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Auctioning Public Assets

In many countries all over the world, governments are privatising firms
that were previously under public control. This is happening, for exam-
ple, in public utility sectors such as gas, water and electricity, in transport
sectors such as rail and metro and in radio and telephony. This book pro-
vides an overview of the economic issues that are involved in this transfer
of ownership of public assets. Combining a theoretical framework with
a set of case studies of recent sales of state-owned assets from Europe
and the USA, it asks which sort of allocation mechanism can a govern-
ment adopt? Which is most suited to a particular sale? And how will the
choice of allocation mechanism affect future market outcomes? With
contributions from international experts, this book offers an accessible
introduction to auction theory and an invaluable, non-technical analysis
of existing knowledge. It will be of interest to students, non-specialists
and policy-makers alike.

MAARTEN JANSSEN is a professor of microeconomics at Erasmus Uni-
versity Rotterdam. His main research interests are in game theory and
the economics of information. His research has focused on co-ordination
games, consumer search and adverse selection. He has been advising
firms and government bodies on issues related to market structure.
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Preface

At the beginning of the twenty-first century, many European govern-
ments have allocated the right to use third-generation mobile telephony
(UMTS) frequencies to private telecommunications parties. The allo-
cation mechanisms that were adopted differed widely among countries.
Some countries chose to use one or other form of auction for allocat-
ing the rights, whereas others chose a Beauty Contest in which market
players were selected on the basis of the proposals they had submitted
for how to use the frequencies. Some allocation procedures were con-
sidered successful, while others were heavily criticised. The first auction,
the one in the United Kingdom, was declared a big success as there were
many interested parties participating in the auction, one of the licences
was won by a newcomer and the government raised a very large sum of
money. The second auction, the one held in the Netherlands, was termed
a failure by many commentators. The revenue was only a fraction of the
revenue in the UK, even when calculated per head of the population.
Moreover, all licences were won by incumbent parties and only one new-
comer showed up for the first bidding round, indicating that newcomers
were not interested in participating in the auction.

The mixed experience, together with the changing prospects for prof-
itability of the UMTS technology, has led to the question whether, and
under what circumstances, auctions are appropriate allocation mecha-
nisms. Are auctions where firms have to pay large sums of money to
acquire a licence at least partially responsible for the current state of the
telecommunications sector? This general question is particularly impor-
tant because governments throughout the world will face circumstances
in which they want to have private companies performing operations that
have some public-interest aspect to them. Examples include: the allo-
cation of airport slots, (commercial) radio frequencies, different forms
of public transport operations (such as metro, high-speed trains, buses,
etc.), petrol stations, etc.

The potentially large benefits and possible pitfalls of auctioning gov-
ernment assets led to a decision by the Dutch government to ask a group

xiii



Xiv Preface

of civil servants to write a report comparing auctions with other alloca-

tion mechanisms. This group was mainly concerned with issues related

to the allocation of rights to operate in a market. The recent UMTS
auction may serve as an illustrative example. Market parties need to have
the right to use certain frequencies to be able to provide consumers with

UMTS services such as mobile internet access. In the auction, the avail-

able frequencies were clustered into lots and the highest bidder for a lot

won the licence to operate in the market using the frequencies of that lot.

The group focused on two central questions:

(1) What mechanisms could a government use, in principle, to allocate
rights to operate in a market and which mechanism is to be preferred
under what circumstances?

(2) What are the important design issues once a particular allocation
mechanism has been chosen?

The civil servants worked from October 2001 to March 2002. This group,

formally under the supervision of the Ministry of Economic Affairs, asked

the Erasmus Competition and Regulation Institute (ECRI) to guide the
research work of a group of academic economists on these two questions.

The research consisted of case studies and more theory-oriented studies

surveying the relevant literature, and served as background material for

the working group. The present book is based on the research that was
initially carried out for the Dutch Ministry of Economic Affairs. The
book is also divided into a theory-oriented part and a part devoted to
case studies. I should like to thank the Dutch Ministry of Economic

Affairs for permission to let a wider audience become acquainted with

the work we have done.

When preparing this book we had two types of audience in mind. The
first type consists of people who professionally have to deal with the ques-
tion of how to allocate government rights to parties. This group consists
of government agencies, bureaucrats working in different ministries, pri-
vate companies and lawyers who act on behalf of interested parties. The
second type of audience consists of advanced undergraduate students
in economics and MBA students who are interested in assessing recent
auction outcomes without going into the more technical journal articles.

There are two reasons why most journal articles on auctions and the
few available textbooks on auctions are not especially helpful to these two
types of audience. First, the majority of the literature is quite technical
and the audiences we have in mind are either not able or do not have
the time to delve into the technicalities. Second, most of the auction
literature looks at auctions as independent events, i.e. all the relevant
information concerning the auction can be summarised in the number of
bidders that show up for the auction and their valuations for the object
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that is sold. Such a description is relevant in many art auctions and other
types of auction where the participants do not interact before or after the
auction is held. One of the important questions that this book deals with
is whether such a description is also relevant when a government wants
to allocate a right to operate in a market.

The chapters in the book are written in such a way that the main
insights of recent literature are discussed by means of simple, sometimes
numerical, examples. The relevant theory is discussed in the first part
of the book, while the case studies in the second part illustrate how the
theoretical insights can be used in practice in a wide variety of different
sectors.

Finally, I should like to thank Cor Guijt and Marcella Petri for helping
me with the last stages of preparing the book.

Rotterdam, February 2003 MAARTEN JANSSEN






Introduction

Maarten Fanssen

Governments own many assets that are of genuine importance to society
and that, for one reason or another, they do not want to exploit on their
own. Examples include: mobile telephony frequencies, radio frequencies,
airport slots, public infrastructure, land for different uses, high-voltage
electricity cables, etc. In all these cases, a government needs to choose one
or more private companies to use these assets in a proper way: it needs to
select mobile telephony companies, (commercial) radio stations, airlines,
rail (or other transport) operators, oil companies (if the land is designated
for use as a petrol station). What all these cases have in common, besides
the fact that the government has to choose who can use the public assets,
is that the assets to be allocated are used to serve consumers in a market
type of environment.

There are potentially many ways a government can allocate these assets.
It can use auctions, Beauty Contests, first-come-first-served, grandfather
rights and lotteries, to mention just a few of the most common alloca-
tion mechanisms. In aucrions, firms typically have to make one or more
financial bid(s) and the company with the highest bid wins the object
to be allocated. In a Beaury Contest, firms have to submit a plan of how
they will use the asset in the future and they have to provide credentials
that make their plan trustworthy. A committee typically determines who
wins the contest. In the first-come-first-served mechanism, firms who are
the first to mention their interest in using the asset, get the right to do
so. Grandfather rights are conservative in nature: they basically determine
that the company which has used the asset in the past will continue to
use it (unless it has badly performed). Grandfather rights are typically
used to allocate airport slots. Lorteries assign the right to use the asset
to one of the interested companies at random. In the Netherlands, the
scarce places to study medicine at universities are allocated by means of
a lottery among interested students. In certain cases, a government may
also allocate heterogeneous demand and supply by means of a matching

I would like to thank Eric van Damme for helpful comments on an earlier version.



2 Maarten Fanssen

algorithm, as studied in chapter 10 of this book. There, Benny Moldovanu
discusses how medical doctors in the United States are matched to
hospitals.

In this book, we are mainly interested in the question of which mech-
anism is to be preferred under what circumstances? And, if a particular
allocation mechanism is chosen, of what the important design issues are.
In other words, we are interested in mechanisms that have certain de-
sirable properties for the seller, in our case the government. As there
are no clearly defined considerations forming the basis of the latter three
allocation mechanisms (first-come-first-served, grandfather rights and
lotteries), it seems obvious that all of them are dominated either by a
Beauty Contest or by an auction. Therefore, in what follows we shall
mainly consider these two types of mechanism. The difference between
the two mechanisms will be explained in more detail below.

This introductory chapter discusses most of the general issues that are
involved in choosing between auctions and Beauty Contests and it places
the remaining chapters in perspective. Here, and in most of the chap-
ters that follow, we start from the observation that answers to the above
questions crucially depend on the objectives the government wants to
achieve. Section 1, therefore, discusses possible goals and the relation-
ships among them. A government will typically aim, among other things,
at a well-functioning product market. The working of the product market
depends to a large extent, however, on how the government has chosen
to shape the licences (what is allocated?) and how many licences are al-
located. Section 2, therefore, deals with these two issues. I then proceed
to the how-to-allocate question. Section 3 argues that there are many
different forms of Beauty Contests and auctions. The section attempts
to provide criteria that help to demarcate Beauty Contests from auc-
tions. Section 4 then provides a list of properties on which the two proto-
types of different allocation mechanisms can be scored. Sections 5 and 6
discuss important design issues that are relevant to either auctions or
Beauty Contests. Finally, section 7sketches the plan of the rest of
this book. All references in this Introduction are to the chapters that
follow.

1 Goals

There are different goals that a government may want to achieve when
allocating the right to operate in a market. I mention here the following
six, but there may be others. The first three goals refer to the outcome
of the allocation process, while the last three goals refer to the process
itself.
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(1) Efficient operation of the aftermarket

(2) Market that provides publicly desirable goods
(3) Revenues

(4) Value-maximising allocation process

(5) Efficient allocation process

(6) Transparent selection process

I will explain each of these goals in turn. The first thing a government
should realise is that the allocation procedure is not an isolated event.
By determining what is allocated and to whom to allocate, the govern-
ment fixes important ingredients that shape the aftermarket. Hence, it
may attempt to design the allocation mechanism in such a way that the
market after the players are selected operates efficiently. Efficiency can
be measured in terms of Pareto-efficiency or in terms of total surplus. In
both cases, consumer welfare plays an important role.

The second potential goal differs from the first in the sense that con-
sumers and producers may, according to the public authority, underesti-
mate the importance of certain goods. The second goal explicitly states
that the government may take a paternalistic stance in the situation where
its preferences differ from those of consumers and producers. This is the
classic case of merit goods. For example, in the case of radio broadcasting
the government may want to ensure that there is a wide variety of radio
stations.

As the assets to be allocated usually have an economic value, the gov-
ernment may also use the allocation procedure to raise revenues. These
revenues can be used to alleviate difficulties in the government’s financial
situation. The government may also use these revenues to reduce some
forms of tax or in general expenditure.

The last three objectives are more concerned with the allocation mech-
anism itself (who gets the right to operate on the market) than with the
outcome of the allocation procedure. A value-maximising allocation pro-
cess is a mechanism in which the firms with the highest valuations win
the licences. One way to measure the efficiency of the allocation pro-
cess is by looking at the total surplus of the seller (the government) and
the (winning) buyers of licences. An allocation procedure is transparent
if the criteria are formulated in such a way that, given the bids or the
plans of the participating companies, the winning parties are chosen in
an unambiguous manner.

It is important to distinguish goals 1 and 4 and 5: given a certain mar-
ket design, firms individually try to figure out how much money they
will make in the market. Based on these estimates, they determine their
valuation for the licence. The difference between a value-maximising al-
location process and an efficient allocation process is that the objectives
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of the seller are also taken into account. The first objective, efficiency
of the market, means that the market allocation is such that the sum of
consumer, producer and government surplus! is maximised (if total sur-
plus is taken as the welfare measure). The allocation mechanism can be
efficient without the aftermarket being efficient.

In chapter 5, Janssen and Moldovanu show, by means of examples, that
the different goals can contradict each other. For example, an efficient
(competitive) market implies that the profits of firms are negligible so
that they are not willing to pay very much for a licence. As a result any
allocation mechanism where licences to operate in a competitive market
are sold will lead to low revenues. Also, a value-maximising allocation
mechanism may not lead to an efficient market and vice versa. This is, in
a sense, easy to see as value maximisation only looks at the valuation of
firms, whereas the latter notion also takes consumer surplus into account.
If differences in cost structures are the only difference between firms,
i.e. if they have the same market power, the same customer base, etc.,
then the two objectives coincide: low-cost firms will typically have the
highest valuations and the market will be more efficient with low-cost
firms.

An important lesson of the above is that it is not enough just to state the
different objectives governments may want to achieve. Rather, one should
also consider the relations among the objectives and in cases where the
objectives contradict each other, choices concerning objectives have to
be made.

The extent to which revenues should be an important goal on its own
is open to discussion. A first thing to note is that from the perspective of
total surplus, higher revenues means lower producer surplus. So, in a very
first rough approximation total surplus does not depend on the size of
the revenue. It may, of course, be true that there are important indirect
effects: it may be that a euro in the pocket of the government is spent
more efficiently (from the point of view of total surplus) than the same
amount of money in the pocket of a private firm. High revenues may be a
good alternative to distortionary taxes (another way to raise government
income). However, there does not seem to be any country where tax rates
have been lowered after high (auction) revenues have been obtained. It
seems more likely that governments use (auction) revenues to provide
(more distortionary) subsidies or to lower the amount of government
debt financed through the issuing of bonds (see, on the latter, chapter 9
by Tilman Boérgers and Joe Swierzbinski). In short, the welfare impact

1 Government surplus measures the amount of money the government is willing to give up
in exchange for the outcome that is obtained.
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of high revenues may be positive, but the size of this effect may be quite
small.

It is important to define the goals of a privatisation exercise properly.
Properly defined goals provide guidelines for the design of the allocation
mechanism. It is also important when it comes to evaluating the success
of the exercise afterwards. Defining goals also implies an understanding
of the relations among the different goals one may want to pursue and of
the ranking of the goals in the case of inconsistencies. Sometimes, in
formulating the goals it may be important to give some attention to the
origin of the issues at hand. Usually, the question of allocating rights to
operate in a market arises when (groups in) society feels uncomfortable
with the existing situation. Publicly run firms may be inefficient or may
not have the right incentives to innovate. New technologies may come
about that need to be exploited. It may be easier to formulate the goals
of the privatisation exercise if its origin is well understood.

Having said that it is important to formulate the goals explicitly, I
realise that it is not always easy to do so. Governments consist of many
people with differing objectives. There are government bureaucrats, min-
isters and deputy ministers, and different (members of) political parties
in Parliament. All of these want to have a say about what the goals of
the allocation mechanisms should be and it may very well happen that
many (sometimes inconsistent) goals are considered in order to reach a
compromise among the different players. Without properly formulated
goals, it is, however, impossible to decide what decision concerning the
allocation mechanism should be made.

2 What and how many will be allocated?

The most important question to be answered when putting a certain task
in the hands of the private sector is how the market should be designed.
Given technological and legal constraints, the government is in the po-
sition to think of market conditions that best guarantee that the desired
goals are achieved. Quite often, the market is not there, but is constructed
by the government itself.

Looking at some of the case studies, it is clear that most of the inter-
esting questions arise at the market design stage. For example, in chapter
12 Luisa Affuso and David Newbery look at the way rail services can be
privatised. Roughly speaking, there are two models: the Swedish model,
where there is a vertical separation between infrastructure and operation —
the infrastructure is in public hands and a private firm is responsible
for the trains and the train schedule; and the Argentinian model, where
the country is split into regions and within each region a single firm is
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responsible for both infrastructure and railway services. In principle, in
both systems, there is also an issue of how many competitors there should
be in the market: one, two or more? Of course, given the fixed costs of
building infrastructure, it probably does not make much sense to have
more than one local operator in the Argentinian system, whereas one
may consider two or more operators in the Swedish nationwide system.
Markets work in quite different ways under the two systems and it is im-
portant to consider the pros and cons of each system before a mechanism
is chosen to allocate the right(s) to operate a service within the already
chosen system.

Another example in this context is the way reintegration services are
being privatised in the Netherlands (see the contribution by Maurice
Dykstra and Jaap de Koning in chapter 11). The right to help a certain
‘lot’, consisting of a certain number of unemployed people, to find a
job is offered to private companies and the companies can ‘bid’ how,
and for how much money, they are going to do this. The groups are
very heterogeneous, consisting of both men and women, handicapped
and non-handicapped, people of various ages, and so on. The people
themselves do not have the choice of which company they prefer to have
to reintegrate them. This means that the licence is defined in such a
way that it rules out the existence of a market where firms compete for
individual clients. Other ways that could have been chosen are simply
to have a certain number of reintegration firms in each region and allow
unemployed people to choose the firm they prefer best,? or to have sector-
specific or age- or handicap-specific reintegration firms. It is not the point
to argue here that one system would have been necessarily better than
another. What is argued is that it is important to consider the different
possibilities for designing the market and to choose the market design that
best guarantees that the aims of the privatisation process are reached.

Another case study that clarifies the issue of what needs to be allocated
and how many need to be allocated is the UMTS case (by Emiel Maasland
and Benny Moldovanu in chapter 7). This may seem a little strange at first
sight as the issue of what to allocate seems to be quite obvious: a certain
amount of spectrum. Delving a little deeper makes it clear, however, that
in this case too there are many (important) issues to be settled. A first issue
is whether firms are obliged to serve a whole country or only the most
profitable areas and, if the whole country has to be served, what is the time
frame in which this has to be done. A second issue is whether firms that

2 This may be achieved by giving unemployed people ‘vouchers’ that can be used to buy
reintegration services. This is similar to the situation found in Australia, the authors
mention.
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are granted a licence have to provide roaming conditions for firms that do
not have a 2G network. A third issue concerns the length of the contract.
Public goals (the whole country needs to be covered by a network) may
be achieved by defining the objects that will be auctioned in a proper
way. Also, the nature of competition in the market may depend on the
roaming conditions, as it will be more attractive for potential suppliers
to enter the market when they know that they can roam on an existing
network. Finally, it is, of course, important to specify how many licences
are to be awarded as this determines the number of competitors in the
market.

Studying these three cases makes clear that it is important to think
about what and how many (licences) to allocate, as this will determine
how much competition in the market there will be. These issues have to
be faced prior to the choice of an allocation mechanism. They are relevant
no matter whether the allocation of the licences is done by means of an
auction or in any other way, such as a Beauty Contest.

3 Which mechanisms can be considered?

Auctions and their alternatives are ways to select the private parties that
are granted a licence to operate in the market. The efficiency of the mar-
ket, one of the most important goals from an economic point of view,
depends to a large extent on the way the market is designed (how the
licence is defined and how many licences are allocated). From the point
of view of the efficiency of the market, the choice of allocation mechanism
(and the subsequent design) is important as it co-determines whether
low-cost firms will operate in the market (see the discussion above) and
whether newcomers will have a chance to obtain a licence. That is, given
any market design (see section 2) and the associated efficiency of the mar-
ket a government can choose between different allocation mechanisms to
determine who will operate in the market. The choice of mechanism
determines how the competition for the marker will take place.

A first, maybe trivial, point is that it is important to ensure that the
government can make a choice of which allocarion mechanism to use. To make
the best choice, all options should be considered. In practice, however,
it may be difficult to get all options on the table as various parties may
have an interest in limiting the option set.

3.1 What are the options?

If it is important to consider the different options, can we then determine
and characterise what these options are? The main distinction is between
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auctions on one hand and Beauty Contests on the other. The main dif-
ference between these two types of allocation mechanism is that the latter
always contains an element that cannot be easily quantified or otherwise
made objective. Auctions, on the other hand, are allocation mechanisms
where a pre-defined algorithm determines who has the best bid. What is
certainly not the case is that prices do not play a role in Beauty Contests,
or that in a Beauty Contest prices have to be exogenously fixed. A Beauty
Contest can very well incorporate bidders specifying the amount they are
willing to pay for the licence. Accordingly, in a Beauty Contest ‘price
offered’ can be one of the items on which parties are scored.

Auctions can be categorised into either single- or multi-attribute auc-
tions. Multi-attribute auctions are auctions where a bid has more than one
dimension, i.e. bidders do not only bid on price, but also on (for example)
quality dimensions. Traditional auctions, such as first- and second-price
sealed-bid and open cry, are single-dimensional as bidders only bid on
price. The distinction between single- and multi-attribute auctions is im-
portant in relation to Beauty Contests. The distinction makes clear that
in auctions quality considerations (if they can be objectively measured)
can play a role in three ways: as an imposed minimum requirement on
the bidder, and/or as a way the licence that is auctioned is defined (that is
before the bidding process during the auction takes place), and/or as part
of the bidding process. In the latter case, when quality is an integral part
of the bidding process, there should be an objective measure to translate
quality bids into price bids.?

Beauty Contests can be categorised as either unweighted or weighted
contests. In an unweighted Beauty Contest, bidders do not know in ad-
vance how their bids will be evaluated. A weighted Beauty Contest is
an allocation mechanism in which bidders know in advance the criteria
on which they will be assessed and the weights on the different criteria.
Even though the maximum score on a certain criterion is known, it re-
mains (somewhat) ambiguous, even in a weighted Beauty Contest, how
to score different bidders on that criterion. Prices that are bid can play
a role in both types of Beauty Contest. One advantage of having bidders
bidding prices, even in a Beauty Contest, is that it becomes clear how
much money the government is willing to give up in the situation where
a licence is not awarded to the bidder with the best price. One may, in
a weighted Beauty Contest, try to give objective criteria for scoring on a
certain item. In this book, we continue to call this a Beauty Contest as
long as at least one item is scored in a subjective way.

3 Of course, such quality bids only make sense when quality can be easily verified and when
companies can credibly commit to providing a certain quality.
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Theoretically, one can think of different ways to combine auctions and
Beauty Contests. One way is to have bidders make a proposal of how they
are going to use a certain licence. The auctioneer determines the ranking
of the proposals and this ranking is translated into a bidding handicap.
After the bidding handicap is made public an auction is held. A second
way is to first organise an auction where the right to participate in a later
Beauty Contest is sold. Finally, one can think of the bidders in an auction
being determined by a Beauty Contest.

4 Properties of the mechanisms

Comparative analyses of the extreme forms of the two instruments have
already been made on several occasions (see, for example, Binmore and
Klemperer (2002) and Janssen, Ros and van der Windt (2001)). Cri-
teria with respect to the design that are usually used in these reviews
are:

e value revelation and efficiency of the bidding instrument

e transparency and lobbying

e speed

e quality

e consumer interests, and

* revenue.

In the literature comparing the two allocation mechanisms, an auction
always comes out better: it appears to be efficient, clear and fast and, in
addition, if well designed, it raises a fair amount of revenue. In a world
in which the parties in the market are much better informed than the
government with respect to the economic value of the goods offered (in
this instance, the lots), an auction compels the parties ‘to put their money
where their mouths are’.

Although the choice of an auction can be easily rationalised in this
way, it is necessary to mention a number of important reservations. First
of all, when evaluating the auction mechanism as being ‘efficient, clear
and fast’, one must not ignore the fact that the auction also has to be
designed. Much too soon, however, the evaluator looks only at the few
weeks during which the auction itself takes place and easily forgets that
a period of months or years has been spent in designing the auction.
Speed is therefore a relative notion. The proclaimed transparency also
loses much of its appeal if one considers the fact that the market parties,
naturally, employ their know-how and relationships to try to adjust the
auction model to their own advantage. The efficiency of an auction can be
warranted only if its design is adequate, offering to all interested parties
more or less equal chances of securing a licence.
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Scoring the alternative mechanisms on the other objectives mentioned
above, we also get a picture that tends to favour auctions. Apart from
the case where bidding prices are an integral part of a Beauty Contest, it
seems that auctions score better on the revenue objective as it is difficult
to determine a fixed price for other types of Beauty Contest.* Also on the
aspect of value maximisation and efficiency of the allocation mechanism,
auctions score better. One important concern is, however, whether the
European legal system allows asymmetric or coloured auctions to be or-
ganised, as such auction mechanisms are sometimes necessary to reach
the first two objectives concerning the efficient operation of the market.
Asymmetric auctions (see chapter 4 by Emiel Maasland, Yves Montangie
and Roger van den Bergh) are required to create a level playing field
between entrants and incumbents. In situations where incumbents have
more knowledge about the market than entrants and where they have al-
ready invested and this investment is a sunk cost, entrants typically have
lower valuations than incumbents. On the other hand, it may be judged
that entrants in the market are important as they have more incentives
to actively compete in the market to acquire clients. Coloured auctions,
where a certain number of licences are set aside for specific purposes,
may be necessary to serve public interests when for example some cul-
tural group would be easily outbid by others.? At the moment it remains
unclear whether these types of auctions should be regarded as providing
state support for economically weaker companies.

Despite the advantages of auctions, there are important cases, such as
artistic competitions, where Beauty Contests are inevitable. It is difficult
to imagine that in the case where a government wants to design a new
building, it would select an architect by means of an auction. More gen-
erally, when the seller wants to get information out of the market about
innovative business concepts, it is impossible to define in advance what
the object should look like. In such cases, it is necessary to look for al-
ternative allocation mechanisms such as a Beauty Contest. In the case
of asymmetric information about quality, where the government does
not have the information that private companies have, it may also be

4 There is the danger of fixing the price too high (as France did in the UMTS case) or
too low. In certain auctions, it is also important to determine reserve prices, as noted
by Tanga McDaniel and Karsten Neuhoff in chapter 8 on auctions of gas transmission
access. They also question the appropriateness of running auctions to decide on network
investments.

5 Commercial radio frequencies may be a case where this is true. If the government thinks
there should be a classical music radio station or a station for minority groups and if these
stations cannot compete on equal grounds with other stations, a coloured auction, where
one or more frequencies are reserved for specific types of broadcasting, may be a good
alternative.
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problematic to run an auction, as shown by Manelli and Vincent (1995).
If it is more expensive to provide quality, auctions typically will result in
low-quality firms getting a licence.

Another potential disadvantage of an auction is that only minimum
requirements are taken into account regarding the use of a licence. A
regular auction reduces competition among companies to prices only,
given certain minimum quality conditions. In contrast a Beauty Contest
offers the possibility that business plans are also judged on quality aspects.
Whether or not this quality issue is of importance depends to a large
extent on the question of whether or not the market itself is organised in
such a way that a socially optimal set of prices and qualities will pertain.
If the market can be expected to provide this optimal mix, then this
potential disadvantage of auctions should not be taken too seriously. If
the market cannot be expected to provide the optimal price/quality mix,
then a Beauty Contest may be considered if the quality that is bid in the
contest can be enforced by contract.

Concerning consumer interests, it is important to note that neither in
auctions nor in Beauty Contests are the interests of consumers directly
represented. In designing the allocation mechanism this problem has to
be taken into account. One way of doing this is by the choice of the
number of lots. Another way in which this problem can be tackled is by
staging a contest in which firms bid in terms of the price they set in the
market. This mechanism has been used in, for instance, privatisations of
gas, electricity and water utilities. Bidding on the price in a market can be
applied if the concession sale relates to well-established markets in which
services and technologies evolve relatively slowly, as in the examples given
above. Obviously it is not possible in a market that does not even exist
yet, such as the one for UMTS services.

5 Aspects of auction design

There are many aspects of auction design that are important when auc-
tioning the rights to operate in a market. The main features of common
auction formats such as open cry and sealed-bid auctions and first- and
second-price auctions are discussed in chapter 1 by Tilman Boérgers and
Eric van Damme. These different auction formats can have an important
impact on:
¢ collusion
* winner’s curse
¢ level playing field/entry deterrence.

Collusion may be a real problem in auctions as it lowers the bids of
individual bidders and, hence, revenues. As explained by Tim Salmon in
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chapter 3, collusion may occur when the same bidders appear in different
auctions that are held one after the other. It may, however, also occur in a
simultaneous multi-unit auction as these auctions allow bidders to form
strategies that effectively imply that they will share the licences between
them. Collusion can take the form of signalling, when bidders indicate
with, for example, the last numbers of their bids which licence they would
like to obtain. Salmon also describes the different mechanisms the FCC
has used in order to try to prevent firms from colluding.

The winner’s curse may arise in common value auctions where the bid-
ders’ valuations of the object are strongly correlated and uncertain. A
famous example is the auctioning of the right to exploit a certain oil field.
In this case firms use seismological research to estimate the amount of oil
in a certain location. On the basis of this research, the firms can calculate
what the field is worth. Some estimations are, of course, more optimistic
than others. A bidder who wins an auction may infer from the fact that
he made the winning bid that he was too optimistic about the value of
the oil field. This is the winner’s curse. Another application may be the
market for UMTS services, as at the moment the auction is held, nobody
has an idea about the way the market will develop.

A last issue is whether all participants have equal chances of obtaining
alicence. In quite a few instances, the licences that are to be allocated and
the market that is to be designed are in one way or the other related to
already existing markets. This is the case for UMTS, where the existing
2G market offers somewhat comparable services and the 2G network
may be upgraded to make it suitable for UMTS services. Upgrading a
network is cheaper than building a completely new network. Another
example is the high-speed train, where the national train operator has
superior information about the market potential, in addition to having
cost advantages in maintenance. When incumbents have advantages over
potential entrants, entrants are confronted with the question of whether
they should take part in the auction at all as preparing for an auction
may cost the firm a significant sum of money. If the number of licences
is (much) larger than the number of incumbents, this question does not
arise as newcomers have enough chances to secure a licence. If this is
not the case, it may very well be that very few entrants participate in the
auction. One way to overcome this problem is to introduce asymmetries
in the auction design. This issue is further studied in chapter 4 by Emiel
Maasland, Yves Montangie and Roger van den Bergh from an economic
and a legal perspective. Different types of asymmetries can be introduced:
* reserving a licence for newcomers
* reserving a licence for a specific purpose (a coloured auction)
¢ introducing bidding handicaps.
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From an economic point of view there may be good reasons to introduce
one of the above types of asymmetry. Reserving a licence for entrants
is advisable when an entrant can stimulate competition in the market. A
similar argument can be made for bidding handicaps. A coloured auction
can be defended when there is a clearly specified public goal and the firms
that are needed to realise this goal do not have a chance to win a regular
auction. One problem with bidding handicaps is that it is difficult to
determine how small or large the handicap should be.

6 Aspects of Beauty Contest design

The economic literature on Beauty Contest design is (almost) non-
existent.® Academic economists typically have little to say on what seems
to be more of a bureaucratic procedure than an economic process. An
important practical issue in Beauty Contest design is how to overcome
the ambiguity that is inherently associated with evaluating the proposals.
One potential solution is to attempt to make a very detailed list of how
proposals will be scored well in advance. However, in the cases where a
Beauty Contest is most desirable, i.e. when the seller wants to get infor-
mation from the market about innovative business concepts, one simply
cannot prepare such a precise evaluation scheme in advance. Some degree
of ambiguity cannot be avoided if a Beauty Contest is held.

There are, nevertheless, a few general issues to be considered when
designing Beauty Contests. A first issue is the degree to which scores on
different criteria are substitutable for each other. In a standard weighted
Beauty Contest, proposals are scored on different criteria, the scores on
all these criteria are summed and the winner is the proposal with the
highest score. Alternatively, one can think of a procedure in which on
certain criteria a proposal has to get at least more than a minimum score
to be considered acceptable (see chapter 2 by Maurice Dykstra and Nico
van der Windt for more detail).

A second issue is how to score on the different criteria. Sometimes, the
quality of a proposal (firm) is judged on the basis of the quality of the peo-
ple who work for the firm at a certain date. This is, for example, the case
in the research assessment of universities in the United Kingdom. When
it is easy for people to change jobs, it is questionable whether this mea-
surement really measures the quality one is interested in. The measure
may also lead to side-effects such as the hiring of people just before the
relevant date.

6 The chapter on Beauty Contest design is, therefore, based on practical experience rather
than on existing literature.
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A third issue concerns whether the proposed ‘beauty’ of a proposal is
also fixed in a contract. There are two related points here. The first is that
if a proposal wins because of certain aspects in the proposal, then these
aspects have also to be fixed in a contract with the winning organisation. In
the Dutch reintegration case (see chapter 11), this was only partly done,
as most of the contracts with the reintegration firms were standard and
not directly related to the bids that were made. The second point is that
it is advisable not to score a proposal on ‘beautiful aspects’ that cannot
afterwards be verified (and hence cannot be the subject of a contract).

A last point concerning Beauty Contest design is that in some cases it
may make sense to have an initial qualification phase, in which a limited
number of firms are selected, before the full contest takes place.” This
two-stage procedure may have advantages if organisations are requested
to provide a very detailed plan. Knowing that there are a limited num-
ber of competitors, firms have higher chances of winning the contest and
therefore better incentives to make significant effort in writing the pro-
posal, i.e. limiting the number of competitors may increase the quality of
the proposals. Second, a two-stage procedure may also reduce the time
it takes for government authorities to evaluate the different proposals. A
two-stage procedure was followed in some of the Dutch contests among
reintegration firms, but not in all of them.

7 Plan of the book

In the rest of this book, the issues that are discussed above are consid-
ered in much more detail. The book has two parts. In the first, relevant
theoretical issues are discussed, whereas the second is of a more applied
nature and has many case studies.

Part I starts off with two chapters providing an overview of the relevant
design issues in auctions and Beauty Contests, respectively. Two of the
common problems that are encountered in designing allocation mecha-
nisms, namely collusion and entry deterrence, are the focuses of chapters
3 and 4 respectively. Legal issues are also considered in chapter 4 on how
to create a level playing field. Chapter 5 shows how traditional insights
from auction theory may not hold true when participants in the auction
continue to interact with each other in a (future) market environment.

Part II considers different types of case study. Chapters 6 and 7 consider
the two best-known auctions ever held: the FCC auctions in the United
States and the UMTS auctions for 3G mobile telephony in Europe. Two
other types of auction form the content of the subsequent two chapters.

7 In certain cases, a pre-qualification phase may also be considered for auctions.
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Auctioning gas transmission access in the United Kingdom is the subject
of chapter 8, while chapter 9 compares different auction procedures that
are used to sell government bonds in a variety of countries. Chapters
10 and 11 concern non-auction mechanisms. The first of these studies
the way medical interns are matched with (allocated to) hospitals in the
United States, while the second evaluates the way in which reintegration
agencies in the Dutch labour market are selected. The book concludes
with a chapter on the different ways in which rail franchises are allocated.
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1 Auction theory for auction design

Tilman Borgers and Eric van Damme

1 Introduction

In this introductory survey we review research papers on auction theory
that may be of relevance to the design of auctions of government assets
in general, and of spectrum licence auctions in particular. We focus on
the main intuitions emerging from these papers, and refer to the original
papers for technical details.

We begin in section 2 with a discussion of why economists typically
favour auctions over other methods for allocating licences to operate in a
market. In section 3, we have a first discussion on auction design, stress-
ing the fact that a seller will typically face a much more complicated
problem than just what auction form to use; he also has to think care-
fully about what to sell, whom to allow as bidders and when to sell. Of
course, the solution to these problems will also depend on what goal is
to be achieved. Assuming these problems are solved, we turn, in section
4 to an exposition of auction formats. We start the discussion with the
simple case in which the seller has just one indivisible object for sale, for
which we describe the four basic auction forms: two open auctions — the
English (or ascending) auction and the Dutch (or descending) auction —
and two sealed-bid formats, the first-price auction and the second-price
(or Vickrey) auction. In the second part of the section, we show how these
auction formats can be extended to deal with the situation in which the
seller has available multiple units of the same object, or multiple objects.
In this process, we will encounter a large variety of auction formats. In
section 5 we discuss these various auction formats from the bidders’ per-
spective: what strategies could one expect the competitors to follow and
how should one bid oneself? We also discuss the implications of rational
bidding strategies for the variables which the seller probably cares about,

We are grateful to Maarten Janssen for inviting us to write this survey. Preparing it has made
us painfully aware of the gaps in our knowledge of the auction literature and we apologise
for all errors and omissions. Tilman Borgers gratefully acknowledges financial support from
the Economic and Social Research Council (UK).
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such as efficiency and revenue. In section 6 we pull our insights together,
and ask which policy lessons our analysis suggests. Section 7 concludes.

At the outset, we wish to stress the limitations of this chapter: the
reader should be aware that it is a theoretical study. Theory alone has
no policy implications; it needs to be combined with empirical analy-
sis (of field data, or experimental data) before policy recommendations
can be derived. In this chapter, empirical or experimental evidence is
cited where it is particularly prominent, but it is not surveyed system-
atically. Therefore, what we say here does not in itself provide a basis
for policy recommendations. Put differently, any policy implication that
is derived from the theory exposited in this chapter should be prefaced
with the qualification: ‘if the theory captures practice well, then policy
should be . . .’.

2 Why auctions?

Governments allocating spectrum licences to mobile telephony compa-
nies or, more generally, licences to operate in a market, have a variety
of methods at their disposal. The traditionally most popular method has
been the Beauty Contest, where companies are invited to submit business
plans, and a government agency selects those companies whose business
plans seem most credible, and which are most likely to deliver services that
the government believes to be valuable. In recent years, auctions have
been the more popular method. What is the rationale for using auctions?

To answer this question, we wish to make a distinction between auctions
as used in the private sector and auctions used by the government. We
first discuss why a private-sector seller may prefer to dispose of an item
by means of an auction. Next, we consider which of these arguments also
apply when it is the government that acts as a seller.

A seller of a unique item would typically want to get the best price
for the item; hence, the question is what selling mechanism would result
in the highest expected price. If the seller knew what each interested
buyer would be willing to pay for the item, his problem would be trivial:
he would simply make a ‘take-it-or-leave-it’ offer to the buyer with the
highest willingness to pay. Of course, in practice, the seller does not have
the required information, and in these circumstances he may either set the
price too low, in which case he would not expropriate what the market
could bear, or set the price too high, so that he would not succeed in
selling the item.

An ascending auction provides an attractive alternative. In such an
auction, each potential buyer is willing to bid as long as the price is
lower than the bidder’s reservation value. Hence, bidding will continue
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until the second highest reservation value is reached, and the ultimate
price will be this second highest value. The seller thus does worse than
with complete information, but typically he does better than by making a
‘take-it-or-leave-it’ offer. Moreover, when the number of bidders is large,
the auction performs almost as well as the seller could have performed
had he complete information. This is the main reason why auctions are
attractive mechanisms for private sellers: they extract good prices even if
the seller is poorly informed about individual buyers’ willingness to pay.

As a possible selling mechanism, a private-sector seller may also
consider negotiating with potential buyers. He might hope to learn
buyers’ true willingness to pay by observing their strategic moves in the
negotiation. But, of course, buyers will anticipate that they will be closely
watched in the negotiation. They will be very wary of giving too much
away too early. Bids in an auction might also give information away, but
as long as the seller’s commitment to the auction mechanism is firm,
bidders know in advance how their bids are going to be used in the allo-
cation process. They do not have to worry about concealing information.
Therefore, auctions encourage more information revelation by buyers,
and it is this information revelation that is needed for a successful sale.
Furthermore, auctions may attract more interested parties than negotia-
tion processes, and Bulow and Klemperer (1996) have shown that, under
certain assumptions, an auction without a reserve price, as long as it at-
tracts at least one more bidder than a negotiation, raises more expected
revenue than any negotiation procedure.

In the context described above, the ascending auction has another very
attractive property: it results in an efficient allocation, i.e. the auction
allocates the object to the bidder who values it most. It is this property that
also makes auctions an attractive selling mechanism for governments. As
for a seller in the private sector, a government seller typically is uncertain
about how much bidders are willing to pay for the items that it sells, but,
in contrast to private sellers, governments may not be primarily interested
in raising revenues, but in achieving an efficient outcome of some sort.
(See section 3 for a brief discussion on the goals of the government and
for why a government might also be interested in raising revenues.) The
above argument suggests that it still might be a good idea to auction as
the auction may produce an efficient outcome. Indeed, the case for using
auctions to sell licences has usually been based on the twin arguments
that an auction is an efficient procedure (i.e. it is quick, transparent, not
very susceptible to lobbying, and reasonably proof against legal action)
that produces an efficient outcome; see McMillan (1994).

One should point out, however, that the efficiency argument in favour
of auctions is not as strong as it might appear at first. First of all, when
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there are ‘frictions’, the efficiency property need not hold; for example,
if the person with the highest value faces a binding budget constraint at
a level lower than the second highest value, the bidder with the second
highest value will win; see Krishna (2002) for some results on auctions in
which bidders are budget-constrained. Second, and in particular in the
case of a government seller, one should be very careful with what one
means by ‘efficiency’: one should be aware that ‘economic efficiency’
is not equivalent to ‘the licences ending up in the hands of those that
value them most’. As Janssen and Moldovanu show in detail in chapter 5
in this book, the reason lies in all kinds of externalities that exist in licence
auctions. The main externality is that a benevolent government will sell
the licences (also) having consumer welfare in mind. Consumers, how-
ever, are not participating directly in the auction and, as a result, the
outcome in which the licence is put in the hands of the firm that values it
most, may not be the one that consumers prefer. In fact, the preferences
of the consumers may be exactly opposite.

As a specific example, based on Gilbert and Newbery (1982), suppose
that a government sells a second licence to operate in a market in which
one player is already active. For a newcomer, the licence represents the
right to compete, while for the incumbent it offers the opportunity to
maintain a monopoly. Since the incumbent’s profit loss from losing the
monopoly is typically larger than the entrant’s gain in profit from being
allowed to compete, the monopolist will win an auction for the second
licence. Therefore, an auction will allocate the licence to the monopolist
and will not produce a competitive outcome. As a competitive outcome
yields higher economic efficiency (total welfare) than a monopolistic out-
come, an ordinary auction will not achieve the efficiency goal.

