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This paper examines bidding in auctions for state highway construc-
tion contracts, in order to determine whether bid rigging occurred.
Detection of collusion is possible because of limited participation in
the collusive scheme. Collusion did not take the form of a bid rota-
tion scheme. Instead, several ring members bid on most jobs. One
was a serious bidder, and the others submitted phony higher bids.
The bids of noncartel firms, as well as their rank distribution, were
related to cost measures. In contrast, the rank distribution of higher
cartel bids was unrelated to similar cost measures and differed from
that of the low cartel bid.

I. Introduction

Between 1982 and 1988, more than half of the criminal cases filed
by the Antitrust Division of the Department of Justice involved bid
rigging or price fixing in auction markets (U.S. General Accounting
Office 1990). Bid rigging appears to be a pervasive problem, with
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indictments in highway construction, the distribution of school milk,
utility procurement, and other auction markets. Typically, a govern-
ment agency, and hence the taxpayer, was the victim.

This paper proposes econometric test procedures that are designed
to detect the presence of bid rigging in procurement auctions.' Our
tests will be poor substitutes for a wiretap or a disclosure by a dissident
ring member. However, our procedures may be preferable to the
view that patterns of bid rotation, or relatively constant market
shares, constitute irrefutable evidence of collusion. Rotating bids are
consistent with competitive equilibria when there are decreasing re-
turns to scale, such as when there are capacity constraints, as Zona
(1986) demonstrates. Lang and Rosenthal (1991) show that the non-
cooperative mixed-strategy equilibrium of a multiproject bidding
game, in which firms simultaneously compete for several contracts,
may entail negative correlation between a firm’s bids, or an apparent
bid rotation pattern. Similarly, comparisons of winning bids and engi-
neers’ estimates of costs, which attempt to measure economic returns,
may be unreliable. Engineers’ estimates may be unduly influenced by
historical bid patterns and so may be an inflated measure of true
costs.

In general, finding a single test procedure to detect bid rigging is
an impossible goal. As in most tests for the exercise of market power,
the idea is to identify differences between the observable implications
of collusive and competitive behavior. The difficulty is that both com-
petitive and collusive equilibria depend, to a great extent, on the
economic environment, such as the auction rules and the nature of
the good being traded. As Hendricks and Porter (1989) argue, collu-
sion in auctions can take many forms, and it is important to tailor
empirical work to specific cases. For example, a cartel might adopt a
pure bid rotation scheme in which members take turns submitting
bids in individual auctions (according to a “phases of the moon”
scheme, for example). Alternatively, cartel members in addition to
the designated winner may submit higher complementary or frivo-
lous bids, perhaps to create the appearance of competition. It is un-
likely that any single test procedure could detect all collusive schemes
without data on economic returns (in which case effective collusion
might be detected by the presence of persistently high profits). As a
consequence, structural modeling and estimation are difficult without
more detailed information. In environments in which complementary
bids are submitted, structural modeling may be impossible because it

! Accordingly, we refer to the intended victim as the buyer, and the bidding ring is
a subset of the potential sellers. The effect of the ring, then, is to inflate the price paid
by the buyer.
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is not clear what complementary bids might be intended to maximize,
apart from being higher than the winner’s bid.

If a broadly applicable test to detect collusion could be devised, a
cartel with full participation should be able to choose complementary
bids so that the overall bid pattern passed the test. Phantom bid
schemes can be structured so that the difference between the low and
second-lowest bids looks competitive. Presumably, an auction proce-
dure is employed precisely because the buyer is not aware of the exact
costs of the individual sellers. Submitted bids could be designed to be
consistent with competitive bidding based on some plausible realiza-
tion of seller costs.

There is a small empirical literature on collusion in auctions.
Feinstein, Block, and Nold (1985) propose and test a model of a
cartel that manipulates engineers’ estimates of the costs of highway
construction jobs by submitting complementary bids relatively close
to the winning bid. Zona (1986) proposes a test for bid rigging in
highway construction auctions based on a switching regression model.
Comanor and Schankerman (1976) examine the propensity of bid-
rigging schemes to submit identical bids in individual auctions.
McMillan (1991) describes dango, the negotiation among bidders for
Japanese public works contracts, which is very similar to the collusive
mechanism allegedly employed by some of the firms in our sample.
McClave, Rothrock, and Ailstock (1978) analyze bidding patterns in
Florida school bread markets. Finally, Howard and Kaserman (1989)
propose a regression-based method of calculating damages in bid-
rigging cases.

