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I review the uses of economic theory in the initial design and later
improvement of the ‘‘simultaneous ascending auction,”” which was
developed initially for the sale of radio spectrum licenses in the
United States. I analyze some capabilities and limitations of the
auction, the roles of various detailed rules, the possibilities for in-
troducing combinatorial bidding, and some considerations in
adapting the auction for sales in which revenue, rather than effi-
ciency, is the primary goal.

I. Introduction

The “‘simultaneous ascending auction’’ was first introduced in 1994
to sell licenses to use bands of radio spectrum in the United States.
Much of the attention devoted to the auction came from its role in
reducing federal regulation of the radio spectrum and allowing mar-
ket values, rather than administrative fiat, to determine who would
use the spectrum resource. Many observers were also fascinated by
the then-novel use of weblike interfaces for bidders. The large
amounts of money involved were yet another source of interest. The
very first use of the auction rules was a $617 million sale of 10 paging
licenses in July 1994. In the broadband personal communications
services (PCS) auction, which began in December 1994, 99 licenses
were sold for a total price of approximately $7 billion. Once the
auctions had been conducted, it became much harder to ignore the
tremendous value of the large amounts of spectrum allocated to uses
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such as high-definition television, for which Congress had de-
manded no compensation at all. Moreover, the perceived successes
with the new rules inspired imitators to conduct similar spectrum
auctions in various countries around the world and to recommend
similar auctions for other applications.

Among academic economists, attention was also piqued because
the auction design made detailed use of the ideas of economic the-
ory and the recommendations of economic theorists. Indeed, the
U.S. communications regulator adopted nearly all its important
rules' from two detailed proposals for a simultaneous ascending auc-
tion: one by Preston McAfee and the other by Robert Wilson and
me. Economic analysis dictated nearly all the rule choices in the first
few auctions. Various reviews suggest that the new auction design
realized at least some of the theoretical advantages that had been
claimed for it.?

Several parts of economic theory proved helpful in designing the
rules for the simultaneous ascending auction and in thinking about
how the design might be improved and adapted for new applica-
tions. After briefly reviewing the major rules of the auction in Sec-
tion II, I turn in Section III to an analysis based on tatonnement the-
ory, which regards the auction as a mechanism for discovering an
efficient allocation and its supporting prices. The analysis reveals a
fundamental difference between situations in which the licenses are
mutual substitutes and others in which the same licenses are some-
times substitutes and sometimes complements. When the licenses
are mutual substitutes for all bidders, not only is it true that equilib-
rium prices exist, but straightforward, ‘““myopic’’ bidding in the auc-
tion leads bidders to prices and an allocation that are close to com-
petitive equilibrium. This happens even though, in contrast to
traditional fatonnement processes, prices in the auction process can
never fall and can rise only by fixed increments. However, if even
one bidder has demand in which licenses are not mutual substitutes,
then there is a profile of demands for the other bidders, all of which
specify that licenses are mutual substitutes, such that no competitive
equilibrium prices exist. There is an inherent limitation in the very
conception of the auction as a process for discovering a competitive
allocation and competitive prices in that case.

Section IV is a selective account of some applications of game the-
ory to evaluating the design of the simultaneous ascending auction
for spectrum sales. Game-theoretic arguments were among those

! The sole exceptions were the financing rules, which were devised to encourage
participation in the auctions by financially weak smaller businesses and those owned
by women and minorities.

2See Cramton (1995), Milgrom (1995), and McAfee and McMillan (1996) for
accounts of the auction and the run-up to it.
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that convinced regulators to adopt my suggestion of an ‘‘activity
rule,” which helps ensure that auctions end in a reasonable amount
of time. Game theory also provided the decisive argument against
the first ‘‘combinatorial bidding’’ proposals and has also been em-
ployed to evaluate various other suggested rule changes.

Results like those reported in Section III have led to renewed in-
terest in auctions in which bids for license packages are permitted.
In Section V, I use game theory to analyze the biases in a leading
proposal for dynamic combinatorial bidding. Section VI briefly an-
swers two additional questions that economists often ask about auc-
tion design: If trading of licenses after the auction is allowed, why
does the auction form matter at all for promoting efficient license
assignments? If the number of licenses to be sold is held fixed, how
sharp is the conflict between the objectives of assigning licenses effi-
ciently and obtaining maximum revenue? Section VII presents a con-
clusion.

II. Simultaneous Ascending Auction Rules in Brief

A simultaneous ascending auction is an auction for multiple items
in which bidding occurs in rounds. At each round, bidders simulta-
neously make sealed bids for any items in which they are interested.
After the bidding, round results are posted. For each item, these
results consist of the identities of the new bids and bidders® as well as
the “standing high bid’’ and the corresponding bidder. The initial
standing high bid for each item is given (it may be zero), and the
“corresponding bidder” is the auctioneer. As the auction pro-
gresses, the new standing high bid at the end of a round for an item
is the larger of the previous standing high bid or the highest new
bid, and the corresponding bidder is the one who made that bid.
In addition to the round results, the minimum bids for the next
round are also posted. These bids are computed from the ‘“‘standing
high bid”’ by adding a predetermined bid increment. For spectrum
licenses, the increments are typically the larger of some fixed
amount or a fixed percentage of the standing high bid.*

A bid represents a real commitment of resources by the bidder.
In the most common version of the rules, a bidder is permitted to

% The first trial of the simultaneous ascending auction did not include announce-
ments of bidder identities, but the larger bidders were often able to infer identities
anyway, leading to a change in the rules to remove that advantage. The practice of
identifying the bidders continues to be controversial.