Thus, in order to reach an efficient outcome in this asymmetric situa-
tion, the government might use an auction variant; for example, the gov-
ernment might simply ban the incumbent from the auction of the second
licence. In this case, one of the entrants is sure to win and this ‘asymmetric
auction’ might attract more bidders and might result in higher revenue
than the auction in which the incumbent is allowed to bid and in which
entrants know that they cannot win. More sophisticated ‘discriminatory
auctions’ can have the same effect (see chapter 4 by Maasland, Montangie
and van den Bergh for further discussion, in particular about whether
such auctions might violate basic EU principles by involving discrimina-
tion or state aid). The point here, however, is more general: if an ordinary
auction does not produce the desired result, then one may adjust the auc-
tion rules to obtain an outcome that one likes. Auctions are an extremely
flexible allocation mechanism, and they allow a government considerable
freedom of action.
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Just as price-setting or negotiations are alternative selling mechanisms
for private-sector sellers, the Beauty Contest is typically the alternative
selling mechanism considered by governments for the allocation of gov-
ernment assets. In such a Beauty Contest, bidders describe in detail what
they plan to do with the licence, with the government then selecting the
best plan. There are, perhaps, two main concerns which economists have
about Beauty Contests. One is that the commitments made by bidders
in Beauty Contests are hard to enforce. If bidders anticipate this enforce-
ment problem, then they can promise arbitrary things, and there is no
guarantee that the winners are really those who make best use of the
objects for sale. The second concern is that, given the discretion used
and the subjective elements in a Beauty Contest, there might be more
potential for corruption of government officials in a Beauty Contest than
in an auction. See the Introduction to this book for more details on this
issue.

Summarising the above, we may state that auctions have certain desir-
able properties that alternative allocation mechanisms do not have and
that, therefore, an auction may be preferred whenever allocation by this
means is feasible. This, however, does not imply that any auction will do
and that auctions do not have any drawbacks. In the remainder of this
chapter, we will show that the choice of auction may be of great impor-
tance and that ‘side constraints’ in the auction may be needed in order
to ensure that a desirable outcome is reached.

3 Pre-auction decisions

When a government is selling assets or licences, a large number of design
questions have to be addressed. First of all, the government should be
clear about the goals that it wants to achieve. For example, should the gov-
ernment try to maximise revenue, or should it aim for market efficiency?
One argument for suggesting that governments might be concerned about
auction revenues is that such revenues might allow governments to reduce
more distortionary taxes elsewhere in the economy. However, efficiency
is typically the dominant goal of governments.

The efficiency goal is sometimes identified with the objective of ‘placing
licences into the hands of those that value them most’. This is not always
the same as efficiency, though. For a general discussion on this important
point, see Janssen and Moldovanu (this volume, chapter 5). One example
has already been given in the previous section. As another example, think
of a government selling licences to operate radio stations. Under quite
natural and general conditions, stations that broadcast ‘middle of the
road’ music will be willing to pay most for these licences; however, an
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outcome in which all stations broadcast similar music will normally not
be efficient. In such a case, if the government wants to achieve an efficient
outcome, it should impose conditions on some of the licences, which will
typically reduce revenue. This example again shows that the different
goals that the government may want to pursue (efficiency and revenue)
may be in conflict.

Once government objectives are clear, the next important question is
one of what will be sold. An example where this clearly mattered was
the recent European UMTS auctions. There the question was: ‘How
large (in terms of spectrum) should a UMTS licence be?’ It was not
clear how much spectrum a UMTS operator would need, and therefore
how many licences could be fitted into the available spectrum. Thus, it
was not clear how many players there would be in the resulting market.
While most countries simply fixed this number in advance, Germany and
Austria dealt with this difficulty in a different way. These countries de-
cided not to auction licences, but rather abstract blocks of spectrum, and
bidders could themselves choose the number of blocks for which they
wanted to bid. The key idea behind these auction designs was that the
mechanism not only helped governments to discover which companies
should hold licences, but also how much spectrum was actually needed for
third-generation spectrum licences, and thereby discover for how many
companies there was space in the spectrum.

An interesting objection has been raised in the academic literature
against this innovative approach. It is that companies’ bids in these auc-
tions will not primarily reveal to governments how much companies value
extra spectrum, and thus what the optimal size of a licence is, but rather
how much companies value monopoly power (see Jehiel and Moldovanu
(2000b)). This is because bidders will understand that the future market
structure emerges endogenously from the auction. By buying up spec-
trum a bidder can reduce the amount of spectrum available to others,
and, in particular, a bidder can prevent others from entering the market.
Thus, bids in these auctions might not be related at all to the true value
of the spectrum, and instead might indicate what value the bidder at-
taches to a reduction in the number of competitors in the market. If this
argument is accepted, then it appears better to make a possibly imper-
fect judgement about the optimal size of licences, and to let the auction
determine only who gets which. It should be added that in practice this
argument has not appeared to be of much relevance to the German and
Austrian auctions. The precise reasons for this are unclear, and it is worth
keeping this argument in mind for future auctions.

The above example also indicates that relatively frequently a govern-
ment may need to build additional regulatory constraints into the auction.
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This need arises especially in the situation of franchise bidding where the
government awards the right to provide a service to that party that is will-
ing to do it for the lowest compensation, and where the auction results in
the licence winners enjoying market power in the ensuing market. In these
situations, part of the compensation is paid before any service is deliv-
ered and the government has to ensure that the service is indeed delivered
and is of the quality that has been promised and agreed upon. Elaborate
contracts and extensive monitoring may be needed in this case of ‘moral
hazard’; Williamson (1976) gives a good overview of the difficulties and
the trade-offs involved.

Another issue to be considered before an auction is who should be
allowed to participate. For bids in an auction to be credible, bidders
must be financially respectable, and most government auctions include
an appropriate screening of bidders. Requiring deposits forms another
safeguard against non-serious bids. In some cases one may go further
in restricting the set of admissible bidders. For example, if licences to
operate in a particular industry are auctioned, then one may wish to
exclude incumbents from the auction, either to ensure that the post-
auction market is more competitive, or simply to attract more entries
into the auction.

The timing of auctions is also important. Consider again the experi-
ence with the European UMTS auctions. Governments that were early in
auctioning their licences have typically earned (much) higher revenue per
capita than those that were late. The UK was the first country to auction
its licences and, therefore, the UK was, in effect, not only auctioning a
licence to operate in the UK, but the option to construct a pan-European
network. This option might have made the UK licence more valuable,
so it might have attracted more bidders to the UK auction, with higher
revenues as a natural consequence. Similarly, if the German UMTS auc-
tion had taken place later in time, the tide might have turned and the
Sonera/Telefonica consortium might have realised that a six-player
German market was not viable and not profitable for them; in that
case, German revenue could have been much lower. While it might
have been beneficial for revenues to hold auctions earlier, it might have
been beneficial for efficiency to hold them later. As time progressed,
more information about UMTS technology, and the corresponding
handset technology, became available, and thus efficiency became more
feasible.

In essence, all of the above arguments amount to saying that the out-
come is determined by supply and demand conditions, and that the gov-
ernment can influence both of these. Perhaps less obvious at first is the
fact that the outcome will also depend on the market mechanism — the
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auction format — that is used. Therefore, we now turn to a discussion of
auction formats.

4 Auction formats

We now assume that the questions ‘what to sell?’, ‘when to sell?’ and
‘whom to allow to bid?’ have been answered, and we focus on the ques-
tion ‘how to auction?’. While our main interest is in describing auction
mechanisms that can be used for selling multiple identical or heteroge-
neous objects, we start with the simplest case in which there is just one
object for sale.

4.1 Selling a single object

Two types of auctions can be distinguished: sealed-bid or open. In sealed-
bid formats, bidders simultaneously and independently submit a bid,
possibly in a sealed envelope, or perhaps using a more modern communi-
cation technique. These bids are then opened and the auction outcome is
determined following some rules that have been announced in advance.
In open auction procedures, bidding proceeds in stages in real time. In each
round, bidders act simultaneously and independently; at the end of each
round, all bidders observe the outcome of that round, and then adjust
their bids on the basis of what they have seen so far.

The best-known open procedure is the ascending, or English, auction,
in which the price is raised until just one bidder is left. This bidder then
wins the object at the price at which the ultimate competitor dropped out.
In practice, one observes a large diversity of English auction forms: the
auctioneer may announce successive prices, or the initiative for calling
out prices may lie with the bidders themselves; bidders may know which
competitors are still in the race, or they may be denied this information,
etc.

A second open procedure is the descending, or Dutch, auction in which
the auctioneer lowers the price until one of the bidders shouts ‘mine’ or
pushes a button on his computer terminal. The (first) bidder to stop the
auction clock wins the object and pays the price at which he stopped
the clock. Note the important difference from the English auction: in
the English auction, the winner pays a price that is determined by his
strongest competitor; in the Dutch auction, the winner pays a price de-
termined by himself.

In sealed-bid procedures bidders bid only once; they simultaneously com-
municate their bids to the auctioneer. Any reasonable auction format will
allocate the object to the bidder who has made the highest bid; however,
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there is a variety of ways in which the price can be determined, with
different corresponding auction formats.

The easiest rule for determining the payment by the winning bidder is,
of course, that he has to pay his own bid. This is also the most common
sealed-bid procedure, and we will refer to it as the ‘first-price sealed-
bid auction’. The reader may notice that this procedure bears a strong
resemblance to the Dutch auction procedure. After all, in the Dutch
auction, each bidder also has to decide on just one number: the price at
which he will stop the auction clock. Calling the latter price the player’s
‘bid’, we see that, in the Dutch auction, the highest bidder wins and pays
his bid. Consequently, the Dutch auction is equivalent to the first-price
sealed-bid auction.

There is, however, at least one important alternative to the ‘pay your
bid’ rule: the successful bidder may be required to pay the highest un-
successful bid. This sealed-bid auction format is called the ‘second-price
auction’, or the Vickrey auction, after William Vickrey, a winner of the
Nobel Prize in Economics, who proposed it; see Vickrey (1961). As in
both this auction and the English auction, the winner pays a price that
is determined by his strongest competitor, these two formats are related
to each other. The ‘second-price sealed-bid’ format, however, is not fully
equivalent to the English auctions that are being used in real life; a crucial
difference is that the ascending price format allows bidders to observe the
drop-out points of other bidders, which might be valuable information.
Therefore, one needs to study the ascending price auction separately from
the second-price sealed-bid auction.

Of course, open auctions and sealed-bid auctions are only two extreme
types of auction and it is easy to conceive of intermediate forms. One
important intermediate form is the ‘Anglo-Dutch’ format (see Binmore
and Klemperer (2002)). Under this format, an open ascending auction
takes place first, until the number of remaining bidders reaches a certain
threshold. Then a ‘first-price sealed-bid’ auction is conducted among the
remaining bidders. This auction format bears a certain resemblance to
the way real estate is auctioned in the Netherlands. Usually this is done
by means of a pair of auctions: an English auction followed (a week or
so later) by a Dutch auction. In contrast to the Anglo-Dutch format,
however, the first auction in this case only stops when one bidder is left,
and everybody can participate in the second auction. The price resulting
from the first auction determines the reserve price of the second auction
and, if the price resulting in this second auction is higher than in the first,
the winner of the first auction receives a certain percentage of the winning
bid.
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4.2 Selling multiple units of one object

When selling multiple units of the same object, a first choice to be made
is whether the units will be sold sequentially, i.e. one after the other, or
simultaneously, i.e. all at the same time. When using a sequential auction,
one has to decide which auction form will be used at each stage. This
might be any of the auction forms that have been discussed above. For
example, in the Dutch flower auction in Aalsmeer, flowers are sold by
means of a sequence of Dutch auctions.

Our emphasis here will be on simultaneous auctions. As before, one
may distinguish between open and sealed-bid auctions. Two prominent
open formats are the descending price format and the ascending price
format. An ascending price format involves a gradually increasing price,
with bidders indicating how many units they want at each price, and the
auction closing once the number of units requested by the remaining
bidders is equal to the number of available units. All bidders then have
to pay the price at which the auction closed. As in the single-unit case,
the price at which a bidder reduces his demand may reveal important
information to the competing bidders.

Formally, in the ascending, or English, auction, the auctioneer gradu-
ally and continuously raises the price. At each price p, each bidder 7 in-
dicates his demand d;(p), i.e. he informs the auctioneer about how many
units he would like to have at this price. The auctioneer then calculates
total demand

d(p) =) d;i(p) D
J

and compares total demand with total supply s. Prices are increased until
a price p* is reached where d(p*) = s and each bidder 7 is then allocated
d;(p*) units at a price p* for each. Hence, all units sell at the same price.
In practice, different variants may be distinguished: bidders may, or may
not, know the demand as expressed by their competitors; they may, or
may not, be prevented from increasing their demand again after they have
previously reduced it, etc.

In the descending, or Dutch, auction, the price starts at a relatively
high level and is then gradually lowered. At each price p, bidders will be
informed about the supply s(p) that is still left and they have to indicate
when the price has reached a level at which they are willing to buy one
or more units. The auction closes when as many bidders have indicated
their willingness to bid as there are items available, i.e. when s(p) = 0.
Each bidder has to pay the price at which he indicated that he was willing
to buy. In this case, when bidder 7 buys three units, say at prices p;, p»
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and ps, he pays a price p; for the first unit, p, for the second unit and ps
for the third unit. Hence, this auction form is discriminatory: different
units (might) sell for different prices.

Each of the above auction formats has a related sealed-bid version. In
sealed-bid auction formats, bids take the form of demand curves: bidders
indicate separately how much they are willing to pay for the first unit
they acquire, how much they are willing to pay for the second unit, etc.
Typically the outcome of the auction is determined by finding first the
price at which demand equals supply. All bids made above this price are
satisfied, with a tie-breaking rule specifying which bids at the market-
clearing price will be satisfied as well. Various sealed-bid auction formats
differ with respect to the precise rules that determine bidders’ payments.
In a ‘uniform price auction’ the market-clearing price is also the price
that all bidders have to pay for all units that they have been allocated. In
a ‘discriminatory price auction’ bidders have to pay for each unit exactly
the amount they bid.

Formally, in the uniform price auction, each bidder i communicates
his entire demand curve d;(.) directly to the auctioneer. The auctioneer
then computes total demand d(.), as well as the market-clearing price
p* for which d(p*) =s. Each bidder ¢ is then allocated d;(p*) units for
which he pays p*d;(p*) in total. When the number of units is an integer,
say n, two variants may be distinguished: the market-clearing price may
be the lowest one of the accepted bids, or it may be the highest one of
the rejected bids, i.e. in the latter case is the highest price p for which
d(p) =n + 1. In the former case, the uniform price auction is related to
the ascending price open auction.

In the discriminatory auction, the bidders also communicate entire de-
mand functions to the auctioneer. The auctioneer calculates the market-
clearing price just as before, but now each bidder pays his bid for each
unit that he is awarded. For example, if bidder 7 indicates that he wants
five units and that he is willing to pay pi, p2, . . . , p5 respectively for
these units with p; > p, > p3 > ps > p5 and the market-clearing price p*
satisfies p; > p* > p4, then bidder 7 will be awarded three units and he will
be requested to pay p; + p» + ps in total. Obviously, this discriminatory
auction is closely related to the descending price auction. However, in
contrast to the single-unit case, there is now one important difference. It
is that all bidders except the first one to bid can observe some bids by
previous bidders. This additional information may be useful to them.

In his seminal 1961 article, Vickrey noted that, in the case where bid-
ders are interested in buying multiple units, both the uniform and the
discriminatory auction have important drawbacks and he proposed an
auction form that does not suffer from these drawbacks. In a multi-unit
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Table 1.1. An example to illustrate
the multi-unit Vickrey auction

1st 2nd 3rd 4th
1 50* 47* 40* 32

42* 28 20 12
3 45* 35% 24 14

‘Vickrey auction’ the highest bids are again accepted, but the pricing rule
is more complicated: bidders have to pay for the kth unit which they gain
the value of the kth highest losing bid placed by the other bidders. This
pricing rule is a direct generalisation of the single-unit Vickrey rule and
it has a clear economic interpretation. In the single-unit case, the win-
ner of the auction pays the value that the strongest competitor expresses
for the item. To phrase this slightly differently, the winner pays the ex-
ternality that he exerts on the competing bidders, that is, the value that
they could have generated had he not been present in the auction. In the
multi-unit case, the units are allocated to those bidders that express the
highest values, and each winner pays the value the other bidders could
have generated had he not been present.

An example may illustrate this. Suppose six identical units are for sale,
and there are three bidders each of whom is interested in at most four
units. The bidders’ marginal values are given in table 1.1. (The table
should be read as follows: bidder 1 expresses a value (bid) of 50 for the
first unit that he gets, 47 for the second unit, etc.). The Vickrey auction
allocates three units to bidder 1, one to bidder 2 and two to bidder 3,
as indicated by the entries marked * in the table. In this way the highest
possible total value is realised. How much should bidder 1 pay for his
units? If he were not there, we could allocate three units more to bidders
2 and 3. Of these we would give two units to bidder 2 (values 28 and
20) and one unit to bidder 3 (value 24). Consequently, bidder 1 should
pay 28, 24 and 20 for his units, a total of 72. Similarly, bidder 2 should
pay the externality he exerts on bidders 1 and 3, i.e. he should pay 32.
Finally, bidder 3 receives two units and he should pay 32 for the second
and 28 for the first, or a total of 60.

The reader may now wonder whether this Vickrey auction has an equi-
valent open variant. The answer is in the affirmative, as has recently been
shown by Ausubel (2003). In Ausubel’s auction, as bidding progresses,
bidders ‘clinch’ units sequentially. The price to be paid for each unit is the
price at which the auction stood at the time the unit was clinched. More
formally, the price is gradually increased from 0. At each price p, each
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player expresses his demand d;(p) and we compute d( p) just as before. In
addition, for each price, we calculate the total demand of the opponents

di(p)=>_di(p) ©
J#
as well as the supply that is available to satisfy the demand of player : after
his competitors have satisfied all their demand

si(p) =s(p) — d-i(p). 3)

As we increase p, total demand d(p) will fall and at a certain p we will
have

d_i(p) <n €))

where #n is the total number of units that is available. Let (p;, 7) be
the first combination where this happens. At this price, the competitors
of 7 demand one unit less than is available; hence, 7 has ‘clinched’ one
unit, and the Ausubel auction indeed allocates one unit to bidder 7 at
this price p;. We thereby reduce supply by one unit (hence s(p) =n — 1
for p > p1), we also reduce the demand of bidder 1 by one unit and we
continue the process. We repeat this process, always allocating one unit
to a bidder % as soon as the residual supply that is available for this player
sp(p) 1is strictly positive, until total residual supply becomes zero.

We can illustrate the Ausubel auction by means of the values given in
table 1.1. If one increases p, one sees that residual demand remains at
least 7 as long as p < 20. When p = 20, the total demand of bidders 2 and
3 drops to 5 and bidder 1 can be allocated his first unit at this price. We
now cross out 50 from the first row in the table and reduce the supply to
5. Next, at p =24, bidder 3 drops a unit and we have s;(p) =1 so that
bidder 1 can be awarded a second unit at price 24. And so on.

4.3 Multi-object auctions

We now allow for the possibility that the objects on offer are non-identical.
For example, spectrum licences sold by auction may differ in size, or in
their location in the electromagnetic spectrum. These objects may have
different values, and so will fetch different prices.

When heterogeneous objects are sold, both sequential and simulta-
neous sales are again possibilities. In the case of a sequential auction,
an important decision is the order in which the objects are sold: should
the object with the highest expected price be sold first or last? Or is it
preferable to adopt a random order? The sequencing may also be deter-
mined endogenously, i.e. the buyers may determine which object is sold
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Table 1.2. Description of the state of a
stmultaneous ascending auction

Ay Ay . Ay
B, B . B
b b, . b
mit! A o miH!

first. For example, the seller can initially auction the right to choose first
from the set of all objects; the highest bidder wins and chooses an object
from the set. The bidders are then informed which objects are still left,
and the process repeats itself.

When the Federal Communications Commission planned to sell mul-
tiple, non-identical spectrum licences at the beginning of the 1990s, the
auction theorists McAfee, Milgrom and Wilson devised the ‘simultane-
ous ascending auction’ by means of which the licences could be sold
simultaneously (see Milgrom (2000)). In this auction, all objects are sold
simultaneously using an English auction procedure in which prices on
each object are increased until there is no more bidding for any of the ob-
jects. At that point, the auction ends and the bidders that have made the
highest bids receive the objects. As always, variants are possible: prices
can be raised continuously or in discrete steps, for example, and bid-
ders may receive full or incomplete information about which bidders are
standing high at a certain point in time. We now describe one variant in
more detail.

Label the available objects as Ay, A», . . . , A, and let there be m bidders,
i=1, ..., m. The auction will proceed in a number of rounds and, in
each round, it will be in a certain state. The state of the auction includes
a description of (i) who has made the highest bid on each item up to
that round, (ii) the value of that bid and (iii) the minimum that has to
be bid on each object in the next round in order for the bid to be valid.
Hence, the state of the auction at time ¢ may be represented as shown in
table 1.2. The columns of this table correspond to the various lots; B;
denotes the bidder that is standing highest on lot j at the end of round
t and b; is the corresponding highest bid; m?’l is the minimum bid that
has to be made in round ¢ 4+ 1. The auction starts in round 1 with the
minimum bids m; having been chosen by the auctioneer. In each new
round, the auctioneer sets new minimum prices, which typically are a
certain percentage increment, say 5 or 10 per cent, above the previous
highest bids.
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Table 1.3. Player’s bidding rights in round t
n a simultaneous ascending auction

1 2 M
R! R R!

In addition to information on the lots, bidders also have information
about the number of ‘bidding rights’, R]-‘, that each bidder : still has in
round z. The bidding rights provide an upper boundary for the number
of objects for which bidder ¢ may seek to become the leading bidder in
round ¢z. Thus, if bidder ¢ has Rj’ bidding rights in round 7 and this bidder
is currently having the highest bids on % lots, then, in round ¢ + 1, this
bidder is allowed to bid on at most

max (0, R — k) 5)

lots on which he is not standing high. The auction rules will determine
how the bidding rights evolve, so, in addition to table 1.2, in each round
the table of remaining bidding rights will also be available to players
(table 1.3). The rules may, for example, reflect concerns about com-
petition in the aftermarket, so that bidders are not allowed to acquire
more than a certain maximum number of objects. On the other hand,
in order to speed up the auction, if a bidder would like to receive %
objects, then we would like to force him to bid on k units, or at least
we would not want him to bid for too long a time on a substantially
smaller number of objects. The rules may then say that a bidder loses
bidding rights if he does not bid for a sufficiently large number of
objects.

Let us give an example. Suppose that we want bidders to bid seriously
from the start and that each bidder could possibly acquire all # objects.
In that case we will have Rll- = n for each bidder ¢. Second, the number
of bids that bidder 7 will make in this round will determine his number
of bidding rights in round 2: if bidder 7 bids on only / lots, then Rf =1.
Subsequently, if in round ¢ bidder 7 is standing high on /; lots and he bids
on /, lots on which he currently is not standing high, then in round ¢ + 1,
we will have ng+1 =1[; + I,. Note that, as a consequence, R;H < R/ for
all 7 and «.

In each round, bidders, having access to the tables, such as those in
tables 1.2 and 1.3, will simultaneously decide on which lots to bid and
how much to bid. Of course, bidders will have to take into account the
restrictions on the minimum bids and the bidding rights. As a result of
the bidding, the auctioneer will adjust the ‘bid table’ and the ‘activity
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table’ and provide the updated information to the bidders. The process
will continue until a round ¢* is reached in which no more bids are made.
The bidders that are standing high at ¢* receive the lots and pay the price
they have bid, and lot; is sold to bidder B}* for the price b*. Note that all
auctions close simultaneously; as long as there is bidding on at least one
lot, it is (theoretically) possible that in some future round there might
still be bidding on other lots. Also note that the simultaneous auction
allows bidders a lot of flexibility: a bidder who is bidding only on lot j
at first, might switch to a different lot j’ if he has been overbid on j, and
if he finds that j is getting too expensive. Because of this flexibility, one
may expect that, in this auction, similar objects will be sold at similar
prices. This property is not guaranteed when the objects are sold in a
sequential auction, and this is one of the reasons why a simultaneous
format is preferred to a sequential one.

Finally, note that, in this simultaneous ascending auction, bidders bid
on individual lots; there is no possibility of bidding directly on packages.
As we shall see in the next section, when different objects are comple-
ments, i.e. when the value of a pair of objects together is larger than the
sum of the individual values, allowing such package bidding might im-
prove the efficiency properties of the auction. In that section, we will also
briefly discuss how package bids can be included and whether allowing
for package bidding has drawbacks as well.

5 Bidding behaviour

To find out which auction format is optimal for the seller, one first has to
ask how bidders will bid under different auction formats. In this section,
we will describe and explain some aspects of bidding behaviour, and
we will examine their implications for the choice of auction format. We
will not provide a full overview of the results that are available, but limit
ourselves to a couple of salient features with high practical relevance. As in
the previous section, we move from the simplest to the more complicated
situations.

5.1 Single object; own value is known

Let us write v; for the value that bidder ¢ assigns to the object that is for
sale. Consequently, if player 7 wins the object for a price p, then his net
gain is v; — p; if 7 does not win the object, he does not have to pay and
his utility is normalised to 0.

In the English auction, as long as the price is below the own value,
it is optimal to stay in the auction: if one quits one is sure to lose,
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while one might make a positive profit if one stays in. On the other
hand, if the price is above the personal value, it is optimal to drop out,
since winning would confer a loss. We can conclude that rational bidders
will remain in the auction until their value is reached and that the bid-
der with the highest value will win the auction: the auction outcome is
efficient.

A similar conclusion is reached in the Vickrey auction: bidders should
submit bids that are equal to their true valuation of the object (Vickrey,
1961, 1962). The reason is that under the second-price rule the bid only
determines whether the bidder wins the object, but not kow much he has
to pay when he wins. A bid that is exactly equal to the true value ensures
that a bidder wins whenever the price determined by the auction is below
the bidder’s value, and that he loses otherwise. Formally, for each bidder
it is a (weakly) dominant strategy to bid truthfully: if my value is v;, then,
for any possible combination of bids of my opponents, bidding b, = v;
yields at least as much profit as any alternative bid, and sometimes the
truthful bid yields strictly more.

Note that the above conclusions do not depend on the risk attitudes
of the players, nor on the information that they have about their com-
petitors’ values. The simplicity of the optimal bidding strategy in the
English and in the Vickrey auctions can be regarded as one important
advantage of these formats. However, it turns out that student subjects
in experiments often do not discover the optimal bidding strategy in the
Vickrey auction, even if they are given the opportunity to gather experi-
ence and learn (see Kagel (1995)). Thus, it seems that, perhaps, not too
much weight should be attached to the strategic simplicity of the Vickrey
auction.

The situation is fundamentally different in the Dutch and first-price
auctions. Under such a format, the only way for a bidder to achieve a
positive surplus is for him to bid less than his true value. The issue now is
by how much bidders will shade their bids, and this is a difficult problem:
the longer a bidder waits, the more profit he makes if he wins, but the
larger the risk that he will lose the auction. Hence, a bidder is facing a
risk-return trade-off and his decision will depend on his beliefs about
the competitors’ values and his risk attitude. The more risk-averse he
is, or the more intense he expects the competition to be, the higher he
will bid.

Let us assume that bidders are risk-neutral, so that they only care
about expected gains, an assumption that will be maintained throughout
most of this chapter. Suppose also for the present that each bidder knows
not only his own value, but also the values of all competitors. In that
case, the bidder with the highest value knows that he can safely wait
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until the clock reaches the second highest value: no competitor will bid
at such a price since he would make a loss when winning at that price.
Consequently, in this case, the bidder with the highest value will win and
he will pay (approximately) the second highest value, just as in the English
auction.

One of the results derived by Vickrey (1961) was that this equiva-
lence of auction forms generalises to certain settings in which bidders
are uncertain about their opponents’ values. Consider the so-called sym-
metric independent private values (SIPV) model, in which bidders are
risk-neutral, and consider their values as independent draws from the
same distribution. If the seller does not impose a minimum bid, then,
in an equilibrium each bidder will bid the value that he expects his
toughest competitor to have, conditional on his own value being the
highest

Bi(v) = E(max ;| maxu; < v,). ©)

As a consequence, in this benchmark case, the bidder with the highest
value will win the object, so the auction outcome is efficient. Further-
more, the above equation shows that bidders will shade their bids ex-
actly so that on average the payment will be equal to the second highest
value and, therefore, the expected price will be equal to the expectation
of the price paid in the equilibrium of the Vickrey auction. It also fol-
lows, therefore, that a risk-neutral seller will be fully indifferent between
any of the four auction forms (without minimum bids) that have been
discussed: they all yield an efficient allocation and the same expected
revenue.

Let us briefly illustrate how an equilibrium as in (6) can be derived.
Imagine that there are two bidders, that each bidder z knows his own value
v;, but that he considers his competitor’s value v; to be an (independent)
draw from the uniform distribution on [0,1] and that the first-price auc-
tion is used. Since the situation is symmetric, a strategy B(.) (a map that
translates values into bids) that is good for one player should also be
good for the opponent. We are looking for a bidding strategy B(.) such
that <B(.),B(.)> is a symmetric Nash equilibrium, i.e. given that my
opponent bids according to B(.), it is in my best interest to bid according
to B(.) as well. Bidders with higher values are more eager to win the ob-
ject; hence, they will be willing to bid more, and, consequently, we will
assume that B(.) is an increasing function. Assuming that player 2 bids
according to B(.), let us check under what conditions player 1 finds it
optimal to bid B(x) for any possible value x that he might have. If player
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1 bids B(y) instead, then, if his competitor bids according to B(.), his
payoff would be

x—B(y) ifvy<y

ulyly =157 0 e ™

which would yield the expected payoff

Eu(y|x) =[x — B(»)]y. )

Here we have used the assumptions, first, that B(.) is increasing, so that
the bid B(y) is winning if and only if y > v, and, second, that v, is uniform
on [0,1] so that y = Prob[v, < y]. Player 1 wants to maximise his payoff,
so he wants to choose y such that Eu(y | x) is maximal. The first-order
condition is

dEu(y|x)
ay N

and, to have an equilibrium, this condition should be satisfied for y = «x,
or

x—B(y»)—B(»My=0 )

B(x) + xB'(x) = x. (10)

We can conclude that the equilibrium strategy B(.) should be a solution to
this differential equation. Fortunately, the differential equation is simple
to solve, yielding

B(x) =x/2+C/x 1y

for some constant C. This integration constant is determined by the min-
imum bid that the seller requires in the auction. If there is no minimum
bid, then a buyer will participate no matter what his value is and we will
have B(0) =0. In this case B(x) =x/2, and the result confirms equation
(6): assuming that player 2’s valuation v, is less than x, v, is uniformly
distributed between O and x, and thus the conditional expected value
from the right-hand side of (6) is just the midpoint between 0 and x, that
is x/2.

We now generalise these observations to an SIPV model with » bidders
where values are independent and identically distributed with distribu-
tion function F. Consider any symmetric equilibrium of any symmetric
auction format. Given his value x, a bidder can calculate upfront his prob-
ability of winning the auction, P(x), as well as the expected transfer, T(x),
he will have to make to the seller. Furthermore, the buyer can calculate
the corresponding quantities resulting from his pretending that his value
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would be y. If a bidder plays as if his value were v, his expected payoff
would be

U(ylx) = xP(y) — T(). (12)

In equilibrium, pretending to have a different value does not pay, because
otherwise a bidder with value x would prefer the bid of a bidder with value
v to his own bid, and we would not have an equilibrium. Hence, we must
have

aU(y|x)
dy

If we write U(x) = U(x | x) for the equilibrium expected utility for a
bidder with value x, we therefore have U'(x) = P(x), hence

=0 fory=x. (13)

Ux) = UQ0) + fo ) P(2)dz (14)

where we have assumed, without loss of generality, that O is the lowest
possible value of x. From this it follows that any two auction mechanisms
that have the same P(.) function and that both satisfy U(0) = 0 have the
same expected utility for the buyers. Moreover, we have that the seller’s
expected revenue is given by

R:n/ T(x)dF(x) (15)

and since T(x) = xP(x) — U(x), it also follows that the seller must be
indifferent between any two auctions that have the same P(.) function
and that satisfy U(0) =0. In summary, the seller, and all the buyers,
are indifferent between auction formats which imply the same rule for
allocating the object (the P(.) function) and which imply the same utility
for a bidder of the lowest conceivable type. This result is known as the
Revenue Equivalence Theorem.

Without a reserve price, the four standard auction formats defined
above imply that, in equilibrium, the object is allocated to the bidder
with the highest value (hence, they have the same P(.) function) and that
the bidder with the lowest value has zero expected utility, i.e. U(0) =0.
Therefore, the Revenue Equivalence Theorem implies that all players are
indifferent among these auction formats.

Let us now ask the question of which auction format the seller should
choose? The Revenue Equivalence Theorem implies that this reduces
to the question of which function P(.) to choose, and what value for
U(0). If the seller is only interested in the efficiency of the allocation rule,
then the four auction formats discussed above, with zero reserve price,
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are obviously optimal. In the case where the seller wishes to maximise
expected returns, Myerson (1981) has solved the problem. He has shown
that the seller will optimally set U(0) =0, and will allocate the object to
the bidder with the highest value, except if this highest value is below
some reserve price m*, in which case the seller does not sell at all. The
optimal value of m* turns out to be independent of the number of bidders.
It is equal to the ‘take-it-or-leave-it’ price that the seller would ask when
faced with one bidder, with a value drawn from the distribution F(.);
hence, if the seller’s value of the object is zero, m* is found by solving

max,, m(1 — F(m)). (16)

Which auction rules implement this format? Analysing equilibria of auc-
tions with reserve prices along the lines indicated at the beginning of
this subsection, one finds that any of the standard auction formats, with
optimal reserve price m*, implies the desired allocation rule, and yields
zero expected utility for the bidder of the lowest conceivable type. There-
fore, any such auction is optimal. The seller is indifferent among all four
standard auction formats with this reserve price.

The results which we have described in this subsection are well known,
but they do not directly apply to licence auctions because the circum-
stances in which these auctions are conducted differ from those assumed
in the theorems. The next subsections discuss several ways in which
spectrum auctions deviate from the assumptions underlying the Revenue
Equivalence Theorem and Myerson’s optimal auction analysis, and why,
given these deviations, the choice of auction format matters.

5.2 Asymmetries

In the previous subsection we assumed that all bidders regarded their
valuations as independent draws from the same distribution. This means
that bidders regard all competitors ex ante as equally strong. In many
practical situations, however, some bidders might be known in advance
to be stronger than others. We can describe such a situation formally by
assuming that some bidders’ valuations are drawn from a distribution
which typically yields higher values.

As a simple example, consider the extreme case in which there are only
two bidders, and bidder 1’s value is drawn from a uniform distribution
between 0 and 1, while bidder 2’s value is drawn from a uniform dis-
tribution between 2 and 3. Thus, it is known in advance that bidder 2
can make much better use of the object than bidder 1. What will happen
if one of the four standard formats is used to auction the object? The
analysis of the English auction, and the second-price auction, will not
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change. As we noted above, that analysis is independent of the sym-
metry assumption. Thus, bidders will bid their true values, bidder 2
will always win, and he will pay bidder 1’s value. In the first-price and
Dutch auctions, by contrast, one equilibrium will be that bidder 1 bids
his own value, perhaps recognising that he has no chance of winning.
Bidder 2 will then find it optimal to bid the maximum value of bidder
1, that is to make a bid equal to 1, and thus not risk any probability
of not winning the auction. This holds for any value which bidder 2
might have. If this equilibrium is played, then a first-price, or Dutch, auc-
tion will guarantee the seller a revenue of 1, whereas a second-price, or
English, auction will only give a revenue equal to the true value of bidder
1. Revenue equivalence between the standard auction formats no longer
holds, and the seller has a preference for a first-price auction. Vickrey
(1961) has already shown that in general no unambiguous statement
about the revenue ranking of the standard auction formats is possible if
bidders are asymmetric. (See also Maskin and Riley (2000) for a recent
investigation.)

5.3 The winner’s curse and the linkage principle

Bidding becomes more difficult when a player does not know his own
value, which will be the case in many real-life auctions. In particular,
bidders will typically have different pieces of information about the true
value of licences, and each bidder would revise his own valuation of the
licences if he had not only his own information, but also the information
of the other bidders. While the information of competitors is not directly
available, a bidder might be able to infer it from their behaviour. For
example, if bidder 1 sees that bidder 2 bids very aggressively on one
particular licence, he might infer that this licence is more valuable than
he previously thought. Alternatively, if a bidder sees other bidders drop
out early, then he might revise his own valuation downwards. In open
auctions, one can thus learn from the bidding behavior of other players:
their bids may reveal some of their information and may allow a bidder
to make a better estimate of his own value. The Revenue Equivalence
Theorem abstracts from such informational issues.

If informational considerations of this sort play a role, then successful
bidders run the risk of suffering from the winner’s curse. This refers to
the fact that the winner of an auction is the bidder who has the highest
estimate of the value of the licence, and that this estimate and the cor-
responding bid may be overly optimistic. Other bidders apparently have
had information that gave reason for more caution, and had the winning
bidder had access to other bidders’ information at the time of bidding,
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he would probably have revised his own valuation of licences downwards.
A winner who does not think these issues through in advance will suf-
fer from the winner’s curse, i.e. he will pay more than the licences are
worth.

To illustrate the possibility of the winner’s curse, let us consider the
following question: in the case in which one is not sure about the value
and the Vickrey (second-price) auction is used, should one bid the ex-
pected value of the object? Let us assume that the situation is symmetric
and that the value of the object is the same for each player. As a spe-
cific example, think of bidders bidding for the right to drill for oil in a
certain location; the amount of oil that can be extracted is (to a first ap-
proximation) independent of the winner of the auction, so the right to
drill has the same value for all bidders. Indeed, the study of the winner’s
curse originates from analysing these situations (see Capen, Clapp and
Campbell (1971)). If bidding the expected value is the optimal strategy
for one bidder, then it would also be followed by the other players and in
that case the winner of the auction would be the one who has estimated
the highest expected value. In being told that he has won the object, this
bidder is also being told that all other bidders have estimated the value
to be lower than he has, which is bad news. Furthermore, the winner has
to pay the estimate of the second most optimistic bidder and this may be
above the actual value as well. In short, if one bids the expected value,
one risks having to pay more for the object than it is actually worth, and
thus falling prey to the winner’s curse.

A rational strategic bidder in a second-price auction will anticipate that
a winner’s curse might arise, and will adjust his bid downwards. He will
therefore bid conservatively. The result of such downward adjustment of
bids will, of course, be lower average revenue for the auctioneer. If a bidder
wins, he is told that he has the highest estimate; hence, a conservative way
of bidding would be to bid the expected value of the object, conditional
on all opponents estimating this value to be lower. It turns out that this
is too conservative; one may allow for the possibility that at least one of
the opponents is as optimistic as one is oneself. If we write X, for the
stochastic signal received by player j, it can be shown that, in the Vickrey
auction, player ¢ should bid

Bi(x) = E(vi | x = max X;). an
VE=]

To illustrate our discussion, suppose there are three bidders who bid
in an ascending auction for an object that is worth

v=(x1 +x +x3)/3 (18)
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to each of them. Here x; is a signal that player 7 has received about the
value; player i, however, does not know the signal x; received by the
competitor, which he considers to be drawn from the uniform distri-
bution on [0,1]. A naive bidder would bid the value of his own signal:
b;(x;) =x;. Such a bidder would suffer from the winner’s curse. The
naive correction for the winner’s curse, which conditions on the event
that both other signals are below one’s own, results in a bid of:
bi(x)) =(1/3)x; + (2/3) (x;/2). This is because the expected value of a
signal, conditional on being less than x;, is x;/2. However, the equilib-
rium bid is larger than this, and conditions on the event that one of the
other bids is the same as x;. Thus, it is: b;(x;) = (2/3) x; + (1/3) (x;/2).

Efficiency of auctions where bidders do not know their own value be-
comes an issue when, unlike in our example, valuations have a common
as well as an idiosyncratic component. Under symmetry conditions, the
bidder with the highest signal will have the highest value and will make
the highest bid, so the Vickrey auction will also result in an efficient al-
location in this case. Under these same conditions, also the Dutch (first-
price) auction will also yield an efficient outcome, and the equilibrium
bidding strategy is given by a similar, but slightly more complicated for-
mula. However, if individual signals are, unlike in our example, affiliated,
the seller will usually not be indifferent among these auctions: the Dutch
auction results in lower (or at least not higher) expected revenue than the
Vickrey auction, which in turn yields expected revenue no higher than
the English auction. In other words, the loss which the auctioneer suffers
because bidders adjust their bids in anticipation of the winner’s curse is
typically lower in second-price auctions than in first-price auctions, and
it is lower in the English auction than in the Vickrey auction.

A popular intuition for these results, which is, however, only partially
correct, is that the more information a bidder has, the smaller the chance
of falling prey to the winner’s curse and the more aggressively a bidder
can bid. The result is an application of a more general idea (originally
derived in Milgrom and Weber (1982)), which in auction theory is known
as the ‘linkage principle’: it works, at least on average, to the auctioneer’s
advantage if he can link the price paid by winning bidders to signals that
are correlated with the signals of winning bidders. An excellent exposition
of the linkage principle is in chapter 7 of Krishna (2002). His proposi-
tion 7.1 formulates the linkage principle for a general setting in which
bidders’ valuations are not necessarily common. The linkage principle
is often related to the winner’s curse, but the connection is only loose.
In particular, there are common value settings where individual signals
are independent, and therefore the linkage principle does not apply, even
though the winner’s curse is clearly relevant.
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In a first-price auction, conditional on being told that he has won, a
bidder does not have more information than the information he used
when he made his bid; in particular, the auction price just depends on
his own bid. In contrast, in the Vickrey auction, the payment made by the
winner is linked to the information of one of the losers of the auction. In
a common value environment, if the signal of the loser is correlated to the
signal of the winner, the linkage principle implies that the second-price
auction offers the auctioneer higher average revenue than the first-price
auction .

