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a b s t r a c t
We study, theoretically and experimentally, sealed-bid ﬁrst-price auctions with and without
package bidding. In the model, a global bidder bids for multiple items and can beneﬁt
from synergies, while local bidders bid for a single item. In the equilibrium, package
bidding improves (hurts) eﬃciency at high (low) levels of synergies. Package bidding
introduces free-riding incentives for local bidders resulting in asymmetric bidding that
reduces eﬃciency when synergies are low but increases it with high synergies. The free
ridding incentive lowers bidding of local and global bidders reducing revenues at all levels
of synergies. We conduct experiments varying auction rules and the degree of synergies.
Observed eﬃciencies are qualitatively consistent with the theory. The effect of package
bidding on revenues is negative when global bidders are not allowed to bid on single items
(a feature of the equilibrium) and positive when the restriction is relaxed and synergies are
high.
© 2012 Elsevier Inc. All rights reserved.

1. Introduction
Recent years have seen a surge of interest in auction procedures that handle multiple objects. Many large-stake auctions,
recently conducted, involved a seller simultaneously auctioning off multiple items or a buyer simultaneously procuring
several objects. Examples range from auctions that allocate airwave spectrum licenses (Ausubel et al., 1997; Klemperer,
2002), to procurement auctions for selecting operators of bus routes in London (Cantillon and Pesendorfer, 2007) and for
determining providers of school meals in Chile (Epstein et al., 2002).
Selling multiple objects simultaneously can be advantageous when the value of a package of several objects is higher than
the sum of the standalone values of its components. Such value “synergies” (or complementarities) can be lost if a bidder
fails to acquire all parts of a package. This possibility prompts bidders to bid cautiously to prevent ﬁnancial exposure, i.e.
obtaining only a part of the package and paying more for the acquired items than their value. To improve outcomes package
bidding can be used whereby bidders can specify bids for packages of items. Such mechanisms are usually referred to as
combinatorial, or package, auctions. To determine the winner(s) of a combinatorial auction, the auctioneer considers all
possible allocations of the objects and chooses the one that maximizes the revenue.
Package bidding also has a downside, the so-called threshold problem (Milgrom, 2000; Bykowsky et al., 2000). Suppose
bidder 1 submits a bid for the package X Y while bidders 2 and 3 submit bids for its components, X and Y . In this situation,
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the single-item bidders face a coordination problem. They have an incentive to free-ride as either of their bids could be the
one to push their sum above the threshold necessary to top the package bid.1 As a result, the single-item bidders may
lose the auction even when they place a higher value on the items than bidder 1. Thus, by solving one problem (ﬁnancial
exposure), package bidding may introduce another problem (threshold).2 There is a trade-off involved as either problem
can have a negative effect on the level of submitted bids, the seller’s revenue and economic eﬃciency depending on the
environment.
This paper attempts to further our understanding of the costs and beneﬁts of using package bidding in the context of
sealed-bid ﬁrst-price auctions (FPA). FPAs have a number of attractive features such as their resistance to collusive behavior,
encouragement of participation, and transparency with respect to determination of payments since winners pay their own
bids (Cramton, 1998). A type of combinatorial FPA was used to determine operators for bus routes in the London area
(Cantillon and Pesendorfer, 2007).
Our speciﬁc focus is on the interaction between the threshold problem and bidder asymmetries in FPAs. We present a
tractable model which demonstrates that the interaction can produce an eﬃciency trade-off similar to the trade-off that
may arise from the interplay between the threshold and the ﬁnancial exposure problems. In our model, when synergies are
high package bidding improves the eﬃciency of allocation. The result obtains even though the ﬁnancial exposure threat is
absent in the equilibrium. At the same time, when synergies are low, an auction that allows package bidding becomes less
eﬃcient compared to an auction that only allows single-item bids, a consequence of the threshold problem.
