Sun (2011) show in this case that 
no collusive mechanism exists that improves bidders’ payoffs relative to noncooperative 

4 McAfee and McMillan (1992) focus on private value auctions because the optimal ring mechanism 
in the pure common value case is trivial. Efficiency is attained regardless of which member gets the right 
to bid in the seller’s auction. Thus, an all-inclusive ring can use some exogenous method to allocate the 
right to one of its members, such as a random allocation with equal probability weights, and ask each 
bidder to report her valuation.
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bidding even if side payments that depend only on ring members’ reported valuations 
are allowed.

Lopomo, Marshall, and Marx (2005) show that in ascending-bid auctions, ring mem-
bers can have an incentive to bid in ways that can cause the ring to win the item even 
though a non-ring bidder has the highest valuation. The ring mechanism may cause a 
ring member’s reported valuation to increase her payment if another member of the 
ring wins the auction. In this case, ring members have an incentive to report valuations 
in excess of their actual valuations. This causes the ring’s highest valuation to increase, 
so that the ring may win the auction even though a non-ring bidder has the highest valu-
ation. Similarly, if the ring uses a knockout auction, ring members may have an incen-
tive to bid in excess of their valuations if their payment in the knockout auction depends 
on their bids.

Lopomo, Marshall, and Marx’s inefficiency result depends on two assumptions. First, 
there is no preauction communication among the ring members regarding their valua-
tions. Second, the ring must ex post balance its budget. If the first assumption does not 
hold, then the results of Mailath and Zemsky (1991) show that an efficient explicit collu-
sion mechanism exists. If the second assumption does not hold, then a modified version 
of the collusive mechanism in graham and Marshall (1987) yields efficient explicit collu-
sion without preauction communication.

Finally, Hendricks, Porter, and Tan (2008) analyze whether efficient collusion is pos-
sible in FPSB common value auctions. Assuming a ring forms, efficiency is trivially 
obtained since the value of the item by definition is the same, that is, common, to all bid-
ders. So which particular ring member acquires the item is irrelevant from the perspec-
tive of the efficiency of the collusion. However, Hendricks, Porter, and Tan show that the 
ring may be unable to form in the first place, even if the cartel is legal.

Hendricks, Porter, and Tan show that in a common value auction, buyers who 
receive high signals regarding the true value of the object may prefer not to join a bid-
ding ring. In the absence of a bidding ring, a buyer’s only expected payment is to the 
seller in the main auction. In the presence of a bidding ring, a buyer’s expected pay-
ment is the sum of two components: (1) the payment to the seller in the main auction 
and (2) the payment to other buyers in the knockout round. The expected payment of 
a buyer with a high signal to the seller in the main auction is lower with the bidding 
ring. However, with the bidding ring, low-signal bidders, free from worry regarding 
the winner’s curse, bid aggressively in the knockout round. Thus, the expected sum of 
(1) the payment to the seller in the main auction in the presence of a bidding ring and 
(2) payments to other buyers in the knockout round may be greater than the expected 
payment to the seller in the main auction in the absence of a bidding ring. In this case, 
a buyer who receives a high signal regarding the true value of the object prefers not to 
join a bidding ring.

In summary, the literature on collusion in one-shot auctions establishes that bidders 
can collude efficiently in an IPV environment if they can engage in preauction com-
munication and make side transfers to each other. Communication is essential because 
members of the ring have to reveal their private values in order to allocate the object to 
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the member with the highest value. Side transfers are needed to ensure that the mem-
bers tell the truth and bid accordingly.

20.2.2.2. Bid Rigging in Repeated Auctions
The theory of repeated games suggests that repeated play makes it easier for bidders to 
collude, since they can condition their behavior on bids and enforce collusive outcomes 
by threatening to respond to deviations with competitive bidding. This form of collu-
sion is known as tacit collusion, and it is not illegal. The celebrated folk theorem estab-
lishes that sufficiently patient players can construct a self-enforcing scheme in which 
they act as would a single firm and, thereby, achieve first-best collusive profits. However, 
this result assumes that players do not have private information. Therefore, an impor-
tant question addressed in the literature on collusion in repeated auctions is whether an 
all-inclusive ring in an IPV environment can earn first-best collusive profits when mem-
bers do not communicate or make side transfers to each other.

Before proceeding, we define efficient collusion in repeated auctions. A  collusive 
scheme is efficient if, in each auction, the ring (1) bids if and only if the highest valuation 
of its members exceeds the reserve price; (2) never pays the seller more than the reserve 
price; and (3) assigns the object to the member with the highest valuation. Efficient col-
lusion is basically a (random) bid rotation scheme in which each member gets to win 
whenever her valuation is the highest and exceeds the reserve price. By definition, effi-
cient collusion maximizes the ex post surplus of the ring and generates first-best collu-
sive profits.