As a further application of the ‘linkage principle’, we obtain the classic
argument in favour of open auction formats. These formats allow bidders
to observe other bidders’ decisions, such as these bidders’ decisions to
exit from the auction. If other bidders’ signals contain information about
the value of the object, and a bidder’s own signal does not include this
information, then bidders will have an incentive to learn from others’
decisions, and to revise their own plans continuously. This will tighten
the link between other bidders’ signals, and the price paid by the winning
bidder. If signals are correlated, then the linkage principle implies that
an open format leads to a higher expected revenue for the seller than a
closed format.

To conclude, under natural assumptions, the four basic auction forms
still all generate an efficient outcome, but they typically do not yield
the same expected revenue for the seller. The English auction yields at
least as much expected revenue as the Vickrey auction, and the Vickrey
auction yields at least as much as the Dutch auction. If the seller can avoid
collusion among the bidders (see below), he is thus advised to organise
an open ascending procedure as this provides the tightest link between
the price paid by the winning bidder and the signals observed by other
bidders.

5.4 Bidding in multiple unit auctions

We emphasise from the outset that the literature on auctions with multi-
unit demand is much less developed than the literature on auctions
with single unit demand. Multi-unit demand is, in fact, one of the ar-
eas on which current research in auction theory is concentrating. At
this stage, though, the question on which we focused in previous sub-
sections, i.e. ‘What is/are the equilibrium/a of a given auction format
under certain assumptions about values and information?’, has not been
answered at any level of generality for multiple-unit auctions. We can
thus only point out some intuitions, but we cannot present any general
results.
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Since a sequential auction is easy to organise, a seller will find it tempt-
ing to sell multiple units sequentially. For a bidder, a sequential auction
presents considerable strategic complexity, however. For example, there
might be a reason to hide true values in early auctions so as to induce
other bidders to bid lower in later auctions. In addition, supply/demand
conditions change during the auction. On the one hand, there is an incen-
tive to bid more aggressively in later auctions because fewer items remain
for sale; on the other, some bidders, possibly those with the highest valu-
ations, have already won a licence and have left the auction. Thus, there
is an incentive to bid less aggressively. How these intuitions interact, and
what is optimal bidding behaviour in sequential auctions, has only been
resolved in some special cases (see chapter 15 of Krishna (2002)). For
sequential auctions in which each bidder is interested in just one item,
it turns out that the effects exactly cancel each other out, irrespective of
whether the auction format is first-price or second-price, sealed-bid: the
expected price for which item / 4+ 1 will be sold is exactly equal to the
price for which item /is sold. However, it is also well known that in prac-
tice bidders’ behaviour deviates from the predictions derived for these
special cases: in many real-life auctions, prices display a downward drift;
see Ashenfelter (1989).

The situation gets even more complicated if bidders are interested in
multiple units, and especially so when there are complementarities and
players’ values are superadditive (‘1 + 1 =3’). For example, if bidder 1
has already won one item, he may need a second one in order to generate
value from the first. He may, therefore, need to bid very aggressively
on a second unit, with two effects. On the one hand, his competitors
know that it is unlikely that they can win the second unit, which may
discourage them from bidding; on the other, they know that bidding is
relatively riskless for them, so they may bid to drive up the price for bidder
1 and weaken him in that way. To put it differently, bidder 1 is liable to
a ‘hold-up’ problem in this case. Of course, if a player foresees this, and
considers the risks to be too large, he may decide not to participate in
the first place. As a consequence, it does not seem a good idea to use a
sequential auction in situations like these, and the consensus view is that
it is better not to confront bidders with the complications of a sequential
format.

Moving to simultaneous auctions, we report three interesting intuitions
emerging from the literature. The first two relate specifically to uniform
price auctions, to which we will mainly restrict ourselves.

We note, first of all, that the uniform (z + 1)-auction (in which all
winning bidders pay the highest losing bid) does not share the desirable
properties of the second-price auction from the single-unit case, at least
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not in the situation where bidders are interested in more than one unit.
The reason is simple: if a bidder can demand more than one unit, he
can influence the market price and he will profit from a lower market
price on all the units that he gets. Thus, there is the possibility of play-
ers engaging in demand reduction: bidders understate their true value of
different units (Ausubel and Cramton, 1996; Engelbrecht-Wiggans and
Kahn, 1998). While demand reduction implies that a bidder will not
win some units that he would have liked to win, it is advantageous be-
cause it reduces the price which the bidder has to pay for all those units
which he will win. When demand goes down, the equilibrium price at
which the market clears goes down too. Demand reduction is a source
of inefficiency in uniform price auctions, and it reduces sellers’ expected
revenues.

To give a very simple example, suppose that there are two units and two
bidders, with bidder 1 wanting to have two units and player 2 interested
in just one unit. Bidder 1 will realise that his demand for the second unit
might set the price; if he pretends not to value this second unit (bids 0 for
it), then he is guaranteed to get one unit for free, and this will frequently be
better than to compete head-on with bidder 2 in an attempt to acquire two
units. As a second example, assume that there are two bidders who each
want two units and that supply is also equal to two units. Furthermore,
suppose that each bidder knows his values and that it is known that all
(marginal) values are in the order of 50. If bidders bid truthfully and
compete head-on, price will raise to approximately 50 and each bidder
will have utility close to zero. If the ascending English auction is used, it
is, however, much better to reduce demand to one unit immediately. If
one bidder does this, the other notices immediately that he can stop the
auction by also reducing his demand. In this case, each bidder will get one
item and the price will be close to zero. In equilibrium, therefore, bidding
will stop immediately at price zero. Grimm, Riedel and Wolfstetter (2002)
illustrate that a demand reduction strategy was successfully followed in
the German DCS-1800 auction. In a simplified model of that auction,
these authors also show that the unique ‘sensible’ equilibrium will result
in demand reduction.

The second intuition that emerges from the literature on sealed-bid
auctions with multi-unit demand is that uniform price auctions offer an
opportunity for a particular form of implicit collusion. The strategies
adopted by bidders for this form of collusion involve overstating the will-
ingness to bid for the first few units, and understating the willingness to
bid for later units. Values are overstated for those units that the bidder is
sure to win. What the bidder bids for these units is certain not to influence
the market price directly. Understatement occurs for those units that the
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bidder regards as ‘marginal’, i.e. he might win them, or he might not win
them. Understatement of values for these units goes beyond the demand
reduction effect described in the previous paragraphs; see Binmore and
Swierzbinski (2000).

The logic behind these strategies, first pointed out by Wilson (1979), is
that each bidder’s demand function is very steep around the equilibrium
price. The effect of this is that each bidder also faces a very steep residual
demand. That will mean that an increase in demand will lead to a very
sharp rise in the market-clearing price. This in turn deters all bidders from
raising their demand. Note that this form of implicit collusion assumes
that bidders can predict the market-clearing price relatively well. If there
is large uncertainty regarding this price, then this form of collusion cannot
be implemented.

Discriminatory price auctions create other, more subtle inefficiencies,
but we will not discuss these here. One advantage of the more complicated
pricing rule adopted in the Vickrey auction is that similar problems do
not arise there. Vickrey(1961) showed that the auction that he proposed
inherits the desirable properties of the Vickrey auction in the single-unit
case: it is a dominant strategy for each player to report his values truth-
fully to the auctioneer. Consequently, the Vickrey auction is easy to play,
honesty is the best policy and bids coincide with actual values. As a re-
sult, therefore, this Vickrey auction is a robust mechanism that produces
an efficient outcome: it is impossible to generate higher total surplus.
Note that this does not imply that this auction format also raises the
highest possible revenue for the seller; on the contrary, the revenue in the
Vickrey auction can be quite low. Of course, since demand reduction also
harms revenue, it is not clear that a uniform auction will result in higher
revenue.

The third intuition emerging from the literature concerns the case in
which bidders do not know their own value, and each bidder believes
that other bidders hold private information that is potentially relevant
to their own valuation. We explained above that in the case of single-
unit auctions the winner’s curse arises. In the case of multi-unit auctions,
there is also a loser’s curse. This refers to the fact that losing at the margin
now implies good news about the value of the good: the winners of the
non-marginal units must have had better information (Pesendorfer and
Swinkels, 1997). This leads bidders to bid more aggressively.

The linkage principle which we explained above for single-unit auctions
fails in the case of multi-unit auctions (Perry and Reny, 1999). There is
no clear ranking of different auction formats in terms of their expected
revenue. An intuitive explanation of this may be seen in the presence of
the loser’s curse.
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Table 1.4. Increasing marginal
values (for player 1)

0 1 2 3
1 0 0 60 99
0 0 80 90

We conclude this subsection by pointing out that additional problems
arise when the bidders’ values are superadditive, that is, when marginal
values are increasing over a certain range. To illustrate, consider the sit-
uation represented in table 1.4. There are two bidders and three units;
each bidder requires at least two units to generate value, with bidder 1
valuing two units at 60 and three units at 99, etc. The efficient allocation
is that bidder 1 obtains all three units. Assume that the ascending English
auction is used to allocate these units. Notice that the demand of player
1 is given by

_ 3 if p<33
whereas the demand of player 2 is given by
3 if p<10
d(p)=132 if 10<p <40 (20)
0 if p>40.

These demands are such that there is no market-clearing price, i.e.
di(p) + da(p) # 3 for all p. If the English auction is used to sell the units,
then the auction will stop at p =34, where player 2 will buy two units.
This English auction does not produce an efficient outcome.

In this example, the problem is caused by the non-convexity; to give
player 1 a chance of winning and of reaching an efficient outcome, player
1 should be allowed to make package bids. If he could make package
bids, he would bid 91 in total for three units (without having to specify
a specific price per unit) and he would win the auction, thus inducing
an efficient outcome. We shall discuss package bidding again in the next
subsection.

5.5 Multi-object auctions

It must be emphasised that the literature on this subject is incom-
plete. The best-understood auction format is the simultaneous ascending
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auction format (see Milgrom (2000)). In the simple case in which each
bidder can buy at most one licence, and in which informational consid-
erations do not play a crucial role, this simultaneous ascending auction
is reasonably well understood. A simple extension of truthful bidding,
called straightforward bidding, can be shown to be rational. The key idea
here is that each bidder bids for that licence which currently offers the
highest surplus, i.e. the highest difference between value and price. A
proof that straightforward bidding is an equilibrium strategy can be con-
structed using earlier results of Leonard (1983) and Demange, Gale and
Sotomayor (1986).

We now turn to multi-object auctions in which bidders may demand
more than one unit. In this case, several of the problems that we have
already encountered in the previous subsection reappear. In this subsec-
tion, we discuss two of these in greater detail: the exposure problem, and
the free-rider problem.

5.5.1  The exposure problem In the previous subsection, we mentioned
that a bidder may be liable to hold-up in a sequential auction in which
he needs to acquire multiple units in order to generate value. The same
happens in multi-object auctions. Imagine that two objects are for sale by
English auction and that bidder 1 needs to acquire both to generate
value. If he has already bought the first object, for price p;, then, in
the second auction, this price, having been paid, is a sunk cost and it will
be completely irrelevant for bidding. If the bidder attaches value v to the
pair of objects, then in the second auction he will be willing to bid up
to v and, if the competition for the second object is intense, for example
because some bidders are only interested in this second object, the total
price paid, p; + p», may well exceed the value. Of course, a player will be
aware of the risks involved and he may decide that they are so large that
it is better not to participate in the auction at all. Sequential auctions,
therefore, may attract few bidders and may generate low revenue. It may,
therefore, not be a good idea to set up the auction as a sequential one.
In van Damme (2002b), this argument was used to criticise the decision
of the government to use a sequential auction to sell licences to oper-
ate petrol stations, the aim of which was to bring new entrants into the
market.

The exposure problem is not avoided by the simultaneous ascending
auction (SAA) format. Consider the values in table 1.5, where the lots A
and B are complements for player 1, but substitutes for player 2. Hence,
player 2 is satisfied with one unit, and he is indifferent to which lot he
gets, while player 1 is willing to pay more for the second object if he has
already bought the first one.
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Table 1.5. The exposure problem

A B AB
1 4 4 10
2 v v v

If the SAA format is used, prices on both lots will rise to 4 at which
point player 1 is facing a difficult decision: he is willing to pay up to 5 for
each object, provided that he obtains both of them, but he cannot be sure
that he will win these two items for a total cost no greater than 10. If player
1 continues bidding and v > 5, the price of each object will rise above
5 and player 1 is sure to make a loss. Several possibilities now arise. If
player 1 does not take the risk, he quits at 4, each bidder wins one licence
and, if v < 6, the outcome is inefficient. If player 1 continues bidding at
p = 4, then he might win both lots and force an efficient outcome, but
he cannot avoid making losses.

The literature contains only a very few results about rational bidding
if an exposure problem is present. See Krishna and Rosenthal (1996)
for an example. For a practical example of the relevance of the exposure
problem, see the discussion in van Damme (1999) on the Dutch DCS-
1800 auction.

5.5.2  Package bidding and the free-rider problem Bidding in multi-object
auctions becomes more complicated when there are complementarities
among licences. Complementarities exist if a bidder values some partic-
ular licence, A, more if he already holds another licence, B. In this case,
bidders would like to submit two separate bids for A, one applying if the
bidder wins A only, and another applying if the bidder wins A and B at the
same time. In such cases, it is desirable to expand bidders’ strategy sets
and allow them to make mutually exclusive bids for different packages of
licences without the bidder having to specify prices for individual items in
the package. Auctions allowing for these possibilities are called ‘package
auctions’ or ‘combinatorial auctions’ and their great advantage is that they
avoid the exposure problem. For a long time, economists have regarded
such auctions with some scepticism because of the complexity involved.
The recently increased popularity of combinatorial auctions derives to
a significant extent from experimental research with student subjects in
which such auctions have been shown to perform well. The relevant ex-
periments have been undertaken at the University of Arizona, and are
documented in a report for the Federal Communications Commission of
the United States (Cybernomics, 2000).
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Table 1.6. The free-rider problem

A B AB
1 X1 0 X1
2 0 X2 X2
3 0 0 10

The successful experimental work with combinatorial auctions has now
triggered additional theoretical research in this area. As is the case with
many other auction formats, there are static and dynamic versions of such
auctions. In fact, the Vickrey auction can easily be extended to include
package bids: each bidder expresses a value for each possible package,
the auctioneer determines which partition of the objects maximises total
value and he asks each bidder to pay the externality that he imposes on
others, i.e. the loss in value that they incur because of his getting some of
the objects. Formally, let N be the set of items and let S denote any sub-
set. A bid of player 7 now specifies the amount 5;(S) that : would want to
pay for each set of items that he might want to have. Given such bids for
all players, the auctioneer can calculate which partition of N maximises
value (as expressed by the bids) and he can allocate items accordingly. If
each bidder has to pay the opportunity cost of the items that are allocated
to him, i.e. the loss of value to the competitors because these objects are
then not available to them, it is a weakly dominant strategy of each bidder
to report the value truthfully, and the auction generates an efficient allo-
cation. While this efficiency property is desirable, an obvious drawback
is that bidders have to communicate a lot of information to the auction-
eer and the computational burden may be considerable. (If there are ten
objects, then a bid can specify up to 1024 numbers for each bidder.)

Recently, Ausubel and Milgrom (2002) have proposed a dynamic com-
binatorial auction which allows very flexible package bidding. They show
that an extension of honest, ‘straightforward’ bidding creates efficiency
in their design, and achieves efficient outcomes. We will not discuss that
auction form in detail, but confine ourselves to showing that allowing
package bids is not a panacea. Suppose there are three bidders and two
objects, with values as in table 1.6. Here, only bidder 3 is interested in the
pair, while bidders 1 and 2 are each interested in only one of the items
Suppose that bidder 3 has made a package bid of 10 on the combination
AB. Suppose also that players 1 and 2 know that the structure of the
values is as in the table (thus, player 1 knows that player 2 is only in-
terested in B), but that the actual values are private information. In this
case, players 1 and 2 face a co-ordination problem: they have to bid up
the prices and they will win only if p; + p, > 10; if they jointly outbid
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player 3, then the net revenue of player 7 is x; — p;; hence, each player
wants the total bid to be higher than 10, but each wants to contribute as
little as possible to the common good of winning. Consequently, there is
a co-ordination problem (which is exacerbated by the fact that the values
are private) and the players may not be able to solve this problem. As
a result, even though it may be that x; + x, > 10 and that it would be
efficient for the players 1 and 2 to win the items, the outcome may be
that prices are not raised sufficiently to outbid player 3.

5.6 Collusion

Up to now, in this section, we have assumed that the bidders behave non-
cooperatively. It is, however, easy to see that, in auctions, the incentives
to collude are very strong. Suppose there are two bidders for one item
and the values are v and IV, with v < V. If both players participate in an
English auction, the price will be v, but if players collude, identifying the
bidder with the highest value before the auction, and agree that the weaker
bidder will not compete, then the price will drop to 0. Consequently, the
gains to collusion are v. As these gains can be considerable, there are
strong incentives for bid-rigging. A simple method for collusion which
aims at lowering the price that the winning bidders have to pay is a so-
called ‘bidding ring’ (see Graham and Marshall (1987)). A bidding ring
first establishes internally, in a preliminary auction, who should win the
object. The bidding ring then only lets the winners of the preliminary
internal auction submit serious bids in the official auction. While bidding
rings are typically illegal, they are not always easy to detect. Therefore,
the possibility of bidding rings needs to be taken seriously.

The issues that arise in this context are similar to the issues that arise in
general cartel behaviour: what market structures (auction forms) are most
conducive to cartels? How can the cartel identify the efficient outcome?
Can it agree on division of the gains achieved from bid-rigging? How
can the cartel agreement be enforced? We now discuss these questions in
greater detail.

Because bidding rings are normally illegal, the underlying agreements
among bidders cannot be enforced through the courts. It is therefore im-
portant whether bidders can enter into bidding ring agreements that are
self-enforcing in the sense that once the agreement has been established,
no party has an incentive to deviate, provided that they believe that the
other parties to the agreement will stick to it. A general theoretical in-
sight which is relevant in this context is that cartel enforcement is simpler
in more transparent markets in which players interact repeatedly. The
argument is simply that, in a more transparent market, a deviation from
the collusive agreement can be detected more easily, while the repeated
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interaction provides the opportunity to punish those that deviate from
the agreement, thus making deviation less attractive.

As an application of this insight, we can see that collusive agreements
can most easily be enforced in English ascending auctions. Indeed, in the
above example, suppose that the two bidders have reached an agreement
and that the weaker bidder is supposed to stay out. Does this weaker
player have an incentive to deviate? Well, if he does and participates in the
auction, the opponent will notice immediately and counter with a higher
bid; bidding will then enter a competitive phase, which the weaker bidder
cannot win as he has the lower value in the first place. Consequently,
there is no incentive whatsoever to deviate and the collusive agreement is
stable.

Bidding rings in second-price auctions are typically also self-enforcing.
Suppose bidders have formed a bidding ring and they have identified the
bidder that has the ‘right’ to win the auction. In a second-price auction,
this bidder can simply enter his value as a bid, and the price will be
the maximum of the seller’s reservation value and the highest bid of the
bidders that are not members of the ring. The ring successfully lowers
what the lead bidder of the ring has to pay since typically the highest losing
bid will be lower. If the cartel works efficiently, another ring member has
no incentive to bid: he has a lower value than the ring member that has
the right to bid; hence, he can never win, unless he overbids his value.
Non-lead bidders could increase the price that lead bidders have to pay,
but, of course, they have no incentive to do so.

A first conclusion, therefore, is that English and Vickrey auctions are
even more susceptible to collusion than other markets. In other industrial
markets, cartels operate by restricting supply, which confers a positive
externality on non-cartel members: they benefit from the higher price,
but, unlike cartel members, they are not hindered by a production quota.
Therefore, in industrial markets, there is a free-rider problem: one prefers
to have a cartel in the market, but one also prefers not to be a cartel
member. In an English or second-price auction, however, outsiders, do
not directly benefit from the existence of an efficient cartel: such a cartel
will be represented by the most aggressive member and any non-cartel
member will face exactly the same competition as if there were no cartel.
Consequently, in such auctions, there is an incentive to form all-inclusive
cartels.

In a first-price sealed-bid auction, the situation is somewhat different.
In this case, the cartel bidder will shade his bid, and the larger the cov-
erage of the cartel, the more he will shade it; this offers cartel members
the opportunity to outbid the designated bidder. As a simple example,
suppose the cartel is all-inclusive and the seller sets no reserve price.
In this case, the designated bidder will bid almost nothing and bidding a
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small amount suffices to outbid him. As a consequence, bidding rings can
be expected to be more stable in second-price auctions than in first-price
auctions.

A second conclusion, therefore, is that open auctions are more sus-
ceptible to collusion than sealed-bid auctions and that second-price auc-
tions are more vulnerable to collusion than first-price auctions. It follows
that, when we take into account the possibility of collusion, the seller’s
ranking of auctions is exactly opposite to the ranking we derived under
non-cooperative behaviour. While under non-cooperative behaviour, the
English auction is preferred to the Vickrey auction and the Vickrey auc-
tion is preferred to the Dutch auction (on the basis of the seller’s expected
revenue), we now see that the English auction is more susceptible to col-
lusion than the Vickrey auction and that the Vickrey auction, in turn, is
more susceptible than the Dutch auction.

The above paragraphs discussed the issue of enforcing the cartel agree-
ment. But will a cartel be able to conclude such an agreement and will
it be able to identify the most efficient bidder in the cartel? An efficient
cartel must allocate the right to bid to the strongest bidder in the cartel
and it must adequately compensate the other cartel members for giving
up their right to bid. One way of achieving these objectives is to organise a
pre-auction knockout in which this right is sold. McAfee and McMillan
(1992) analyse such pre-auction knockouts. They distinguish between
the situation in which the cartel participates in a sequence of auctions so
that the books of the cartel office have to balance only on average and
the situation in which transfers among the members have to balance in
each possible instance. In the former case, the additional degree of free-
dom makes the problem easier to solve. In 2002, a Dutch parliamentary
investigation uncovered a bidding ring in the construction sector, which,
allegedly, operated in just this way.

Market transparency also helps the cartel in reaching an efficient agree-
ment: the better the information about the players’ values, the easier it is
to see which bidder should win and by how much the others should
be compensated. In this respect, the Dutch UMTS auction provides
interesting lessons. See van Damme (2002a) and Janssen, Ros and van
der Windt (2001) for further discussion on this point.

6 Which auction form to adopt?

We now return to the question of which auction form will best serve the
seller’s interests? As already indicated in the Introduction to this chap-
ter, the answer will depend not only on theoretical insights, but also on
empirical evidence. Here, we confine ourselves to some general theoret-
ical considerations.
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In this chapter, we have mainly limited ourselves to standard auction
formats. In subsection 5.1, we briefly discussed ‘optimal’ auctions, i.e.
auctions which maximise the seller’s expected revenue. There we saw that,
if the SIPV assumptions apply, any of the standard auctions is optimal,
provided that the reserve price is chosen appropriately. Once the SIPV
assumptions are relaxed, optimally designed auctions are often highly im-
plausible in practice, and require detailed prior knowledge of the agents’
subjective beliefs as well as strong precommitment power by the auction-
eer; see McAfee, McMillan and Reny (1989). Consequently, we will here
restrict ourselves to standard auctions. We discuss various design issues
that arise and point out the trade-offs that exist in resolving them.

6.1 Sequential or simultaneous auctions?

This issue arises when the seller has multiple units for sale. It was ex-
tensively discussed in the 1990s when the United States was working
towards the design of the spectrum auctions. We have also given it ample
attention in this chapter. The only argument we have given for why a
seller might choose to adopt a sequential auction is that such an auction
appears easier to organise. We have also seen, however, that frequently
this argument is not convincing: this simple solution for the seller results
in a very complicated problem for the bidders. We have given several
arguments for why a simultaneous auction should be preferred, and we
have not identified drawbacks, at least drawbacks that could not be reme-
died. The clear advice is to sell related licences simultaneously as far as
possible.

6.2 Open ascending auctions or sealed-bid auctions?

Open auctions sometimes appear to be strategically simpler than sealed-
bid auctions. Compare the English auction and the related second-price,
sealed-bid (Vickrey) auction. We have seen that, in the SIPV model,
staying in the auction until the value is reached is the optimal strategy
in the English auction, and that similarly, in the Vickrey auction, it is
optimal to bid one’s own value. Experimental research with student sub-
jects as bidders has shown that bidders often do not realise the simple
logic behind this result if the auction is conducted in a sealed-bid format.
By contrast, if the auction is conducted as an open ascending auction,
bidders easily understand that they should drop out once bidding has
reached their reservation value.

Why is strategic simplicity desirable? Bidders are more likely to play
equilibrium strategies, and if the choice of an auction format is based on
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equilibrium predictions, then it is more likely to be successful if bidders
recognise equilibrium. Transparent auctions are also less liable to legal
challenge, and they reduce the chance that bidders place bids on which
they later have to default.

A different argument, this time in favour of sealed-bid auctions, can
be constructed from our discussion of asymmetries in subsection 5.2. If
some bidders are known ex ante to be ‘weak’, then these bidders have a
better chance of winning in first-price sealed-bid formats than in English
ascending format. Thus, weaker bidders may have a stronger incentive to
participate in the first place (Klemperer, 2002). This might raise revenue,
but this gain comes at the expense of efficiency.

As explained in subsection 5.3, winner’s curse effects may imply that
open formats lead to higher expected revenue. But, as shown in subsec-
tion 5.4, in multi-unit settings the effect is no longer clear.

An argument against ascending auctions is that these are more vulnera-
ble to collusion than sealed-bid and descending formats. In open auctions
it is easier to detect whether members of a cartel ring deviated from the
agreed bidding strategy, which makes it easier to implement some form
of punishment for such deviators. From the auctioneer’s point of view,
this is undesirable, as it might reduce revenues.

Overall, therefore, there is no unambiguous theoretical case, either in
favour of sealed-bid auctions, or in favour of ascending auctions.

6.3 Reserve prices

Any auction will typically involve a reserve price, i.e. only bids above a
certain minimum are allowed. In a sealed-bid auction, a reserve price can
be implemented simply by ignoring bids that are below the reserve price.
In open ascending price auctions, bidding can simply start at the reserve
price. In descending price formats the auction can close at the reserve
price even if the number of bids is still below the number of units for
sale.

A seller might be tempted simply to set the reserve price equal to the
value that unsold licences have for him. However, revenue considerations
suggest that a higher reserve price should be set, as in equation (16). This
may appear at first paradoxical because it implies that the seller risks not
selling all objects even though there are some bidders whose value is above
the auctioneer’s own value. However, the existence of the reserve price
encourages more aggressive bidding, and this more than compensates
for the risk of not trading when trade would be efficient. Equation (16)
shows that a revenue-maximising seller should always set a reserve price
that exceeds his value.
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If a reserve price is set, it is important that it is credible and that the
auctioneer does not later reduce it. Sellers, of course, face a temptation to
lower their reserve price, if they see that at the reserve price they cannot
sell everything that they want to sell. It is important that sellers do not
give in to this temptation. If bidders believe that the auctioneer might
later lower the reserve price, then they will bid lower, and the crucial
advantage of the reserve price will be lost.

Related to this issue is the question of whether the reserve price is secret
or known. A secret reserve price (i.e. bidders know that there is a limit,
but they do not know its value) offers the seller an easier opportunity
to renege and to sell even if the actual price is below his reserve price.
Hence, a secret reserve price is less credible than a public reserve price,
and bidders will take this into account in their strategies. Because of
these considerations, the literature advises a revenue-maximising seller
to announce publicly the reserve price.

A reserve price can make it more difficult for bidders to collude suc-
cessfully in an auction, especially if the reserve price is secret. With a
secret reserve price, the situation is less transparent, which makes it more
difficult for bidders to identify the gains from collusion, and consequently
what side payments the strongest bidder should make to induce his com-
petitors to stay out of the auction. If the seller adopts a public reserve
price, this should be higher the more bidders he expects to participate in
the cartel; see Krishna (2002, ch. 11).

Reserve prices can be problematic, however, when entry is an issue. In
general, it appears to be that entry issues should be given more weight
than the effects described in the previous paragraphs. If additional bidders
enter the auction, then all bidders will raise their bids, and this effect
seems to be more important than the incentive to bid higher which reserve
bids provide (see Bulow and Klemperer (1996)). In the SIPV model,
when the number of bidders is endogenous, it is optimal not to set any
reserve price at all; see McAfee and McMillan (1987) and Levin and
Smith (1994).

6.4 What should bids look like?

Our discussion of superadditive valuations and complementarities indi-
cated that auction formats which do not give bidders the opportunity
to express these by placing package bids create complicated strategic
problems for bidders, and inefficiencies. Thus, it seems desirable to offer
bidders an opportunity to express in their bids such key aspects of their
preferences. On the other hand, excessive flexibility seems to make the
strategy space too large. For example, when a multi-object auction calls
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for package bids for arbitrary combinations of objects, then the strategy
space may very soon become too large to be manageable for bidders.

6.5 How much information should be revealed?

In the case of single-unit auctions the linkage principle suggests that it is
good for revenues to reveal at each stage of a multi-round auction each
bid, and the bidder who placed it. On the other hand, the more public
bids are, the easier it becomes for bidders to collude in multi-unit or
multi-object auctions.

6.6 What should be the pricing rule?

It is usually a good rule that the highest bidders win an auction. It is
less clear how prices should be determined. However, in general a good
rule for determining prices seems to be that each winning bidder should
pay for the externality that he imposes on other bidders by winning. The
price should therefore be the highest valuation of the other bidders. This
idea underlies not only the auction formats proposed by Vickrey, but also
the Ausubel auction in the multi-unit case, and the Ausubel-Milgrom
auction in the multi-object case. In this context, it is important that the
seller can commit himself not to use for other purposes the information
that is revealed in such Vickrey auctions. Indeed, bidders in these auctions
are willing to bid truthfully only because this information will not be used
for pricing purposes. Rothkopf, Teisberg and Kahn (1990) have argued
that, in practice, Vickrey auctions are rare since governments will not be
able to enter into such commitments. In particular, bidders will fear that
the information they reveal in the auction might be used against them
after the auction. Furthermore, truthful revelation might also present
the government with a problem; when, in New Zealand, the Vickrey
auction was used for selling telecommunications licences, the government
suffered political trouble because it was revealed that the winning bidder
was willing to pay much more than the price he had to pay (see McMillan
(1994)).

6.7 Risk aversion

Bidders are often averse to risk. This leads to different bidding behaviour
from the ones discussed so far in some auction formats, and therefore
some of the results explained above no longer hold. Consider the compar-
ison between the first-price sealed-bid auction and the Vickrey auction in
the case where bidders have symmetric private values but are risk-averse.
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Bidding behaviour in the Vickrey auction will not change: bidding one’s
true value remains the best strategy, by the same argument that was used
in subsection 5.1. However, equilibrium bids in the first-price sealed-bid
auction will increase. This can be explained as follows. By raising his bid, a
bidder reduces the uncertainty to which he is exposed in return for an ad-
ditional payment that is to be paid in case of winning the auction. The risk
reduction is more valuable to a risk-averse bidder than to a risk-neutral
bidder. The marginal incentives to raise his bid are therefore higher for a
risk-averse bidder, and risk-averse bidders will bid more in equilibrium
than risk-neutral bidders. Because with risk-neutral bidders the Vickrey
and the first-price sealed-bid auction yield identical expected revenue, it
follows that with risk-averse bidders expected revenues are higher under
the first-price sealed-bid format than under the Vickrey format.

Often it is the case that the seller is also risk-averse. In the case of spec-
trum auctions, for example, it seems plausible that government agencies
which sell spectrum would like to avoid as much as possible any un-
certainty about the revenues which they receive. In this case, too, the
first-price auction is preferable. The intuition is related to the intuition
explained above. The first-price auction removes part of the uncertainty
about the returns. Conditional on the identity of the winner, and the win-
ner’s true valuation of the object, there is no further uncertainty about
returns in the first-price auction, but there is such uncertainty in the
second-price auction.

6.8 Externalities

It has been argued that, in spectrum auctions, bidders’ valuations of
licences reflect so-called allocative externalities, i.e. that a bidder’s valua-
tion of a licence depends on which other bidders get a licence. If bidders’
valuation structure incorporates allocative externalities, it becomes much
harder to analyse optimal bidding behaviour in standard auctions. Im-
portant contributions to this literature are due to Jehiel and Moldovanu
(1996, 2000a, 2001). Situations in which such externalities are present
can represent formidable strategic complexity for bidders; in fact, equi-
libria in the standard game-theoretic sense need not exist.
Revenue-maximising mechanisms in the case of positive externalities
turn out to be very sophisticated. They require substantial precommit-
ment power by the auctioneer, and seem in practice implausible. If at-
tention is restricted to more simple mechanisms, however, then Jehiel
and Moldovanu (2000a, sect. 4.1) obtain an interesting result which is
of potential practical relevance: if there are strong negative externalities,
and bidders are afraid that licences will fall into the hands of particular
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competitors, then it might be in the interest of the auctioneer to set a very
low reserve price, or to pay for participation. This will intensify bidders’
fears that the competitors will obtain licences, and will therefore induce
them to bid more aggressively.

Maasland and Onderstal (2002a, b) consider the case of financial ex-
ternalities, in which auction losers prefer the auction winner to pay more.
One reason for such a preference might be that losers meet winners in
other markets and that, because of budget constraints, the winner might
be a less fierce competitor in these other markets if he has paid more
in the auction. The authors show that if such externalities are present,
bidders will bid more aggressively in the first-price auction than in the
second-price auction, so the seller’s expected revenue is higher in the
former.

6.9 Fighting collusion

Bidding rings lower the expected revenue of the auctioneer and, from
his point of view, they are, of course, undesirable. The arguments from
subsection 5.6 indicate that second-price auctions are more in danger of
being manipulated by bidding rings than first-price auctions, and that
English auctions are even more vulnerable to collusion. This general ar-
gument is also relevant in the case when multiple objects are for sale,
but simultaneous ascending auctions are vulnerable to further types of
collusion (see Brusco and Lopomo (2002) and chapter 3 in this volume
by Salmon). Bidders can agree to share licences in a particular way, and
to place very low bids without challenging each other. If any bidder de-
viates from this agreement, then bidders revert to a more competitive
equilibrium. These bidding strategies are self-enforcing. The envisaged
collusion relates to market-sharing and differs from the collusion which
a bidding ring practises in that all bidders who are participating in the
collusion are present in the auction. By contrast, in a bidding ring, only
certain members of the bidding ring enter the auction.

The vulnerability of the simultaneous ascending auction to collusion
strengthens the case for a sealed-bid format. However, it is unclear how
a sealed-bid format could address all the complex issues that this case
raises.

6.10  Asymmetries among bidders

Which auction format should the auctioneer choose when he knows that
bidders are asymmetric? The issue is complicated and arguments can be
constructed which go either way, in favour of a first-price format, or in
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favour of a second-price format (see Krishna (2002, sect. 4.3)). However,
probably the most important consideration in the context of spectrum
auctions is entry. If weaker bidders know in advance that they have a low
chance of winning a licence, they will not be willing to participate in the
auction. There are a variety of costs associated with participation in the
auction. Weak bidders will give these costs more weight than the prospect
of winning a licence.

A further interesting intuition regarding asymmetries among bidders
is that optimal auction designs will typically seek to favour the weaker
bidders, for example by offering them ‘bidding credits’ (see Myerson
(1981) and Maskin and Riley (2000)).

7 Conclusion

What lessons can be drawn from the material in this chapter? Frequently,
people complain about the advice that economists give, arguing that, if
one asks ten economists for advice, one will get eleven different opinions.
This complaint is understandable, but probably not always justified. In
this specific case, the questions ‘What auction should I use as a seller?’
and ‘How should I bid in this auction?’ do not allow for a unique answer,
i.e. the answer will be context-dependent and cannot be determined by
theory alone.

Economic theory offers two types of general theorems that are very use-
ful. The first type of ‘useful’ theorem is the ‘equivalence theorem’ that
informs us that it really does not matter what one does. The Revenue
Equivalence Theorem falls within this class, as does the Modigliani—
Miller Theorem in the area of finance. Such theorems are useful as a
theoretical benchmark, as a starting point: if certain conditions hold, it
really does not matter what one does. In practice, the conditions under-
lying these theorems need not hold and this invites further theoretical
development about what happens when one of the maintained assump-
tions is violated. A detailed investigation may then show what is the
best thing to do. Since Vickrey started the theoretical study of auc-
tions, this is exactly what has happened in the academic literature of the
subject.

This study has shown that the answer of what to do does not admit
an easy and uniform answer: the ‘optimal’ auction depends on the de-
tails of the situation. As Paul Klemperer has said: ‘Good auction design
is not “one size fits all”’ (Klemperer, 2002, p. 184). This brings us to
the second type of ‘useful’ theorem that economics offers. These are the
so-called impossibility theorems that inform us that it is impossible to
find a mechanism that satisfies all the properties that one wants. The
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best-known impossibility theorem is Arrow’s Theorem about the im-
possibility of aggregating individual preferences into a consistent welfare
function. In the field of auctions, there is a similar theorem: there is no
single auction that is always best. The auction to use depends on the
circumstances of the case and, as several examples in this chapter have
shown, getting the details of the auction right may influence whether or
not the auction will be a success. The material from the previous sections
may be helpful in putting some structure on these details, so that the
auction designer can distinguish the forest from the trees, allowing him
to implement a better design.
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2 Beauty Contest design

Maurice Dykstra and Nico van der Windt

1 Introduction

Beauty Contests are very common in the procurement of goods and ser-
vices in the public and private sectors. The public sector has also fre-
quently used Beauty Contests for allocating rights to the private sector to
produce goods and services, such as the right to exploit radio frequencies
for several purposes or the right to exploit railways or other networks.
Although the basic principles of Beauty Contests in both applications are
the same, the discussion in this chapter focuses on Beauty Contests as an
allocation mechanism.

A Beauty Contest is just one mechanism in a range of allocation modal-
ities, such as lotteries, first-come-first-served allocations, Beauty Con-
tests, auctions, etc. It can be argued that among these modalities Beauty
Contests are best suited for projects where there is scope for innova-
tion and different approaches by developers and where authorities hope
to elicit imaginative proposals for projects. According to this argument,
Beauty Contests permit developers to be creative and to tailor projects
to the particular needs of the government since the terms are mostly not
fully fixed beforehand. For example, procurement of research projects is
for this reason virtually always decided by means of a Beauty Contest.

Despite Beauty Contests’ widespread use in procurement and alloca-
tion, the economic literature on their design is (almost) non-existent.!
This chapter is therefore based on practical experience, rather than on
existing literature.

The main objective of this chapter is to explain the place of Beauty Con-
tests in the context of allocation mechanisms. Against this background
it provides a description of the core characteristics of a Beauty Contest
(section 2);discusses the reasons for applying a Beauty Contest to the
sale of concessions (section 3); and discusses the pros and cons of several
practicable Beauty Contest formats and summarises the main features

1 Cabizza and De Fraja (1998) and De Fraja and Hartley (1996) are two examples of
exceptions.
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of Beauty Contests in the light of the criteria usually applied in judging
various allocation mechanisms, such as transparency, value revelation,
etc. in section 4.

2 Allocation mechanisms

2.1 Typology

In practice, a wide variety of different forms of Beauty Contest can be ob-
served. The differences concern both the ways in which the process of the
Beauty Contest is organised and how the various substantive elements are
treated. The process can consist of several phases, from pre-qualification
to the adjudication stage during which the final bids are submitted and
judged (as, for example, in the case of a restricted tender). In other cases
the process is a single-step procedure in which essentially anybody is
allowed to participate (for example, in the case of an open tender pro-
cedure). The elements that are taken into consideration to determine
the ‘beauty’ of the bids also differ between one contest and another,
even when it concerns the same or similar products and services.
Despite these differences Beauty Contests can be characterised by two
main dimensions:

¢ the attributes on which the bids are judged: quality and price; and

e the score function applied in the contest.

In general, both quality and price can be either exogenous or endogenous
to an allocation mechanism. In a lottery both are treated exogenously. In
most auctions price is endogenous to the allocation mechanism while
quality is determined exogenously. And although the name suggests that
in Beauty Contests only beauty (quality) is the endogenous attribute in
the process, practice shows that often both quality and price are treated
endogenously.

Beauty Contests can be divided into two main groups: weighted and
unweighted Beauty Contests. In weighted Beauty Contests it is clear from
the start how the various quality aspects and price are weighed. A formal
algorithm gives weights to the price and quality attributes. In contrast,
in an unweighted Beauty Contest the ways in which the various aspects
of the bid are treated is not clear, at least not ex ante. In other words
the bidders have to prepare their bids under uncertainty about how the
elements are weighed by those who judge the bids.

The awarding authority cannot directly observe what quantity the con-
cessionaire will produce, at what price and at what quality level, prior to
selling the concession. What it does observe is a plethora of bid data in
the form of observable characteristics and attributes of the bid, and it is
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these that must ultimately determine the authority’s assessment of the
value of the bid. In both the weighted and unweighted Beauty Contests
the initial ratings of each quality attribute are determined judgementally.
These ratings reflect the subjective views of the awarding authority. In the
weighted contest the ratings are subsequently ‘summed up’ using given
ex ante weights, while in the unweighted Beauty Contests the summing
up is done judgementally.

2.2 Qualiry

Before embarking on a discussion of the various Beauty Contest mecha-
nisms it is essential to say something about what quality often means in
the context of a Beauty Contest. Quality can be characterised along the
lines of structure, process and performance.