*In the spectrum auctions, the percentage has usually been 5 percent or 10 per-
cent (and in recent auctions has been dependent on the level of bidding in the
auction). The appropriate size of the increment has also been subjected to economic
analysis that takes into account the cost of adding rounds to the auction and the
extent and type of the uncertainty about bidder values.
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withdraw bids, but there is a penalty for doing so: if the selling price
of the item is less than the withdrawn bid, the withdrawing bidder
must pay the difference. In other applications, bid withdrawals are
simply not permitted.

A bidder’s eligibility to make new bids during the auction is con-
trolled by the ‘‘activity rule.”” Formally, the rule is based on a “‘quan-
tity”” index, such as spectrum bandwidth or population covered by
a license, that roughly corresponds to the value of the license. Dur-
ing the auction, a bidder may not have active bids on licenses that
exceed its eligibility, measured in terms of the index.

At the outset of the auction, each bidder establishes its initial eligi-
bility for bidding by making deposits covering the quantity of spec-
trum for which it wishes to be eligible. During the auction, a bidder
is considered active for a license at a round if it makes an eligible
new bid for the license or if it owns the standing high bid from the
previous round. At each round, a bidder’s activity is constrained not
to exceed its eligibility. If a bid is submitted that exceeds the bidder’s
eligibility, the bid is simply rejected.

The auction is conducted in a sequence of three stages, each con-
sisting of multiple rounds. The auction begins in stage 1, and the
administrator advances the auction to stage 2 and later to stage 3
when there are two or more consecutive rounds with little new bid-
ding. In each round during stage j, a bidder that wishes to maintain
its eligibility must be active on licenses covering a fraction f; of its
eligibility. If a bidder with eligibility x is active on a license quantity
y < fix during stage j, then its eligibility is reduced at the next round
to y/f;.°

The activity rules have two functions. First, they create pressure
on bidders to bid actively, which increases the pace of the auction.
Second, they increase the information available to bidders during
the auction, particularly late in the auction. For example, in stage
3, bidders know that the remaining eligible demand for licenses at
the current prices is just 1/f; times the current activity level, which
can be rather informative when f; is close to one.®

The auction also provides five ‘“‘waivers” of the activity rule for
each bidder, which can be used at any time during the auction, that
allow the bidder to avoid reduction in its eligibility in a given round.
The waivers were included to prevent errors in the bid submission
process from causing unintended reductions in a bidder’s eligibility,
but they also have some strategic uses.

5 In the 1998 auction of licenses to spectrum in the 220 MHz range, the fractions
used were (fi, fo, f3) = (.8, .90, .98).
6See Cramton (1997) for evidence on the informational content of bids.
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There are several different options for rules to close the bidding
that were filed with the regulator. One proposal, made by Preston
McAfee, specified that when a license had received no new bids for
a fixed number of rounds, bidding on that license would close. That
proposal was coupled with a suggestion that the bid increments for
licenses should reflect the bidding activity on a license. A second
proposal, made by Robert Wilson and me, specified that bidding on
all licenses should close simultaneously when there is no new bid-
ding on any license. To date, the latter rule is the only one that has
been used.’

When the auction closes, the licenses are sold at prices equal to
the standing high bids to the corresponding bidders. The rules that
govern deposits, payment terms, and so on are quite important to
the success of the auction,® but they are mostly separable from the
other auction rule issues and receive no further comment here.

III. Auctions and Tatonnement Theory

The simultaneous ascending auction is a process that, on its surface,
bears a strong resemblance to the tatonnement process of classical
economics. Like the tatonnement process, the objective of the auction
is to identify allocations (which the spectrum regulators call ‘‘assign-
ments’’) and supporting prices to approximate economic efficiency.
Yet there are differences as well. First, bids in the auction represent
real commitments of resources, and not tentatively proposed trades.
Consequently, bidders are reluctant to commit themselves to pur-
chases that may become unattractive when the prices of related li-
censes change. Second, in the auction, prices can never decrease.
That is an important limitation because the ability of prices to adjust
both upward and downward is a fundamental requirement in theo-
retical analyses of the tatonnement. Third, in the initial version of the
simultaneous ascending auction, the bidders themselves name the
prices. That contrasts with the Walrasian tatonnement, in which some

" The activity rule and the closing rule make this auction perform very differently
from the otherwise similar ‘‘silent auction”” commonly used in charity sales. In a
silent auction, the items being sold are typically set on tables in a room and bidders
walk around the room, entering their bids and bidder identification on a paper
sheet in front of the items. Bidding closes at a predetermined time. It is a common
experience that bidders in silent auctions often delay placing their bids until the
final moment, completing their entry on the paper just as the bidding closes. With
its closing and activity rules, the simultaneous ascending auction eliminates both
the ““final moment” that bidders exploit in silent auctions and also bidders’ ability
to wait until late in the auction before making any serious bids.

8 Failure to establish these rules properly led to billions of dollars of bidder de-
faults in the U.S. ““C-block auction.”” Similar problems on a smaller scale occurred
in some Australian spectrum auctions.