In a seminal contribution, Skrzypacz and Hopenhayn (2004) establish that tacit col-
lusion cannot achieve first-best collusive profits when bids are private information. They 
consider a model in which bidders bid repeatedly for identical objects sold sequentially 
over time. The seller publicly announces whether the object is sold and the identity of 
the winner but does not provide any information on the bids or the identities of the 
losing bidders. The bidders’ private valuations are distributed independently and iden-
tically across bidders and auctions. The auction format can be any one of the standard 
first-price or second-price auctions. Bidders cannot communicate or make side trans-
fers to each other. In this environment, the authors derive an upper bound on the profits 
that a ring can obtain and show that this upper bound is substantially smaller than the 
profits in an efficient collusive scheme.

The authors also characterize the types of collusive schemes that can achieve the 
upper bound on profits. They first note that any scheme in which, following every pub-
lic history, bidders adopt symmetric bidding strategies does no better than a simple 
bid rotation scheme. This result corresponds to the weak cartel result of McAfee and 
McMillan (1992). That is, symmetric continuation values imply that the bidders share 
equally in future punishments and rewards so there are no transfers and, in that case, the 
best the ring can do is bid rotation. The schemes that do better than bid rotation involve 
treating bidders differently based on their history of wins and losses. The idea is to pun-
ish bidders that have more wins with a lower probability of winning, and even possible 
exclusion, in future auctions. As a result, winners have lower continuation values than 
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losers, and these differences work like transfers. But, despite these transfers, the lack of 
communication reduces collusive profits below the efficient level.

Athey, Bagwell, and Sanchirico (2004) explore this trade-off between efficiency 
and profits in an infinitely repeated Bertrand game with inelastic demand. The firms’ 
costs are independently and identically distributed across firms and periods. The stage 
game is equivalent to a procurement auction since the firm that sets the lowest price 
wins the entire market. Consequently, the model is essentially the same as Skrzypacz 
and Hopenhayn except that bids are publicly observed. The authors characterize the 
set of symmetric equilibria and obtain two striking results. First, they show that, in any 
collusive equilibrium in which bidders use monotone bid functions, the ring achieves 
efficiency (due to the sorting of types) but earns profits that are no better than those gen-
erated by the noncooperative equilibrium. Second, the symmetric scheme that yields 
the highest profit to the ring involves rigid pricing; that is, bidders bid the reserve price 
and the seller randomly chooses a winner. This result is similar to the result obtained 
by Skrzypacz and Hopenhayn and generalizes the weak cartel result of McAfee and 
McMillan (1992) to repeated auctions with observable bids.

If tacit collusion is inefficient, can communication among the members of the ring 
regarding their private information help them achieve first-best collusive profits? And, 
if so, what does the collusive scheme look like? These questions have been addressed in 
several papers.

Athey and Bagwell (2001) consider a simplified version of the infinitely repeated 
Bertrand game discussed above. There are only two firms and their costs in each period 
are identical and independent Bernoulli random variables: “high” with probability η 
and “low” with probability 1 − η. As noted above, their model is equivalent to a repeated 
procurement auction. The firms explicitly, albeit illegally, collude. The authors assume 
that (1) the firms can communicate with each other in each period regarding their cur-
rent costs, but (2) they cannot make side payments (so as to reduce the probability of 
detection by the antitrust authorities). Prices, that is, bids, are public information.

The main result of their paper is that a sufficiently patient ring can achieve the 
first-best collusive profits. The efficient collusive scheme is similar to one that Skrzypacz 
and Hopenhayn construct to show that a ring can do better than bid rotation. In each 
period, the high-cost bidder does not bid and the low-cost bidder bids the reserve 
price. However, the high-cost bidder is favored in future auctions with a higher prob-
ability of being selected in the event that both bidders have same cost. These future 
“market-share” favors have no impact on efficiency since they only occur in periods in 
which the firms’ realized costs are the same. But the market-share favors mean that the 
continuation value of the low-cost bidder is lower than the continuation value of the 
high-cost bidder, and this difference acts like a transfer. The only issue is whether the 
magnitudes of the feasible market-share favors are sufficient to incentivize bidders to 
cooperate and report their costs truthfully. The authors show that, if the firms do not 
discount future profits too heavily, the answer is yes.

Aoyagi (2003) analyzes a model of infinitely repeated auctions consisting of two sym-
metric bidders who bid every period on a single indivisible good. The auction format can 
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be either first-price or second-price. The private signals of the bidders are real-valued and 
identically and independently distributed across bidders and auctions. The bidders report 
their private signals to a communication device, called a “center,” to coordinate their bids 
in each auction. After receiving the reported signals, the center subsequently instructs the 
bidders on how to bid in the auction. A “collusion scheme” consists of the center’s choice 
of instruction rule in every period as a function of the reports and the public histories. The 
public history is the sequence of instruction rules chosen by the center in past auctions and 
the bids in those auctions. A collusion scheme is an equilibrium if, for each bidder, telling 
the truth about her valuations is incentive compatible, and it is rational to adhere to the 
instructions. Aoyagi studies a class of dynamic bid rotation schemes with “grim trigger” 
punishments. In these schemes, the players begin in the collusion phase in which only one 
bidder is instructed to bid in a given stage auction. If a player deviates from the instruc-
tions, a punishment phase is triggered in which the one-shot Nash equilibrium results.