Structural attributes refer primarily to characteristics of the bidder. How
far can he guarantee that the bid made is upheld? Characteristics are, for
instance, a proven track record in a certain line of business, the expe-
rience and expertise of the workforce, certification, company finances,
etc. One can even question to what extent quality is at stake here. These
characteristics are rather signals of quality than actual quality. Spence
(1976) describes signals as ‘activities or attributes of individuals in a mar-
ket which alter the beliefs of, or convey information to, other individuals
in the market’. The signaller tries to ‘create a favourable impression or,
more precisely, to affect the [receiver’s] subjective probabilistic beliefs’.

Process attributes refer primarily to characteristics of the implementation
phase of the project for which a bid is made. Bidders submit detailed busi-
ness plans with information on the proposed investment plan, promised
additional investments, organisational plan, roll-out plans, speed of de-
ployment, delivery time etc.?

Performance arrributes refer primarily to characteristics of the product
or service as such. Characteristics are, for instance, types of service, tech-
nology used to supply services, reliability of service, speed of service etc.

Although an awarding authority should have clearly expressed in the
specification what they require to be delivered, a Beauty Contest can allow
bidders to add value by suggesting alternative deliverables. These alterna-
tives could include, for example, the delivery of different requirements or
different bases for measuring the aspect of performance required. It has
to be decided in advance whether the awarding authority should be open

2 Changing market conditions after the award of a contract often require operators to
make significant (and justifiable) modifications in their business plans and investment
programmes. These changes reduce the meaningfulness of the evaluation process to the
extent that it relied heavily on the assessment of the proposed business plans. See also
Affuso and Newbery (chapter 12 in this volume).
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to such alternatives and — in as far as may be legally permissible — should
conduct the Beauty Contest in such a way that alternative proposals from
bidders can be considered.

In the practice of Beauty Contests the attribute quality is usually sub-
divided into say four or five different sub-attributes, which in turn consist
of a number of characteristic features. This leads to a hierarchy of criteria.

Finally, in order to make an assessment of the quality of a bid, quality
attributes and criteria must be measurable, in the sense that it must be
possible to assess, at least in a qualitative sense, how well a particular
option is expected to perform in relation to a criterion.

2.3 Weighted or unweighted

For the transparency of the selection process, it would be beneficial if
beforehand it could be made clear how the various quality aspects and
price are to be weighed in the Beauty Contest. However, for various
reasons it is quite difficult to define the weights ex ante.

First of all, in a Beauty Contest (but also in other allocation mecha-
nisms) the bidding parties are usually better informed about the proper-
ties of the (object of the) transaction than the awarding authority. There-
fore, an important characteristic of this bidding mechanism is the extent
to which it reveals information. The awarding authority may make in-
ferences from the information provided by the more informed party, the
bidders. As a result it is often easier to compare concrete bids ex post
than to devise all-encompassing formal definitions, rules and procedures
ex ante. Therefore, the uneven distribution of information over awarding
authority and bidder makes it difficult to specify how the bids will be
judged.

Since quality plays an important role in the comparison of the various
bids, and quality is usually difficult to quantify, it can be argued that a
quantitative evaluation scheme simply cannot accurately represent the
value of differing bids in a Beauty Contest. It should therefore not be
used as a substitute for the necessary exercise of informed judgement
when attempting to address the necessary trade-off between price and
quality and suggesting that it is possible to apply a quantitative measure.
Following this argument, awarding authorities should be prepared to be
flexible and open to proposals. This is especially the case when the award-
ing authority is interested in alternative innovative ideas for the product
or service to be delivered. A clear benefit of weighting is that it disciplines
the awarding authority. It makes it much more difficult to favour a certain
bidder on the ground of, say, a single attribute — which happens to be the
hobby-horse of one of the evaluators — on which the bidder has a high
score.
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3 When should a Beauty Contest be held?

Below we list a number of economic reasons underlying the decision of
a government to conduct the sale of a concession by means of a Beauty
Contest.

(1) Price is not a relevant item. An architectural design competition can be
considered as the archetype of a pure Beauty Contest. Such competitions
are often intended to create new innovative concepts along which lines
the building will later be designed in detail. In the design competition the
price of the building plays little or no role at all. In the context of conces-
sions, an example might be a competition for a permit for experimental
research of certain gene technologies with the simultaneous prohibition
of experimentation by other research groups.

(2) Not all relevant information is contained in the price. This may be the case
when equity, fairness or externalities are part of the objective function
of the awarding authority or when valuation of the item is incomplete
due to the existence of missing markets. (see chapter 5 by Janssen and
Moldovanu in this volume).

Failure to use the price system as a screening device in the allocation of
resources may not be entirely irrational. Sometimes one cares about in-
dividual attributes other than marginal rates of substitution of income for
whatever it is that is being offered. In some traditional marriage markets
the presumptive lover is required to spend uncomfortable hours on the
doorstep in order to gain access to the young woman’s company. This is
intended to screen out the less serious suitors. The girl’s family is not in-
terested in the suitor’s marginal willingness to pay money as such, unless
they are profit-maximisers. Willingness to pay in any medium is a signal
and not a measure of what the person is interested in (Spence, 1973,
p. 657)

If the concession under sale has some merit character (e.g. public tele-
vision or public radio), government may wish to take a ‘paternalistic’
approach to quality. The quality at stake is then not what the consumers
perceive as such, but what reflects the television authority’s tastes. If the
seller of the franchise and the consumers have the same tastes, then
quality would be chosen as reflected in the consumer’s willingness to
pay, and the authority can leave the choice of quality to the winning
firm.?

3 Additionally the regulator will have to take measures to prevent welfare loss arising from
the monopolist setting too high a price and too low a quality.
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(3) Integrated assessment. The awarding authority wants to make a trade-
off between quality and price (e.g. in the procurement of military equip-
ment, or the procurement of research activities). When goods or services
are heterogeneous, some projects require to be evaluated on several di-
mensions and not only on price.

(4) Minimum quality cannot be set. The cost of quality is unknown to the
awarding authorities or it can only be gathered at prohibitively high cost.
This may be the case when potential bidders do not wish to show their
cards beforehand or if business is so new that government has insufficient
information to set a cost figure on the various quality levels (see Dykstra
and de Koning (this volume, chapter 11). Setting minimum quality stan-
dards may be prohibitively expensive for all save a few companies. This
could inhibit bidding competition.*

To have a fair bidding process, one has to specify precisely what is being
bid for. Even fairly simple commodities may require pages upon pages
of specifications. Compliance with bidding regulations can become so
difficult that relatively few bidders can partake in the competition. This
may inhibit the competition in itself.

The awarding authority may not wish to set a minimum quality out
of fear of setting too high a quality level, which might limit consumer
choice.

(5) Minimising transaction costs. There may be a trade-off between the
activities of the awarding authority and that of the regulator of the con-
cession. Issuing a concession is usually done for a relatively long time
period. One thing that government will wish to avoid is the unsatisfac-
tory operation of the concession by the concessionaire. To prevent this,
costs related to error avoidance, such as search, bargaining and negoti-
ation, monitoring and enforcement costs, will have to be incurred. The
failure to bear these transaction costs can produce a wholly unsatisfactory
outcome, one that can often be corrected only at great expense (cost of
errors). Minimising transaction costs means minimising the sum of the
cost of errors and the cost of error avoidance. This points to the issue of
credibility: bids have to be credible. In a Beauty Contest there is scope
for assessing credibility on the basis of certain quality criteria.’

4 In the competition rules, a clause could be included that allows the possibility of not
proceeding with the contest, or of proceeding in a different manner, if the number of
bidders is too small.

5 Another possibility is that the overall judgement of the bid is that the bid is not credible.
This may, for instance, be the case if the awarding authority believes that their financial
bids are so high that they would not have enough left to pay for their quality commitments.
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4 Bidding mechanisms

4.1 Valuation of quality: minimum or score

Before the awarding authority can fix the total quality score the various
quality attributes of the bids have to be judged and scores attached to
them. Multi-criteria analysis (M CA) provides a large range of techniques
for constructing scores and assigning weights, and methods for making
overall quality judgements.® Below we present only a few basic notions
on how to aggregate quality scores.

Although in principle many aggregation schemes are possible, in prac-
tice (quasi-)linear models are usually observed, for example

Q=> w0
where Q is the total quality score, Q; are the scores for the separate quality
attributes and w; are the weights of the quality attributes.

Notice that in this case all attributes can compensate for one another.
Lower scores on one criterion can be offset by higher scores on other
criteria, i.e. trade-offs are modelled. It is possible, for instance, that a
bidder who offers a low-quality product, but is very experienced, could
win the competition. One way to remedy this is by giving experience a
low weight. Another way is by defining thresholds for each attribute. If a
bid fails on one of these attributes the bid is disqualified, no matter how
good the bid is on other attributes.

The general form of the score function of this type is thus

Q=Y "w;Q; if Qi > Q; min; otherwise Q = 0.

A signal for this may be that the financial bids are far out of line from the other bids. In
the Beauty Contest rules, a clause perhaps could be included which allows the possibil-
ity that bidders who have made the highest bids are, none the less, not designated as
winners.

In the allocation of concessions, conducting a formal multi-criteria analysis can be very
beneficial to the decision-making process. DTLR (2001) lists as advantages of MCA over
informal judgement unsupported by analysis:

* it is open and explicit;

¢ the choice of objectives and criteria that any decision-making group may make are open
to analysis and to change if they are felt to be inappropriate;

scores and weights, when used, are also explicit and are developed according to estab-
lished techniques. They can also be cross-referenced to other sources of information
on relative values, and amended if necessary;

¢ performance measurement can be subcontracted to experts, so need not necessarily be
left in the hands of the decision-making body itself;

it can provide an important means of communication, within the decision-making body
and sometimes, later, between that body and the wider community; and since scores
and weights are used, it provides an audit trail.

o
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The question of the extent to which the model should be compensatory
also again brings to mind the important question of which quality di-
mensions should be included in the adjudication phase. Should quality
characteristics, which are signals of quality rather than measures of ac-
tual quality, such as proven track record or expertise of workforce, be
substitutable for product quality, for example? If the answer is negative,
the signalling quality characteristics should be excluded from the adjudi-
cation stage and instead be included in a pre-qualification stage.

If one does wish to include such an attribute in the adjudication stage,
as an extra check on the credibility of bids, it is possible to do so simply
in the form of a threshold.” An example: if experience is subject to a
quality threshold, only bids that pass the threshold qualify. The score on
experience is not included in the final score. Thus

Q=) wiQis if Q> Qemin.
Above we have presented a few alternatives for the scoring rule.

Obviously, different scoring rules can lead to different winners. Three
examples are presented in Box 1.

BOX 1. EXAMPLES OF SCORING RULES

A. EC procurement tender for research

For each of the five areas, a brief description of the qualitatative award criteria

is given together with the area’s weighting in terms of a maximum number of

points.

(1) Overall quality, methodology and exhaustive nature of the analysis pro-
posed for performance of the study (20 points).

(2) Proven track record in relation to the distribution sector and quality of
human resources to be made available for the conduct of the study
(studies, publications) (20 points).

(3) Expertise in the field of statistical analysis (20 points).

(4) Level of knowledge of the legal framework and functioning of the internal
market (20 points).

(5) Ability to cover the Member States of the European Union in a uniform
and consistent manner (20 points).

A bid with less than 10 points on any one of the criteria is disqualified. In

addition the bidder has to offer a price for which he is prepared to conduct

the research. The winning bid is the one with the highest number of points
per euro.

Source: http://ted.eur-op.eu.int/

7 This rule consequently functions as a second pre-qualification.
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B. Demonstration project for a wind park in the North Sea

In the field of procurement an interesting project is that of a demonstration
wind park. The principal was the Netherlands Ministry of Economic Affairs.
Criteria related to the quality of the bidder, the quality of the project plan,
the financial underpinning of the project and the demonstration value of the
project. There is no limit to the price that may be offered, but if the bid sum
exceeds €9.1 million there is a reduction of the points available.

Source: Press release by the Netherlands Ministry of Economic Affairs,
29 October 2001.

C. Beauty Contest for a second GSM licence in Morocco

In this Beauty Contest an explicit weighting was made between quality on
the one hand (the technical rating) and price on the other. The total score
was the sum of the score for the total technical rating and the score for the
price offered. The maximum number of points for the technical rating was
40. The highest-price bid was set at 60 points. The valuations of the lower
price bids were proportionately lower. So a bid 25 per cent lower than the
highest-price bid received 45 points ((100-25)%*60). The winner was the
one with the greatest number of points. Given the large weight placed on
the price element, this Beauty Contest came close to being a first-price sealed-
bid auction.

Source: http://www.itu.int/itudoc/itu-d/publicat/ma_ca_st.html (accessed at
24 February 2003).

4.2 ‘Adding up’ of qualiry and price

As with the difficulties of aggregating quality aspects, it is difficult to
specify general rules for weighing quality with price.

In a weighted Beauty Contest the score function brings the price and
quality elements together into a comprehensive ranking. The score func-
tion S = S(Q, p) is one or other form of a utility index. It gives an exact
representation of the relationships between the attributes. The bidders
know the algorithm (functional form and parameter values). They do
not however know the value of the attributes they have included in their
bid. In practice the functional form of the score function is usually linear:

S=a0+ 1 —-a)p.

Without loss of generality we can stipulate that for both quality and price
a maximum of 100 points can be scored. The highest-price bid equates
to 100 points irrespective of the height of the bid. The total maximum
score is then also 100.

Similar to the problems involved with putting weights on various quality
attributes, setting explicit weights for quality versus price can be arbitrary



Beauty Contest design 73

: A
Price chreshold

1

1

1

|

|

|

|

|

n 1

1

. 1

1

. I B
]
4. :
———————————— r——--:—————_-_—_________-Pthreshold
- : - [ [

|

1

|

| .

Quality

Figure 2.1. Different procedures can lead to different outcomes.

and difficult. By using a two-step procedure this explicit choice can be
partly circumvented.

First quality, then price. In the first step the bids are evaluated on a
pass/no pass basis. Only the bids that offer the highest quality (for in-
stance, the bids which score 80 points or more, or the top 40 per cent)
pass on to the second step. In step two the winning bidder is then
strictly selected on price. The highest-price bid is then winner, irrespec-
tive of the quality offered, given that the bidder has passed the quality
threshold.

First price, then qualiry. A similar procedure can be followed, but in this
case the pass/no pass test is on price. Only the bids that offer the highest
price, say the top 40 per cent, pass on to the second step. In step two the
winning bidder is then strictly selected on quality. The highest-quality
bid is then winner, irrespective of the price offered, given that the bidder
has passed the price threshold.

The different rules may lead to different outcomes.® Figure 2.1 shows
an example of a number of imaginary bids, where for illustration purposes
it is assumed that the bids are not dependent on the procedure followed.
Following the linear score function rule, bid A would be the winner if

8 For instance, this may be the case when framing is an issue. The idea of framing is that
different phrasings of the choice problem call to mind different possibilities, or lead to
different ways of considering the problem. The experimental work on framing effects
clearly shows that the phrasing of the choice problem can affect the decision in a non-
trivial fashion. See, for example, Shafir, Simonson and Tversky (1993).
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Table 2.1. Bidding rules

Sealed/bid Open bid
Simultaneous I I
Sequential: first a quality bid is made. Score 11 v
of bid is made open to all bidders.
Sequential: first a price bid is made. Score \'% VI

of bid is made open to all bidders.

a relatively high weight was placed on price relative to quality. Using
the ‘first quality, then price’ procedure, bid B is the winner, while if the
‘first price, then quality’ procedure was followed, bid C would be the
winner.

4.3 Combining qualiry and price in sealed and open formats

An important theme in the relationship between the quality bid and the
financial bid is what bidders know of one another at the moment the
financial bid is placed. In relation to this issue in auctions, one distinction
that is made is that between sealed and open formats. For Beauty Contests
the same distinction can be made. With regards to information availability
to bidders the important difference is that in closed Beauty Contests —
in contrast to open Beauty Contests — bidding parties do not know from
each other (unless collusion is taking place) what the others are offering
and which bid may have to be overbid. This characteristic of being open
or sealed can be combined with another one: the order in which bids on
quality and price are made. Bids can be made either simultaneously or
sequentially. In the sequential version one first makes a quality bid and
then a price bid, or the other way around. This means that there are six
possible variants, as depicted in table 2.1.

For various reasons, not all variants are likely to come about in practice.
The areas I, IIT and IV designate the formats we believe to be practicable.
Below we briefly explain the six variants.

(D) In this format each bidder places only one bid. The bid contains offers
on both quality and price. Beyond knowing which parties are partaking
in the bidding, the bidders know nothing of what others are bidding on
quality and price. In procurement tenders the contest is usually a sealed-
bid one.

(II) A quality bid and a price bid are placed simultaneously. Besides
the fact that parties may know who is partaking in the bidding, they
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also at least know what the highest prevailing bid (on quality and price)
is.”

One can hardly imagine that this format could be used in practice. The
scope for raising the quality bid is quite limited. Structural quality features
(see subsection 2.2) such as past performance are de facro unalterable. It
may be possible to raise a bid marginally with regard to some process
features or performance features. However, doing so would mean altering
the business plan of the bidder in the event he won the bid. Changing a
business plan involves substantial time, effort and cost. If the quality bid
could be altered significantly this would also raise questions concerning
the credibility of the bidder.

Raising the bid will thus be nearly entirely accounted for by the price
element. It would then strongly resemble an auction and come close to
bidding variant IV (see below).

(IIT) Besides knowing which parties are partaking in the bidding, the
bidders also know how the others have scored on the quality dimension.
This knowledge can be used in the one-off financial bid. This system
resembles a closed-bid auction with a bid handicap. One’s quality score
in relation to the highest quality-score bid determines the bid handicap.
In the case where the quality score is used as a threshold and the final
score includes only price, the competition is no longer a Beauty Contest
but an auction.

(IV) For the bidding parties this is the most transparent situation. They
know how others have scored on quality and they know the bids during
the second stage. It is not the case that the highest-price bid wins, but
at any moment everyone can ascertain who the highest bidder is and
what the highest bid is. This resembles an English auction with a bid
handicap, in which the quality score determines the bid handicap. In the
case where the quality score is used as a threshold and the final score
includes only price, the competition is in fact no longer a Beauty Contest
but an auction.

(V) Besides knowing which parties are partaking in the bidding, the bid-
ders also know how the others have scored on the price dimension. This
knowledge can be used in the one-off quality bid. This system resembles
a closed-bid auction with a bid handicap, in which one’s bid handicap is
determined by the price one has bid in relation to the highest-price bid.

9 Here variants are conceivable. The question is what is made public at which moment: all
bids or only the highest one; the combination of identity and bid of each bidder or only
of the highest bidder.
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Table 2.2. Evaluation of bidding rules

Simultaneous  Sequential Sequential
sealed bid (I)  sealed bid (III)  open bid (IV)

Winner’s curse - —/+ +

Externalities - —/+ +

Value revelation - - —/+

Transparency for bidder - —/+ +

Transparency for awarding  + + +
authority

Costs and time span of + —/+ -
implementation

One can hardly imagine that this format could be used in practice.
For a bidder to set an appropriate price without knowing the associated
quality level is a bridge too far. One can only set a well-argued price after
choosing a certain quality level.!? In addition the scope for varying the
level of quality is quite limited (see bidding variant II).

(VD) In this format, bidders first place a price bid and then can sequen-
tially place higher bids on quality. Bidders can submit bids as often as
they want to, and they have knowledge of all previous bids. For the rea-
sons mentioned under variants II and V this format does not seem to be
viable.

This leaves us with three feasible formats: the simultaneous sealed bid,
the sequential quality-then-price sealed bid and the sequential quality-
then-price open bid.

In the rest of this section we compare the three formats in terms of a
number of criteria used in the discussions on auction formats: winner’s
curse, externalities, value revelation, transparency for both the bidder
and the authority and cost of implementation.!! Table 2.2 summarises
our qualitative judgements of the three formats in terms of these criteria.

Winner’s curse In the sequential open-bid format (IV), a bid-
der can retrieve information from the bidding behaviour of the other
bidders about the value of the concession. Bidders thus run a lesser
chance of bidding too high a quality and/or paying too much for the

10 Unless quality and price are unrelated. This would be the case if expected profit does
not vary with quality.
11 For example, Janssen Ros and van der Windt (2001) or OECD (2001).
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licence (the so-called winner’s curse). Therefore the open-bid mecha-
nism (IV) scores a ‘4’. The simultaneous sealed-bid format (I) does not
have this information-generating feature, and consequently scores a ‘—’.
The sequential sealed-bid format (IIT) occupies an intermediate position.
Bidders retrieve information on the quality bids made. Building on this
information they provide the sealed price bid.

Externalities The problem of externalities arises when the value
of the concession to a bidder depends on the identity of the competitors.
In a sealed-bid competition a bidder has little notion who the winner
will be. It is accordingly extremely difficult to hand in a bid, because
the value of the concession to the bidder depends on something that is
unknown at the time of making the bid. The simultaneous sealed-bid
format (I) therefore scores a ‘—’. In an open competition the parties
can more easily monitor who is still participating in the bidding. This
makes bidding much easier so that in general the outcome will lead to a
more efficient result. The sequential open-bid format (IV) thus scores a
‘4’. The sequential sealed-bid format (III) again holds an intermediate
position. Bidders retrieve information on the quality bids made. Building
on this information they can provide a sealed-price bid, which is better
informed than in the sealed-bid setting, but less informed than in the
open format.

Value revelation In the simultaneous sealed-bid format (I) bid-
ders will bid less than their true value, because they make the trade-off
between their price-quality bid and the probability of winning the com-
petition. Their true values are thus not revealed. The open format also
delivers much information about the values of the bidding parties. Not
all values, however, are revealed. For instance, if the second stage has the
format of an English auction the value of the winner is not revealed. The
open format (IV) thus scores a ‘—/+4°’.

The sequential sealed-bid format (III) may have a slight edge over the
simultaneous sealed-bid format (I) on account of its quality-revealing
properties. However, in this format bidders will likewise bid less than
their true value, because they make the trade-off between their price bid
and the probability of winning the competition. We score the sequential
sealed format the same as the simultaneous sealed format: a ‘—’.

Transparency for bidder The more information is provided, the
more transparent is the contest. The second stage of the sequential
open-bid format may be considered to have strong private-value features
given that each bidder has previously made his own quality bid. In the
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private-value context, bidding in an open format (IV) is relatively easy.
One can simply continue bidding until one’s true value is reached given
the quality one has bid. This format thus scores a ‘+’. In the simultaneous
sealed-bid format (I), bidding is more difficult since there is little ‘hard’
information on the bids of one’s competitors; it consequently scores a
‘—’. The sequential sealed bid (IIT) holds an intermediate position.

Transparency for awarding authority We see no obvious reasons
why one format is more transparent for the awarding authority than the
other. This is of course conditional on the mechanisms being well de-
signed with clear and unambiguous rules. Accordingly all variants score
a‘4’.

Costs and time span of implementation The costs for both the
awarding authorities and the bidders will presumably be lowest in the
simultaneous sealed formats and highest in the open format, with
the sequential sealed format taking an intermediate position. Likewise,
the period of time necessary to run the competition will be lowest in the
closed-bid formats and highest in the open format.

Total The final choice, of course, depends on the weights placed
on the various elements. The sequential open bid scores highest on all
counts save the costs and time span of implementation. In contrast, the
simultaneous sealed bid is nearly the exact opposite: it scores lowest on
all counts save the costs and time span of implementation.

5 Conclusion

In this chapter we have tried to characterise Beauty Contests, with an
emphasis on the informational aspects relating to allocation mechanisms.

We mentioned several reasons why a Beauty Contest may be an ap-
propriate allocation mechanism. The validity of these reasons in practice
depends strongly on the specifics of each case. These reasons relate espe-
cially to informational aspects surrounding the allocation procedure such
as, for instance, whether or not all relevant information is contained in
the price bid, whether or not the awarding authority can set minimum
quality ex ante, and minimising transaction costs.

A major challenge in designing a Beauty Contest is how to weigh quality
and price. We described several aspects of the design which entail
different informational demands on the format design, such as weighted
or unweighted score functions, and the adding up of scores or the use of
thresholds.
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Depending on the properties of the mechanism, a Beauty Contest re-
sembles an auction to a lesser or greater extent. Obviously the Beauty
Contest that least resembles an auction is one in which a price element is
not incorporated, such as in an architectural design competition. A for-
mat that strongly resembles an auction is the sequential open-bid format.
This type is very similar to an English auction with a bid handicap, in
which the quality score determines the bid handicap. In fact, if the quality
score were used as a threshold the format would be an open auction with
a pre-qualification stage.
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3 Preventing collusion among firms in auctions

Timothy C. Salmon

1 Introduction

Collusion among bidders in auctions is a serious concern for those in-
terested in designing procedures to allocate public assets whether the
goal of the process is efficiency or revenue maximisation. In either case,
bidders acting collusively can seriously impair an auctioneer’s ability to
accomplish their goal. There has been a wide variety of examples of col-
lusion discussed in the economic literature, including collusive bidding
for school milk contracts (Pesendorfer, 2000), in cattle auctions (Phillips,
Menkhaus and Coatney, 2001), in timber auctions (Baldwin, Marshall
and Richard, 1997) and, of course, in spectrum auctions, which will be
the focus of this study. We will present a brief survey of recent literature
on collusion problems mostly in ascending auctions and then go on to
discuss the Federal Communications Commission’s (FCC) experience in
dealing with collusion in their auctions as a case study in how the lessons
from this literature can be applied.

We will be discussing both ascending and sealed-bid auction formats
and the incentives for collusion embedded in each, but the focus will be on
ascending auctions. Ascending auctions are the primary focus of the lit-
erature on collusion in auctions owing to the fact that ascending auctions
are more susceptible to ‘in-auction’ collusion than sealed-bid auctions.
The term in-auction collusion is used to refer to collusion that can emerge
and be enforced inside a single auction. While sealed-bid auctions are less
susceptible to in-auction collusion they are still susceptible to forms of
collusion stemming from interactions among the bidders outside of the
auction itself. Similarly, our focus will be on multi-unit auctions rather

The author of this survey was formerly an economist with the Auctions & Industry Analysis
Division of the FCC and many of the details of the FCC case-study section were learned
during that time. The opinions expressed on why the FCC made various decisions, however,
are not necessarily those of the FCC or any other employee of the Commission past or
present. Thanks to Emiel Maasland and Maarten Janssen for many helpful comments on
early drafts.
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than single-unit auctions as collusion is more likely in the former than
the latter for similar reasons.

Ascending auctions have become quite popular as mechanisms for al-
locating public resources, as clearly demonstrated by their widespread
use in spectrum licence allocations in many countries around the world.
The primary reasons for adoption in most cases are that they are gen-
erally thought to deliver highly efficient allocations and it seems quite
simple for most bidders to figure out how to bid in them. An example of
this reasoning is found in Binmore and Klemperer (2002) in which they
note exactly these reasons in describing why the UK decided to adopt
this format for its UMTS auction. Ascending auctions are thought to be
easy to bid in because when there is a single unit of the good available
for auction, the bidders know what the object is worth to themselves and
if the clock, or Japanese, version of the ascending auction is used, it is a
well-known result that the dominant strategy of the game for each bidder
is simply to stay in the auction until the price reaches the level of what the
bidder believes the object is worth to them and then drop out.! Equilib-
rium strategies in multi-unit auctions are more difficult to derive, but an
extrapolation of the single-unit strategy called ‘straightforward bidding’
is thought to be a reasonable and simple way bidders might approach
bidding in such auctions. This strategy involves bidders bidding on the
objects that would yield the most surplus to the bidder, given the current
prices, so long as the prices are less than their value for the objects. Such
a strategy is easy to learn and follow and it has been shown by Demange,
Gale and Sotomayor (1986) and Milgrom (2000) that if bidders were
to follow such simple strategies, it would lead to approximately efficient
outcomes.

If bidders always did engage in straightforward bidding, these results
would provide a strong foundation upon which to argue for the use of
ascending auctions. Bidders, however, do not always follow this strategy.
As we shall discuss below, there are a number of alternative strategies bid-
ders can and do pursue in multi-item ascending auctions that can lead
to the bidders achieving a greater level of expected utility, while leaving
the auctioneer with less revenue and perhaps the social planner with less
efficiency than if the bidders had bid straightforwardly. These strategies

I The Japanese, or clock, version of the ascending auction involves the auctioneer using a
continuous clock to slowly raise the price, with all bidders who are currently ‘in’ indicating
by, for example, standing up in the room. As the price rises, bidders can choose to
irrevocably exit the auction by sitting. The winner is the last bidder standing and they
pay the price on the clock when the last bidder dropped out. The bidding strategy for the
non-clock version of the ascending auction, in which bidders are allowed to submit bids
to top a standing-high bidder, is a little more complex although sharing some of the same
general properties, and can be found in Isaac, Salmon and Zillante (2002).
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represent various approaches to bidders colluding among themselves to
end up with an outcome they prefer to the competitive outcome. In sit-
uations in which such collusion seems likely, it is definitely important
for auctioneer to understand how and why collusion can impact their
auctions.

Towards this end, the next section will review some of the recent theo-
retical, experimental and empirical literature to see what types of collusive
strategies exist in these auctions, how likely they are to be played, as well
as how one might design auctions either to minimise the possibility of
collusion or to minimise its impact. The third section of the chapter will
discuss a case study of the FCC’s auction programme to see what types
of collusion have been experienced in their auctions, how the FCC has
dealt with them and how the FCC has altered its rules over time in an
attempt to minimise future collusion. We use the FCC as a case study
for this purpose because it is an ongoing auction programme that has
evolved its approach to dealing with collusion over time in response to
specific instances of attempted collusion. These examples and the public
nature of the discussion around them make this an excellent environment
in which to study the auction design problems arising from collusion. It
is also the case that the FCC’s experiences with collusion have inspired
much of the recent theoretical and empirical literature on collusion and
so, in discussing these papers, it is a natural follow-up to discuss their
impact on the FCC’s programme.

2 Review of literature on collusion

2.1 Strategies for collusion

There has been a large number of papers developing the types of collusive
strategy inherent in multi-unit ascending auctions. One of the more im-
portant forms of collusion that can exist in either multi-unit or single-unit
repeated auctions was formally introduced by Robinson (1985), though
of course the subject had been discussed previously, who developed mod-
els of bidder cartels or rings in auctions. A bidder cartel is a group of
bidders that decides to bid as a single entity rather than as independent
bidders. If we assume that there are z bidders involved in an auction and
k < n of them are involved in a cartel, then the cartel works by having
the cartel member with the highest value for the item in that particular
auction bidding as they would in a normal auction while the others in the
ring submit non-competitive bids or stay out entirely. This will usually
allow the cartel member to win the item at a lower price than if they
had to bid against the other members of their cartel. Robinson (1985)
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shows that such cartels are stable in ascending auctions but unstable in
first-price sealed-bid auctions without repeated interaction. Stability in
this case means that all members of the cartel achieve higher expected
utilities by remaining members of the cartel rather than attempting to
compete against it.

The reason cartels are stable in ascending auctions is that, at least in
the single-unit private values setting, a bidder will always be willing to
bid up to their value. Since all other bidders in the cartel would lose the
auction anyway to the member with the highest value, they do just as well
by not bidding competitively. In a first-price sealed-bid auction, however,
bidders submit bids lower than their value, and the smaller the number
of bidders they believe they are facing, the farther below their value they
bid. For example, if we assume a standard single-unit auction with private
values such that bidder values are uniformly distributed on the range 0 to
100, and let # represent the number of bidders in the auction and v; the
value of winning to bidder 7, the symmetric-equilibrium bid function is
b(v;) = v;(n — 1)/n. For a two-bidder auction, this means a bidder bids
half of their value, while for a three-bidder auction, a bidder bids 2/3
of their value. The potential benefit of participating in the ring should
be obvious as bidding against one rival and winning will be much more
profitable than bidding against two.

Since the designated cartel member is bidding below his value
though, another cartel member has an incentive to bid competitively
against him. Consider two cartel members, A and B, with values of
80 and 60. If there is only one non-cartel member involved in the auction
and the cartel works as it should, then A would bid 40 in the auction
thinking he faces only a single competitor. B, however, can look at this
situation, see that A will be bidding 40 and realise they can bid 41 and
make a profit if they beat the non-cartel member. B’s ability to do this
relies on having clear knowledge of A’s value but in order for A to be
given the priority in the cartel to bid in the auction, B would have had to
be informed of it. In anticipation of this cheating by B, A would have to
bid enough to win against B, which would ultimately make the cartel of
little value. Thus the incentive of cartel members to ‘cheat’ in this man-
ner means that such a ring may break down without repeated interaction.
Note that in an ascending auction, bidder A will be willing to bid up to
80 which means that B could never win (without making a loss) by bid-
ding competitively. Therefore B has no incentive to do so and the cartel
remains stable.

Cartel or explicit collusion like this usually involves formal com-
munication and agreements between firms. Examples of it are stud-
ied by Pesendorfer (2000) and Baldwin, Marshall and Richard (1997).
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Table 3.1. Bidder values

Bidder A Bidder B
Item 1 100 80
Item 2 100 80
Both 200 80 or 160

Collusion that results from repeated interaction is not typically studied
as an explicit auction design problem as it is based upon the same princi-
ples of collusion that appear in the general literature concerning collusion
among firms and must be dealt with in that manner rather than as an auc-
tion design issue.

The types of collusion that can be addressed by auction design were
first discussed in Vickrey’s (1961) seminal paper on auction theory when
he explicitly noted that the multi-unit versions of ascending or second-
price auctions include very different incentives from those found in the
single-unit versions:

It is not possible to consider a buyer wanting up to two units as merely an aggre-
gation of two single-unit buyers: combining the two buyers into one introduces a
built-in collusion and community of interest, and the bid offered for the second
unit will be influenced by the possible effect of this bid on the price to be paid
for the first, even under the first-rejected-bid method. (Vickrey, 1961, p. 27)

This idea is what has come to be known as ‘strategic demand reduction’
in more recent papers, such as Weber (1997) and Ausubel and Cramton
(2002). It is important to distinguish between two forms of demand re-
duction. The first is not a form of collusion yet its impact on the outcome
of an auction is quite similar. The second form of demand reduction in-
volves tacit or explicit co-ordination by firms to settle upon lower prices
than would be reached without such agreements.

We can explain both types of demand reduction phenomena through
a simple framework. Consider an auction environment in which there
are two bidders and two items. In the first situation we will assume that
one bidder is interested in winning both items, while the second bidder
is interested in winning either of the items but not both. In the second
situation, the second bidder will be interested in winning both. Their
values for the items are as in table 3.1.

To analyse this example we need to develop two fundamental concepts.
The first is the idea of equilibrium in an auction. We will use the game-
theoretic concept of Nash equilibrium, which defines equilibrium as a set
of strategies such that no bidder could improve their outcome through
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unilateral deviation. We will also use the term efficiency, which refers to
the proportion of the possible value to society that has been achieved by
an allocation. If the bidder or bidders who value the items most win the
items,? then the most efficient, or 100 per cent efficient, outcome has
been achieved. If the items end up being assigned to other bidders, then
a less efficient outcome has been be achieved.

Considering either case of the preferences bidder B has for winning the
items, if the bidders participate in a simultaneous ascending auction, the
efficient competitive outcome is for bidder A to win both items, paying
80 for each item and resulting in total revenue to the seller of 160, total
surplus of 40 to bidder A and 0 to bidder B. This is the outcome that
would be approximately achieved if bidders followed the straightforward
bidding strategy described previously, as bidder B would always be willing
to bid on item 1 or 2 whenever the price is below 80 and would therefore
drive up the prices of both to that level before dropping out.

The non-collusive sort of demand reduction could occur in the situa-
tion in which bidder B is only interested in a single item. In that case, once
bidder B has placed a bid of 1 on item 2, bidder A could place a bid of 1
on item 1 and cease bidding. Bidder B has no interest in bidding further
as he is currently winning one item at a substantial profit and that is all he
wanted. If bidder A continues by bidding back on item 2, B will then bid
back and continue doing so until the competitive outcome is reached. If
bidder A stops bidding, or reduces his demand to a single object, then he
ends up with a surplus of 99 rather than a surplus of 40. While this leads
to substantially less revenue than the competitive outcome, this should
not be termed collusive as this requires no co-ordination or co-operation
among bidders. This simply involves one firm reducing the number of
items they are bidding on to reduce the price on the items that they win.

Demand reduction outcomes in the second case where bidder B is
interested in both items can, however, be considered as collusive. It is
possible to achieve the exact same outcome as before in which bidder A
wins item 1 for a price of 1 and bidder B wins item 2 for a price of 1.
Again, both bidders prefer this outcome to the competitive one, as bidder
A would have a surplus of 99 and bidder B a surplus of 79 compared to
40 and 0 respectively.

The important distinction between the two cases is based on what
is required for this outcome to be supported as an equilibrium of the
ascending auction. To construct an equilibrium that leads to this outcome

2 This analysis, of course, ignores the situations described in Janssen and Moldovanu (this
volume, chapter 5). The analysis could be extended to do so, but it is useful to begin with
this simpler initial setting.
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we need to define strategies for each bidder that deliver it and show
that neither bidder would prefer to deviate from them. The strategy for
bidder A in this case would involve placing a bid of 1 on item 1 and
then committing to bid according to their non-collusive straightforward
strategy of bidding until they reach their value if bidder B ever places a
bid on 1. This is known as a ‘trigger’ strategy as bidder A is promising to
behave cooperatively unless bidder B does not, and the first instance of
non-cooperative play by bidder B triggers immediate punishment from
bidder A. If bidder B adopts a similar ‘trigger’ strategy in regard to item 2,
then neither bidder would choose to deviate by bidding on the other’s
item. Deviation from these strategies would involve something like bidder
A choosing to bid on item 2. If he did that, bidder B would punish him
by bidding up to his value of 80 on both items. Bidder A would win
both items but the outcome would be the non-collusive outcome already
described in which bidder 1°s surplus is 40. This is significantly lower than
his surplus from not deviating, 99. The same can be verified for bidder
B. Thus these strategies constitute a Nash equilibrium of the game. The
key element that allows this collusive outcome to be supported as an
equilibrium is the ability for one bidder to punish the other bidder if they
try to cheat from the collusive agreement. This agreement need not be
explicit and could well be just tacitly observed and agreed to by both
bidders. Such agreements or trigger strategies were not necessary in the
case in which bidder B was only interested in a single item, but they are
necessary when he is, and it is the presence of these agreements, even
when they are only tacitly observed, that makes the latter sort of demand
reduction equilibria collusive in nature even though they are equilibria of
non-cooperative games.

Using this same example, we can examine an important difference
between ascending and sealed-bid auctions. If we think instead of a first-
price sealed-bid auction for both of these items simultaneously, then this
demand reduction equilibrium disappears. If the bidders were to try to
strike an agreement before the auction, either explicitly or tacitly, to bid
only 1 on their respective items, this agreement would be unenforceable
during the auction as both would have an incentive to deviate from it. If
bidder B went ahead and bid a price of 1 on item 2 and nothing on item 1,
then bidder A could bid 1 on item 1 and 2 on item 2 and significantly
improve the outcome for himself. Once bidder B realised that A had
cheated on their agreement, he would have no recourse to punishment as
he would in the ascending auction. Without this punishment capability
to enforce the collusive agreement, it should no longer be effective.

This example should not, however, be taken as an indication that col-
lusion is not possible in sealed-bid auctions. If the bidders expect to be
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competing in a series of auctions or even in some repeated interaction
outside of the auction environment, they can adopt strategies that involve
punishing a deviator in future auctions or business dealings. The key to
supporting collusive equilibria as possible outcomes of an auction is the
ability of the bidders to punish someone who deviates from a collusive
agreement, and such opportunities can arise in any situation involving re-
peated interaction among firms. This is an application of what is known
as the ‘folk theorem’ among game theorists.? This is a general class of the-
orems which state that collusion can occur in games which are repeated
an infinite or unknown number of times assuming players possess suffi-
cient patience. The strategies that support collusion in these cases will
take the form of a collusive agreement, with punishment strategies used
to enforce the agreement should anyone deviate from the agreed-upon
course of action. With such strategies in place, no one would choose to
deviate and collusion will be stable.

This allows us to make one very important point, which is that in a
situation involving firms that are generally collusive in nature, i.e. they
tend to collude on most of their dealings, they will of course collude in
any auction in which they are involved. Anything an auction designer
proposes to do inside the auction to eliminate collusion will have little
success. This type of intrinsic collusion among a group of bidders will
also almost certainly involve the explicit structure discussed above and
again must be dealt with as a standard anti-trust issue, not as an auction
design issue. Collusion can therefore exist under either auction format,
but the ascending auction will be significantly more susceptible to it as the
agreements can be made and enforced tacitly inside of a single auction.

There are a variety of papers such as Engelbrecht-Wiggans and Kahn
(1999) and Brusco and Lopomo (1999) that develop other strategies
leading to collusion inside a single auction that are quite similar to the col-
lusive demand reduction example just discussed. Ausubel and Schwartz
(1999) and Engelbrecht-Wiggans and Kahn (1999) make the situation
for ascending auctions look particularly grim as they show that the collu-
sive strategy is in fact the only strategy that proves to be a subgame-perfect
Nash equilibrium of an ascending auction.? Anton and Yao (1992),
Ausubel and Schwartz (1999), Brusco and Lopomo (1999) and Grimm,

3 A deeper explanation of the idea of folk theorems for repeated games can be found
in most game theory textbooks, such as Osborne and Rubinstein (1994) for high-level
development or Watson (2002) for a simpler explanation. The particular type of folk
theorem applied here was first developed by Fudenberg and Maskin (1986).