In the context of multi-object auctions with synergies a typical asymmetry arises when not all bidders can take advantage
of complementarities among objects. For example, some smaller bidders (henceforth local) may be ﬁnancially constrained
or geographically restricted to purchase more than one object. At the same time, larger bidders (global) are likely to be able
to acquire packages of objects and enjoy potential synergies.3 We adopt this setup as the basis for our theoretical model. In
the model a single item is auctioned off in each of two markets where one local bidder with a unit demand bids against
the global bidder who demands one unit in each market. If the global bidder obtains the items in both markets, his or
her value increases by a multiplicative factor depending on the degree of synergies. Such an asymmetry is not important
when complementarities are absent. In this case, the objects can be auctioned off separately with no detrimental effect on
eﬃciency. However, as we illustrate, when synergies are present, selling the objects separately may result in an ineﬃcient
allocation. The expected ineﬃciency increases with the degree of synergies. Roughly speaking, when synergies are present
each auction between a local and the global bidder becomes an asymmetric auction in the sense of Maskin and Riley (2000)
where the value distribution of the global bidder is more advantageous than the value distribution of the local bidder. As
a result, the local bidders sometimes win the auction when the global bidder could have obtained a higher value due to
synergies. In this environment, allowing package bidding improves the eﬃciency of allocation when synergies are suﬃciently
high.
When synergies are minor or do not exist, an auction without package bidding is quite eﬃcient in our model. However,
allowing package bidding in this case reduces eﬃciency by making the “geographic” asymmetry relevant when it should not
be. The exact mechanism is based on a strategic incentive identiﬁed in Cantillon and Pesendorfer (2007). With synergies, it
is eﬃcient for the global bidder to submit a “non-trivial” package bid, i.e. a package bid higher than the sum of his or her
bids for individual items. Such a pattern is exactly the motivation for allowing package bids. Using a result from the bundling
literature, Cantillon and Pesendorfer (2007) show that a bidder has a strategic incentive to submit a “non-trivial” package
bid even when there are no synergies between the items. In other words, auction rules that allow package bidding may be
“abused” to gain a strategic advantage. Such bidding patterns can cause ineﬃcient allocations when synergies are absent. In
the setting of our model, we show that under an auction rule with package bidding, the global bidder ﬁnds it optimal to
submit only the package bid for both items while submitting zero single-item bids. The consequence of such behavior on
the part of the global bidder is the threshold problem faced by the local bidders. Consequently, the local bidders’ bids are
depressed relative to the bids of the global bidder. As a result, the global bidder sometimes wins the auction when the local
bidders have a higher value. Such asymmetry is the source of ineﬃciency when synergies are absent, but it also improves
the eﬃciency when synergies are suﬃciently high.
Thus, our model shows that allowing package bidding in ﬁrst-price sealed-bid auctions can involve an eﬃciency trade-off
even when the exposure problem is absent: package bidding can improve eﬃciency if synergies are suﬃciently high and
hurt it when the synergies are absent or insigniﬁcant. The model is simple enough so that we can obtain numerical and in
some cases analytical equilibrium bidding functions. We use these benchmarks to evaluate the theoretical predictions with
a series of experiments. We collect data for six experimental conditions. In the conditions we vary the auction rule (with or
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Since in combinatorial auctions the auctioneer considers all the possible allocations of the items to the bidders and chooses the one that brings the
highest revenue, a package bid for a certain set of objects can be viewed as competing against sums of bids for subsets that form its partition.
2
Package bidding with Vickrey-type pricing (where the price a bidder pays is not determined by his or her bid but rather by the bids of other participants) provides incentives to reveal one’s values and overcome the threshold problem.
3
The distinction between global and local bidders has been used in a variety of settings. Krishna and Rosenthal (1996) characterize equilibrium in
simultaneous sealed-bid second-price auctions where global bidders can participate in multiple auctions and obtain additive synergies from winning multiple objects. Albano et al. (2001) use a similar setup to derive optimal strategies for two global and two local bidders in a simultaneous ascending clock
auction. Gerding et al. (2007) study simultaneous sealed-bid second-price auctions of perfect substitutes where global bidders demand a single unit but
can participate in multiple auctions. Elmaghraby (2005) uses production capacity to distinguish between global and local bidders in a model of sequential
second-price sealed-bid procurement auctions.