Aoyagi’s dynamic bid rotation scheme works as follows. In the first phase, the center 
uses the efficient instruction rule. That rule instructs the bidder with the higher valua-
tion (based on the bidders’ reported valuations to the center) to bid the reserve price if 
and only if the valuation exceeds the reserve price. The center instructs the other bidder 
not to bid. The difficulty is that the efficient instruction rule is not incentive compat-
ible. Each bidder has an incentive to overstate their reported valuations to the center in 
hopes of winning the auction at the reserve price. To solve this problem, the bid rotation 
scheme has a second phase in which the payoff to the bidder with the highest reported 
valuation is reduced relative to the other bidder with some positive probability. The 
instruction rule in this phase is incentive compatible. The bid rotation scheme proceeds 
in this second phase for a fixed number of periods before reverting to the first stage.

The collusive profits from Aoyagi’s scheme are not first-best but, as in Skrzypacz and 
Hopenhayn’s model, they are higher than the profits the ring would obtain from the 
scheme in which the bidders take turns winning at the reserve price independently of 
their values. The main difference between his model and that of Athey and Bagwell is 
the cardinality of the set of valuations. In the Athey and Bagwell model the set is finite, 
but in Aoyagi’s model the set is the unit interval. Thus, the kind of “market-share” favors 
that Athey and Bagwell use in their optimal collusion scheme is not possible in Aoyagi’s 
model, since the probability of both bidders having the same valuation is zero.

In a subsequent paper, Aoyagi (2007) uses the same model but with a finite type space 
to show that a ring can achieve the first-best collusive profits. The optimal collusion 
scheme is fully efficient, that is, each bidder’s equilibrium payoff is close to what she 
would get if the object were allocated at the reserve price to the highest-valuation bid-
der in every stage auction. Using a similar dynamic bid rotation scheme to that in his 
2003 paper, which allows for bidder communication, Aoyagi identifies conditions under 
which an equilibrium collusion scheme is fully efficient.

One conclusion of the literature on repeated auctions is that bidders do not have to 
use side payments to implement the efficient bid rotation scheme. Strategies in which 
current losers are rewarded in future play can provide sufficient incentives for bidders to 
cooperate. A second conclusion is that sellers can make it difficult for bidders to achieve 
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first-best profits by not making bids public. In this case, bidders have to communicate 
to earn the full benefits from collusion, which makes a ring illegal and easier to detect. 
A third conclusion is that, when bidders are sufficiently patient, communication is suf-
ficient to achieve first-best collusion profits.

20.3. Bid Rigging: Empirical Studies

20.3.1. Empirical Studies of Bid Rigging in Auctions

Porter and Zona (1993) examine bidding for state highway construction procurement 
auctions in Long Island, New York, from 1979 to 1985.5 The New York Department of 
Transportation (“DOT”) awarded approximately $120 million in 186 separate high-
way contracts in this period. The DOT used the FPSB auction format in its highway 
construction procurement auctions. Porter and Zona first evaluate whether the char-
acteristics of these procurement auctions would tend to facilitate collusion. The first 
characteristic of the auctions is the public nature of certain information. Prior to a 
given procurement auction, the DOT made public a “Plan Buyers List” that listed the 
firms that purchased the plans for that highway construction project. Thus, cartel 
members had knowledge of the set of potential bidders against whom they would bid 
before each procurement auction. On the day the winning (low) bidder was selected, 
the DOT publicly announced all bids and the identity of each bidder. As Porter and 
Zona note, this information allowed cartel members to detect deviations from an 
agreement. The second characteristic of the auctions is the DOT’s inelastic demand. 
Out of the 186 highway procurement auctions, 185 were ultimately funded and 
awarded to the low bidder. Thus, any increase in the winning (low) bid caused by suc-
cessful collusion was captured as profits by the cartel. The third characteristic of the 
auctions is the structure of the market for highway construction services. Porter and 
Zona note that on the 25 largest construction jobs, the four largest firms accounted 
for 45% of the bids. The fourth characteristic of the market is the opportunity for the 
firms to communicate. Most of the bidders belonged to the same local trade associa-
tions, and joint bidding was allowed. The fifth characteristic was that the DOT tended 
to run its procurement auctions for larger jobs on a regular basis, at the beginning 
of each year. As Porter and Zona note, the regularity of the auctions would tend to 
make calculating the discounted present value of continued collusion more predict-
able. The final characteristic was that the highway construction firms were relatively 
homogeneous. They used the same technologies and purchased inputs from the same 
suppliers.