4 A subgame-perfect Nash equilibrium is a stronger version of a Nash equilibrium that
places additional restrictions on off-equilibrium path behaviour for sequential move games
of this sort. It is generally considered to be the most reasonable equilibrium concept for
use in these types of games.
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Riedel and Wolfstetter (2001) describe similar collusive equilibria in
which bidders signal collusive splits of the objects in the auction early
and come to a sort of negotiated agreement about how to divide up the
objects in the auction most profitably. These papers paint a very dismal
picture of ascending auctions by showing that the collusive equilibria are
very damaging to the auction and that it is very reasonable to expect that
bidders will be able to agree upon them.

A deeper look at the issue displays some key reasons why the picture
for ascending auctions is not likely to be quite so bad in practice as it is
in theory. Most of the very pessimistic results about bidder collusion in
these papers are derived from very simple two-bidder models. In Ausubel
and Schwartz (1999), the authors reframe an ascending auction as a bar-
gaining game in which the two bidders are attempting to bargain over how
to split up the items in the auction. They find that the unique subgame-
perfect Nash equilibrium of the game involves the bidders splitting the
items between themselves at prices well below the competitive level. In
a two-bidder game, it seems entirely reasonable that bidders would be
able to come to such an accommodation relatively easily. The problem
comes in attempting to extrapolate such results to cases involving more
than two bidders. As is found in most empirical or experimental studies
of collusion or the provision of public goods in non-auction contexts,
the difference between a situation involving two agents trying to collude
and one involving n > 2 agents is very significant, as described in more
detail in Isaac and Reynolds (2002). In two-agent situations, the agents
can typically collude but this becomes more difficult and less likely as the
number of agents grows to even just four or five.

There are both theoretical and practical reasons for the difficulty en-
countered by more than two agents colluding in auctions. One can un-
derstand the issue intuitively by first imagining the difference between
two people bargaining over how to achieve an amicable split and the cor-
responding situation with three or more. Even in a standard bargaining
situation where bidders can freely communicate, the difficulty will be in-
creased. This is so because as the number of parties increases, so too does
the possibility that two or more of them will have mutually exclusive in-
terests that cannot both be satisfied. Also, the practical details involved in
forming an agreement among more and more parties become increasingly
complex even in situations where an agreement is possible. Now imagine
that all parties have to communicate through potentially difficult to inter-
pret signals such as bids in an auction. Since effective collusion requires
that all bidders be able to interpret the signals correctly, the more bid-
ders are involved, the greater is the chance that at least one is unable to
understand the signals being sent by the others. While it is certainly still
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possible for larger numbers of bidders to collude, it will be substantially
more difficult.

The technical support for the decrease in collusion as the number of
bidders increases is contained in Brusco and Lopomo (1999). It contains
the standard two-bidder results indicating that collusion is a serious prob-
lem, as is found in other papers, but then extends the analysis to more
bidders. They find that the possibility for collusive outcomes diminishes
as the number of bidders rises relative to the number of items. The rea-
son is similar to the explanation given above. As the number of bidders
grows, the possibility of the bidders finding amicable splits diminishes.
Brusco and Lopomo go even further to show that the presence of signifi-
cant externalities or synergies across items also diminishes the prospects
for collusive outcomes.

The intuition behind these results can be explained by examining two
different situations. In situation A, imagine two bidders in a spectrum
auction, one of whom has a business plan which requires obtaining all
licences on the western side of the United States to operate a PCS busi-
ness. This bidder would like the East Coast licences as well, but does
not see these as vital. The other firm has the inverse preferences, which
means it wants to operate primarily on the eastern side of the country.
In situation B, consider adding a third firm which has a business plan for
the centre of the country requiring half of the licences from the eastern
and western regions in order to be viable. In situation A, a collusive out-
come will almost certainly emerge, with the bidders dividing the country
in half and agreeing not to bid on each other’s region. In situation B, no
bidder will be willing to reduce demand below the half of the country
they require and, without side payments, there is no way to split up the
licences in a way that would be agreeable to all three. In this case, bidding
might continue until the eastern and western bidders have outstripped
the willingness to pay of the middle bidder and only then would those two
bidders engage in a demand reduction strategy not to bid on the other’s
half. By then, though, the prices of the licences would be much higher
than would result in situation A, diminishing the harm resulting from any
collusion that emerges.

There is both experimental and empirical evidence to support the
Brusco and Lopomo (1999) results. Kwasnica and Sherstyuk (2002) test
these predictions by conducting experimental auctions involving both
small and large numbers of bidders and varying sizes of complementari-
ties across items. They find that increasing the number of bidders and/or
the presence of large complementarities across items reduces collusion,
as predicted by Brusco and Lopomo (1999). They also find an inter-
esting side result arising from the fact that their experiments involved
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a series of auctions, which is that moderate complementarities lead to
winner rotation schemes being used more often as a collusion device by
the bidders. Of course, winner rotation schemes only work for repeated
auctions as they involve cartel-like behaviour in which bidders with low
values in a particular period refrain from bidding while those with higher
values bid, and then exchanging roles when their positions are reversed.
In a single-shot auction, such strategies could not emerge.

A careful study of different spectrum auctions, including those from
the United States, Canada and Australia, is likely to reveal many cases of
such behaviour, but Klemperer (2002b) gives a very clear explanation of
a sequence of events from the German 3G spectrum auction to demon-
strate that such behaviour also occurs in field auctions. In this case, one
of the firms in the auction, T-Mobil, appeared unable to interpret, or un-
willing to agree to, the demand reduction signals being sent by another
bidder, Mannesman. This inability to interpret signals, or unwillingness
to agree to the split, led T-Mobil to drive up the prices by €2.5 billion
before achieving the same allocation Mannesman initially signalled at a
much lower price. This example is particularly interesting since earlier
in the same paper and in Grimm, Riedel and Wolfstetter (2002) those
exact same two firms are described as having come to a very rapid ac-
commodation in an earlier 1999 German DCS-1800 spectrum auction.
In Klemperer (2002b) the reason indicated for the breakdown in collu-
sion is that T-Mobil just did not understand the way a collusive signal
would be sent in the second auction, and in fact he appears to criticise
the advisers of T-Mobil for this failure to collude. It is worthwhile noting
that the 1999 auction involved just two credible bidders while in the later
3G auction six were still in the auction at the time the original collusive
signal was sent. Exactly why the collusive outcome was not realised in the
second case is uncertain, but what is not in doubt is that the 3G auction
with a large number of bidders resulted in greater than expected revenue
while the earlier auction with only two credible bidders resulted in a quick
collusive agreement and lower than expected revenue.

The indication from these results is that while collusion can be a prob-
lem in ascending auctions, and indeed a devastating one in particular
cases, theory and empirical evidence tell us that it is primarily a prob-
lem of small numbers of bidders. Small numbers of bidders will tend to
find it relatively easy to signal collusive outcomes to other bidders and
to come to quick accommodations. Larger numbers of bidders and bid-
ders whose interests overlap more and/or involve more complementarities
will be significantly less likely to collude effectively. This differentiation
between smaller and larger numbers of bidders is mostly absent from
the majority of the theoretical analyses of collusion and accounts for the
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overwhelmingly negative results the literature contains. It is therefore
quite important to examine the results from Brusco and Lopomo (1999)
and Kwasnica and Sherstyuk (2002) to see the degree to which these
problems exist when more than two bidders are involved. This argu-
ment, however, is in no way intended to minimise the definite problem
of collusion that exists in ascending auctions with a small number of bid-
ders whose interests are relatively mutually exclusive. In such cases, an
auctioneer who ignores the possibility of collusion does so at the risk of
achieving a very poor outcome.

2.2 Proposed solutions

Proposals for how to solve or minimise problems coming from collusion
all involve different ways of trying to modify the design of the auction
either to limit the possibility of bidders colluding or to limit the harm
from the collusion if it is going to exist. It is important to realise that all
of these proposals are designed to work against in-auction collusion. This
type of collusion will only be an issue in auctions involving multiple units
when bidders are allowed to win more than one item and are interested
in doing so. In single-unit auctions or auctions in which bidders can win
only single items, the only type of collusion that can exist is the general
market collusion that we have already pointed out, which cannot be dealt
with through the design of an auction.

Several fundamental changes to the design of an ascending auction have
been proposed at various times to deal with the problem of collusion. The
most basic proposal is to abandon the ascending auction in favour of a
sealed-bid design, which, as described previously, is less susceptible to
in-auction collusion. The reason it is less susceptible is that a sealed-bid
auction removes the ability of bidders to punish other bidders inside the
auction for deviating from some proposed collusive split. One might see
this as the implicit recommendation of Robinson (1985) and it is also
suggested in Engelbrecht-Wiggans and Kahn (1998), who go further to
suggest that in a multi-unit auction, the objects might be best auctioned
in sequential sealed-bid auctions.

An alternative to getting rid of the ascending auction format entirely
would be to have an auction that begins as an ascending auction and
then at some point switches to a final sealed-bid round. A simple version
of this was proposed by Cramton and Schwartz (2000), but Klemperer
(2002a) proposes a more sophisticated version of this approach, calling
it the Anglo-Dutch hybrid auction. The way such a design would work
is that if there are %k objects in the auction and N > k + 1 bidders in
the auction when it begins, the auction starts as an ascending auction.
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This continues so long as there is significant excess demand for the ob-
jects, but when the number of bidders drops down to 2 + 1 then the
ascending portion of the auction is ended and the remaining bidders par-
ticipate in a sealed-bid round to conclude the auction. The proposed
benefits of this design is that it eliminates the possibility of punishment
strategies and therefore destroys any of the collusive equilibria we dis-
cussed previously, while preserving many of the advantages of ascending
auctions.

Another version of this idea of a final sealed-bid round is described by
Ausubel and Milgrom (2001). They propose a final round of proxy bid-
ding be added to the end of an ascending auction, or even using a proxy
bid auction in place of an ascending auction. Under their proposal, in-
stead of submitting bids, the bidders would send in a value function to
the auctioneer and bidding would be done by a proxy bidding agent in an
ascending auction that would place bids according to the straightforward
bidding strategy. The reason for this proposal is that it has been shown
that if bidders were to bid according to such a strategy, then an efficient
outcome would be achieved. This design is an attempt to force them to
do so. In the context of a single-unit auction, this is equivalent to e-Bay’s
proxy bidder design and should be expected to work quite well. Imple-
menting such a design in a multi-unit context appears more problematic
and will be discussed in more detail in section 3.

Albano, Germano and Lovo (2001) present a different idea for re-
moving collusive equilibria in ascending auctions which involves using a
Japanese, or clock, version of the auction instead of the non-clock versions
more commonly used. The difference is that in the clock version, prices
rise at the discretion of the auctioneer and bidders are only able to agree
to pay the price or drop out. In the non-clock auction, bidders submit
specific bids as they choose. The results of Albano, Germano and Lovo
(2001) show that using the clock version of the auction does eliminate
certain types of signalling equilibria because bidders are no longer able to
send signals with their bids, but demand reduction equilibria will still ex-
ist. The result of not allowing bidders to submit specific bids is to make
collusion more difficult for bidders but not to eliminate the possibility
completely.

Yet another novel change to the ascending auction is given by Ausubel
(2002). This paper describes an ascending auction design for multiple
homogeneous items in which bidders can ‘clinch’ items as the auction
progresses when the demand reaches a point at which it becomes clear
that they will win at least one item. When that occurs, the price of that
item becomes fixed but the auction continues for the other items. The
result is that continuing to bid on other items cannot increase the price
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of clinched items. This effectively eliminates the incentive to engage in
demand reduction.

There have been several experimental studies aimed at investigating
this auction design and they are summarised by Sherstyuk (2000) along
with other experimental studies of collusion in auctions. The different
studies have taken quite different approaches to evaluating the mecha-
nism and their results indicate that the performance of the mechanism
depends crucially on the environment and the implementation. In Kagel
and Levin (2001) and Kagel, Kinross and Levin (2001), human bidders
were placed into auctions of this type, bidding against computer bidders
that were programmed to play the equilibrium strategy. The results of the
evaluation show that the auction design performs well in comparison to
a uniform-price auction in terms of eliminating demand reduction and
improving efficiency, but occasionally yields less revenue than expected.
Grimm and Engelmann (2001) evaluate Ausubel’s dynamic Vickrey auc-
tion against five other formats, with each auction involving two objects
being auctioned between two human bidders with a demand for two
units each. Their findings show again that the dynamic Vickrey auction
produced higher efficiency and less demand reduction than the other
mechanisms evaluated.

A perhaps more telling examination is found in Manelli, Sefron and
Wilner (2000) in which the authors compare Ausubel’s dynamic Vickrey
auction to the standard Vickrey auction in a more complicated environ-
ment involving three items and three bidders, each of whom is interested
in winning only two units. The study reports some unexpected behaviour
in the dynamic Vickrey auction in which the bidders would bid quite ag-
gressively by bidding on all three objects even though they would receive
no value from winning the third item. Subjects would engage in bidding
on all three objects until they had clinched the two objects they wanted,
which typically led to inefficient outcomes. This strategic gaming of the
Ausubel mechanism is certainly not part of the equilibrium strategy and
may not even always be beneficial, but the authors report that its use by
the subjects was quite robust to variations in the environment. This could
indicate that such strategies will be persistent or, at a minimum, that bid-
ders would need significant experience with the mechanism before they
learned to bid according to the ‘right’ strategy. In the short term, such
aggressive disequilibrium bidding could lead to inefficient outcomes. The
results from all of these experimental studies suggests that in simple envi-
ronments, the Ausubel dynamic Vickrey auction may work as intended,
but in larger and more complex environments it may run into difficulties.

In addition to these large changes to the mechanism, there have
been several proposals to modify slightly the rules of specific ascending
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auctions. One of the more common proposals is to allow only anonymous
listings of bids in round results. In most current ascending auctions used
for spectrum licence auctions, the identities of those who placed the cur-
rent standing-high bids and even all past non-winning bids are available
for all to see. Under this proposal, those identities would be hidden. The
effect of such a change would be to make it impossible for one bidder
to tell if another bidder had deviated from some collusive arrangement.
They might see that some bidder had bid on a licence they were interested
in, but they would not know if it was the bidder they had the arrangement
with or another and thus would not know whom to punish. Without the
ability to monitor each other’s behaviour, both parties to any collusive
agreement have the incentive to deviate from the agreement. This sug-
gestion has been made in several FCC proceedings and also by Cramton
and Schwartz (2000) and Klemperer (2002a).

Another common suggestion is to raise reserve prices. If bidders are
going to be able to agree to collusive splits early in the auction and revenue
is a concern of the auctioneer, then using high reserve prices can minimise
the harm from those agreements. This too is quite a common suggestion
and it has been made by Graham and Marshall (1985) Cramton and
Schwartz (2000) and Klemperer (2002a). This proposed ‘fix’, however,
has a very serious potential downside. As noted, the problem of collusion
is primarily one of small numbers of bidders. If reserve prices are set too
high, this may discourage potential bidders from entering and actually
make collusion more likely to occur. This remedy must therefore be used
with great care.

Most of the standard approaches to combating collusion we have dis-
cussed have been designed to limit the ability of bidders in an auction to
punish a deviator. There is another way to break up collusive equilibria
of this sort, as suggested by Brusco and Lopomo (1999): additional bid-
ders. If the auctioneer attracts more bidders to an auction, there will be
less of a possibility that the bidders could agree, without using side pay-
ments, on a split of the items that is mutually agreeable. In the ascending
version of the auction, bidders will tend to bid competitively until the
values of enough bidders have been surpassed that the remaining bidders
can agree to collusive splits. The remaining bidders may still be engaging
in demand reduction, but the position of the auctioneer has been made
significantly stronger by the addition of the additional bidders.

One issue to note with this, though, is that the additional bidders must
be willing and active participants. Some have suggested that problems
in some of the European UMTS auctions have occurred as a result of
some bidders assuming they would be likely to lose the auction given
the relative strengths of the other participants and choosing to bow out
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of the auction early or even not entering at all. The presence of such
weak bidders is certainly not helpful. What is helpful is the existence of
additional bidders who believe they have a legitimate chance of winning
the auction even against a competitor deemed stronger. This suggests that
pro-competitive measures such as giving smaller bidders bidding credits,
which allow them to compete against larger firms, may also work against
collusion.

3 Case study of FCC experience with combating collusion
in spectrum auctions

There are two facts about the history of collusion in the FCC’s spectrum
auctions that explain why this is an important case study to consider.
First, there have been a large number of instances of bidders attempting
to collude in FCC auctions. Second, these attempts have been largely
unsuccessful and to date no one has been able to identify more than a
negligible loss in revenue in these auctions resulting from collusion.’ The
reason for this lack of successful collusion is in part the FCC’s attempts
to minimise collusion, but these attempts have been made far more suc-
cessful by the large number of competitors that are usually involved in
each auction. We will begin this case study by cataloguing some of the
more common or well-known types of collusion that have been attempted
in FCC auctions and then go on to explain how the rules of the auctions
have evolved to deal with these issues. Before reading this case study it
might be helpful to study the rules of FCC auctions; these are explained
in detail in Salmon (this volume, chapter 6).

3.1 Types of collusion in FCC auctions

There are many forms of collusive strategy that have been attempted over
the history of the more than thirty spectrum auctions conducted by the
FCC. All have shared the same basic structure discussed in section 2.
That is, they have involved attempts to settle upon demand reduction
equilibria supported by punishment strategies. The interesting part of
these attempts is the varied approaches bidders have used to communi-
cate such intentions to other bidders.

The most basic attempts at collusion which have been observed have
taken the form of simple punishment strategies. These involve situations

5 The possible exception to this is the DEF block PCS auction. This auction saw the highest
level of collusive activity in any FCC auction and there is reason to believe that this led
to lower than optimal prices.
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such as bidder A, who is interested in licence 1, bidding on licence 2,
one they may well not be interested in, in an attempt to convince bidder
B, who does want 2, to cease bidding on licence 1. This is sometimes
referred to as ‘retaliatory bidding’ and instances of such behaviour are
quite common throughout the FCC auctions. The difficult part of using
a strategy such as this to signal another bidder to co-ordinate on the
collusive outcome is to find a way to make the other bidder aware of what
the signal means.

Perhaps the most creative and well-known approach to solving this
communication problem has come to be known as ‘bid signalling with
trailing digits’, which was used during the FCC’s early PCS auctions. At
that time, bidders were allowed to enter their own bid amounts so long
as they were greater than some specified minimum. Since the prices of
these licences were in the millions and hundreds of millions of dollars,
the last three digits in the bids were of no real consequence. The licences
themselves in these auctions were identified by a two- or three-digit code
identifying the geographic location of the licence. Imagine a situation in
which bidder A is interested in licence 242 while bidder B is interested in
licences 105 and 242. If bidder A wants to signal bidder B to stay away
from licence 242, he might submit a bid on licence 105 of $5,000,242.
The last three ‘trailing digits’ are used to refer to the licence on which
bidder A wants bidder B to cease bidding. Using such trailing digits,
bidders could send coded messages back and forth to try to settle upon
a collusive outcome.

One problem with the trailing digits approach is that some bidders
might not look closely enough at a rival’s bid to notice them. This
prompted some bidders to make their intentions even more obvious using
strategic withdrawals. In an attempt to alleviate the exposure problem in
their auctions® the FCC allows bidders to withdraw standing-high bids
in the auction. When a bidder withdraws their standing-high bid on a
licence, the new minimum accepted bid becomes the amount of the pre-
vious highest bid on the object. In the early auctions, withdrawals were
submitted after a round of bidding had concluded and standing-high
bidders declared. In the same scenario as above, assume that bidder B
has a bid of 4,500,000 on licence 105. Bidder A could submit a bid of

6 See my general FCC case study (this volume, chapter 6) for more information on the
exposure problem. This refers to a situation that can occur when a bidder needs a group
of, say, five licences for their business plan and if they win only four they are worth little
or nothing to the firm. In that case, the bidder can be ‘exposed’ to a significant loss if
they bid on the package intending to win the entire group and another bidder then bids
more on one of the licences than the first bidder is willing to pay. The bidder could end
the auction having promised to pay a large sum of money for four licences that are now
of little value to him.
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$5,000,242 for licence 105 and then withdraw it in the same round. Such
a sequence would not only call attention to the bid but also constitutes
an explicit offer to bidder B since they can simply resubmit their previous
bid of $4,500,000 to regain the standing-high bid on licence 105. Such
a withdrawal serves as a very clear signal of bidder A’s intent.

Without these two mechanisms, signalling collusive intent is more dif-
ficult but it can still be done using retaliatory bidding, which requires a
little more effort on the part of the bidders to communicate intent. As
an example of one such attempt, in auction 18, the 220 MHz auction,
there were three nationwide licences, denoted as K, L. and M blocks, in
addition to a large number of smaller regional licences. It was well known
that one particular bidder, referred to here as bidder 1, had to win one of
these three licences but only wanted one. There were four other bidders
interested in these licences, with two or three of those being interested
in more than one licence. Bidder 1 tried on repeated occasions to sig-
nal a collusive equilibrium by following a set pattern of bidding. They
bid on licence M in one round and in the next they would bid on all
three licences, K, L and M. In the following period, they would bid again
on licence M, regardless of whether or not they already held the high
bid on that licence. They continued this pattern so long as one of the
other bidders bid on licence M.” This was a very clear retaliatory signal
that bidder 1 would refrain from bidding on the other two licences if the
other bidders stopped bidding on licence M. This auction continued for
fifteen rounds with bidder 1 following the described strategy and the
other bidders bidding more or less evenly across the three nationwide
licences, apparently ignoring the collusive offer being made. One bidder
dropped out in round 8, while two of the other three dropped out of
the competition simultaneously after round 15. At that point bidder 1
stopped bidding, as did the remaining nationwide bidder. Bidder 1 ended
up winning licence M and the remaining bidder won the other two.

It seems quite clear that this was an attempt by bidder 1 to collude with
the other bidders. The interesting question is whether or not the outcome
that emerged was a collusive outcome or a competitive outcome. On the
basis of the evidence, it seems more likely to have been a competitive than
a collusive outcome. Since the last two bidders dropped out of the
auction at the eventual price level, it seems likely that the prices were
more than they were willing to pay, rather than that they were agreeing
to reduce demand. The remaining bidder could have reduced demand

7 It was possible for multiple bidders to bid on licence M in one round with bidder 1
maintaining the high bid. This is because most of the bids were made at the minimum
increment and the FCC’s rules state that the bidder who bids first is made the standing-
high bidder.
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for collusive reasons from three licences to two, but this seems unlikely
as well. One thing about the outcome is certain though: by following this
strategy, bidder 1 was driving up the price on licence M faster than the
prices of the other two items. Consequently, they ended up paying ap-
proximately 20—27 per cent more for the license they won than the other
two bidders paid for identical items.® This example demonstrates a rather
clever signalling approach that can be used even in the absence of trail-
ing digits and strategic withdrawals, but it also shows why such collusion
attempts are not necessarily effective. Competing bidders are not always
willing to go along with the collusive offer being made by another, and
pursuing a collusive strategy and failing can be quite costly.

3.2 FCC attempts to deal with collusion

The FCC has had some fairly simple anti-collusion rules in place since the
auctions began. Their basic requirement is found in Section 1.2105(c)(1)
of the Commission’s rules:

After the short-form application filing deadline, all applicants are prohibited
from cooperating, collaborating, discussing or disclosing in any manner the sub-
stance of their bids or bidding strategies, or discussing or negotiating settlement
agreements, with other applicants until after the down payment deadline, un-
less such applicants are members of a bidding consortium or other joint bid-
ding arrangement identified on the bidder’s short-form application pursuant to
§ 1.2105(a)(2) (viii).

The interpretation of this is that bidders can talk among themselves, and
form whatever co-operative arrangements they choose, prior to the start
of the auction process, which is considered to be when the bidders submit
their applications to be bidders. These pre-auction discussions, however,
must satisfy two conditions. The first is that any co-operative agreements
must be disclosed at the application stage. Second, the agreements must
not violate any relevant anti-trust laws dealing with collusion between
firms. So long as these conditions are satisfied, bidders can talk as much
as they want before applications are submitted, but once that occurs
bidders are not allowed to communicate about the auction.

It is interesting to note that this rule allows for the formation of bidder
cartels or rings prior to the start of the auction. At first glance, this might
seem to be an odd characteristic of an anti-collusion rule. The reasoning
behind it is that it would be difficult, if not impossible, to forbid any such
discussions and alliances among firms prior to the start of the auction.
What the rule does, however, is to ensure that any agreements that are
made are publicly viewable so that they can be more easily reviewed in the

8 $3.9 million compared to $3.2 and $3.0 million.
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light of standard anti-trust laws. In the previous section we showed that
using an auction design to fight any such endemic collusion or concen-
tration of market power in a market will be ineffective. This rule allows
for the easier enforcement of standard regulations to combat collusion
and concentration of market power.

This prohibition on communication during an auction was one of the
reasons bidders were forced to send signals through their bids instead of
talking directly. These signals are also technically violations of the anti-
collusion rule, but the violation is not as clear and legally actionable.
There have been only two cases in which the Justice Department/FCC
has prosecuted bidders for violating the anti-collusion rule. One viola-
tion was based upon bid signalling, while the other was based on direct
communication between two bidders.

In the course of the DEF block PCS auction, High Plains Wireless
accused a competitor, Mercury PCS, of using trailing digits to try to sig-
nal a warning to High Plains to cease bidding on a particular licence.
Mercury’s main initial defence was that they believed that bid signalling
with trailing digits was a common practice and therefore did not violate
the FCC’s anti-collusion rules. After an extensive investigation by the
FCC and the Justice Department, this case was resolved when Mercury
agreed to settle with a consent decree. In general terms, the company
had to agree to little more than that they would not engage in similar
actions in future auctions. Unfortunately, this was not a strong message
to future bidders about the consequences of such behaviour. The reasons
the Justice Department settled the case in this manner were never made
public, but it seems to have occurred because of the perceived difficul-
ties in convincing a jury that such signalling was collusive in nature and
because of the likely low level of provable damage from the incident.

Parallel to the Department of Justice investigation, High Plains had
filed a lawsuit against the FCC protesting against the award of licences
to Mercury. This lawsuit led to a very long series of appeals, with the
most recent decision (11 January 2002) coming from the US District
of Columbia Circuit Court of Appeals. High Plains was challenging the
award on several grounds, all of which the court dismissed. On the spe-
cific charge that the award of licences should be rescinded because of
Mercury’s violation of the anti-collusion rule, the court ruled that since
the language of the rule had not specifically mentioned and forbidden
this sort of bid signalling and retaliatory bidding in general, the FCC was
not violating its authority to award the licences to Mercury.

The second case of bidder collusion occurred in the same auction and
involved one bidder, US West, actually calling another bidder, Western
PCS, on the telephone during the auction. The purported intent of the
call was to ‘apologise’ for a mistakenly placed bid on a licence Western
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had the high bid on. Even if the intent was benign, this still constituted
a direct breach of the auction anti-collusion rules. The communication
was reported by Western PCS and the outcome was a fine of $1.2 million
levied against US West, although they were able to reduce the fine to
$800,000 in subsequent negotiations. Western PCS also ended up paying
a smaller fine because they waited until well after the auction to report
the incident.

In the original FCC auction design there were few design features
intended to mitigate collusion beyond this general prohibition on com-
munication. Since those first auctions, many rule changes have been pro-
posed but only two have been implemented, while a third is in the final
stages of implementation. As a means of eliminating the possibility of bid
signalling, the FCC has changed over to a system of increment bidding.
In this system, instead of bidders typing in the specific amounts they wish
to bid, they can simply choose to bid some multiple of the minimum in-
crement over the previous standing high bid. If the standing-high bid is
$5,000 and the minimum increment is $500, then bidders are allowed to
bid by choosing an integer x in the range 1-9’ so their new bid will be
$5000 + x*$500. This makes it impossible for someone to use trailing
digits to signal a collusive offer.

Similarly, the FCC has limited the number of withdrawals bidders can
place. In the PCS auctions, for the DEF block in particular, bidders
were submitting a large number of withdrawals throughout the auction
as signalling devices. Not long after this auction, bidders were limited to
to submitting withdrawals in only two rounds during the auction. That
is, any bidder can choose two rounds in the auction in which to submit
withdrawals, but those two rounds can be different for every bidder. This
makes withdrawals relatively more expensive to use as signalling devices
and has virtually eliminated their use in such strategies.

3.3 Alternative rules that have been considered by the FCC

The FCC has considered a number of other possible rule changes to
reduce further the possibility of collusion in its auctions. Most have been
rejected. Itis useful though to review some of the more common proposals
and explain why the FCC has rejected them. It is important to keep in
mind that just because these proposals were rejected in the FCC’s case
does not mean that they are necessarily bad ideas, just that in the FCC’s
determination they are not appropriate to adopt in its situation. Therefore
this subsection will attempt to describe where, when and why some of
these proposals should or should not be adopted, using the case of the
FCC as a background example.
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Perhaps the most common rule change suggested is to move to anony-
mous bidding and/or reduce the amount of information published during
each round of the auction. The current approach in the FCC’s auc-
tions is to publish every bid submitted at the end of every round to-
gether with the identity of the bidder. Some propose publishing only
the highest bid and the name of the bidder, while others go so far as
to suggest that the highest bid only should be published without men-
tioning the bidder. The reasoning behind such a proposal was discussed
above.

There are two main reasons why the FCC has not adopted this pro-
posal. One is something of a philosophical commitment to making the
auctions as transparent as possible. This is thought to increase confidence
among the bidders that the FCC is conducting the auction in a fair and
legitimate manner. If bidders believe the auctioneer to be untrustworthy,
this can adversely affect the outcome in many ways, ranging from poten-
tial bidders choosing not to participate to actual bidders altering their
bidding behaviour in unforeseen ways that could lower revenue and/or
efficiency. Full publication of all information represents an attempt to
foster that trust.

In many of the FCC’s auctions there is a second and more solid eco-
nomic argument for publishing the information. For many of the ser-
vices, the value a bidder has for a licence may legitimately depend on
which other bidders are bidding on the adjacent licences. One reason for
such preferences might be to ensure technological compatibility between
providers in a certain region so that they can settle upon roaming agree-
ments later on. Publishing bidder identities can then be very important to
obtaining an efficient outcome from the auction. The FCC has continued
to publish identities in the belief that the efficiency-enhancing aspects of
the information outweigh its potential to be used for collusive purposes.
One can argue that bidders are using the information to engage in ‘good
collusion’ as they are using it to co-ordinate on the efficient allocation.
In cases such as this in which co-ordination among bidders is necessary
to achieve an efficient allocation, an auctioneer should be careful that the
desire to eliminate ‘bad’ collusion does not also lead to the elimination
of ‘good’ collusion.

It is important to realise that the situation of interrelated values
described here goes beyond the standard view of affiliated values as
developed in Milgrom and Weber (1982) and therefore the value of infor-
mation revelation goes beyond the standard notion of the linkage princi-
ple. Value affiliation refers to the idea that if the value one bidder has for
a Boston licence (say) is high then the values other bidders will have for
Boston are also likely to be high, and the linkage principle suggests that in
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such cases, information revelation in an ascending auction can increase
revenue. While it seems believable that values in spectrum auctions are
affiliated in the Milgrom and Weber sense, the relationship noted above
is quite different. The preferences described above involve complemen-
tarities between bidders and across licences. In other words, the value a
bidder has for winning the Boston licence may depend on the identity of
the bidder who wins the New York licence. For situations in which such
preferences exist, publishing the identities of standing-high bidders is
necessary for achieving efficient outcomes. For other situations in which
such cross-bidder linkages do not exist, the economic reason for publish-
ing information will not be applicable and may indicate that anonymous
bidding is a viable rule to counter possible collusion.

Another proposal that has been made on many occasions and in many
different forms is to end the auction with a final sealed-bid round. Again,
the reasoning behind this has been discussed above. Theoretically this
sounds like an easy fix, but there are a very large number of problems
with it depending on how it is implemented. One possible approach is
just to declare that the auction will last x rounds as an ascending auction
and that round x + 1 will be a sealed-bid round. This implementation
leads to a strong incentive for the bidders to engage in parking behaviour.
Parking refers to a bidder bidding on licences in which they have little
or no interest to draw attention away from the licences in which they
are interested. Such behaviour already occurs in the FCC’s auctions but
the uncertain end-point gives the bidders an increasing incentive to move
away from this strategy as the auction progresses. If they know there
is a defined end-point, there is no reason to stop parking until then.
If that occurs, then all of the information revelation that is the reason
behind using the ascending format is eliminated as no useful information
is revealed until the sealed-bid round and by then it is not possible to
take advantage of it. A final sealed-bid round then is quite likely to have a
significantly negative effect on efficiency, and perhaps revenue, although
it would break up the collusive equilibria.

An alternative would be to implement an unknown switchover point
based on a rule derived from excess demand as in Klemperer’s Anglo-
Dutch auction, though this specific proposal has not been made to the
FCC. This idea is superior but when an auction has perhaps 400 mar-
ket areas it would be difficult to determine how to implement any such
variable switchover rule. In an auction with a small number of roughly
homogeneous items, as in the case of most of the European 3G or UMTS
auctions, for which it was really proposed, this design might work quite
well. In auctions with a large number of heterogeneous objects and mar-
kets, it is uncertain how to implement such a design properly.
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The proxy bidding suggestion contained in Ausubel and Milgrom
(2001) and discussed above has similar implementation problems for
large auctions. One of the most significant problems would be con-
structing an interface through which bidders could send in such a value
function. Since values in these auctions are very complex and interde-
pendent, for a proxy auction to have a chance of reaching an efficient
outcome, such interdependencies must be accounted for in the system.
More problematic still, bidders would have to be able to quantify their
values for all combinations of items, which is something they typically
cannot do when asked in such a manner. It would also probably need
a fair amount of technical sophistication for the bidders to be able to
know how to programme their values into the system, as a table simply
listing all combinations of licences is not feasible for large numbers of
items. These are all very difficult tasks and there is little reason to sus-
pect the problems could be overcome for complex auctions. Unless these
problems are solved, this approach is again likely to lead to inefficient out-
comes and to bidders being faced with very serious exposure problems.
In much simpler scenarios, such as when values are not related across
bidders and/or interdependent across items, as well as when the number
of items is small, such an approach might work just as it does for e-Bay.
In the FCC’s case and other complex environments, this should not be
expected to be a workable solution.

A final proposal that attempts to deal with collusive behaviour, which
was not mentioned in the previous subsection, involves adopting a com-
binatorial auction design. In such a design, bidders would be able to send
in a single bid that would be an ‘all-or-nothing’ bid on a group or package
of items. This is in contrast to the FCC’s current system in which bid-
ders must send in one bid per item and they could well end up obtaining
only a few items from the group or package in which they are interested.
The primary motivation behind switching to such a design is discussed in
Salmon (this volume, chapter 6), which is to reduce the exposure prob-
lem bidders face. A side benefit is that it can also lower the incentive to
reduce demand.

Imagine a situation in which there are two bidders bidding on two items
for which their values are as shown in table 3.1 indicating that bidder B
sees the two items as perfect substitutes (i.e. the value of both to bidder
B is 80). These values indicate that bidder B wants either 1 or 2 but
not both, while bidder A wants both. The non-collusive outcome of a
standard ascending auction would involve bidder B always being willing
to place a bid on either 1 or 2 so long as the price were less than 80.
This would result in bidder A obtaining both items for a price of 80 each,
resulting in a total cost of 160 and a surplus of 40. If, however, he were
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to reduce his demand to only a single item he could end up with a much
larger surplus, 99, with both bidders bidding a price of just 1 on different
items. This is essentially the same example as that discussed earlier.

In a combinatorial auction, this demand reduction strategy is no longer
an equilibrium. Winner determination in a combinatorial auction is per-
formed by finding the set of mutually exclusive bids that yield the highest
revenue. For example, if bidder A submitted a package bid on 1 and 2 of
20, in order for bidder B to submit a bid for 1 that would win, it would
have to be at least 21. What this means is that in order for bidder A to win
both items, he only has to submit a package bid for both that is higher
than bidder B would be willing to bid for either item individually.

Since the highest bid that B is willing to submit for either 1 or 2 indi-
vidually is 80, the equilibrium in this case would involve bidder A placing
a package bid of 80 + € on both items. Bidder B would not be willing to
bid more and bidder A would end up with a surplus of 120. Since bidder
A’s surplus of 120 is greater in this outcome than under the collusive
outcome, the collusive outcome will no longer be an equilibrium of this
game. This shows an example of a general phenomenon that the cases in
which demand reduction equilibria exist are significantly fewer in combi-
natorial auctions. We should note that this does lead to less revenue than
the competitive outcome in the non-combinatorial design, but it seems
unlikely that the competitive outcome is the one that would emerge in
the non-combinatorial case.

We can note further that if bidder B possessed additive values for both
items, that is, if his value for the package were 160 instead of 80, there
would now be a demand reduction equilibrium. So combinatorial bid-
ding does have some advantages in removing certain types of collusive
equilibria but it will not remove all of them and may make those easier
for the bidders to settle on. As a collusion-fighting device, a combinato-
rial mechanism alone is insufficient, but its other benefits may lead to it
being a desirable mechanism in cases involving significant cross-licence
complementarities.

4 Conclusion

It should be clear that collusion in auctions can represent a serious ob-
stacle to an auctioneer raising significant revenue or ensuring an efficient
allocation. Finding ways to combat collusion in the rules of an auction is
therefore a very important task for a designer. It is unfortunately not al-
ways an easy problem to solve and it is definitely not a problem for which
either the academic or applied auction design literature has developed a
complete solution. It is, however, possible to learn from past mistakes and
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to identify from the academic literature some principles of good collusion

prevention in auction design.

The first principle is that if the pool of bidders that will be participating
in an auction interact repeatedly outside of the auction and tend to collude
in those dealings, there is little an auctioneer can do to prevent collusion
inside the auction. Such situations are beyond the domain of auction
design and one must approach them from a policy standpoint, the same
as for any other case involving collusion among firms.

If collusion is not quite so endemic to the bidder population, the auc-
tioneer has several tools available for limiting the possibility of the devel-
opment of in-auction collusion. The first step to dealing with collusion
involves understanding the environmental characteristics that make it
more likely to occur. These include:

(1) Auctions involving multiple items in which bidders are allowed to
win, and are interested in winning, more than a single item. This
would include repeated single-unit auctions for related goods.

(2) A small number of bidders relative to the number of objects for sale.

(3) Bidders with preferences that are diverse in terms of the items in
which they are mainly interested and possess a low degree of com-
plementarity across items.

In situations that do not meet these criteria, it is significantly less likely

that bidders would end up colluding. Consequently an auctioneer may be

able to design an auction with less concern for collusion-fighting, allowing
them to concentrate on other aspects. If these criteria are met, an auction
designer must be very careful in designing an appropriate mechanism
to fight collusion. The point is that the needs of fighting collusion in an
auction design must be balanced against revenue and efficiency concerns.

Designing an auction to fight collusion may, in some cases, be counter-

productive as, in doing so, other valuable qualities of the auction may be

sacrificed. For example, running a sealed-bid auction to fight collusion in

a complex case involving interdependent values, where collusion might

be expected to be unlikely, may well sacrifice efficiency and/or revenue.

That may not be a good trade-off. In a situation in which collusion is

more likely, however, the collusion-fighting properties of the sealed-bid

auction may dominate and make the sealed-bid auction worthwhile.

Many of the solutions discussed above seem up to the task of minimis-
ing collusion in auctions for small numbers of relatively homogeneous
goods. For example, using a properly designed first-price sealed-bid auc-
tion, instead of an ascending auction, is perfectly appropriate in simple
environments of this sort. If the environment is a little more complex
and the auctioneer decides that there are some benefits to the ascending
process, concealing the identities of the bidders during an auction would



106 Timothy C. Salmon

allow the retention of much of the positive value-discovery properties of
the ascending auction without allowing the use of effective punishment
strategies to support collusive equilibria.

These simple collusion-fighting techniques may not be suitable for use
in more complex environments involving such things as value linkages
across items and bidders, where they would impair the ability of non-
collusive bidders to achieve an efficient competitive outcome. Other ap-
proaches involving the encouragement and perhaps even subsidisation
of marginal bidders to enter the auction, combinatorial auctions and so
forth may be required. It is these situations that pose a true challenge
to the auction designer and there is more still to learn about the best
techniques for cases such as these.
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4 Levelling the playing field in auctions and
the prohibition of state aid

Emiel Maasland, Yves Montangie and
Roger van den Bergh

1 Introduction

In order to enhance competition in markets which are not functioning
well, governments may decide to assign new rights to supply (licences) in
an auction. Because of differences in market power and financial strength,
the starting positions of incumbent firms and newcomers are not the same
(the playing field is not level). As an ordinary auction, in which all firms
are treated symmetrically, may not do very well in creating a more com-
petitive market when the playing field is not level, governments may wish
to introduce asymmetries in the auction design (levelling the playing field
among firms participating in the auction). This chapter discusses some
devices to level the playing field and the conformity of such instruments
with EC law.! A detailed analysis of the conditions under which a level
playing field should be created lies outside the scope of this chapter.
However, the essence is well formulated by McMillan (1994, p. 157):

Theory says that auctions usually produce efficient outcomes: in most cases the
winner is the bidder with the highest use-value for the license. This argues for
laissez-faire . . . Favoring certain bidders is justified, on the other hand, if bidders’
willingness to pay does not reflect social value, because of externalities or capital-
market imperfections, or for distributional reasons.

In other words, favouring disadvantaged bidders is only justified when it
would prove helpful to economic efficiency, i.e. the sum of consumer and
producer surplus.?