Our paper is also a case study of a cartel in which relatively detailed
accounts of its operations and bidding practices are available. We
examine the bidding behavior of firms competing for state highway
construction contracts on Long Island in the early 1980s. Our data
are somewhat limited, as we shall explain, but detection of collusion
is possible because of limited participation in the collusive scheme.
Our methodology is intended to detect differences in behavior be-
tween ring members and nonmembers. Ring membership itself prob-
ably depends on unobservable factors that differ across firms, so that
bidding differences may be structural rather than be evidence of
collusion. In our data, collusion apparently did not take the form of
a bid rotation scheme. In that instance, collusion would be empirically
indistinguishable from the hypothesis that bid participation decisions
merely reflect unobservable characteristics of the firms, so that differ-
ent firms specialize in different types of jobs. Instead, member firms
submitted bids on most jobs. The role of ring meetings prior to the
auction was to designate a serious bidder and its bid. The other mem-
bers were then expected to submit higher complementary bids. Ac-
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cordingly, our procedure distinguishes between the lowest cartel bid
(recall that this is a procurement auction in which the lowest bid wins)
and other cartel bids. We take as evidence of collusive behavior the
fact that the lowest noncartel bidder’s behavior is not statistically dis-
tinguishable from that of other noncartel firms, whereas the determi-
nants of the low cartel bid differ from those of higher cartel bids.
This discrepancy is characteristic of the levels of the submitted bids,
as well as their rank distribution.

Section II of this paper describes the structure of New York state
highway construction auctions. We document why these auctions may
be susceptible to bidder collusion. In addition, a subset of the partici-
pating firms allegedly submitted noncompetitive bids on jobs not in
our data set and therefore constitute a candidate cartel in our data.
Section III outlines an econometric model of competitive bidding
behavior. We then describe our test, which is designed to detect de-
partures from competition that are consistent with the hypothesized
nature of collusive bidding. The available data are described in more
detail in Section IV, and our estimation and test results are presented
in Section V.

II. The Market

The New York State Department of Transportation (DOT) is re-
quired to solicit bids and award highway contracts to the lowest re-
~sponsible bidder.? To that end, the DOT periodically distributes a
“Notice of Highway Lettings” to a list of subscribers to inform them
of highway construction projects to be let in the near future. These
notices include a very brief description of the project and a reference
number to be used for further information. Firms that are interested
in submitting a bid on these projects request plans and specifications
from the department. A “Plan Buyers List” is also available from the
DOT that lists the firms that purchase plans for specific jobs. The list
of plan buyers is also distributed to subscribers. On the day of the
letting, sealed bids are opened and the identity of all bidders and
their bids are announced to those present. The low bid is accepted
provided that it is “responsible.” The DOT checks calculations, com-
pares the bid to its own estimate of the job cost, and, if it is satisfied,

? In government auction markets, the lowest reasonable bid is accepted if the bidder
is qualified. According to U.S. code, “contracts for the construction of each project
shall be awarded only on the basis of the lowest responsive bid submitted by a bidder
meeting established criteria of responsibility” (23 U.S.C. §122(h] [1982]). Under the
same code, states are required to select contractors through a competitive bidding
process when projects are completely or partially financed by federal funds. See Joyner
(1985) for a more complete discussion of the bidding process and related law.
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awards the contract. The DOT announces the results of the letting
process, and all bids and contracts awarded, to subscribers via the
DOT notice “Tabulation of Results.”

Using the auction mechanism described above, the DOT awarded
about $120 million® in highway contracts from April 1979 through
March 1985 in Nassau and Suffolk counties on Long Island. Ac-
cording to our data, 186 contracts were let in this period, with 161
contracts awarded for less than $1 million. A total of 66 firms bid on
at least one of these 161 smaller DOT contracts. However, only 22
firms submitted bids on large jobs (over $1 million), and 45 percent
of the bids on large jobs were submitted by four firms.

According to local newspapers, one of the large firms was convicted
in federal court of rigging bids on a Long Island highway construc-
tion project. While the rigged project predates our sample, it may
not have represented an isolated event but rather a pervasive problem
that may be evident in our data. We argue below that there are several
reasons to expect collusion in this market. We describe a particular
set of firms that may be able to profitably collude, and we specify a
mechanism of bid rigging that is consistent with casual observation
of the behavior of these firms.

We think of collusion as an arrangement among a group of bidders,
either explicit or implicit, that is designed to limit competition among
the participants. Limiting competition may enable the ring to increase
profits. Several features of the Nassau-Suffolk DOT market may en-
courage firms to collude. Each significant feature of the market is
described below.

Firms compete only on price. Under the terms of the contract, the
winning bidder supplies labor and materials and produces output
with specified characteristics. The definition of “output” is held con-
stant over all bidders, implying a de facto homogeneous product.
Product differentiation is not allowed. A cartel need only coordinate
action in the price dimension to collude.

The DOT policy of publicly announcing the bids and the identity
of bidders allows cartel members to detect deviations from cartel
agreements. Undercutting or cheating would not go unnoticed. In
addition, the availability of plan buyer lists allows ex ante common
knowledge of the set of potential bidders. Prospective bidders know
whom they will be bidding against before they submit a bid. All this
information was readily available to firms in our data set since the
trade associations were subscribers to the DOT notices. For example,
the information was routinely distributed by the contractors’ associa-

3 All dollar amounts in this paper are expressed in constant 1969 dollars.