5 See also Doane et al. in this volume for a discussion of detecting explicit collusion.
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Porter and Zona next identify five firms as possible members of a highway construc-
tion cartel. One of the firms was convicted in federal court of bid rigging on a high-
way construction job in Long Island in 1984, and the other four firms were unindicted 
coconspirators. The same five firms had been named as participants in bid-rigging con-
spiracies in other antitrust or racketeering suits in New York. Using this information, 
Porter and Zona divide their data into two sets: (1) bids from firms other than the five 
possible cartel firms (called bids from “competitive firms”) and (2) bids from the five 
possible cartel firms. They also restrict their data set to 75 road-paving jobs that had at 
least two bids from competitive firms.

Porter and Zona first estimate a regression model in which the dependent variable is 
the log of a firm’s bid. The independent variables consist of measures of a firm’s capac-
ity and capacity utilization, and dummy variables indicating whether the firm’s head-
quarters was on Long Island, and for competitive firms, whether that firm previously 
had won a highway construction auction on Long Island. Using first the bids from com-
petitive firms, Porter and Zona conclude that the estimated regression fits the data rea-
sonably well and the coefficient estimates have the expected signs. In contrast, using 
bids from the cartel firms, many of the estimated regression coefficients do not have the 
expected signs. A Chow test for equality of the estimated coefficients in the two regres-
sions rejects the null hypothesis that the coefficients in the two regressions are equal. On 
the basis of these results, Porter and Zona conclude that they can reject the null hypoth-
esis of no bid rigging.

Finally, Porter and Zona estimate a second regression model that uses the same 
independent variables, but changes the dependent variable to the rank of a firm’s bid 
in a given auction, rather than the dollar value of its bid as used in their first regression 
model. They first estimate this model using bids from competitive firms. They estimate 
three regressions, one using all the bids, one using just the low bids, and another using 
all bids other than the low bid. Comparing the estimated coefficients in the three regres-
sions, they cannot reject the null hypothesis of no model misspecification. On this basis, 
they cannot conclude that the bids from competitive firms are generated by different 
processes depending on whether the bids are low or not.

Porter and Zona then estimate the same regression model using bids from the cartel 
firms, again estimating three regressions, one using all the bids, one using just the low 
bids, and one using all bids other than the low bid. Comparing the estimated coefficients 
in the three regressions, they reject the null hypothesis of no model misspecification. On 
this basis, they find that they can conclude that the bids from cartel firms are generated 
by different processes depending on whether the bids are low or not. They reject the null 
hypothesis of no phantom bidding and conclude that these five firms engaged in bid 
rigging.

Baldwin, Marshall, and Richard (1997) examine the winning bids and characteristics 
for 108 oral auctions for timber sold by the Forest Service in the Pacific Northwest from 
1975 to 1981. Baldwin, Marshall, and Richard described several salient features of the 
auctions. First, the Forest Service’s reserve prices in the auctions are very low. Second, 
old-growth timber is quite heterogeneous. Bidders invest substantial resources to 
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develop their own valuations of specific forest tracts. Third, second-growth or young 
timber is relatively homogenous and of lower quality than old-growth timber. Fourth, 
despite the fact that timber is extremely heavy per dollar of value, firms with mills within 
100 miles of a given forest tract have approximately the same costs of cutting and trans-
porting the logs. Fifth, the mills differ substantially in terms of their efficiency, which is 
measured by the quantity of merchantable board feet that can be extracted from a given 
log. Logging firms closely guard information regarding the efficiencies of their mills. 
Finally, prior to each oral auction, the Forest Service publicly releases the number of 
qualified bidders, and after each auction, the Forest Service makes public the quantity of 
timber purchased by each firm. In contrast, private sellers of timber do not make such 
information public.

given the importance of private information held by logging firms regarding the 
efficiency of their mills, Baldwin, Marshall, and Richard use an IPV model. In order 
to reduce the heterogeneous nature of the product, they restrict their data set to auc-
tions for second-growth timber. Baldwin, Marshall, and Richard attempt to determine 
whether, after controlling for demand conditions, variations in winning (low) bids are 
better explained by collusion or by variations in the supply of timber. They estimate sev-
eral models: (1) the noncooperative (i.e., noncollusive) model without considering sup-
ply effects; (2) the collusive model without supply effects; (3) the noncooperative model 
with supply effects, and two nesting models that include both collusion and supply 
effects. They conclude that their results strongly suggest that variation in the winning 
bids is best explained by collusion and not by noncooperative behavior or changes in 
supply conditions. They estimate that collusion reduces the auction revenues received 
by the Forest Service by approximately 7.9% across all the auctions. However, for a subset 
of 13 auctions that had particularly low winning bids, the loss in revenues to the Forest 
Service was approximately 52.9%.