A possible hindrance to the introduction of asymmetries in the auction
design — even in cases where it would contribute to economic efficiency —is

We are grateful for valuable comments from Tilman Borgers.

1 This chapter will not deal with other possible legal obstacles to these devices, such as the
non-discrimination principle as found in national public law.

2 Consumer surplus is the value that consumers in the aggregate assign to the market
outcome. Economists define this notion as the difference between what consumers are
prepared to pay and what they actually have to pay. The producer surplus corresponds to
the profits producers in the aggregate make.
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the prohibition of state aid in European law. Article 87(1) of the EC
Treaty prohibits aid granted by a Member State or through state re-
sources, in any form whatsoever, which distorts or threatens to distort
competition by favouring certain undertakings, insofar as it affects trade
between Member States. If asymmetric auctions come within the defini-
tion of state aid, they must be notified to the European Commission and
will only be allowed if they fall within categories of state aid which are
deemed compatible with EC law, or exempted by the Commission on an
individual basis.

The structure of this chapter is as follows. Section 2 summarises a num-
ber of ways to favour disadvantaged bidders. One of the ways is to level the
playing field. We will distinguish different types of affirmative action, such
as setting aside licences for weaker parties (potential entrants) and bid-
ding credits. In section 3 we argue that introducing asymmetries does not
need to cost money and may even increase the revenues of the Member
States. This insight is particularly relevant for the analysis in section 4,
which contains a discussion of the prohibition of state aid. To qualify as
state aid, advantages must be granted through state resources on a se-
lective basis. At first blush, asymmetric auctions thus seem to fall within
the definition of prohibited state aid, whereas symmetric auctions seem
to escape the prohibition because of the absence of specific measures
favouring bidders. We will investigate whether affirmative action can be
legalised by arguing that it may yield additional revenues and thus not
cost money. Section 5 illustrates the main findings of the chapter by of-
fering a discussion of the asymmetries introduced in the British UMTS
auction. Section 6 concludes.

2 Methods to favour disadvantaged bidders

Asymmetries in auctions may jeopardise the government’s task of es-
tablishing economic efficiency. The fact is that, without compensating
measures, auctions may fail to create a competitive market or raise high
auction revenue. Fierce competition is important as it implies a high
consumer surplus. High auction revenue is a good alternative to distor-
tionary taxes (another way to raise government income). Governments
may therefore want to favour disadvantaged bidders. Broadly speaking,
there are three ways of doing this.

(1) Levelling the playing field. The government makes the auction rules

asymmetric in favour of the disadvantaged bidders.?

3 In our definition, the playing field in an auction is level when all bidders have the same
ex ante probability of winning the object. Economists are divided over the appropriate
definition of this notion though. See Onderstal (2002) for a discussion of this topic.
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(2) Changing the auction type (e.g. simultaneous multiple round auction,
sealed-bid auction).

(3) Corrective measures outside the auction. The government takes correc-
tive measures before or after the auction, so that differences are lev-
elled out.

Let us start by discussing the first possibility: levelling the playing field.
There are at least six forms of asymmetry which can be introduced to
the auction design (a combination of these forms is, of course, possible
t00):

o Full (partial) exclusion, i.e. forbidding certain bidders to bid on all
(certain) licences. In the British UMTS auction, for example, the in-
cumbent firms were not allowed to bid on the largest lot; this was set
aside for a newcomer.

* Making the maximal number of licences to be acquired dependent on the

existing market situarion. For instance, firms with greater market power

are not allowed to acquire as many licences as firms with less market
power.

Directly favouring certain bidders financially, for example by giving cer-

tain bidders ‘bidding credits’. A bidding credit of x per cent means

that if a disadvantaged bidder should win a licence, he has to pay only

(100 — x) per cent of his bid. This form of asymmetry was used, for in-

stance, in the United States, where Congress commissioned the Federal

Communications Commission (FCC) to ensure that businesses owned

by members of minority groups and women were given the opportu-

nity to participate in the mobile telecommunications auctions. These

‘designated entities’ received bidding credits ranging from 10 per cent

to 40 per cent.

Indirectly favouring certain bidders financially, for example by giving dis-

advantaged bidders the possibility of instalment payments.

* Allowing certain bidders to withdraw their bids (or to make package bids).
The rationale behind this form of asymmetry is to preclude a newcomer
from acquiring an inefficient number of licences.

e Allowing certain bidders to form bidding alliances for joint bidding. When
small firms are given the opportunity to co-operate, they may be able to
achieve economies of scale they would not have realised when bidding
alone.

When introducing these kinds of asymmetries governments have to be
careful. We mention two reasons. First, asymmetric auction rules open up
possibilities for arbitrage. A bidder who satisfies the criteria for preferred
treatment can bid, and then sell to a bidder who does not satisfy the
criteria. Second, asymmetric auction rules create incentives for bidders
not belonging to the favoured group to artificially become a bidder of this



Levelling the playing field in auctions 111

group. Both these strategic moves were observed in the British UMTS
auction (see section 5).

Let us now discuss the second possibility: changing the auction type.
The choice of a particular auction type is important. One auction type
may do much better than another in creating a competitive market and
in raising high revenue. For example, in case of ex ante asymmetries
among the bidders, auction theorists have argued that it may be desirable
to have a first-price sealed-bid auction rather than an ascending auc-
tion (see, for example, Klemperer (2002)). The intuition underlying this
argument is as follows: in an ascending auction, low-valuation bidders
(entrants) know that they will ultimately lose to the bidders with the
highest valuations (incumbents). They therefore have no incentive to
participate. In a first-price sealed-bid auction, low-valuation bidders win
with positive probability at favourable terms and this may induce them
to participate. In other words, a first-price sealed-bid auction may en-
courage participation by lower-valuing bidders, which in turn may lead
to a more competitive market structure and higher auction revenue. The
European UMTS auctions provide good examples of the importance
of this insight. In both the Netherlands and Denmark, the number of
licences sold was equal to the number of incumbent mobile phone op-
erators. The Netherlands opted for an ascending auction, Denmark for
a sealed-bid auction. In line with the above insight, the Danish UMTS
auction turned out to be a success and the Dutch UMTSS auction a fiasco.
In Denmark, one newcomer succeeded in winning a licence, and revenue
far exceeded expectations. In the Netherlands, the auction did not attract
entrants, and revenue was relatively low (see, for example, van Damme
(2002)).

The third possibility is to take corrective measures outside the auction. Let
us focus on the incumbent/entrant asymmetry. Incumbents have two im-
portant advantages over potential entrants. First, incumbents are better
informed as they already know existing market conditions. This informa-
tional advantage for the incumbent can be (partly) counteracted by the
government by its providing as much relevant information as possible
(provided the government has information the entrant does not have).
Second, incumbents have an investment lead over potential entrants. In
the context of the UMTS auctions, some countries mandated incum-
bents to give entrants, when winning a licence, the possibility of roaming
on their networks and of sharing sites. Such an obligation has the effect
of decreasing the investment costs of entrants substantially.

In the rest of this chapter we investigate the question whether the asym-
metric treatment of the first type (levelling the playing field) involves state
aid. The treatment of the second type (changing the auction type) seems
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to escape the prohibition of state aid because of the symmetry in the rules
of the auction. It seems even more likely not to involve state aid when one
realises that the true reason why the government has chosen a particular
auction type may not be known ex post. We will not deal further with
the preferential treatment of the third type (corrective measures outside the
auction) as these specific measures seem to raise a different legal problem
from the one we analyse in this chapter.

3 Asymmetric auctions and increased revenue

In this section, we illustrate that affirmative action (through set-asides
or bidding credits) does not need to cost money and may even increase
revenue.* This observation is crucial to the analysis of whether affirma-
tive action implies state aid (see section 4). We would like to stress here
that gauging ex ante the right level of set-asides and/or bidding credits
is extremely difficult, and that when the level of set-asides or bidding
credits is chosen incorrectly, it would probably have the effect of decreas-
ing revenue.

3.1 Ser-asides

Auction revenue can be increased by setting aside certain licences for
weaker parties (e.g. potential entrants). The argument is simple: by set-
ting aside licences for the weaker parties the number of licences on which
the stronger parties (e.g. incumbents) are allowed to bid is restricted,
which will intensify the competition. The intensified competition will
lead to a higher price. This higher price can compensate for the lower
price on the set-aside licences, so that, in total, higher revenue arises. A
simple example may illustrate the argument.

Example 1: Consider six bidders competing for four identical licences.
Each bidder desires at most one licence. Four of the bidders (who are
strong) are willing to pay up to 25 for any licence; and two of the bidders
(who are weak) are only willing to pay up to 5. Without any preferential
treatment, each of the strong bidders would need to bid only slightly more
than 5 to outbid the weaker bidders for each licence. The seller collects
20. But if the seller gave preference by setting aside one licence for the
weaker bidders, the four strong bidders competing for one of the three
remaining licences would bid close to 25, and the weaker bidders would

4 These examples are borrowed from van Damme (1998).
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bid close to 5 for the set-aside licence. This asymmetric auction format
lifts the seller’s expected revenue by 400 per cent, to 80.” O

Setting aside licences for weaker bidders can also increase revenue in
another way, namely when this increases the number of bidders. In
example 1, the number of bidders was exogenously given. If the auc-
tion had been symmetric, it is questionable whether bidders with a lower
value would have wanted to participate in the auction anyway: for they
would not have had a chance to acquire a licence. If they did not partic-
ipate, the symmetric auction revenue in this example would have been
zero. The weaker bidders would only have had a chance if the auction
had been asymmetrically designed, as in example 1. As we have seen, this
auction format generates revenue of 80.

3.2 Bidding credits

Likewise, handicapping the stronger bidders or, equivalently, giving bid-
ding credits to weaker bidders could increase auction revenues. A strong
bidder might be willing to bid more because he must now compete with
subsidised bids. The extra revenue the seller gets from the strong bid-
ders can more than offset the subsidy to the weaker bidders.® Essen-
tially, this system is a generalisation of the above-mentioned system of
set-asides, which corresponds roughly with the case in which the bid-
ding credit is close to zero. The system with bidding credits has more
degrees of freedom and therefore its revenue, if the bidding credit is
chosen appropriately, can be higher in general than in a system with
set-asides.

Example 2: Consider two bidders competing for one licence. One of
the bidders is willing to pay up to 10, the other bidder to 20. In an
ordinary ascending auction the second bidder will acquire the licence for
a price of 10. However, if the rule is that the second bidder only wins the
auction if he bids at least twice the price of the first bidder, he will be
forced to bid up to 20 and the revenue will be 20. The factor 2 in this
example is optimal from a revenue perspective. With a factor x smaller

5 If the seller knows who is willing to pay 25, then he can collect an even higher revenue by
making each of them a ‘take it or leave it’ offer of (just under) 25. In general, however, a
seller will not be so well informed.

% This happened, for example, in autumn 1994 when licences for narrow bands of the
radio spectrum were awarded for advanced paging services networks. Subsidised bids by
a minority-controlled company substantially increased the price a concern paid (see Ayres
and Cramton (1996)).
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than 2, the second bidder will acquire the licence for a price of 10x. In
this case the revenue is not maximal. With a factor x larger than 2, the
first bidder will acquire the licence for a price of 20/x. In this case the
revenue is not maximal either and, moreover, the auction outcome is not
efficient (i.e. the bidder who is willing to pay most does not acquire the
licence). O

Example 2 illustrates the importance of choosing the correct bidding
credit. A factor which is too high favours one party too much and can
lead to an inefficient outcome; a factor which is too low stimulates the
competition insufficiently and is to the advantage of the party with the
highest value. The factor should be chosen in such a way that a level play-
ing field is provided; the factor should compensate the ex ante difference
between the values of the bidders exactly: when one bidder assigns on
average twice as high a value to a licence than the other, then the latter
should be given a bidding credit of 100 per cent, i.e. he should only need
to pay 50 per cent of his bid.

In Example 2 the optimal bidding credit was easy to determine since
the values were known. In general, this will not be the case. Myerson
(1981) has shown that in the case where values are not known, a revenue-
maximising seller will also want to make use of an asymmetric auction in
which the weaker parties are presented with a certain bidding advantage.
This result is illustrated with the following example.

Example 3: Suppose that there are two bidders for one licence. The first
bidder assigns a low value to the licence, which is not known exactly but
can be estimated at somewhere between 0 and 10. (Formally, we assume
that all outcomes are equally likely, so we assume a uniform distribution.)
Bidder 2 assigns a higher value to the licence, estimated at somewhere
between 10 and 30, again with a uniform distribution. In an ascending
auction, the second bidder will always acquire the licence for an expected
price equal to 5. This bidder realises a large surplus (15 on average) and
the revenue of the auction is low. An easy way to increase the revenue
is by requiring a minimum bid. With a minimum bid of 10, he always
sells the licence and the revenue is 10. A required minimum bid of 15
gives him even higher expected revenue. Now the licence sometimes (with
probability ;) remains unsold; however, in all other cases the revenue is
15, and the expected revenue is thus 11Y,. A seller can realise even higher
expected revenue. Myerson shows that the following asymmetric auction
maximises the revenue for the seller.”

7 The expected revenue of this auction is 13 5.
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(1) Both bidders are asked to make a bid (sealed bid); b; is the bid of
bidder 1.

(2) If by + 10 > b, (bidder 2 bids less than 10 more than bidder 1), then
the licence will not be sold to bidder 2; bidder 1 gets the licence for
the price of max {5, b, — 10} provided that b; > 5; if b; < 5, the
licence remains unsold.?

(3) If b, > b; + 10 (bidder 2 bids at least 10 more than bidder 1), then
the licence will be sold to bidder 2 for the price of max {15, b; +
10}, provided that b, > 15; if b, < 15, the licence remains unsold.

This auction favours bidder 1 with a view to inducing more aggressive

bidding by bidder 2. Note that if bidder 1 is not favoured, bidder 2 would

never bid more than 10, resulting in an auction revenue of at most 10,

while in this auction the payment of bidder 2 to the seller can be up to

20. a

In conclusion, if the potential buyers are in asymmetric positions, a
revenue-maximising seller will use an asymmetric auction format for the
following two reasons.

(1) By doing this he creates a level playing field; he corrects for the ex
ante given asymmetry, intensifying the competition, and this leads to
higher bids.

(2) He gives the weaker bidders an incentive to participate in the auction;
the potential demand will be increased by this, which also has a price-
increasing effect.

Given an asymmetric starting situation, a symmetric auction generates

lower revenue than an (optimal) asymmetric one. Only in the case where

the bidders are fully symmetric is an ordinary auction (with an optimal
chosen minimum price) revenue-maximising.

4 Asymmetric auctions under EC state aid rules

In this section, we investigate the legality of asymmetric auctions under
the EC rules on state aid. We will give a short description of these rules
and will observe that there are no clear guidelines on their applicability to
asymmetric auctions. We will argue that a careful case-by-case approach
is required to assess the possible impact of the state aid regime on a
particular asymmetric auction and expose a number of legal uncertainties
that make it difficult to meet the legal burden of proof.

8 Thus, in a revenue-maximising auction the object will not always be assigned to the highest
bidder; to maximise the revenue it is sometimes necessary not to accept the highest bid.
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4.1 Overview of state aid rules

The EC Treaty includes, according to Article 3(1)g, ‘a system ensuring
that competition in the internal market is not distorted’. To that end, the
EC Treaty contains not only a set of rules aimed at private undertakings,’
but also provisions on measures of the Member States that may have
the effect of distorting competition by granting advantages to certain
undertakings.

Article 87(1) of the EC Treaty prohibits, with certain exceptions, any
aid granted by a Member State or through state resources, in any form
whatsoever, which distorts or threatens to distort competition by favour-
ing certain undertakings or the production of certain goods, insofar as it
affects trade between Member States. Article 87(2) enumerates certain
categories of state aid that are deemed compatible with the EC Treaty
and will automatically be exempted from this prohibition by the European
Commission. Article 87(3) mentions some categories of state aid, which
are not automatically exempted but can be exempted by the European
Commission at its discretion.

Article 88(3) requires that any state aid measure a Member State plans
to adopt be notified to the Commission. Member States may not put their
proposed aid measures into effect until the Commission has approved
them. The Commission examines the compatibility of the aid with the EC
Treaty not in terms of the form which it may take, but in terms of'its effect.
It may decide that the Member State must amend or abolish aid which
it finds to be incompatible with the common market. The primacy of EC
law over the national law of the Member States, as laid down in established
case law of the European Court of Justice, implies that the state aid rules
will apply whether or not the measure is allowed by national law.

Where aid has been implemented in breach of the procedural rules,
i.e. without a formal notification to the Commission having been made,
the aid is illegal and the Member State must in principle recover it from
the recipient. Third parties may have this aid declared null and void before
a national court of law and, when they have suffered damages from the
aid having been granted to other parties, claim damages.

Article 89 of the EC Treaty allows the Council of Ministers of the EU
to adopt any appropriate regulations for the application of Articles 87
and 88 and in particular to determine the conditions under which

9 Namely, Article 81 (prohibition of all agreements between undertakings, decisions by
associations of undertakings and concerted practices which may affect trade between
Member States and which have as their object or effect the prevention, restriction or
distortion of competition within the common market) and Article 82 (prohibition of the
abuse by one or more undertakings of a dominant position within the common market
or in a substantial part of it insofar as it may affect trade between Member States).
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Article 88(3) will apply and the categories of aid exempted from this
procedure. To this end, the Council has adopted a Regulation which
empowers the Commission to exempt certain categories of aid from the
prohibition.

4.2 Applicabiliry of Article 87 to asymmetric auctions

In the light of the foregoing, it is clear that it may be necessary to assess
whether an asymmetric auction, which by its very nature entails granting
advantages to certain undertakings, may qualify as a form of state aid as
defined in Article 87 of the EC Treaty. The European Commission’s ex-
isting decision practice does not offer clear guidelines on the applicability
of the state aid regime to asymmetric auctions, however. The Commis-
sion’s decisions on the granting of licences for GSM radiotelephony in
Italy and Spain!® stated that a Member State breaches Article 86 (public
enterprises) in conjunction with Article 82 (abuse of dominant position)
of the EC Treaty when it discriminates between the incumbent dominant
provider and the new second operator to the disadvantage of the latter.
However, these decisions do not shed light on the applicability of the state
aid rules to auctions that grant certain advantages to newcomers.

Existing EC law on related subjects suggests that asymmetric auctions
are likely to fall under the scope of the state aid rules. The following three
examples, taken from decisions of the Commission and of the Court of
Justice, may illustrate this.

(1) Transactions leading to the sale of land and buildings owned by public
authorities are considered to contain elements of state aid when the sale is
not concluded on the basis of an open and unconditional bidding procedure,
accepting the best or only bid, or when, in the absence of such proce-
dure, it is made at less than market value as established by independent
valuers.!!

(2) In privatisation operations, the Commission only considers those op-
erations to fall outside the scope of the state aid rules when the terms
and conditions of the sale are non-discriminatory and transparent and state
property is sold to the highest bidder.

(3) Regarding the application of the state aid rules to procedures leading
to the selection of the provider of services of general interest, the Court of

10 Commission’s Decision of 4 October 1995, OJ L 280 of 23 November 1995; Commis-
sion’s Decision of 18 December 1996, O] L. 076 of 18 March 1997.

11 Commission’s Communication on state aid elements in sales of land and buildings by
public authorities, O] C 209 of 10 July 1997.
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Justice has ruled that where a benefit granted to an undertaking entrusted
with the operation of such a service (in this particular case, the wholesale
distribution of medicinal products for human use) merely offsets the ad-
ditional costs caused by public service obligations, the recipients do not
enjoy an advantage within the meaning of Article 87(1) and the measure
in question therefore does not constitute state aid.!? In his conclusion
on a case that is currently pending before the Court, advocate-general
Jacobs argued that, in such cases, ‘to dispel any doubts in a particular
case Member States will have an incentive to grant compensation for
the provision of general interest services on the basis of unequivocal and
transparent arrangements, and perhaps even on the basis of public ser-
vice contracts awarded after open, transparent and non-discriminatory public

procurement procedures’.'>

However, so far it remains uncertain whether these principles will actually
apply to asymmetric auctions.

4.3 Assessment of asymmetric auctions under the state aid rules

To assess the possible impact of the state aid regime on a particular

(type of) asymmetric auction, one will have to analyse on a case-by-case

basis

(1) whether the asymmetries introduced in the auction in question can
be regarded as state aid, taking into account the definition of this
notion and its components; and

(i) whether the asymmetric auction — when it falls under the scope of
the state aid regime — qualifies for one of the exceptions in Article
87(2)—(3) or belongs to one of the categories of aid the Commission
has exempted by regulation.

We now discuss these two questions.

Does a specific asymmetric auction qualify as state aid? A state
measure is qualified as a form of state aid within the meaning of Article
87 when it meets all of the following four criteria.

(1) The measure confers on certain undertakings an advantage which they
would not enjoy from their own commercial endeavours or which would relieve
them of charges that are normally borne from their budgets.

12 Judgement of the Court of Justice of 22 November 2001 in Case C-53/00,
Ferring/ACOSS, [2001] ECR 9067.

13 Opinion of advocate-general Jacobs of 30 April 2002 in Case C-126/01, Ministére de
I’économie, des finances et de I’industrie/GEMO, not yet reported.
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(2) The measure 1s specific or selective in that it favours only certain undertak-
ings or the production of certain goods or services.

Asymmetric auctions will probably, by their very nature, meet these two
criteria. By contrast, symmetric auctions will not qualify as state aid be-
cause of the absence of any selectivity in the auction design.

(3) The advantage is granted by the state. This may take the form of any
transfer of state resources to private undertakings, be it in the form of an
actual payment by the state (e.g. through grants or subsidies) or in the
form of a loss of revenue by the state.

In the case of asymmetric auctions, which are intended to increase
government’s revenue, it may be argued that these ‘escape’ the defini-
tion of state aid to the extent that there is no transfer from the state’s
resources towards certain private undertakings. In the case of set-asides,
the argument could be that no such transfers occur since incumbents
will have to pay a higher price for the licences and newcomers would not
have had any possibility of acquiring a licence in a symmetric auction.
The case of bidding credits may be more difficult: if a party receives a
licence at a lower price than he would have had to pay without such a
benefit, one could argue that there is a money transfer from the state
towards a certain undertaking.!* This argument may be valid despite
the fact that the asymmetric auction may increase the overall revenue of
the state. For the legal analysis, the decisive criterion does not seem to
be the total revenues of the state but rather the amount of the payment
made by an individual undertaking profiting from an advantage granted
by the state. At this point, it is striking to notice that symmetric auctions,
which clearly do not fall within the prohibition of state aid, may decrease
a government’s revenue. If bidders are in asymmetric positions licences
will be sold below their highest value. As a consequence, the government
loses money and no legal rule can avoid this outcome. There thus seems
to be a tension between the rules on state aid and the need to organise
asymmetric auctions. Even if it could be argued that affirmative action
creating a level playing field will lead to higher bids rather than to a de-
crease of the state’s revenue, it may remain difficult to legally prove ex
ante that the auction will indeed have this effect. Therefore, the outcome
of potential state aid cases remains uncertain. As argued in section 3, the
difficulty consists in setting the appropriate types and levels of asymme-
tries to guarantee a positive result. If the level of set-asides or bidding
credits is chosen wrongly, the revenue of the state may decrease. In any

14 However, in most cases, it is likely that all winners will pay more.
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case, since there are no precedents in the Commission’s decision prac-
tice supporting the argument that asymmetric auctions increasing state
revenue escape the prohibition of Article 87(1) of the EC Treaty, it will
prove difficult to conclude that an asymmetric auction falls outside the
scope of the prohibition on state aid.

(4) The measure must affect competition and trade berween Member States.
Under settled case law, this criterion is usually met if the aid strengthens a
firm’s position relative to that of other firms that are competitors in intra-
Community trade and, a forriori, when the recipient firm itself carries
on an economic activity involving/connected to any trade between the
Member States.

In the case of asymmetric auctions, it may be argued that the dis-
tortion of competition, in the sense of Article 87, during the auction is
offset by the enhanced competition after the auction. Indeed, one has
to distinguish the competition in the auction and the competition in the
post-auction market. This brings us to another tension in current policy-
making: there may be a trade-off between the prohibition of state aid and
the rules on competition. Giving benefits to certain bidders (for instance,
by excluding incumbents enjoying market power) may be defended on
the ground that this will improve competition in the post-auction market.
This would then lead to the conclusion that the state measure, on bal-
ance, has a pro-competitive effect that may justify excluding it from the
scope of Article 87(1). However, it is again difficult to make a hard case
out of this argument since the ex anre economic analysis on how com-
petition in the post-auction market will develop will probably not meet
the legal burden of proof. Because of these uncertainties and the lack
of precedents supporting such reasoning, the validity of this argument
remains uncertain.

Does the auction qualify for one of the exceptions to the state aid

prohibition? In the event that a state measure such as an asym-
metric auction is regarded as a form of state aid, the possibility of treating
it as one of the exceptions needs to be considered. Three of these excep-
tions may be of relevance here:

(1) The exception of Article 87(3)b of the EC Treaty for aid intended to pro-
mote the execution of a project of common European interest (or to remedy
a serious disturbance in the economy). To benefit from this exception,
one would first have to demonstrate that the aid is in the interest of a
project of common European interest. There is no clear definition of this
notion. While it is clear from the Commission’s decision practice that this
exception is not limited to projects in which all Member States are
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involved, it will nevertheless be necessary to demonstrate that the aid
would lead to the achievement of a community objective and would not
be limited to benefiting the interests of one particular Member State. It is
also doubtful whether aid directed at specific firms in one specific sector
would be considered to be justifiable by this exception.!®

Second, it would have to be demonstrated that the state aid measure is
necessary to achieve this result and that it could not have been obtained
otherwise (for instance, through the market process).

Furthermore, one would have to demonstrate in advance that the du-
ration, intensity and scope of the aid are proportional to the importance
of the intended result.

It is clear that it would be very difficult to legally prove ex ante that
all of these requirements are met in the case of an asymmetric auction.
Furthermore, one has to bear in mind that aid qualifying for an exception
under this provision would in any case still have to be notified to the
Commission, and the Commission would ultimately decide whether the
exception applies.

(2) The exception of Article 87 (3) ¢ for aid intended to facilitate the development
of certain economic activities . . . where such aid does nor adversely affect
trading conditions to an extent contrary to the common interest. '1To benefit
from this exception, it would have to be demonstrated that the aid is
directed at the development of an economic activity in general and not
just the development of specific undertakings. It is improbable that aid
to weaker undertakings in a market that overall is considered ‘healthy’
would be allowed under this exception. Here too, it would have to be
shown in advance that the state aid measure is necessary to achieve this
result and that its duration, intensity and scope are proportional to the
intended result.

Again, it will prove difficult to establish legally that an asymmetric
auction meets all of these requirements. Aid qualifying for an exception
under this provision would also still have to be notified to the Commission
who would ultimately decide whether the exception applies.

(3) The exception for de minimis aid. On the basis of the powers granted
to it by the Council, the Commission has issued a regulation in which it
defines so-called de minimis aid.'® This is aid which is sufficiently small
that no appreciable effect on trade and competition among the Member
States is anticipated.

15 Commission’s Decision of 15 November 1988, OJ L 106 of 18 April 1989.
16 Commission’s Regulation (EC) No. 69/2001 of 12 January 2001 on the application of
Articles 87 and 88 of the EC Treaty to de minimis aid, OJ L10 of 13 January 2001.
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To be qualified as de minimis aid, the aid granted by a state measure
to a particular undertaking must not exceed €100,000 over a three-year
period from when the first de minimis aid is granted. This limit is expressed
as a cash grant of €100,000. In cases where assistance is provided in
a form other than a grant, it has to be converted into its cash grant
equivalent value for the purposes of applying the de minimis limit.

For an asymmetric auction to escape the prohibition on state aid, it
would have to be shown that the value of the benefit attributed to the
participating undertakings does not exceed the €100,000 limit when con-
verted to a cash equivalent.

State measures that can be qualified as de minimis aid are thought not
to fall under the scope of Article 87(1) and do not have to be notified to
the Commission under Article 88(3).

5 Case study: the British UMTS auction

A case study can illustrate the principles developed above. To this end, we
analysed the auction of UMTS licences in the UK. Our analysis will focus
exclusively on the conformity of the set-aside, which was introduced in
this particular auction, with the EC rules on state aid. We first give a brief
economic evaluation.

The UK government used a simultaneous ascending auction to auc-
tion five 3G licences, termed A—E. The bandwidth for each licence is
shown in table 4.1. Licence A was set aside for a new entrant. Only
potential new entrants were allowed to bid for this licence.!” All bid-
ders (four incumbents and nine potential new entrants) could bid on
any of the remaining licences (B to E), and each bidder could win
at most one licence. Furthermore, a measure was used to ensure that
the new entrant(s) had access to roaming on 2G networks. This was
by means of a roaming condition inserted in an incumbent’s Telecoms
Act licence, which would be triggered if the incumbent won a 3G spec-
trum licence.!® The UK government defined its objectives for the auction
as to:

(1) utilise the available spectrum with optimum efficiency (‘efficiency’);

(2) promote effective and sustainable competition in the provision of
3G services (‘competition’); and

(3) subject to the overall objectives above, design an auction that is best
able to realise the full economic value to customers, industry and the
taxpayer of the spectrum (‘revenue maximisation’).

17 2G service providers, like Virgin Mobile, were also considered as potential new entrants.
18 As indicated in section 2, we will not analyse this form of asymmetry.
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Table 4.1. Bandwidth in MHz for each licence

A B C D E
Paired spectrum 2 x 15 2 x 15 2 x 10 2 x 10 2 x 10
Unpaired spectrum 5 0 5 5 5
Total 35 30 25 25 25

In areport of the UK National Audit Office (2001, p. 5), one can read that
the UK government and the Radiocommunications Agency essentially
reserved licence A (the largest one) for a new entrant because of goal 2,
in spite of the fact that reserving more spectrum for an entrant would be
at the expense of goal 1:

The Government recognised that the incumbent companies’ existing networks
and customer base are major barriers to new entrants, who would have to build
their own networks over several years during which their service could be inferior
and unattractive to consumers. The Agency allocated more spectrum for the new
entrant in order to strengthen its business. Extra spectrum allows operators to
reduce their investment in infrastructure, and to sell surplus capacity to other
companies who wish to offer telephone services under their own brands. This is
inefficient in technical terms because the new entrant, Hutchison 3G UK (TIW),
starts with no existing base of customers, and the extent to which its spectrum will
remain under-utilised depends on how quickly the company attracts customers
and gets them using advanced, non-voice services. The Agency and OFTEL how-
ever, saw efficiency in wider terms, considering that a new entrant would roll out
3G services quickly and exert competitive pressure on the four incumbent com-
panies to do likewise. This reduced the risk that the incumbents might otherwise
defer their investment in 3G services while exploiting their spectrum only for less
intensive voice telephony.

Cramton (2001, p. 53) argues that, on balance, setting aside the largest
licence for a new entrant probably was a desirable trade-off between
‘competition’ and ‘efficiency’. His argument is as follows:

The only potential source of inefficiency was setting aside a large 15 MHz license
for a new entrant. The bidding revealed that BT valued the extra 5 MHz more
than the new entrant TIW. However, guaranteeing that the entrant would win a
15 MHz license and not be forced to pay BT’s incremental value for 5 extra MHz
likely was pro-competitive, both in the auction and in the post-auction market.
The set-aside surely stimulated participation by potential entrants. Post-auction
competition was also stimulated, since the new entrant (TTW) will be stronger
and less capacity constrained as a result of the extra 5 MHz block.

The auction resulted in unprecedented proceeds of £22.5 billion, which
was not only more than had been raised by previous allocations of
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spectrum licences in the UK, but also more than the proceeds of similar
auctions in other countries.

A closer inspection of the events in the British UMTS auction suggests,
however, a slightly more cautious evaluation, for two reasons. Firstly, the
British design (which favoured outsiders) created incentives for potential
entrants to act as arbitrageurs, that is to bid in the auction in their own
name, and later to sell licences to non-entrants. It is widely rumoured that
arbitrage did occur. The set-aside was won by a Canadian company called
TIW, which, as it turned out, was not interested in a licence. TTW sold
its licence immediately after the auction to Hutchison Whampoa.!® This
appears to have been a pre-arranged deal. Why was it done in this way?
The UK government said after the auction that Hutchison Whampoa,
had it tried to bid in its own name, would not have been allowed to
join the auction. This was because Hutchison Whampoa did not dispose
fast enough of its shares in Orange. It also had close board links with
Vodafone, although these, apparently, would not have constituted any
problem. Secondly, the British design created incentives for bidders to
become outsiders artificially. It is likely that Hutchison Whampoa’s 1999
sale of Orange was motivated by its desire to be admitted as an outsider
to the auction. This failed for Hutchison Whampoa, because it did not
sell Orange fast enough, but it is widely believed that this was its aim.?°

From a legal point of view, the asymmetries present in the British
UMTS auction were deemed compatible with the provisions of the
European Licensing Directive, which was applicable here. The Licens-
ing Directive requires licences to be granted on the basis of open, non-
discriminatory and transparent procedures unless there is a reason for
‘objective differentiation’. The Radiocommunications Agency believed
that the decision to reserve a licence was justified in this case, while real-
ising that, as with any licensing decision, it could still have been subject
to a legal challenge. The Agency considered that, if there had been five
incumbents, a legal challenge might have been more difficult to counter.
In that case, it might have been hard to convince the courts that the
set-aside was a proportionate measure, since one incumbent would have
been excluded from getting a licence.

While this reasoning might lay the basis for an interesting theoretical
legal discussion, we focus, as indicated in section 1, on the question of
whether the EC state aid rules were applicable. One has to bear in mind
that the provisions of the EC Treaty override any instruments of sec-
ondary EC law such as regulations and directives. This means that, even

19 More precisely, it sold the subsidiary, which owned the licence.
20 The manoeuvres described above are documented in more detail by Borgers and
Dustmann (2003).
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if the auction was in line with the provisions of the European Licensing
Directive, one would still have to comply with the state aid rules where
they apply. According to our information, the question of the legality
of the auction in the light of these rules was considered during the prepa-
ration of the auction, but the European Commission was not contacted
on the issue.

Nevertheless, it may prove difficult to deny the applicability of the state
aid rules to the UK auction, taking account of the four criteria described
above (see section 4.3).

The first two criteria would without any doubt be met. In its ‘Vademe-
cum — Community rules on state aid’, the European Commission (2002)
states that an economic advantage is being conferred upon undertakings
‘when a company enjoys privileged access to infrastructure without pay-
ing a fee’, a situation which is comparable to the one at hand (criterion 1).
Since a certain category of undertakings was excluded from bidding for
licence A, the measure is inherently selective (criterion 2).

A more difficult — and crucial — question is whether this advantage can
be considered to imply a transfer of state resources (criterion 3). In its de-
cisions regarding sales of assets by Member States or state companies, the
European Commission argues that their behaviour ‘should correspond
to the rationale of a private vendor operating under normal market eco-
nomy conditions . . . In these conditions, a private vendor would examine
the possibility of alternative purchase offers and sell the asset to the per-
son making the highest offer.”?! When the sale of assets by a Member
State yields a lower profit than would be the case under normal market
conditions, the Commission will consider this as state aid.

When applying this legal standard to the UK auction, one would have
to establish ex ante that the chosen auction mechanism guarantees higher
revenue than without affirmative action. It seems to be difficult to build
up a solid ex ante legal reasoning in this particular case. Firm estimates
of the value of the licences proved difficult since ‘there had been no pre-
vious auction to provide a benchmark, and the [Radiocommunications]
Agency’s financial advisers found it difficult to obtain any valuations from
the industry itself” (National Audit Office, 2001, p. 17). Furthermore,
the Agency and its advisers ‘had considered before the auction that the
huge variances in financial market conditions, and between the opera-
tors, made it very difficult to predict the likely total revenue from the
auction’ (National Audit Office, 2001, p. 17). These uncertainties make
it very difficult to exclude with certainty the applicability of the state aid

2l Commission’s Decision of 21 July 1991 (Derbyshire County Council/Toyota Motor
Corporation), O] L 6 of 11 January 1992.
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rules on the basis of this third criterion. Even ex post it is difficult to tell
whether overall revenues would have been higher or lower without the set-
aside. Revenues could have been lower as the two strongest incumbents
(Vodafone and BT) were not competing for one large licence, but for two.
The price for the large licences would have been set by the third strongest
incumbent (Orange). Whether overall revenues would have been higher
or lower without the set-aside depends on how high Orange would have
been willing to bid for the extra 5 MHz of paired spectrum. According to
Cramton’s (2001, p. 52) analysis of the bid data, overall revenues would
have been slightly lower without the set-aside.

As far as the effect on competition and trade between the Member
States (criterion 4) is concerned, it is clear that the auction had the ef-
fect of enhancing the position of an undertaking or a selected group of
undertakings (the newcomers) relative to that of their competitors (the
incumbents) who, according to the National Audit Office (2001, p. 39)
report, have all ‘built nationwide mobile networks in the United King-
dom and either own, or are linked to, companies with an international
customer base’. The fourth criterion, as described above, would therefore
probably be met.

The question remains of whether the argument that the auction was
intended to increase competition in the post-auction market, thus offset-
ting the distortion of competition and having an overall pro-competitive
effect, is valid. First, one has to remember that the applicability of the
state aid rules to a certain state measure depends on its foreseeable effect
and not on its causes or aims: the objective of the measure is irrelevant
and will not suffice to put it outside the scope of Article 87.22

Second, it remains to be seen whether it was possible to prove and
quantify ex ante what the pro-competitive effects of the auction would
be in order to ‘escape’ the applicability of the state aid rules. It is clear
that the new entrant will be stronger and less capacity-constrained as a
result of the extra 5 MHz block. However, it is difficult to tell ex ante
how much the post-auction competition will be stimulated by this, and
whether it will be enough to offset the distortion of competition, in the
sense of Article 87, during the auction.

Third, as stated above, there are no precedents supporting such an
argument. On the contrary, in its communication on the application of
the state aid rules in the aviation sector,??> the Commission suggests that

22 Judgement of the Court of Justice of 2 July 1974 in Case 173/73, Italy / Commission,
[1979] ECR 709, recital 13.

23 Commission’s Communication on the application of Articles 92 and 93 (now 87 and
88) of the EC Treaty and Article 61 of the EEA agreement to state aid in the aviation
sector, OJ C 350 of 10 December 1994. In this communication, the Commission lays
down, among other things, the principles applying to sales of shareholdings by Member
States or state companies.
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operations in which the government disposes of certain assets will in
certain circumstances be subject to the pre-notification requirements of
Article 87(3) of the EC Treaty because there is a presumption that they
contain aid. This would be the case when they are ‘sales by way of restricted
methods or where the sale takes the form of a direct trade sale’ (emphasis
added).

Since it would be difficult to argue ex ante that the fourth criterion is
not met, it seems that one cannot rule out with certainty the applicability
of the state aid rules.

Furthermore, one can hardly see how any of the possible exemptions
would apply to the auction. The exception of Article 87(3)b for aid in-
tended to promote the execution of a project of common European in-
terest would not apply, since the positive effects of the auction would
most probably be limited to the UK. The exception of Article 87(3)c for
aid intended to facilitate the development of certain economic activities
would probably not apply either since the auction was not, as such, aimed
at the development of an economic activity in general. Besides, in both
cases, the state measure would still have to be notified to the Commission.
The exception for de minimis aid would be very difficult to apply, since it
would not only be very hard to estimate the cash value of the advantage
that was being granted, but also very unlikely that this value would be
below €100,000.

6 Conclusion

This chapter has illustrated that there is a tension between asymmetric
auction design and the prohibition of state aid. Even though arguments
can be advanced to allow affirmative action by governments to be ex-
empted from the prohibition of state aid, legal certainty on this issue
does not exist. The main argument allowing asymmetric auctions is the
following. It may be shown, at least theoretically, that affirmative action
yields additional revenues for the state. If all bidders either pay more for
the licence, rather than less, or would have had no chance to obtain a
licence in a symmetric auction, the basic requirement for state aid that
there must be a transfer of state resources would not be satisfied. It may
be more difficult to argue along these lines if the effect of an asymmetric
auction is that an individual firm has to pay less for a licence, even if
the overall revenue of the state increases. However, even assuming that
the argument that the auction design increases overall state revenue is
legally acceptable, there will never be absolute certainty. The prohibition
of state aid could be avoided only by accepting theoretical arguments and
reasonable forecasts of auction results. However, these may not meet the
legal burden of proof. Hence, the tension between asymmetric auction
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design and the prohibition of state aid remains. Another example of the
uneasy relation between auction design and state aid rules is the fact that
symmetric auctions, which may decrease state revenues if bidders are in
asymmetric positions, will be deemed legal.

It has also been shown in this chapter that there is another tension —
between the prohibition of state aid and the promotion of competition.
To enhance competition in the post-auction market, affirmative action to
exclude dominant firms from participating in the auction may be de-
sirable. This argument in favour of asymmetric auctions is also fraught
with legal uncertainties. Economic analysis on how markets would have
developed with other players may again not meet the legal burden of
proof. Moreover, ordinary rules of competition law may cope with pos-
sible abuses. Hence, the question remains of whether asymmetries are a
proportional remedy to the expected restrictions of competition in the
post-auction market.

Given all the legal uncertainties surrounding affirmative action by
the Member States, it seems wise to notify asymmetric auctions to the
European Commission. This does not necessarily imply that they will
be forbidden. Rather, it will enable the Commission to gather experi-
ence and collect the necessary information to develop rules concerning
asymmetric auctions. This should ultimately lead to a Notice or a Group
Exemption specifying the rules under which Member States can intro-
duce asymmetries in auction design. Such a measure would at the same
time bring about more legal certainty and mitigate the tensions discussed
in this chapter.

In our view, these tensions should be resolved. If this cannot be achieved
within the framework of the EC competition rules, specific regulatory
action is required. Member States should not be hindered in choosing
the auction design appropriate for maximising producer and consumer
surplus.
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5 Allocation mechanisms and
post-allocation interaction

Maarten Fanssen and Benny Moldovanu

1 Introduction

In many traditional auctions, the seller or auctioneer is only interested
in the price obtained for the auctioned objects. That is, the sole objec-
tive is to raise revenue. But, whenever a government sells some rights, it
is often the case that it is also interested in who will get the rights, and
how the rights will be used. Generally speaking, when a market arises
after an allocation mechanism is implemented (as is the case with mo-
bile telephony frequencies, radio frequencies or the right to exploit petrol
stations along highways) a government is also interested in welfare issues
related to the functioning of the industry and the economy as a whole.
Hence, the seller may try to establish at the allocation stage conditions
that ensure a future competitive market. Thus, whenever an auction af-
fects the way a market functions, the seller (government) may have mul-
tiple objectives rather than the single one of maximising revenue. One
of the questions that arise is: how should these multiple objectives be
ranked?

For potential bidders there are also fundamental differences between
participating in a regular auction! and participating in an auction which
gives the winner(s) an entry ticket to the market that arises afterwards.
When there is a market after the auction, bidders may care about who
(else) wins the auction and with what rights. This implies that their val-
uations are endogenous: they depend on the entire partition of objects
among potential bidders. As a consequence of the ensuing strategic as-
pects, some of the fundamental results of traditional auction theory may
fail to hold. In particular, the reasons for favouring auctions over Beauty
Contests are no longer clear-cut.

The above issues are particularly relevant in privatisation exercises.
Large privatisation exercises (such as licence auctions and Beauty

We would like to thank Eric van Damme for helpful comments.
1 For accounts of the traditional theory, see Borgers and van Damme (this volume,
chapter 1) or, for a more elaborate overview, Krishna (2002).
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Contests) do not only allocate scarce goods, but also determine the na-
ture of whole industries. The initial allocation is just the beginning of a
prolonged interaction among firms, consumers and regulators. Potential
acquirers of licences, say, will try to anticipate their respective profits in
the possible future scenarios as a function of the auction’s outcome, i.e. as
a function of who wins licences, who receives what capacity, what prices
are paid, etc. This means that the values of the acquired items cannot be
exogenously determined; rather, they depend on the auction’s outcome.
This is a novel aspect that differentiates large privatisation exercises from
other more standard allocation situations. A good recent example that
involved huge monetary stakes was the German UMTS auction where
the number of licensed firms could vary between four and six. Prior to the
auction, a major investment bank (see Deutsche Bank, 2000) estimated
per licence values of €14.75 billion, €15.88 billion and €17.6 billion for
a German symmetric market with six, five and four firms, respectively.
Whatever these numbers are worth, they clearly illustrate the perceived
endogeneity of valuations, and suggest that firms should try to reduce the
number of sold licences in order to increase future profits. It is obvious
that strategic behaviour directed at influencing the number of licences
may also affect various goals such as attaining an efficient allocation or
maximising revenue (in fact, firms collectively paid at that auction about
€20 billion (!) in order to reduce the number of licences from six to five
or four, but were ultimately unsuccessful).?

As suggested by the above example, during an allocation procedure
with endogenous valuations, firms will condition their behaviour on their
expectations about future scenarios, and will act strategically in order to
achieve the best possible scenario from their point of view. But this may
not always be in the interest of a government which also has preferences
over the various scenarios that go beyond the monetary revenue that
is raised. These preferences must also represent the interests of future
consumers, other future users of the scarce resources, other current users,
etc. Hence, a government may want to be careful in designing allocation
mechanisms by which rights are privatised.

This chapter focuses on the many ways in which allocation mech-
anisms and post-allocation events interact. The chapter is organised
as follows. Section 2 looks more closely at several common seller ob-
jectives. In section 3 we briefly look at strategic bidding behaviour in

2 See, also Maasland and Moldovanu (this volume, chapter 7). In the German case, this
number can be easily measured as follows. At the moment when only six bidders were left
competing for six licences, total bids amounted to €30 billion. But bidding continued as
some bidders wanted to have bigger licences and fewer parties in the market. The auction
ended with revenue of almost €50 billion, but all six bidders were licensed.
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auctions with ‘external effects’ — these effects allow us to describe sit-

uations in which bidders care not only about their own allocation, but

also about the entire distribution of rights among the relevant agents, i.e.

they care about who (else) wins what.? Next, in section 4 we describe the

main features of allocation procedures that are followed by interactions
among the agents. We point out that these strategic effects may com-
pletely blur the relations between some standard and well-known design
goals. The main new strategic effects are illustrated via several simple
examples. In section 5, we summarise the resulting main lessons for the
design of allocation procedures that influence future market outcomes.
Before proceeding, we want to mention that the influence of future
interaction on competitive ‘bidding’ situations is widespread, and is not
confined to privatisation exercises. Here are a few other interesting exam-
ples (see also Jehiel and Moldovanu (1996) and Jehiel, Moldovanu and

Stacchetti (1996)):

* In takeover or merger deals, the structure of an industry may dramat-
ically change and even firms that are not part of the transaction may
be positively or negatively affected. We often see prolonged waves of
restructuring in the same industry, as firms react to the merger of some
competitors by merging themselves, exiting, etc.

* Any acquisition of an ‘input’ that is crucial for future competition (e.g.
a licence to operate, a new major customer, a project that leads to the
creation of an industry standard, etc.) will affect competitors in a signif-
icant way. This means that there are externalities between competitors
that go beyond the competition for the object at stake.

* A large firm locating in a certain community may also create new jobs

in nearby areas, and/or environmental damage to a larger region. Note

that the location of large firms can be seen as a competitive bidding
situation in cases where communities compete with tax rebates and
other infrastructure sweeteners in order to attract large employers.

The sales of weapon systems have clear adverse effects on countries or

groups that have a serious conflict with the acquirer.

2 Auctions and future interaction: the seller’s objectives

Efficiency in the economy at large or in a particular sector is generally
enhanced when markets are competitive and when the most cost-efficient

3 We focus here on physical external effects (agents care about the entire distribution of
physical goods), and not on informational external effects arising when valuations also
depend on the distribution of information available to other agents (see, in this context,
Jehiel and Moldovanu (2000b, 2001a) and Maskin (1992)).
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firms are active. Thus, in addition to monetary revenue,* a government
may be interested in other objectives. In the Introduction to this book,
other objectives are mentioned and defined, such as an efficient alloca-
tion process and efficiency of the market that appears after the auction.
In a ‘traditional’ auction for one object there need not be a conflict be-
tween these different objectives: the criterion of an efficient market is
not relevant since there is no market after the auction, while efficiency
of the allocation process may fit very well with maximising revenue. This
picture changes if there is a market after the auction. For example, it
may be possible to raise high revenues by creating a privatised monopoly
(since monopolistic profits tend to be higher than total oligopoly profits),
but such an outcome is undesirable if it means that, owing to the absence
of competition, consumers will have to pay high prices in the future.’
That is, revenue maximisation is at odds with the objective of achieving
a competitive market. We argue below that the relations among goals
such as ‘market efficiency’ (which includes the government’s and con-
sumers’ preferences), ‘value maximisation’ or ‘efficiency of the auction
allocation’ (which focuses on the efficiency of the acquiring firms) and
‘revenue maximisation’ become complex and less transparent. Failing to
take into account the effect of future interaction may have harsh conse-
quences for governments and/or consumers.

For another prominent example, consider several of the questions re-
lated to the incumbent—entrant asymmetry in the UMTS licensing exer-
cise. Should the government create a level playing field? Should licences
be reserved for newcomers? Should handicaps be imposed on some bid-
ders? Newcomers usually have lower valuations than incumbents and this
is what we assume in what follows. An immediate observation is that if
the government wants to ‘put the licences in the hands of those who
value them the most’,° i.e. if it wants to maximise the value generated by the
auction, it should not reserve a licence for a newcomer. On the other hand,
reserving a licence for a newcomer may or may not increase the revenue
that is raised through the auction, depending on how much competi-
tion there is for the remaining licences and how fiercely these same firms

4 In what follows we will say that a mechanism is a revenue-maximising mechanism

if, in the class of possible mechanisms, it is the one that yields the highest expected

revenue.

This is the case when the bidders are quite similar and expect identical profits in monopoly

and oligopoly settings. When there is one strong bidder and many weak bidders, the

strong bidder has to bid slightly more than the value of one of the weaker bidders in

order to obtain the monopoly right. In this case, revenue may be increased by creating an

oligopoly.

6 This phrase is often used to explain the benefits of auctions to laymen. See Milgrom
(2000).
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would compete if no licence was reserved.” Finally, in terms of after-market
efficiency, reserving licences for entrants usually increases market compe-
tition, as the newcomers have to fight to obtain market share. This in-
crease in competition has to be weighed against the potential duplication
of fixed costs.

Given that the three goals may diverge or even be inconsistent with
each other, it is important to ask whether these objectives can be ranked
from an economic point of view. Using the notion of total surplus, sev-
eral interesting observations can be made.® First, the auction’s revenue
should not be a (very) important objective for the government, as total
surplus is independent of the revenue raised through an auction: whatever
amount the government raises through the auction comes at the expense
of the winning firms (i.e. their shareholders). To be fair, one should take
into account the possibility that the government will decrease taxes, since
auction revenues can substitute for tax revenues. Since taxes are usually
collected in such a way that they distort the economic process while auc-
tions impose non-distortionary lump-sum taxes, revenue-raising through
auction may enhance welfare. Unlike revenue maximisation (the welfare
effect of which depends on the magnitude of the tax substitution), value
maximisation and market efficiency always influence total surplus to a
great extent.

3 Auctions and future interaction: buyers’ strategies

We often think about traditional auctions as being populated by people
who demand the good solely for their own consumption purposes. In
particular, the agents do not care about the allocation of goods among
the rest of society. As we explained above, such traditional thinking about
auctions cannot accurately encompass situations arising where agents in-
teract after the allocation procedure in a way that is influenced by the
allocation procedure itself. Therefore, we need to consider extended
models that allow us to capture the various ways in which agents care
about how goods are allocated to others. It is common to call such

7 An important issue in this context is whether newcomers will bother to participate in the
auction if no licence is reserved for them and if the number of licences equals the number
of incumbents (see Jehiel and Moldovanu (2001) and Klemperer (2002)).

8 When considering the welfare implications of policy proposals, economists work either
with the notion of Pareto efficiency or with the notion of total surplus. An allocation
is Pareto-efficient if there does not exist another allocation in which some agents are
better off, while nobody is worse off. Pareto efficiency does not compare the surpluses
of different agents. The measure of total surplus simply adds all the surplus (welfare) of
all agents in society. For our purposes, Pareto efficiency is too weak a notion since many
outcomes are Pareto-efficient.
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effects ‘externalities’, and to differentiate between ‘positive’ and ‘negative’
externalities.’ In our context, the externalities represent the individual
effects of each future scenario resulting from a particular allocation of
goods among the agents. Firms, who are the buyers in these auctions,
may impose externalities upon each other, but also on consumers and on
the seller (government). One important externality arises from the fact
that consumers are not active players in these auctions. In what follows
we consider examples in which we assume that the seller is also inter-
ested in consumer welfare. Hence, we will focus upon externalities that
the bidding behaviour of firms may impose on other firms and on the
seller.

The presence of externalities creates a multitude of new and surprising
strategic effects. We illustrate a few important ones through some sim-
ple examples. The first example illustrates how externalities can strongly
affect the identity of the winner and the resulting price. In particular,
with negative externalities, agents are willing to pay more than their in-
trinsic valuations in order to prevent the good falling into in the hands
of another, i.e. there is a value attached to pre-emption. The opposite
phenomenon occurs when there are positive externalities — agents are
willing to pay less than their intrinsic valuations if they can expect a pos-
itive payoff in the event of another one winning. This is usually called
‘the free-rider problem’ and often plagues the private provision of public
goods.

Example 1: There are two buyers. Buyer A values the object at 10, while
buyer B values the object at 8. In a standard auction, buyer A will get the
object and pay approximately 8. But now consider the situation where
buyer A suffers a loss of 4 if buyer B gets the object, while buyer B suffers
a loss of 7 if buyer A gets the object. Now buyer A will be willing to pay
as high as 14 (10 4 4) in order to prevent the good going to buyer B.
Similarly, buyer B will be prepared to pay as high as 15 (8 + 7). Hence, at
a standard auction, buyer B will win the object at a price of approximately
14. Note that, relative to the status quo before the auction, B is actually
incurring a loss of 6. But this is better than the alternative where A gets
the object, in which case B incurs a loss of 7. Note that valuations here
are endogenous since, for example, if A publicly commits not to buy the
object (say, by not filling the auction registration forms), the valuation of
B immediately drops from 15 to 8. O

9 Positive externalities are present when the payoff of one agent goes up when another agent
consumes an item or bundle, while negative externalities are present when the payoff goes
down.
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The example shows that winning players may consciously take a loss. If
taking such a loss seems curious, consider the following quotation from
The Economist (28 June 1997, p. 97), which describes a bidding war among
producers of aircraft engines.

The good sales at Rolls-Royce began 18 months ago when it snatched a huge order
to supply Singapore Airlines . . . Its hard-nosed American rivals, Pratt & Whitney
and General Electric, were prepared to take a loss to land such a prestigious deal.
So they assumed Rolls-Royce won the bid by taking an even greater loss.

The idea behind this quote is that a failure to get the Singapore deal
would put the firm in a disadvantageous position when bidding for later
deals. The need to avoid this disadvantage in future market interactions
drove firms to sacrifice current profits.

Example 1 gives some insight into one of the reasons that have been put
forward in order to explain why telecom companies have paid such enor-
mous sums of money for acquiring UMTS frequencies in some European
countries: if incumbents feared that their current GSM frequencies would
become worthless without the new UMTS services, they would be will-
ing to pay more than their respective intrinsic valuations for the UMTS
frequencies.!°

When there are more than two buyers it can also be shown, with
either positive or negative externalities, that some agents may prefer not
to participate at an auction if they perceive that their mere presence (via
the externalities) will influence the identity of the winner or the price to
be paid (as in Example 1). For example, the French food conglomerate
BSN quit a bidding war over Perrier in order to allow Nestlé to take over.
It simply feared Nestlé less than other bidders.!!

4 Buyers’ strategies and sellers’ objectives

We have discussed how a seller’s possible objectives are related to each
other, and how bidders may adapt their bidding behaviour in environ-
ments where externalities are important. We will now discuss the seller’s
objectives and the bidders’ strategies simultaneously via several simple
examples.

The first example in this section shows that value maximisation (for
buyers) and efficiency (which also takes into account the seller’s utility)

10 Considerations like this may also have played a role in the strategic decisions of telecom
operators to participate (or not) in different European auctions. After many newcomers
did not win a licence in the first auction in the UK, they may have decided that their
value of a licence in other European countries had gone down considerably.

11 See The Economist (1992).



Allocation mechanisms and post-allocation interaction 137

may diverge when there are externalities. In particular, this implies that a
government interested in market efficiency may want to handicap some
bidders while favouring others.

Example 2: Consider the same situation, with externalities as in Exam-
ple 1, but imagine that the seller also incurs externalities. Assume that,
besides getting the revenue from the auction, the seller incurs a loss of 2
if buyer A gets the object, and a loss of 4 if buyer B gets the object (for
example, imagine that the buyers are taking over a public firm which is
being privatised, and that they both have restructuring plans which in-
clude firing different numbers of workers; the government would, cezeris
paribus, like to see as little firing as possible). In a standard auction (see
above) the object is sold to buyer B, yielding a payoff of 10 (revenue of
14 minus loss of 4) for the government. But the government prefers to
sell to buyer A: he is also willing to pay up to 14, but creates a smaller
loss of 2 (e.g. by committing to fire fewer workers). This yields a payoff
of 12 for the government.

The following straightforward calculations show that value maximi-
sation and ‘efficiency of the allocation process’ may diverge. The value
created for buyers is 3 when buyer A gets the object (this is obtained by
subtracting from A’s valuation of 10, B’s loss of 7), while the value cre-
ated for buyers is 4 when B gets the object (subtract from B’s valuation
of 8 the loss of 4 incurred by A). Hence, buyers’ values are maximised
by selling to B, and this outcome will indeed be achieved by a standard
auction. Consider now the entire society, which includes the seller and
regards revenue as a zero-sum transfer.!? Total welfare is 1 when A gets
the object (buyers’ value of 3 minus seller’s loss of 2), and 0 when B gets
the object (buyers’ value of 4 minus seller’s loss of 4). Hence, if the seller
is interested in ‘efficiency of the allocation process’ he should sell to A,
which also agrees in this particular case with his own preferences.

In the example, it is possible to achieve ‘efficiency of the allocation
process’ through a non-anonymous auction. One way to do this is by
tilting the auction in A’s favour or by handicapping B, e.g. by stipulating
that A gets the object unless B bids at least 2 more than A.!*> But in
practice many of the relevant valuations are not known ex ante and it will
often be difficult to set efficient handicaps precisely. Thus, such non-
anonymous auction procedures may be inefficient because of incomplete
information, or because the handicaps and favours are set via a process
that is subject to lobbying activity. O

12 Compare the discussion in section 2.
13 For a discussion on asymmetric auctions, see Maasland, Montangie and van den Bergh
(this volume, chapter 4).
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We can learn from the above example that if a seller cares not only about
revenue, but also about who wins the auction (because the seller be-
lieves that after the auction one bidder will behave in a way that better
serves society’s interest than another bidder) a standard auction may
not produce an efficient outcome even though buyers’ valuations are
maximised.

In the next example we want to show that the goal of market efficiency
may be in conflict with the goal of revenue maximisation. In section 2,
we illustrated this issue with an example where the question was how
many licences to auction. In Example 3 below we assume the number
of licences cannot be chosen (and is here fixed at one) and show that
revenue maximisation in the presence of negative externalities may imply
that agents have to pay even if the object is not sold (bidders pay for the
avoided losses). The same logic, applied to the case of positive externali-
ties, implies that some agents should be compensated in order to induce
them to provide a public good.

Example 3: Consider the same situation, with externalities as in Example
1, but assume now that there is another buyer C, to whom the seller
prefers to sell. C values the object at 31 and does not perceive a loss or
gain if someone else gets the object. Both A and B suffer a loss of 20 each
if C gets the object. One instance in which this may be realistic is when A
and B are incumbents who can also operate with their old licences, while
C is a very efficient new entrant, able to take existing customers from A
and B. The seller can be a government which thinks that the prices for
consumers will be significantly lower after the entry of the efficient firm
C and therefore prefers to sell to C.

A standard auction will award the object to C (who is willing to pay up
to 31) at a price of about 30 (this is what A is maximally willing to pay,
taking into account the need to pre-empt C). Is such an auction revenue-
maximising? The answer is ‘No!” The seller can get a higher revenue by
committing not to sell the object at all, and by requiring payments of 19,
say, from both A and B (who should be induced to believe that refusing
to pay will lead to a sale to C). This yields total revenue of 38. Note that
A and B are indeed each willing to pay 19 in order to avoid a sale to C,
which would cause losses of 20 for each of them.

Is this outcome, where the object is not sold, also efficient? If the seller
actually sells to C the buyers’ valuations sum up to —9 (C’s valuation
of 31 minus two times 20, the disutility of buyers A and B when C gets
the object). So, if the seller gets a payoff of more than 9 by selling to C
instead of not selling at all, we find that the goal of efficiency (which calls
for a sale to C) is in conflict with the goal of revenue maximisation (which
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Table 5.1. Bidder valuations

Bidder 4 Bidder B

For object p 10 8
For object ¢ 7 12
For both objects 17 20

calls for not selling the additional licence, while extorting payments, say
a tax, from both incumbents). O

A Machiavellian scheme similar to the one illustrated above was in fact
implicit in the German UMTS design. In that design the number of
licences was endogenous, with four as a lower limit and six as an upper
limit (there were four incumbents). The trade-off was between having a
competitive market with more than four firms and obtaining high revenue
from bidders who would pay to restrict the number of winners and thereby
future competition. In fact, the winning firms were trapped and paid a
lot without being able to reduce the number of licences.!*

The last example will show that in auctions where each buyer can buy
more than one unit, even value maximisation for buyers and revenue
maximisation are not correlated (as is usually the case in one-object auc-
tions without externalities). For this illustration we do not need external
effects (see Jehiel and Moldovanu (2001b)).

Example 4: Consider an auction for two objects, p and », with two bidders
A and B. For both agents, the valuation of the entire bundle {p, r} is given
by the sum of their valuations for the individual objects in the bundle.
These are shown in table 5.1.

The value-maximising auction (which puts the objects in the hands of
those who value them most) is simply given by two separate standard
auctions, one for each object. Object p goes to A for a price of 8, while
object g goes to B for a price of 7. Total revenue is therefore 15 and the
total value of the winners that is generated through this auction for both
objects is 22.

Consider now a single auction for the entire bundle {p, r}. Note that B
is willing to pay up to 20 for the bundle, while A is willing to pay up to 17.

14 Other examples of such schemes abound in the world of weapon deals: China got the
United States to lift its embargo on satellite exports by agreeing not to sell missiles to
some countries in the Near East; Ukraine agreed to destroy its nuclear arsenal (thus
preventing proliferation) after it received hefty payments from the United States, Russia
and the European Union.
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Hence, the bundle will go to B for a price of 17 and the total value that is
generated through this auction is 20. Thus, auctioning the bundle yields
higher revenue than the two separate auctions, but generates a lower total
value. The revenue-maximising auction misallocates object p to B, since A
values it higher. If we add externalities to the example, the wedge between
allocative value maximisation and revenue maximisation becomes even
larger. O

This example shows in a simple way that the precise definition of the
sold objects matters for the auction outcome. If two physically separable
objects have to be sold as a bundle, then the outcome (in terms of who
gets what for which price) will be very different from the one where the
objects are sold separately.

5 Main lessons for auction design

When there is interaction after the auction, bidders may not have a fixed
valuation for the objects to be auctioned, and the seller may have pref-
erence over who wins the auction with whart rights. Taking these effects
into account, we have shown that several relations among objectives that
hold for standard auctions may not hold for auctions with externalities.
We now list the main implications of our analysis.

(1) In auctions followed by interaction, bidders are driven by aspects other
than the intrinsic value of the auctioned objects (which may not even be
well defined.)!® These aspects can significantly affect the outcome (see
Examples 1-3), and therefore, in order to avoid unpleasant surprises,
must be well understood and taken into account at the design stage.
This insight also applies to the lobbying activity that accompanies Beauty
Contests.

(2) ‘Put the licences in the hands of those who value them most’ may not
be a sensible goal (see Example 2) in view of overall economic efficiency —
a criterion that takes into account the preferences of all economic actors
(such as government, various consumer groups, other potential users,
etc.). In an auction, firms take only their own interests into account. In
particular, allowing too much flexibility to bidders (in order to facilitate
value maximisation) may run contrary to the designer’s objectives. As an

15 Janssen (2003) considers the case where winning an auction gives the right to play a
co-ordination game with two Pareto-ranked equilibria. The intrinsic value of winning
the auction is not well defined in such a case as the value depends critically on how the
co-ordination game is played.
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example, consider auctions of radio spectrum to commercial operators.
If the government cares about the content of the programmes that are
broadcast, it may need to give up some revenue in order to reach the
desired programming variety.

(3) Another widespread idea is that ‘value maximisation for buyers and
revenue maximisation go hand in hand.” The intuition is as follows: if
a large pie is created (by maximising value for the bidders), it may be
possible to extract more revenue, as bidders are willing to pay up to their
valuation; conversely, a large willingness to pay (reflected in high bids
and revenues) means that a large value has been created. Based on this
belief, it seems possible to use revenue maximisation as a handy proxy
for the more fickle objective of value maximisation. Moreover, revenue
maximisation may be a legitimate goal in itself in cases where this form
of taxing firms is less distorting for the sector or the economy as a whole
than other, more traditional taxation schemes.

However, the above argument is based on intuitions from one-object
auction theory with exogenous valuations. There is no general relation
between value maximisation and revenue in auctions where the valuations
are endogenous because of external effects caused by market structure
considerations, or in multi-object auctions with either exogenous or en-
dogenous valuations (see Examples 3—4). This means that multi-object
auctions that maximise revenue will not necessarily put the objects in
the hands of those that value them most, and auctions that maximise
value may not maximise revenue. It is important to be aware of these
conflicts, and to choose the appropriate weights for the various goals in
each particular application.

(4) With endogenous valuations due to future interactions, standard auc-
tions lose many of their appealing properties (see Examples 1-3). Even
post-auction bilateral re-trading may not be able to restore efficiency
(see Jehiel and Moldovanu (1999)). More complex mechanisms (such
as the so-called Vickrey auctions, where agents pay proportionally to
the external effect they impose on society) are in some cases able to
achieve efficient allocations. Revenue-maximising mechanisms are not
generally known. For multi-object auctions with exogenous valuations
an important lesson is the need to bundle some of the auctioned objects
(see Jehiel, Meyer-ter-Vehn and Moldovanu (2002)). With endogenous
valuations, revenue maximisation may require that the auction rules in-
corporate some ‘threats’ to impose unpleasant outcomes if bidders do
not pay enough (see Example 3 and Jehiel, Moldovanu and Stacchetti
(1999), and recall the German UMTS design).
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Frequently “Vickrey auctions’ or revenue-maximising auctions do not
take the form of simple bidding procedures, and may be cumbersome
to implement in practice. Hence, for practical purposes one often has to
make a trade-off between a simpler auction format that may not be opti-
mal and a more complex optimal format whose practical implementation
may be problematic.

(5) A particularly important application of the above points concerns
the behaviour of incumbents (see also Gilbert and Newbery (1982)).
When new scarce goods are allocated, incumbents will be driven both by
their valuations for the resources and by the need to ‘protect their turf’.
Understanding the interplay between these pre-emptive motives and the
standard demand motives is essential in order to achieve a good, balanced
design (the same applies, of course, to Beauty Contests, which are often
accompanied by intense partisan lobbying).

For example, at one stage of the process,'® the design for allocating
spectrum for national radio services in the Netherlands stipulated that
some ‘designated’ frequencies (for stations broadcasting classical music,
news, etc.) could be allocated to regular commercial stations if nobody
had bid on them during the first few stages of the auction. This was
thought to allow more flexibility and to avoid the creation of money-
losing enterprises. But it might also drive some incumbent stations to
buy these designated frequencies in addition to their main one (this was
allowed by the rules) precisely in order to prevent the entry of new com-
mercial national stations. It is possible that such considerations are irrel-
evant (since the achieved value of such a strategy may be low) but it is
necessary to consider them carefully at the design stage in order to assess
the probability of their occurrence.

(6) Since all incumbents are partially driven by a common pre-emptive
goal (see Example 3), there is a strong motive for collusion among them
(in addition to the standard motive of keeping prices down). Perfectly
legal collusion-like behaviour without illegal money transfers becomes
feasible if there is a symmetric method for sharing the cost of pre-emption
(see Jehiel and Moldovanu (2000a)).

Consider as an example an auction for one new licence among two
incumbents and several potential entrants. Each incumbent prefers to
preserve the cosy duopoly, but also prefers that the cost be borne by

16 The process of allocating radio frequencies to commercial stations has taken many years
and the design has changed many times. The design mentioned here was discussed in
the summer of 2001.



Allocation mechanisms and post-allocation interaction 143

the other incumbent (this is a ‘free-rider’ problem). If the new licence is
not very valuable per se to incumbents, there is a reasonable probability
that an entrant will acquire it, since each incumbent hopes that the other
will buy it.!” But consider now the same situation with two licences: it
appears that entry would be even more likely. But entry may not occur
at all since the two incumbents can now easily and legally share the cost
of pre-emption by buying one licence each. This last example shows
why a design such as the one for the Dutch UMTS auction (with five
licences and five incumbents) was problematic, and why it was possible
to anticipate its outcome.

(7) We have seen that in asymmetric situations, efficiency may be achieved
by handicapping some firms while favouring others (see Example 2).
The feasibility of such operations depends on the particular legal system
in place. For example, the US Federal Communications Commission
favoured certain small or minority-owned firms and the UK design for
the UMTS auction did not allow incumbents to bid on the largest avail-
able licence.'® An asymmetric design must be based on transparent and
well-defined ‘hard’ criteria (this applies also to Beauty Contests). Such a
designed asymmetry will create new strategic incentives, and it is neces-
sary to assess whether these new effects will indeed combat the ones they
mean to alleviate.
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6 Spectrum auctions by the United States
Federal Communications Commission

Timothy C. Salmon

1 Introduction

In 1985 the then chairman of the Federal Communications Commission
(FCC), Mark Fowler, first asked permission from the US Congress to
use auctions in the assignment of spectrum licences. This request was
denied. In fact, successive FCC chairmen asked Congress for this au-
thority every year until it was finally granted in 1993. In the Omnibus
Reconciliation Act of 1993, Congress finally provided the FCC with the
statutory authority to conduct spectrum auctions. This led to the FCC’s
first spectrum auctions being conducted in 1994. Since then the FCC
has conducted over thirty-seven auctions with net high bids summing to
over $40 billion.

Over the course of these auctions there have been many successes but
also a few failures, with some of these failures being quite serious. In this
chapter, we detail the reasons for both the successes and the failures, with
the aim of using the FCC’s experience in designing and running auctions
to show how auctions can be designed to solve highly complex allocation
problems.

Section 2 discusses the regulatory background of spectrum allocation
methodologies in the United States in order to describe how the auctions
programme came to be. Section 3 presents the structure of a simultan-
eous ascending auction including the specific version used by the FCC as
well as some modifications to the design that might be used under differ-
ent circumstances. Section 4 discusses some of the successes and failures
of specific FCC auctions to see what lessons can be learned. Section
5 discusses the different approaches the FCC has taken to ensure that
the markets that result from spectrum auctions remain competitive.

2 Regulatory history of spectrum allocation

As with most spectrum regulatory authorities, the FCC has a long tra-
dition of assigning licences through the use of comparative hearings, or

147
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Table 6.1. Bidder values

Firm1 Firm2 Firm3 Firm 4
Item A 100 40 95 25
Item B 45 85 120 65
Item C 10 95 35 60

Beauty Contests as they are sometimes called. In the early 1980s the FCC
tried a brief experiment in which lotteries were used to assign licences,
before finally settling upon the use of auctions. It was a long and drawn-
out process to get to this point but it is useful to look into the reasons
why it took so long as well as why it was the right thing to do.

The problems with comparative hearings are well known but they were
particularly difficult in the United States. To understand why, it is use-
ful to understand more clearly the fundamental nature of the allocation
problem facing the FCC. To illustrate this problem we use a simple ex-
ample of three licences needing to be allocated among a group of four
potential operators. The goal of the government should be to ensure that
the licences end up in the hands of those operators who can use them
in the most economically valuable manner for society. If this is accom-
plished, then we can say that the efficient outcome has been reached.
The value each operator has for winning each item is shown in table 6.1.
We can think of these values as the economic value to society the licence
would have if it were in the hands of that firm, or we can think of them
as the value each firm places on owning the item. Under certain assump-
tions, both ways of viewing these values are the same. For simplicity we
assume that the value each firm has for winning multiple licences is the
sum of the individual values. This simplified example also ignores other
important issues with values being dependent across bidders and/or be-
ing derived from external market interactions as described in Janssen and
Moldovanu (this volume, chapter 5). Before adding such complications,
it is important first to understand the simple case. We will discuss many
of these additional complicating factors below.

The government’s problem is to decide who among the four firms
should be assigned each of the items. The efficient assignment, as stated
before, would assign the items to the firms who have the highest value
for them. In this case firm 1 should get item A, firm 3 item B and firm 2
item C. This allocation results in a total value to society of 100 + 120 +
95 = 315. We can measure the level of efficiency of any other possible
allocation according to this benchmark. Consider the value achieved by
assigning firm 1 item B, firm 2 item A and firm 3 item C. The value
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achieved here is 45 + 40 + 30 = 115 and the ratio of value achieved to
value possible is 115/315 = 0.365. If the government made this second
assignment, it would have achieved 36.5 per cent of the possible value
and we term this the efficiency level of the assignment.

This explains what the government wants to do. Now we need to de-
cide how it should go about it. In order to make the right decision, the
government needs to know the values each firm has for each item. One
possible way to extract this information might be simply to ask each firm
what its value is and then assign the object to the one stating the highest
value. This can be thought of as a loose approximation to the compar-
ative hearing process. The process involves each firm presenting a case
to the regulator of why it is the most deserving candidate or why society
is best served if it is awarded the item. If we frame the problem in this
example context and simply ask each of these four firms what they value
each licence at and assign the licence to the firm stating the highest value,
it is clear to see that they will all have an incentive to overstate their value
as there is no penalty for doing so. The problem for the regulator in the
comparative hearing process then is to try to uncover the true values from
the potentially misleading signals being sent in by each firm. This is not
likely to be an easy task. One possible advantage of such hearings, though,
is that if there is thought to be some social value to awarding an item to
a particular type of firm, such considerations can be explicitly taken into
account during the hearing process.

In the FCC’s case of allocating licences to provide wireless telephony,
the problem was significantly more difficult. The number of items was
very large and the value structure of the firms over these licences was
much more complex than the simple one contained in the table above.
These complexities will be explained in more detail later. Using a hearing
process to uncover these values would have been a long, difficult and
probably inaccurate process. Such processes in the United States have
been known to take many years to allocate even single licences. During
those intervening years, the public does not receive service and the firms
spend large sums of money on legal bills to have teams of lawyers argue
their cases to the regulator. In the end, the probability of the regulator
making the efficient assignment is quite low. If, however, the situation is
less complex, involving only a few potential firms and a few licences, then
the problem may be of low enough dimensionality that these problems
can be overcome. Even in the simple example above, however, the task is
already appearing difficult unless the regulator has very good information
on the firms.

Because of these issues, the FCC decided to allocate cellular tele-
phone licences in the 1980s through the use of a lottery mechanism.
This resulted in hundreds of thousands of applications being submitted
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for around 1400 licences and we can use our example above to get some
idea of the likely efficiency level of such a process. If we consider each
of the bidders equally likely to win each licence, we can compute the ex-
pected value realised by the lottery, 193.75, which results in an expected
efficiency level of 193.75/315 = 0.615. This is the efficiency level that
is expected to be achieved on average although the actual level could be
above or below. The level is obviously quite low, but these are just ar-
bitrarily chosen values. If the values of the applicants were closer, then
the randomly achieved expected efficiency would be higher. It is an open
question as to what the differential would be in practice, but in the FCC’s
case, many were applying who had no value for the licence themselves
and wanted to win a licence purely for resale. If the FCC had restricted
the lotteries only to ‘serious’ applicants, we might look at the recent UK
UMTS auction for an idea of the practical spread in values. This was
revealed to be at least £2 billion since the first bidder dropped out of the
auction when the prices reached the £2 billion level while the final sale
prices were in the neighbourhood of £4 billion. Similar estimates could be
made based on spectrum auctions in the United States, but the simplicity
of the structure of the British auction makes it easier to infer approximate
values from prices at which bidders dropped out.

Given the likely inefficient allocation that would result from a lottery,
some argued that the efficiency of the initial assignment was unimportant
as secondary resale markets could work out any misassignments. This is
certainly possible, but because of the complexity of the resulting market,
it took many years after the lottery assignment for operators to obtain
enough contiguous cellular licences to form legitimate businesses. The
fundamental problem is that if a business needs three licences to operate,
once they have committed to buying two they face an exposure problem
should they not be able to obtain the third licence. It would be possible for
another firm to offer the lottery winner more money for that third licence
leaving the first firm with only two licences that may be of little use to
them now. Also, the lottery winner of that licence has a very large amount
of bargaining power and might be able to extract significant extra money
from the operator. The combination of these two effects tells us that all
lottery winners would prefer to be the last one to sell, while all operators
would prefer to be able to buy all of their licences simultaneously. These
motivations as well as the size of the market result in an exceedingly
complex sequential bargaining problem, the practical solution of which
is likely to require a large amount of time, money and patience from any
firm wishing to operate a business.

Experience in the United States showed that neither comparative hear-
ings nor lotteries were effective means of assigning spectrum. The key to
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understanding why auctions are expected to be more effective requires us
to go back to our simple example. In order for the government to make a
good assignment they need to know the entries in that value table. This
requires some mechanism for eliciting those values from the firms and it
is important to elicit those values correctly. This is precisely what auc-
tions are designed to do and why they should be expected to allow the
government to make more efficient assignments. Properly designed auc-
tions, or more generally ‘mechanisms’, work by having bidders send in
signals and then using those signals to assign objects and generate pay-
ments. The payment schemes are designed to ensure that bidders find it
in their best interest to send in their true value as their signal. If they do
so, the efficient assignment is made.!

This explains the economic reasons why it was a good idea to adopt auc-
tions in the United States for assigning spectrum. As with most cases, the
political reasons for which they were adopted were not exactly identical.
For a more detailed description of the political process that led to auctions
being adopted, see Kwerel and Rosston (2000) and Hazlett (1998). As
noted before, the FCC began asking for the authority to conduct spec-
trum auctions in 1985 and this authority was finally granted in 1993.
During this time, Congress was reluctant to grant auction authority be-
cause of the political lobbying power of broadcasters, who were strongly
opposed to auctions. The explanation of why auction authority was even-
tually approved by Congress is derived from the large budget deficits that
existed in the United States in the late 1980s and early 1990s. In 1993,
the political rhetoric about reducing these deficits reached a peak and this
led Congress to look for any source of revenue it could find. Their need
for revenue sources was what finally overcame their resistance to the idea.
This also explains why the auction authority was granted in a Balanced
Budget bill. Curiously enough, though, in the initial legislation, the FCC
was forbidden from using revenue maximisation as part of its goals for
the design of the auctions. They were charged with making the auctions
a ‘fast, fair and efficient’ means of allocating licences.

Once the FCC had been granted authority to conduct auctions, its ap-
proach to designing the auctions was particularly effective. The process
followed the FCC’s standard approach to the design of policies, which is
that they released various ‘Public Notices’ and ‘Reports and Orders’ that
outlined the FCC’s plans for the auction. They allowed time for public

1 As a technical note, this is precisely the purpose behind the design of the second-price
(or Vickrey) auction, and the ascending (or English) auction strategically mimics this
auction. Traditional first-price sealed-bid auctions work a little differently, but the same
general ideas are embedded into why and how they should be expected to achieve efficient
allocations.
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comment, followed by additional periods for parties to comment on the
comments of other parties. The somewhat unusual part of the process
was that during these comment periods, many of the major telecommu-
nication industry firms hired academic auction experts to write detailed
auction design proposals as well as comments and critiques on the pro-
posals of others. The FCC had itself hired a few academic experts to help
it in sorting the proposals and comments.? Over the course of this process,
many designs were put forward, some were tossed aside, and improve-
ments were made to others. Also included in this process was a period of
experimental testing, detailed in Plott (1997) and Ledyard, Porter and
Rangel (1997). Based upon this record of proposals by academic auction
theorists as well as the empirical testing of experimental economists, the
FCC not only was able to decide upon a methodology, but also had some
empirical verification that it had a chance of working. Rarely has there
been such close co-operation between the academic community and a
regulatory authority and in this case things worked out quite well. The
high level of success achieved by the FCC in their auction programme
over the years can probably be traced back to their willingness to work
with experts on auction design.

Another part of the lesson that can be learned from this process is the
value of experimental testing of auction mechanisms. During the pro-
cess there were many designs proposed but there was typically no way to
compare the designs rigorously on theoretical grounds. Comparing auc-
tion designs through field-testing was not feasible either, as most rational
government regulators are reluctant to engage in field-testing of differ-
ent mechanisms by using them for multi-billion dollar auctions. These
are the two traditional means economists use to evaluate different policy
options, and without them we might be left with having only each propo-
nent of an auction design trying to make a convincing argument that their
design seems like it would work the best. Using economic experiments,
however, it is possible to compare empirically the performance of differ-
ent mechanisms prior to field implementation. The use of experiments
in policy studies such as this has been going on since the early 1980s,
and the 2002 Nobel Prize in economics was awarded to Vernon Smith in
part for his role in researching experimental economics, which was later
developed by himself and others into a tool for ‘testbedding’ economic
policies in the laboratory. The information obtained by the FCC through
the experimental tests that were conducted was quite useful in helping

2 A number of papers containing summaries of the experiences of some of those involved
can be found in a special edition of the Fournal of Economics and Management Strategy 6(3)
(1997).
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it to decide on and have confidence in a design, and serves to show that
this is both a valid and a useful tool for such purposes.

3 Overview of the simultaneous ascending auction

The auction format used in all but two of the FCC’s auctions was a version
of a simultaneous ascending auction (SAA) that is sometimes referred to
as a simultaneous multiple round auction. It is important to realise that
the form used by the FCC is just a specific parameterisation of a larger
class of mechanisms. In this section, we explain the reasoning behind
the design of the specific version used by the FCC and also discuss the
contexts in which other designs may be more appropriate.

To understand why the SAA was the chosen methodology, it is useful
to consider the basic problem with which the FCC began. We use the AB-
block PCS auction (FCC auction 4) as an example. For this auction, the
FCC divided the United States into fifty-one licence areas called MTAs
(major trading areas) and then divided 60 MHz of spectrum in each MTA
into two blocks of equal size, the A block and the B block. Their task was
to find an auction methodology that would be capable of placing these
102 licences in the hands of the firms best able to use them. This task is
made difficult because of the complexity of the preferences firms have for
items like these. There are three main characteristics of these preferences
that complicate the design process.