Athey, Levin, and Seira (2011) examine Forest Service auctions that occurred in 
Idaho-Montana and California between 1982 and 1990. (See also Athey and Levin, 
2001, for analyses of Forest Service auctions.) Since the Forest Service used both open 
and sealed bids, Athey, Levin, and Seira are able to test how prices and revenues vary 
between the two auction formats. They show that sealed bid auctions attract more small 
bidders and tend to yield higher revenues to the Forest Service. Bidders may be log-
gers (i.e., small firms without manufacturing capacity) or mills (i.e., larger firms with 
manufacturing capacity). They estimate a structural IPV model that allows for entry 
on the part of bidders, and then they use that model to predict prices and revenues in 
Idaho-Montana and California with open or sealed bid auctions. They find that average 
open auction sales prices and average sealed bids in California are close to their pre-
dicted values, assuming firms behave competitively. This competitive result also holds 
for average sealed bids in Idaho-Montana. However, average open auction sales prices 
in Idaho-Montana are statistically different than both predicted competitive and col-
lusive prices. Athey, Levin, and Seira (p. 251) conclude that “mildly cooperative behav-
ior on the part of participating mills appears to provide a better match than either the 
competitive or fully collusive extremes.” To further test for the presence of collusion in 
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Idaho-Montana auctions, the authors compare average sales prices in both open and 
sealed bid auctions as a function of the number of mills. When the number of mills is 
zero or one (recall that bidders can be loggers or mills), their predicted competitive 
prices are close to the actual prices. However, when the number of mills is two or more, 
their predicted competitive prices are substantially above the actual prices. They con-
clude this finding is consistent with collusive bidding.

given these results, Athey, Levin, and Seira investigate the welfare consequences of 
the Forest Service using either open or sealed bidding exclusively. They use two alternate 
specifications of mill bidding behavior: competitive behavior and collusive behavior 18% 
of the time, that is, the frequency of collusive behavior that best matches the observed 
open auction prices in Idaho-Montana. With the assumption of competitive behavior, 
they find that average revenues to the Forest Service are nearly the same with open or 
sealed bid auctions. However, with the more realistic assumption of collusive behavior 
(18% of the time), they find that the average revenues to the Forest Service would be sub-
stantially higher with sealed bid auctions than with open auctions. This result follows 
from their finding that sealed bid auctions encourage more participation from smaller 
bidders.

Porter and Zona (1999) study procurement auctions conducted by Ohio school dis-
tricts for milk. The State of Ohio charged 13 dairies with bid rigging in the period 1980–
1990. Porter and Zona prepared expert reports on behalf of the plaintiff in State of Ohio 
v. Louis Trauth Dairies, Inc. et al. Their article analyzes whether the behavior of three of 
the alleged conspirators located near Cincinnati is more consistent with competition or 
collusion. Using data collected in the litigation, they create a sample of bids for a control 
group of firms not accused of bid rigging and a sample of bids for the three firms accused 
of bid rigging.

They first estimate a probit regression to calculate the probability that a control firm 
will submit a bid as a function of the distance between a relevant school district and 
that firm’s nearest milk processing plant. They find that the probability falls as distance 
increases. For example, the probability that a control firm with a plant very near a school 
district will bid in a milk procurement auction run by that district exceeds 50%, but 
falls essentially to zero when the distance exceeds 75 miles. They next estimate an OLS 
regression to calculate how a control firm’s bid changes as distance increases. They find 
that, all else equal, a control firm’s bid increases by approximately 0.5 cents per half pint 
when the distance increases by 50 miles. given that the average price per half pint was 
approximately 13 cents in this period, this amounts to approximately a 4% increase in the 
control firms’ bid.

Comparing these results for the group of control firms to the three alleged bid-rigging 
firms, Porter and Zona find that the alleged conspirators bid more frequently than the 
control group model predicts at longer distances, for example, in excess of 60 miles. 
They also find that two of the three alleged conspirators actually bid less the further 
away their plants are to the relevant school district. Porter and Zona interpret these 
results as showing an “inverted price umbrella,” with higher bids in school milk auctions 
close to the conspirators’ plants and lower bids at more distant locations. They conclude 
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the evidence is consistent with a local conspiracy in the Cincinnati area and inconsis-
tent with competitive behavior. Finally, their empirical results show that the bid rigging 
increased the prices paid for milk by school districts by approximately 6.5%.

Bajari and Ye (2003) use auction theory and empirical methods to distinguish com-
petitive from collusive bidding behavior. They develop a general procurement auction 
model with asymmetric bidders, for example, bidders with different costs. They then 
derive a series of necessary and sufficient conditions for a distribution of bids to be con-
sistent with bids generated by a model with competitive bidding. For example, one con-
dition is that, given publicly available information that affects all firms’ bids, competitive 
bidding necessarily implies that the bids of any two firms must be independently dis-
tributed. Bajari and Ye use this condition to evaluate whether the bids made by con-
struction firms in the Midwest are more consistent with competition or collusion. They 
regress firms’ bids on several explanatory variables, for example, distance from a firm’s 
location to the job site; the minimal distance of its rivals to the job site; the firm’s capac-
ity; and the maximum free capacity of its rivals. They test whether the regression residu-
als for any pair of firms are correlated. If they reject the null hypothesis of no correlation, 
then the two firms’ bids are not independently distributed and so cannot be consistent 
with competition. They reject the null hypothesis for one pair of firms that bid against 
each other a large number of times.

Bajari and Ye derive a second condition stating that competitive bidding necessarily 
implies that each firm’s estimated coefficient for any given explanatory variable in the 
bid regression should be the same. Their test results identify a specific pair of firms that 
fails this “exchangeability” test. Interestingly, one of the two firms in this pair is also one 
of the two firms in the pair that fails the “conditional independence” test. Bajari and Ye 
conclude that these three firms constitute a candidate cartel. However, they also empha-
size that their test results could be explained by conduct other than collusion. They con-
clude that an economist finding such results should consult with industry experts to 
make sure the inconsistencies with the competitive bidding model do not result from 
ignorance of the industry cost structure.

Rather than attempting to distinguish firms engaged in bid rigging from firms act-
ing competitively, Pesendorfer (2000) analyzes the characteristics of two documented 
school milk cartels in Florida and Texas from 1980 to 1991. All the firms in his study pled 
guilty to price-fixing allegations brought by the US Department of Justice. Pesendorfer 
first shows that the market shares of firms in the Florida cartel fluctuated more than the 
market shares of firms in the Texas cartel. He examines several noncollusive explana-
tions for this fact: (1) less potential competition in Texas; (2) some cartel members in 
Texas may bid on only a small subset of the school milk contracts; (3) a decline in the 
number of contracts per school district in Florida; and (4) an individual cartel member 
in Florida may have had costs that were correlated over time (e.g., high cost realizations 
in one year followed by low realizations the next year) that would cause its market share 
to fluctuate substantially over time. Pesendorfer finds that the empirical evidence does 
not support any of these noncollusive explanations. He concludes that the best explana-
tion for the larger market share fluctuations in Florida is that cartel members in that 
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state used side payments, rather than a market allocation agreement, to operate their 
cartel. That is, they operated a strong cartel. In contrast, the Texas cartel operated by 
dividing the state into different geographic regions and specifying which firms should 
win in which regions. That is, they operated a weak cartel.

Pesendorfer also analyzes theoretically the efficiency of weak cartels. Recall that an 
auction mechanism is efficient if the mechanism allocates the object to the bidder with 
the highest valuation. Or alternatively, a cartel mechanism is efficient if it designates the 
member with the lowest cost to submit the lowest cartel bid. Pesendorfer shows that 
weak cartels cannot be efficient as long as the number of procurement contracts offered 
simultaneously by the buyer is finite. However, he shows that a weak cartel can use a 
mechanism (the “Ranking Mechanism”) in which each cartel member announces a 
ranking of the procurement contracts according to her costs. The member who ranks 
a contract highest (assigns the highest preference) will be the sole cartel bidder for that 
contract. If several cartel members rank a contract at the same position, the sole bid-
der can be determined by a coin toss. Pesendorfer shows the Ranking Mechanism is 
incentive compatible (i.e., cartel members will truthfully reveal their costs). Moreover, 
the mechanism converges to the optimal, efficient outcome as the number of contracts 
increases. Finally, Pesendorfer notes that 136 contracts are awarded every year in Texas, 
which leads him to conclude that the weak Texas cartel is likely almost efficient.6

20.3.2. Experimental Studies of Bid Rigging in Auctions

Isaac and Plott (1981) is the first experimental study of explicit collusion in an auction 
format. Their study addresses two primary questions. First, antitrust laws presume that 
opportunities to conspire, attempts to conspire, and successful conspiracies are closely 
linked. Is this presumption correct when the organizational costs of conspiracy are low? 
Second, which economic model of the price and output effects of price-fixing conspira-
cies best explains the observed behavior in their experiments? Isaac and Plott perform 
seven experiments using a double-auction mechanism in which buyers and sellers both 
make price offers. They first run three auctions in which neither buyers nor sellers have 
the opportunity to collude explicitly. They then run two auctions in which sellers are 
allowed to collude explicitly, without the knowledge of buyers. Finally, they run two 
auctions in which buyers are allowed to collude explicitly, without the knowledge of sell-
ers. The explicit collusion was restricted in that participants could not reveal their pri-
vate valuations or discuss side payments.

Their basic finding is that, compared to the no-collusion auctions, both the seller- and 
buyer-collusion auctions are less competitive. Regarding their first question, Isaac and 
Plott reach several conclusions. First, in an environment with low costs of explicit collu-
sion, buyers and sellers attempt to reach an agreement. Second, the attempts to reach an 

6 See Abrantes-Metz et al. (2006) for a discussion of the use of econometric screening methods to 
detect collusion in the retail gasoline industry.
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agreement result in a coordinated pricing strategy. Third, the pricing conspiracies have 
substantial, anticompetitive effects on equilibrium prices and quantities. With respect to 
price dynamics observed in the experiments, Isaac and Plott note that price changes in the 
three noncollusive experiments were always in the direction of the predicted equilibrium 
price. In contrast, prices in both the seller- and buyer-collusion auctions were more erratic, 
often moving away from the predicted cartel price. The average price change from period 
to period was also larger in the collusive experiments than in the noncollusive experiments.

Finally, regarding their second question, Isaac and Plott conclude that the text-
book cartel model best describes the behavior observed in the collusive experiments. 
However, the prices in these experiments generally did not converge to the predicted 
cartel price, as participants had difficulty maintaining agreed-upon prices. In follow-on 
research, Isaac, Ramey, and Williams (1984) show that the double-auction mechanism 
used by Isaac and Plott (1981) tends to make the enforcement of price-fixing agreements 
more difficult than posted offer prices.

Isaac and Walker (1985) study sealed-bid auctions experimentally. They investigate 
two questions. First, in a series of FPSB auctions for identical items, are winning bids 
affected by revealing the losing bids from prior auctions? Second, does the ability of 
buyers to collude explicitly reduce the winning bids? They conducted a total of 30 exper-
iments. In 10 of the experiments, explicit collusion was not allowed and buyers were not 
informed of losing bids in prior auctions. In 10 of the experiments, explicit collusion was 
not allowed and buyers were informed of losing bids in prior auctions. In the final 10 
experiments, explicit collusion was allowed. In five of the collusive auctions buyers were 
not informed of losing bids in prior auctions, and in the other five collusive auctions 
buyers were informed of the losing bids. With respect to their two questions, Isaac and 
Walker find that the revelation of losing bids reduces the prices paid by buyers in subse-
quent auctions. They also find that the ability to collude explicitly reduces winning bids. 
However, the collusive prices were not affected by whether losing bids were revealed.

Kwasnica (2000) evaluates experimentally the strategies used by auction participants 
to collude. Using a series of simultaneous, first-price auctions, he addresses three empir-
ical questions: (1) Do bidders form cooperative agreements in simultaneous first-price 
auctions? (2) If so, what types of strategies do they utilize? (3) What effect do these strat-
egies have on the outcome of the auction? The auction format consisted of 10 separate 
experiments. In each experiment a total of five objects were sold to five buyers in five 
simultaneous single-unit first-price auctions. This format was chosen to facilitate collu-
sion. The auctions ran for 17–22 periods. In periods 1–5 participants were not allowed to 
communicate, but they were allowed to communicate thereafter. The communication 
was restricted in that participants could not reveal their private valuations or discuss 
side payments. In six of the 10 experiments the bidders had symmetric valuations, and 
in the remaining four experiments they had asymmetric valuations. In the latter, one 
bidder’s valuations were substantially higher than the symmetric valuations of the other 
four bidders. Finally, in six of the auctions, participants were informed of the winning 
bid and the identity of the winning bidder, while in the remaining four auctions partici-
pants were only informed of the winning bid.
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Consistent with Issac and Walker (1985), Kwasnica finds that bidders formed coop-
erative agreements in all 10 experiments. More interestingly, he finds that in seven of the 
10 experiments participants used a bid rotation mechanism. They were able to obtain 
approximately 90% of the total surplus in the auctions. In other words, they achieved 
approximately 90% of the maximum possible efficiency, which would occur if the win-
ning bidder had the highest valuation in each auction. Kwasnica concludes that the 
Ranking Mechanism proposed by Pesendorfer (2000) best describes the behavioral 
strategy chosen by the bidders.

Finally, in three of the experiments, Kwasnica finds that bidders deviated from incentive 
compatible strategies. Instead, they selected a linear bid reduction strategy; for example, 
they agreed to bid 1% of their valuations. Participants used a linear bid reduction strategy 
only in experiments in which they had symmetric valuations and knew the identity of the 
winning bidder. Although a linear bid reduction strategy was not incentive compatible, 
under the experimental framework such a strategy led to higher profits than the incentive 
compatible, bid-rotation strategy. Kwasnica concludes that asymmetry of bidders’ valua-
tions and less information leads bidders to revert to incentive compatible strategies.7

20.4. Deterring Bid Rigging

In theory, explicit collusion in auctions always can be prevented. The difficulty is that the 
information required to do so is essentially impossible to obtain. Che and Kim (2006, 
2009) show how to convert any given auction mechanism into a collusion-proof auction, 
that is, an auction in which a bidding ring cannot earn profits. In such a collusion-proof 
auction, the seller’s expected total revenue will be the same as in a revenue-maximizing 
auction in the absence of collusion. However, as discussed by Marshall and Marx (2012), 
the Che and Kim collusion-proof mechanism is impractical, as it requires the following:

 1. The mechanism requires all bidders, including losing bidders, to make pay-
ments to the auctioneer. However, the auctioneer may cheat by demanding 
higher-than-required payments from the bidders. This means that all the bid-
ders must be able to verify that the auctioneer has implemented the mechanism 
correctly.

 2. To establish the collusion-proof mechanism, the auctioneer must know the 
number of bidders and the set of types of the bidders, that is, their valuations, 
as well as the identities and types of two of the bidders in the ring. In Che and 
Kim (2006), bidders must agree to participate in the mechanism prior to the 
ring-formation game. In addition, the identities of the bidders that will have the 

7 Other experimental studies of explicit collusion in auctions include Davis and Wilson (2002) and 
Phillips, Menkhaus, and Coatney (2003).
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opportunity to form a ring (only one ring is allowed to form) is fixed prior to 
the bidders agreeing or not to participate in the collusion-proof mechanism. As 
shown in Che and Kim (2009), under certain conditions, similar results hold 
when bidders first decide whether to collude and then decide whether to partici-
pate in the auctioneer’s collusion-proof mechanism.

 3. The bidding ring must submit a bid for every ring member, despite possible 
incentives for the ring to suppress some members’ bids.

given these practical drawbacks to the Che and Kim collusion-proof mechanism, 
economists have investigated other ways to deter explicit collusion in auctions. The lit-
erature offers several general suggestions (Klemperer, 2002; Marshall and Marx, 2009; 
Marshall and Marx, 2012). First, the use of FPSB auctions instead of English auctions 
should reduce collusion. Recall that bid-rigging agreements are stable in English auc-
tions since no bidder has an incentive to cheat on the agreement since the cartel will 
bid up to the highest valuation of its members. In contrast, in FPSB auctions, the cartel 
must reduce its bid below the highest valuation of its members in order to earn positive 
expected profits. This reduction in the bid provides ring members the incentive to cheat 
on the agreement by outbidding the cartel. Hu, Offerman, and Onderstal (2011) provide 
experimental results that suggest using the Amsterdam second-price auction, which 
combines aspects of both FPSB and English auctions, to reduce collusion.8 Second, the 
auctioneer should limit the information provided to bidders regarding the number of 
bidders, their identities, their bids, including their losing bids if a similar auction will 
occur in the future. Finally, the auctioneer should not hold auctions at regular inter-
vals and for relatively small items; instead the auctioneer should hold auctions at longer, 
irregular intervals and for relatively large items, for example, packages of separate items. 
This increases the costs of creating and maintaining a bidding ring by raising the gains 
to cheating.

20.5. Conclusions and Open Questions

In his classic article on collusion, Stigler (1964) observed that “the system of sealed 
bids, publicly opened with full identification of each bidder’s price and specifications, 

8 The Amsterdam second-price auction has two phases (goeree and Offerman, 2004). In phase 1, the 
auctioneer raises the price successively and bidders drop out when the price exceeds their individual 
valuation. This process continues until two bidders remain. The price at which the third-highest bidder 
drops out defines the endogenous reserve price or “bottom” price for the second phase. In phase 2, 
both remaining bidders independently submit sealed bids, which must be at least as high as the bottom 
price. The highest bidder wins and pays a price equal to the second-highest sealed bid. Both bidders 
in the phase two receive a premium, which equals a fraction 0 < α < 0.5 of the difference between the 
second-highest sealed bid and the bottom price.
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is the ideal instrument for the detection of price-cutting” and argued that collusion is 
always more effective when the market is more transparent. Open auctions are often 
more transparent than sealed bid auctions because bidders learn about the participa-
tion and bids of their rivals in real time. But, even in sealed bid auctions, the seller 
can choose how much information to make public before and after the auction. The 
less information the seller reports, the harder it is for the ring to achieve the gains 
from collusion. Indeed, the conclusion of the literature surveyed in this paper is that 
a seller should use a first-price, sealed bid auction and reveal as little information as 
possible.

This conclusion, however, is based mainly on analyses of private value, single-item 
auctions. In common value auctions or multi-item auctions, the lack of transparency 
in the price-formation process can lead to inefficient allocations and lower revenues. 
For example, in common value auctions, bidders bid more aggressively in ascend-
ing bid auctions than in sealed bid auctions because they are able to learn about their 
rivals’ information, mitigating the effects of the winner’s curse. In auctions of spectrum 
licenses or oil and gas leases where spatial complementarities are important, bidders 
can more easily acquire their desired bundles and face less risk doing so in a multiround 
ascending bid auction than in a single round of sealed bids. Thus, in most situations, 
the choice of auction mechanism is likely to involve an important trade-off. On the one 
hand, more transparent auction mechanisms can yield greater efficiency and revenues 
when bidders behave competitively; on the other hand, they are also more vulnerable to 
collusion. A greater understanding of this trade-off is one of the big open questions in 
auction design.

The theory literature has focused almost exclusively on the case of an all-inclusive 
ring.9 However, in practice, most rings involve subsets of bidders—not all bidders. 
Extending the theory to include partial rings is an important, although difficult, 
topic. Partial rings introduce asymmetries into the auction, and characterizing equi-
librium bidding when the bidder types are drawn from asymmetric distributions is 
complicated.

Finally, an important policy issue is to examine the rules under which the federal 
government in the United States operates as a buyer or seller. The Federal Acquisition 
Regulations, the Freedom of Information Act, and other regulations mandate transpar-
ency. The constraints that these rules impose on the choice of auction design may be 
quite costly.

9 Two exceptions are McAfee (1994) and McAfee and McMillan (1992), who show that, in first-price 
environments, the equilibrium ring in a cartel formation game generally does not include all of the 
bidders.
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