(1) Synergies across items. Two licences close together will generally be
worth more if won as a package than the sum of their values if they were
won separately. For example, a New York licence is likely to be more
valuable if an operator also has the Philadelphia, Boston and Washington
DCllicences. In fact, there could be a minimum efficient scale that dictates
the size of operation necessary to be profitable. For example, a firm might
need to win at least three contiguous licences for them to have any use
value at all.

(2) Cross-bidder complementarities. The value one operator has for a licence
can depend on who else has won a licence around them. If they are a
provider intending to use CDMA technology, then there may be little
reason to bid for an A-block licence in a market where another CDMA
provider is on the B block, since the two firms would be able to set
up collaborative roaming arrangements after the auction. Similarly, if
other CDMA operators are winning in areas around another licence,
that licence may be more valuable than if only TDMA or GSM providers
were bidding on the surrounding licences.
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(3) Affiliated values. Values are likely to be affiliated, rather than common
or independent, across bidders. That is, while bidders may not know
exactly what a licence is worth to them, they do know that their value
is unique to them and that their value is related to the values of other
bidders. The relationship between the values of two bidders is that if one
bidder has a high value for a particular licence, it is more likely that the
other does as well.

These and other factors lead to very complex and highly contingent pref-
erences on the part of bidders. Complicating things even further is that,
quite often, the bidders themselves will have difficulty articulating and
quantifying exactly how some of these issues affect their values. Any allo-
cation mechanism intended for use in a context like this must be designed
with all of these considerations in mind.

The first choice to be made in the design of the auction mechanism
is whether to auction the licences simultaneously or sequentially. The
most obvious possibility would be to use sequential auctions as is done
in Sotheby’s or Christie’s auction houses when there are multiple items
for sale. This would involve putting each of the 102 licences for sale in
separate auctions conducted sequentially. Benoit and Krishna (2001) ar-
gue that this approach would generate more revenue than a simultaneous
auction if bidders are budget-constrained, as they are likely to be. Se-
quential auctions would be quite easy to run, but bidders would have
a very difficult time figuring out reasonable bidding strategies in them.
As an example, since bidders’ preferences and values for the New York
licence might depend on who wins the Boston licence it is quite difficult
for them decide on an effective bidding strategy for the New York licence
if it is auctioned first. If they bid on the New York licence expecting a
particular bidder to win the Boston licence and they turn out to be wrong,
this could mean that they under- or overbid on the first licence. Solving
for theoretically optimal bidding strategies in sequential auctions is only
tractable in limited cases and finding even reasonable bidding strategies
in real cases will be more difficult. A sequential auction is therefore highly
likely to result in inefficient assignments in cases such as this because of
the inability of bidders to perfectly forecast results in future auctions. Se-
quential auctions are more likely to be successful when the objects being
auctioned are independent of each other.

This indicates that it might be beneficial to conduct a simultaneous
auction in which the market for each item in the auction is simultaneously
opened and closed. The next step is to decide on what format to use. In the
standard theory of single-unit auctions, there are four frequently analysed
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formats that we might use here: the first-price sealed-bid;> the Dutch, or
descending clock, auction;* the second-price sealed-bid auction;® and
the English, or ascending clock, auction.® Which should be used? If our
goal is efficiency, the theory of single-unit auctions suggests that in simple
environments all of these should be efficient in equilibrium. This gives
us no means of selecting between them.

One result that some are tempted to apply from single-unit auction
theory in deciding which format is best is that when bidder values are
affiliated, as they seem to be in this case, the English auction is expected to
raise the most revenue. This is derived from what is known as the ‘linkage
principle’ proved by Milgrom and Weber (1982). There are, however, two
problems with this result that make it less applicable and useful than is
commonly thought. First is that the linkage principle does not generally
extend to multiple unit auctions, as shown by Perry and Reny (1999), and
therefore nor does the result suggesting that the English auction always
raises the most revenue. Second is that the actual increase in revenue in
single-unit affiliated value auctions from using the English auction over
a sealed-bid auction is not large even in theory, as shown by Riley and
Li (1999), and the result can be overwhelmed by other effects. Kagel,
Harstad and Levin (1987) show that in experimental comparisons of
single-unit auctions with affiliated values, first-price auctions can generate
more revenue than English auctions because bidders typically bid above
the level predicted by a risk-neutral Nash equilibrium model in first-price
auctions. So both theory and empirical evidence tell us that the linkage
principle is not a very strong argument for using ascending auctions.
Further, since the auction authority legislation prohibited the FCC from
using such considerations in their decision anyway, were this argument
valid, it could still not be the official reason for adopting an ascending
format.

To determine if there are other reasonable arguments in favour of the
ascending auction, it is useful briefly to consider the other three. The
main problem with the first-price sealed-bid and the Dutch auctions is
that trying to determine a reasonable bidding strategy is again highly
difficult for many of the same reasons that bidding in sequential auctions

3 Each bidder submits a bid, the highest bidder wins and he pays the price he bid.

4 A price clock starts very high and then counts down. The first bidder to accept the price
wins the item at the price he accepts.

5 Each bidder submits a bid, the highest bidder wins but he pays a price equal to the second
highest bid received.

6 The price starts low and increases until only one bidder is left. He wins and pays the price
at which the last bidder dropped out.
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is difficult.” Consider a relatively simple environment consisting of two
objects and four bidders in which each bidder sees the objects as almost
perfect substitutes. Each bidder would therefore like to win only one of
the two objects and may have a preference ordering over the objects. On
which object(s) should a bidder bid? Should they bid on only one and
risk not winning anything? Should they bid on both and risk winning
more than they want? It is possible that bidders mis-coordinate and all
bid on only one of the objects allowing the other to go unsold. Solving for
such bid functions, even theoretically, in environments of much greater
complexity is typically intractable, and trying to approximate such things
in practice would, of course, be even harder. Consequently, we should
expect serious mistakes and misallocations from such methodologies.

In the second-price format, the well-known result from single-unit auc-
tion theory is that it is a dominant strategy to submit a bid equal to one’s
true value. In moving to multi-unit auctions, in which bidders may de-
mand more than a single item, this is no longer true without modifying
the design. The basic version of a second-price auction would have similar
problems to the first-price and it would no longer be a dominant strategy
for a bidder to bid their true value. In order for a bidder submitting their
true value for the objects to be an equilibrium in the multi-unit context
with interdependent preferences, the FCC would have to use a gener-
alised Vickrey—-Groves—Clark mechanism® that would require individuals
to submit their values for all 2!1%2 — 1 possible combinations of licences
in the AB block auction. Such an auction has many desirable character-
istics, but forcing bidders to send in a bid detailing what they would bid
for all possible combinations is simply unworkable. This leaves us with
the English or ascending auction.

To find a version of an ascending auction that will work requires still
more effort though. Simply taking the auction-house approach and plac-
ing 102 auctioneers in a room would also not be workable. Bidders would
not have the information processing capabilities to keep up with such a
design. Instead of using a straight analogue of the auction-house style of
English auction, we can consider a discrete process. The way the discrete

7 It is worth noting, though, that Che and Gale (1998) argue that in single-unit auctions
with financially constrained bidders, first-price auctions will yield more revenue than
second-price or ascending auctions under certain circumstances.

8 In this mechanism, bidders send in their bids as one bid for each possible combination
of items. If there are two items, this means a bid for {AB}, one for {A} and one for {B}.
Items are assigned by finding the set of mutually exclusive bids that sum to the highest
total. Each winning bidder pays an amount equal to the cost they are inflicting on society.
This is found by computing the total value achieved in the actual allocation, leaving out
that bidder’s value, and then subtracting the value achieved in the allocation that would
have resulted had that bidder not sent in any bids.
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version works is that bidding consists of several sequential rounds. In the
first round of the auction, bidders are allowed to send in sealed bids so
that no one can see anyone else’s bids during the round. When that round
has been completed, the results are published, including the high bidders
from that round and the bids necessary to top them. Bidders are given
time to analyse the results of that round and then a new round opens in
which bidders are allowed to submit new bids if they choose.

The primary benefits of this version is that bidders obtain significantly
more information about the relative prices for the licences as the auction
progresses, which allows them to alter their bidding strategy as needed.
If, for example, in a two-item auction all of the bidders in round 1 happen
to bid on one object, in the second round the bidders who did not send in
the highest bid on the first item can move to the second. While working
out a full equilibrium bidding strategy in such an environment is usually
not feasible, there are simple rules of thumb and heuristic strategies that
should work in many cases. One such simple approach is called straight-
forward bidding and involves a bidder being willing to bid on the set of
objects in each period that would maximise their total surplus at the cur-
rent prices. If all bidders bid according to this strategy, the auction will
produce an approximately efficient result, as proven by Demange, Gale
and Sotomayor (1986) and Milgrom (2000).

There are other benefits from an ascending auction structure, as ex-
plained by Compte and Jehiel (2000), derived from the fact that it can be
difficult and costly for bidders to determine exact values for all combina-
tions of items. Their environment supposes that bidders begin an auction
with unrefined and imprecise estimates of their values for the items in the
auction. The ascending structure allows them to observe for which sets
of licences refined value estimations are worth obtaining, to help the bid-
ders guide their allocation of resources to such tasks. Sealed-bid auctions
provide no such cues. In such cases, the ascending auction yields higher
welfare to the participants than a sealed-bid auction and can yield more
revenue as well.

This then is the basic structure of the FCC’s auction process. There
are, however, many additional rules used to accomplish certain specific
goals. These are now discussed under four headings.

Sitmultaneous closing rule In a single-unit English auction, the
closing rule is simply to close after people stop bidding. What is the
most reasonable multiple unit analogue? Many suggested an item-by-
item closing rule by which, after people have stopped bidding on, for
example, a Kansas licence, bidding on this licence is closed even if people
are still bidding on, for example, a New York licence. The problem with
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such a closing rule is that it limits the ability of bidders to arbitrage
between markets and pursue alternative options when they realise they
can no longer compete in one particular market. If markets are closed
individually, the back-up market in which a bidder might want to bid
could be closed by the time the bidder decides to start bidding in it.
This would lead to loss of efficiency and revenue. A simultaneous closing
rule, however, avoids the problem by allowing bidding on all items until
bidding has ceased on every item. In the FCC’s rules, this is implemented
by closing the auction after the first round in which there has been no
new activity.

Increment requirements As a mechanism for pacing an auction,
an auctioneer will typically impose some requirement that a new bid
should meet a minimum-increment requirement. The FCC uses a vari-
able increment that varies across licences and usually ranges between 10
and 20 per cent depending on the level of activity on the licence. The
greater the recent bid activity, the higher the bid increment. Bidders sub-
mit bids in integer multiples of this minimum increment.

Activiry and eligibility rules One problem in ascending auctions
is that, given the option, bidders normally prefer to wait to bid as long
as they can. This allows them to keep their intentions and information
secret while observing the activity of others. Since everyone has this same
incentive these auctions could take a very long time to complete, with-
out something to spur on activity. The uncertain closing rule serves this
purpose to some extent but in auctions as large as the FCC’s, more is
needed. As a means of accomplishing this, prior to each auction the FCC
assigns a certain number of bidding units to each licence in the auction.
This number varies positively with the population covered by the licence
so that licences covering more populous and therefore more valuable ar-
eas have a higher number of bidding units associated with them. Also
prior to the auction, bidders must submit an initial payment that buys
them a certain number of bidding units. This money is refunded at the
conclusion of the auction if a bidder wins no licences and is applied to his
total amount owed if he does win. The initial payment also serves as at
least a partial demonstration of a bidder’s ability to pay at the conclusion
of the auction. In order to place a bid on an item during the auction, a
bidder must have a number of unused bidding units at least as great as
the number associated with the licence. Upon placing a bid, a number of
bidding units (BU) equal to the number for the licence become ‘active’.
For example, if there are two licences in an auction, A and B, such that
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licence A has 100 BUs and licence B 75 BUs and if a bidder were to buy
125 BUs with an initial payment, in any given round this bidder could
be active on either licence A or B but not on both. In order to be active
on both in the same round, the bidder must purchase 175 BUs. These
constitute the eligibility rules, which dictate on which licences a bidder
is eligible to bid.

The activity rules work by first separating the auction into three stages.
In stage 1, a bidder will typically be required to be active on 70 per cent
of his bidding units. In the example above, if the bidder only places a bid
on B, he is considered active on 75/125 = 0.60 or 60 per cent of bidding
units and would not meet the requirement. In that event, the bidder’s
total number of bidding units would be reduced such that he would meet
the requirement, or he would be reduced to having 75/0.7 = 107 BU’s.
Thus, if a bidder is not bidding actively, his ability to continue bidding is
jeopardised. As the auction progresses to stages 2 and 3, this requirement
is increased to perhaps 85 per cent and then 95 per cent. Bidders are,
however, allowed five activity rule waivers, which means that they can
waive the requirement during five rounds of the auction if they choose
and not lose eligibility even if their activity is insufficient to meet the
requirement.

Withdrawals This last set of rules exists because bidder values
are interdependent. Assume there is a bidder interested in two licences
such that his value for either A or B independently is 100 but if he can get
both, his value for the package is 300. Now imagine the situation in which
the auction is progressing and this bidder is bidding on both licences and
the price of each reaches 100. What should the bidder do? If he ends up
winning both, he can bid up to a total of 300. What happens though if
he bids up to 125 on both and then some other bidder comes in and bids
400 on B? This means that the first bidder can no longer profitably win
A and B and he is ‘stuck’ with paying more for A than it is worth to him
unless someone outbids him. This is known as the ‘exposure problem’. In
order to give bidders a way to deal with such situations, the FCC allows
bidders to withdraw standing-high bids. When one bidder withdraws a
high bid, the minimum required bid drops back to the second highest bid
received on the licence. To deter frivolous withdrawals, the withdrawing
bidder runs the risk of incurring a withdrawal payment. This payment
is equal to the difference between the price they had bid and the price
for which the FCC eventually sells the licence, assuming the final sale
price is less than his bid. If the final sale price is greater, no payment is
required. Bidders are also restricted to making withdrawals in only two
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rounds of the auction although each bidder can choose the two rounds for
himself.

The particular set of rules used by the FCC is by no means the only way
one might construct an SAA. There are several different ways one might
structure the increment, activity, eligibility and withdrawal rules but per-
haps the most important part of the specification used is the multiple
round structure. This structure is necessary because of the large number
of items and the complex information processing that must occur after
each set of bids has been announced. The problem with the multiple
round format though is that it can lead to very prolonged auctions. Some
of the early FCC auctions lasted 3—6 months although most of its recent
auctions have finished within 1-2 months. For some cases this is an ac-
ceptable trade-off but in smaller auctions where there is less complexity,
there is little reason to use this format.

An alternative is to consider using a continuous SAA. In this version
of the auction, bids are announced as soon as they have been submitted
and other bidders can respond immediately with a new bid. A reason-
able closing rule for such an auction is to use a countdown clock over a
certain period, perhaps 15 minutes. Every time a new bid is submitted
this countdown clock is reset, but should the clock reach zero, the auction
closes. This is a direct analogue of the simultaneous closing rule discussed
above. A more detailed description of such an auction can be found in
Plott and Salmon (2001). A mechanism of this sort was designed and
intended for use with some broadcast licences the FCC was scheduled
to auction in 2000, but for various unrelated reasons these auctions were
cancelled and the mechanism was not implemented. Otherwise, the only
known field use of this mechanism has been in several real estate and
other auctions run by the authors of the cited paper. It has functioned
quite well and can be used to complete in a few hours an auction that
might take weeks or months in the multiple round format.

4 Lessons learned from auction results

Overall the FCC has enjoyed what is generally considered to be a suc-
cessful series of auctions using the described methodology. There have,
however, been a few spectacular failures in the FCC’s past and thank-
fully the reasons for these failures are easy to identify and to avoid in
future auctions. There were other more minor problems in some of the
FCC'’s auctions, which are more difficult to eliminate. We discuss many
of these issues including some ideas on how to ensure such problems do
not appear in future auctions.
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4.1 IVDS and C block

The auctions for IVDS and C block are considered to be the worst two
failures in the FCC’s auction programme and the main reason for failure
was the same for both. We should also note that the IVDS (Interactive
Video Data Service, FCC auction 2) auction was one of the two auctions
for which the FCC did not use the simultaneous multiple-round format.
This auction was conducted as a sequential series of ascending auctions,
but this was not the prime cause of failure.

As part of the FCC’s mandate when given auction authority, it was
charged with making sure that ‘designated entities’ would have a fair
chance to win licences in the auctions. The phrase ‘designated entities’
was used to refer to groups, thought to be disadvantaged, that Congress
wanted to ensure would be given a chance to compete, and initially in-
cluded new and small businesses as well as businesses owned by women
or members of minority groups. As a consequence, when the FCC was
planning its large PCS auctions, it split the first part of the spectrum into
three blocks, A, B and C, each having 30 MHz of spectrum per licence.
The A and B blocks were auctioned first and any firm was eligible to bid
in this auction. This auction attracted the well-established and large US
telecommunications firms such as AT&T and Sprint. The total of the
high bids in this auction was $7 billion for a total of 60 MHz of spectrum
covering the entire United States. The C block auction (FCC auction 5)
was held later and entry to it was restricted to ‘entrepreneurs’ (defined
for this auction as entities, together with affiliates, having gross revenues
of less than $125 million and total assets of less than $500 million at the
time the FCC Form 175 application was filed) and ‘small businesses’
(defined for this auction as entities, together with affiliates, having gross
revenues of less than $40 million at the time the FCC Form 175 appli-
cation was filed). The total of the net high bids in this auction was just
under $10 billion for 30 MHz of spectrum covering the entire country.
The fact that a group of ‘small’ businesses was offering to pay significantly
more money for less spectrum than the large firms was a clear sign that
something strange was occurring.

That ‘something strange’ was related to the provisions the FCC had
adopted in the C block auction to ‘help’ the designated entities. In addi-
tion to reserving the auction just for them, the FCC had a belief that the
main hurdle to these firms in acquiring spectrum was access to capital.
Consequently, the FCC instituted a system of very generous instalment
payments on winning bids from this auction. This allowed ten-year fi-
nancing with no requirement for repayment of the principal in the first
six years and at an interest rate based on the ten-year Treasury note. The
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FCC used a similar scheme for the IVDS auction. The key detail was that
these credit options were available to any high bidder in the auction and
there was no credit screening at all to determine if firms would be able to
pay. As is predicted by Wilkie (1997) and Zheng (2001), such credit terms
gave bidders an incentive to bid significantly higher than they otherwise
would and the bidders with the riskiest business plans were generally the
winners. Many of the firms that did win in this auction were intending
to put out an IPO (initial public stock offering) as soon as the auction
was completed to obtain financing for their business plans or as a means
to quickly turn around and sell the rights to use the licences they won in
the auction. Unfortunately, the auction lasted six months (18 December
1995-6 May 1996) and during that time the market for telecommunica-
tions stock suffered a significant downturn, making this no longer a viable
option. Soon after the auction was completed, many firms began declar-
ing bankruptcy and defaulting on their instalment payments. Although
the scale of the problem was much smaller, winners in the IVDS auction
suffered similar problems at the conclusion of that auction.

The resolution of the bankruptcies for C block has been a very long and
tortuous process for the FCC. Many firms, after declaring bankruptcy,
sought refuge in bankruptcy courts to protect the licences and in some
cases the courts forced the FCC to accept significantly reduced payment
for the licences. In one such case, GWI PCS, which was the third largest
winner in the auction, was able to have a bankruptcy court reduce the
amount they owed the FCC by 84 per cent, from approximately $1 billion
to $169 million. Other bidders voluntarily returned their licences, which
led to two additional auctions of licences for this spectrum. One was
held immediately after the initial auction (FCC auction 10, 3 July 1996—
16 July 1996) and one several years later (FCC auction 22, 23 March
1999-15 April 1999).

Perhaps the most problematic case from this auction was Nextwave
Communications. They were the largest winning bidder in the auction,
winning fifty-six licences with total net high bids of $4.2 billion and were
one of the firms declaring bankruptcy. After extensive court proceedings,
but before they were concluded, the FCC decided to have yet another
C block re-auction to sell Nextwave’s licences in late 2000 (FCC auction
35, 12 December 2000-26 January 2001). The total of the net high bids
in this auction was $16.9 billion. Unfortunately, in August 2001, the
court made its ruling and found that the FCC did not have the right to
conduct the auction as the licences belonged to Nextwave.

There is no doubt that this auction was an unmitigated disaster for the
FCC, and it did not at all help small businesses, as the financing options
encouraged many to overbid and led to their bankruptcies. This should
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not have been surprising as any simple economic analysis would have
revealed the incentives embedded in such generous financing plans were
problematic and also that the programme was unneeded when combined
with the set-aside. It is important to realise that although this auction was
a failure, the problems were not a result of the auction design itself but
of the peripheral rules relating to payment schemes. The lesson learned,
then, is that instalment payments are not a good way to try to help small
businesses. Why the FCC decided that these firms needed not only a block
of spectrum set aside for their exclusive use but also instalment payments
is a question that does not appear to have any satisfying answer. Section 5
will deal in more detail with how one might structure an auction design
and a regulatory environment to help small firms.

4.2 WCS and LMDS

The WCS (Wireless Communication Service, auction 14) and LMDS
(Local Multipoint Distribution Service, auction 17) are two more auc-
tions that are generally considered to have been failures for the FCC.
The WCS auction involved the sale of blocks of 5 and 10 MHz of spec-
trum in the 2300 MHz range. The LMDS auction involved the sale of
1150 and 150 MHz licences in the 2.8 GHz range. In both cases, revenue
estimates prior to the auctions were quite large with both being in the bil-
lions of dollars. The actual revenue totals were $13.6 million and $579
million respectively, and the most publicised example of these revenue
totals was that many licences in the WCS auction sold for $1 and one of
the San Francisco licences sold for $6. This led many, especially those
in Congress after the WCS auction, to believe that the FCC had made a
serious mistake in these auctions. The question is: what was the mistake?

In both cases, the FCC had been forced to rush the auction through
in order to satisfy Congressional and other political pressures. These
pressures were largely based on Congress’ desire for additional revenues.
At the time of the WCS auction, there was no existing equipment that
was designed to operate at that frequency and the military, which oper-
ates around that part of the spectrum, had indicated that its operations
would probably interfere with anyone choosing to operate in this band
and placed stringent out of bandwidth emission limits on winners. In
the case of LMDS, the high wavelength meant there were a number of
problems with the service such as the equipment that existed at the time
not being very effective during rain or even high humidity. An analysis of
the post-auction results shows quite clearly that the prices of the licences
and the probability that a licence was sold were significantly negatively
correlated with the level of rainfall in the licence area.
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The LMDS auction is a particularly clear example of this problem since
in a re-auction (FCC auction 23), which was held approximately one year
after the initial auction, many licences that went unsold during the initial
auction were now sold and several licences which had been returned after
a default by a winner were resold. In the intervening months, there had
been a technological innovation in the industry that resolved many of the
problems with the service. For this reason and also because the minimum
opening bids in this auction were set at a much lower level than in the
initial auction, competition in the re-auction was significantly higher. In
the end, this collection of licences, which had been deemed to be of
least value by the market in the previous auction — to the extent that no
one was willing to purchase them — ended up selling for more in terms
of $/ MHz*pop than the licences in the initial auction. This is a clear
indication that the initial auction was held earlier than it should have
been. There is also an indication that the very high minimum opening
bids in the initial auction reduced the number of bidders entering the
auction, while the ‘bargain basement’ minima in the second auction led
to a significantly greater level of entry.

One is tempted to believe that this is a trivial and obvious lesson, but
it is one that appears difficult for the US Congress to learn and there-
fore worth pointing out. There are signs, though, that members of the
Congress may be making progress. In response to Congressional attempts
to push through more auctions prematurely, HR 4560, also known as the
Auction Reform Act of 2002, was proposed in an attempt to eliminate
deadlines for certain pending spectrum auctions. The issue is summed up
quite well in a May 2002 statement by Congressman John Dingell, rank-
ing member of the Committee on Energy and Commerce that oversees
the FCC, in reference to HR 4560:

We’ve seen this train wreck before. In May 1997, the FCC auctioned the so-
called “WCS’ frequencies due to a statutory mandate that was neatly tucked into
an appropriations bill as a spending offset the year before. The Congressional
Budget Office (CBO) predicted the WCS auction would raise nearly $2 billion.
When the dust settled, the receipts totaled only $13 million — that’s less than
one percent of CBO’s projection. The lucky bidders literally paid less than a
penny on the dollar. Even fire sales do better than that. One WCS bidder actually
won the right to serve four large states for the whopping sum of $4.00 — that’s
about the price of a Happy Meal at McDonald’s. But a happy meal it was when
many of these WCS licenses were later sold on the secondary market, generating
millions of dollars in profits for these spectrum speculators and their shareholders.
(Dingell, 2002)

In both of these cases, we see the problem that arises from rushing an
auction to the market before the market knows quite what to do with
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what is being auctioned. In such a case, bidders will not have time to
form business plans around the spectrum offering and will not have time
to obtain financing. Although it is generally considered to be a good thing
to get the spectrum into the hands of the firms as soon as possible, the
caveat to that should be that the spectrum should be allocated as soon as
possible after the industry knows how to use the spectrum. It is important
to a successful auction that bidders are given enough time to prepare for
it. Otherwise the result is lower revenue and efficiency. It is important
to note again, though, that the reason for the failure of these auctions
was nothing to do with the design of the mechanism but rather with the
regulatory environment in which the auctions were conducted.

4.3 DEF block

The DEF block auction (FCC auction 11) represents something of a
mini-failure on the part of the FCC. This was the last of the large initial
PCS auctions held by the FCC. It consisted of three blocks of 10 MHz
licences and is generally considered to be the auction with the highest
level of collusive activity of all FCC auctions.’ It is the only FCC auction
that resulted in prosecuted collusion cases.

To assess the extent of the problem from collusion in this auction, we
might look at the revenue achieved by the auction compared to that from
the AB auction. The DEF block auction raised $2.5 billion, while the
AB block auction raised $7 billion. A straight extrapolation from the AB
results would have predicted an approximate revenue total of $3.5 billion
for the DEF block auction, since half the total amount of spectrum was
offered. A more accurate extrapolation would need to account for the
fact that each of the licences might be less valuable on a per MHz basis
in 10 MHz blocks rather than 30 MHz blocks, and the fact that the DEF
was conducted after most firms had obtained their core licences. These
licences were mainly used to fill minor holes in a carrier’s coverage area.
Also, there were restrictions in place to allow only small businesses to bid
on F block licences. These issues suggest that the revenue total from the
DEF auction should have been less than from the initial offering of AB
licences. Consequently, it is not obvious what proportion of the $1 billion
in lower revenue was due to collusive activity and what proportion was
due to the differences in the demand structure. There were, however, a
large number of documented cases of bidders attempting to send collu-
sive signals in the auction, prompting many to suggest that this had the

9 Chapter 3 in this volume by Salmon contains a more extensive treatment of the problem
of collusion in auctions.
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effect of lowering revenue, although no one has been able to provide a
convincing estimate of the level of the effect. Even without a precise es-
timate, it seems reasonable to conclude that some non-trivial proportion
of the revenue decrease was due to collusive activity.

As discussed by Salmon (this volume, chapter 3), not long after this
auction, the FCC closed many of the avenues bidders had used to send
collusive signals in this auction, and subsequent auctions have not re-
sulted in anywhere near at least the obvious levels of collusive activity.
The problems have probably not been eliminated completely, but there
is some evidence for the suggestion that they have been significantly re-
duced. The lesson from this auction, then, is that in designing an auction,
it is important to limit the potential for collusive activity.

4.4 Withdrawals

The final problem with the FCC’s auctions is not necessarily specific to
any one auction but has probably caused at least minor difficulties in
almost every auction, and more noticeable problems in others. These
problems arise from the ability of bidders to withdraw a standing-high
bid as a means of alleviating the ‘exposure problem’.

As has been explained above, the exposure problem is something that
can occur in multiple unit auctions when bidders possess values for the
items that are interdependent (meaning that bidders view some of the
items as either substitutes or complements) but bids are only allowed to
be made for individual items. If a bidder is bidding on the assumption
that he will win a group of licences and be able to realise the synergy value
obtained from owning the entire group, but then manages to win only a
part of the group, then he is exposed to a possible loss. This possibility of
loss can lead to a number of problems including efficiency and revenue
losses as well as post-auction defaults. These problems are explained
in more detail by Bykowsky, Cull and Ledyard (2000). To minimise this
problem, the FCC allowed bidders to withdraw standing-high bids during
the auction.

To illustrate this point more clearly we can return to the example we
discussed earlier of the bidder who valued either licence A or B separately
at 100 but the combination at 300. The extra 100 that is added to the
total value when the two licences are won together is referred to as the
synergy value of the package. When the prices on the individual items
reach 100, this bidder has a problem: does he continue bidding, splitting
the synergy value across the items, or does he stop bidding? If the bidder
continues bidding, he could end up winning only a single item. This will
cause the bidder to make a loss on the item he does win and could lead
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him to defaulting on payment or bankruptcy. This is the essence of the
exposure problem.

If he is worried about this possibility, then he might stop for fear of
being left with only one of the items and having committed to paying a
price greater than 100. If this bidder could have won the items by pur-
suing them, then his refusal to continue bidding hurts both efficiency
and revenue. If the bidder would have lost, then only revenue is reduced.
The idea of the withdrawal rule, then, is clear. It gives bidders an option
that if they end up winning only parts of a package they can withdraw
their bids on the remaining items and limit their possible losses. With this
safety net, bidders should be more willing to pursue aggregations aggres-
sively instead of ceasing to bid once the individual item values have been
reached. Should this bidder end up withdrawing, the hope on the part of
the FCC is that another bidder will be able to place a bid on the licence
at the lowered price instead of leaving the licence unsold. The intention
of this rule is to improve both revenue and efficiency for the government
and to reduce losses for the bidders.

There is evidence that bidders have been successful in forming packages
of licences they desire in the FCC’s auctions, but there is also evidence
that the interests of some bidders have been harmed by the exposure
problem. The possibility of withdrawals has, however, led to a number
of problems. One is that it makes a strategy of ‘parking’ early in the
auction easier to implement and more damaging to the FCC. Parking
involves a bidder bidding on items he has little interest in winning during
the first part of the auction to draw attention away from the licences in
which he is interested, and then moving to his real interests late in the
auction. Without withdrawals, a bidder has to consider the possibility
he could be stranded on a licence in which he has little interest if no
one outbids him, and this reduces the incentive to park. If the bidder
can make withdrawals, however, he can mitigate the damage of such an
occurrence by withdrawing his high bid on the licence he does not want
and shifting his eligibility over to the licence he does want.

This exact sequence of events has occurred in many auctions with
bidders bidding on licences they did not want and then withdrawing
their bids to move to others late in the auction. The real problem occurs
when they do this very late in the auction at a point when no other bidders
have the eligibility necessary to place bids on those licences from which
the bidder withdrew. This causes those licences to remain unsold at the
conclusion of the auction. Since withdrawal payments are assigned on
the basis of the final sale price, and no sale has been made, the bidder
causing the problem is not even assigned a withdrawal payment, though
3 per cent of his withdrawn bid is usually held in anticipation of a final
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withdrawal payment being assigned. With the licences unsold at the end
of the auction, service cannot be provided to the public with them until
a re-auction has been held. For some services this can take a very long
time, if one is ever held.

It is obvious that something has to be done to correct for the exposure
problem but allowing withdrawals is not a suitable solution because of
the other problems that this option can cause. The alternative is to use a
combinatorial auction that allows bidders to place bids on combinations
or packages of items. If a bidder has the values of {A, 100}, {B, 100} and
{AB, 300} then they can place a package bid of 250 on the group AB and
have no risk of only winning one. To do this in a standard auction, they
would have to place bids of 125 on each and risk winning only one. A
detailed discussion of such auctions is not possible here, but explanations
of the issues involved, as well as possible auction designs, can be found
in Plott (2000), Ledyard, Porter and Rangel (1997) and Ledyard ez al.
(1999). Such auction designs will be most appropriate for cases in which
bidder values for items are interdependent. For auctions where all items
are unrelated, or bidders are only allowed to win a single item, there is no
need for combinatorial auctions as the exposure problem is not an issue.

The FCC is intending to use a combinatorial auction for the first time
in the auction of returned VHF television licences in the 700 MHz range
(FCC auction 31). The process of designing this auction has led to a great
number of comments and suggestions from the academic community
of auction theorists and experimentalists,'® with perhaps the key com-
ments being found in Plott (2001), Plott and Salmon (2000) and Harstad
(2000). While large-scale combinatorial auctions are by no means easy to
design or administer, they should be expected to lead, for certain appli-
cations, to significantly better outcomes. In the past few years, there has
been significant progress in the design of such auctions and they have be-
gun to see limited field use. The results are encouraging and indicative of
the fact that there is now enough knowledge about how these mechanisms
work to support their use in the right circumstances.

5 Competitive effects

One issue that should be clear from the last section is that a successful
auction requires more than just a well-designed auction mechanism. It is
at least equally important to ensure that the auction is being conducted
within a generally well-designed regulatory framework. As was seen

10 They can be found in their entirety on the FCC’s webpage at http://wireless.fcc.gov/
auctions/3 1/releases.html.
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before, most of the serious problems with FCC auctions have come
through a failing in this area rather than in the auction design itself.
One area of general regulatory concern for any industry is the degree to
which the market is competitive. This issue is of key importance in the
design of licence auctions since each licence is a grant of some degree
of market power to the licensee. Ensuring the market for service re-
mains competitive after the auction requires more than just designing
an auction and obtaining an ‘efficient allocation’ from the auction itself,
as this may be a much more complicated matter than was described in
section 2.

The concern about the anti-competitive effects of auctions is that auc-
tions might allow large firms or incumbent operators to buy all licences
in a single area to keep out new entrants and maintain a monopoly, or
collusive oligopoly, in that region. In a comparative hearing process, this
possibility can be eliminated as the administrative court can exclude a
particular firm from being allocated more than a certain amount of spec-
trum. The FCC has tried four main methods of accomplishing similar
results in the auction process. One of these approaches was the offering
of instalment payments to designated entities to allow them financing
on favourable terms, which could help them to compete against larger
firms. This has already been discussed with reference to the C block auc-
tion and shown to have been an abysmal failure for the FCC. The other
three approaches have fared somewhat better.

5.1 Spectrum cap

If the goal is to ensure that no single firm can dominate any market, one
way to do this would be expressly to limit the amount of spectrum a firm
can win in an auction or across auctions. This was the basis for the impo-
sition of a cap on the amount of spectrum for which any single firm could
have licences in any given region. The rule applied to frequencies clas-
sified as licensed broadband Personal Communications Service (PCS),
cellular and Specialised Mobile Radio (SMR) spectrum. Under the spec-
trum cap rule, no entity could hold more than 45 MHz of spectrum, or
55 MHz in rural areas.

This rule has made certain that there is more than one carrier with us-
able spectrum in each region, and in many regions there are seven or more
different service providers for wireless telephony. As a means of tracking
the level of competition in the industry, the Wireless Telecommunica-
tions Bureau in the FCC compiles a yearly competition report in which
they carefully analyse any trends of increasing or decreasing competition
in the industry. Figure 6.1 is from the 7th Annual CMRS Competition
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Report and shows the number of carriers in each part of the United
States. A summary of what the figure shows, as stated in the report, is
that ‘Over 229 million people, or 80 percent of the US population, live in
counties with five or more mobile telephone operators competing to offer
service. And 151 million people, or 53 percent of the population, live in
counties in which six different mobile telephone operators are providing
service.” These pieces of evidence are strong indicators of what the rest
of the report argues in more detail, which is that there is a healthy level
of competition in this industry in the United States.

Competition in the industry was deemed healthy enough by the FCC
that it decided to eliminate the spectrum cap from 1 January 2003. The
belief on the part of the FCC was that the cap had done its job by inducing
a large number of operators to enter the industry and now that there
seemed to be enough to sustain competition, it was no longer necessary.
There were, of course, some who strongly disagreed with this viewpoint as
evidenced by the dissenting statement released by Commissioner Michael
J. Copps alongside the majority ruling on the issue. His view was that the
spectrum cap was working and repealing it was dangerous when there
was no compelling reason to do so. While it is uncertain whether the
FCC’s decision to repeal the spectrum cap will help or hurt the industry,
by most accounts it seems to have been an effective tool in encouraging
competition in the industry.

5.2 Bidding credits

Another provision the FCC has used to help out designated entities in its
auctions is bidding credits. These are percentage discounts on the final
payment given to qualifying bidders. In each auction the qualifications to
receive a bidding credit will change slightly as will the level of the bidding
credits themselves. Typical requirements for bidding credits might be the
firm having gross revenues less than $5 million/year to qualify for a ‘very
small business’ credit and receive a 25-35 per cent discount, or gross
revenues less than $25 million/year to qualify for a ‘small business’ credit
and receive a 10-15 per cent discount. If a qualifying bidder wins a licence
in the auction, the price they pay is reduced by the amount of the bidding
credit.

Assessing the success of this programme is difficult. As already ex-
plained, the overall level of competition in the industry is healthy and
perhaps some of this can be attributed to the existence of bidding credits.
Bidders qualifying for these credits have won a significant number of li-
cences in the FCC’s auctions but it is not clear that the same firms would
not have won without them. It is also not clear that all of the companies
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claiming small or very small business status to obtain the credits were
legitimately small or very small businesses. Many were potentially ‘shell’
companies serving as fronts for larger firms. The inability reliably to de-
tect such arrangements at the application stage of an auction is probably
the most serious problem with implementing a programme of this sort.
Clever accountants and lawyers can usually create a company that would
at first glance satisfy the FCC’s requirements even though the real entity
behind the firm does not.

What is more clear about the use of bidding credits is that they have
caused little harm to the FCC’s auctions process, and certainly not the
same level of harm as the instalment payment programme. The main
problem with implementation is in deciding the appropriate level for the
credits. A principled approach would involve a careful study of the degree
to which small firms are disadvantaged in credit markets as well as the
degree of inefficiency in the original allocation that the regulatory agency
is willing to accept if it allows the level of competition in the industry
to increase. A discussion of the effects of credits of this sort on bidding
behaviour and on the efficiency and revenue of an auction can be found
in Salmon and Isaac (2002). The FCC has more typically set the bidding
credits more arbitrarily. This can induce more inefficiency than desirable
and tilt the results too much in favour of one side or the other. In the
end, there seems little evidence that either effect has been terribly se-
vere in FCC auctions thus far. As is discussed by Salmon (this volume,
chapter 3), bidding credits of this sort may also help to fight collusion
problems in auctions by encouraging smaller firms, that might otherwise
believe they have little chance of competing, to enter an auction.

5.3 Spectrum set-asides

This is the final method the FCC has used in trying to help out smaller
firms and it involves setting aside certain licences that can be won only
by firms meeting certain size restrictions at the time of the auction. The
success of this policy has been hindered by the fact that the two occasions
on which the FCC has used this policy were the C block and DEF block
auctions.

The C block result has already been shown to have been a failure,
but the failure was not due to the fact that only designated entities were
allowed to enter the auction. One thing that should be clear is that once
a band of spectrum has been set aside for small businesses there should
be no need for instalment payments or bidding credits. If the problem for
small firms winning licences is to obtain financing, as long as the small
firms are competing only against other small firms, they all face exactly
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the same constraint. Thus there is no reason to use instalment payments
to level the playing field, as it is already level. One would expect prices to
be lower in a small business set-aside auction, but if the idea is to use the
set-aside to increase competition, this is not as important an issue.

In the DEF block auction, the F block was set aside so that only desig-
nated entities could win licences, while any firm could win the D and E
block licences. Not surprisingly, the highest bids on the F block licences
were lower than those on the D and E block licences, but again this was
not necessarily a significant issue. The real problem was that the F block
licences contained only 10 MHz of spectrum. If this was all a small busi-
ness had won, it was unlikely to be enough for it to be able to compete
with firms all owning 30 MHz or more.

These complicating factors make it very difficult to assess the degree
of success of spectrum set-asides on the part of the FCC. Theoreti-
cally, these will be more effective than either instalment payments or
bidding credits in helping small firms to compete as they ensure that if
there are any small firms that desire licences, they will be able to obtain
them. The only issue of concern is the possibility that in industries in
which economies of scale exist, too many licences might be set aside for
small firms and these firms might not be able to provide service as cost-
efficiently as larger firms. So long as that possibility is balanced against
the potential for increased competition, it seems that this may be the most
effective approach.

6 Conclusion

The FCC was a pioneer in the use of complex multiple-unit electronic
auctions and its history of using these auctions is an interesting one from
which to learn. By and large, it has achieved great success with its pro-
gramme, but its few failures have been severe. There are a number of
lessons that the FCC’s experience has taught us about auction design but
there are two that are pre-eminent.

First, it is important to design the auction correctly. Designing a com-
plex auction mechanism is a difficult task. There is certainly a great deal
of insight that auction theory can give when designing auction mecha-
nisms for novel situations. Since real bidders might not always bid as our
models predict and since theoretical results based on real environments
are often unattainable, it is also important to incorporate experimental
testing into the design process as a means of comparing alternative de-
signs to determine which works best.

Second, while the design and implementation of the auction is impor-
tant, it must take place within a generally sound regulatory structure.
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When the FCC has had a failed auction, it has generally been because
of rules and regulations outside the scope of the auction itself. Either the
FCC has tried to use some misguided approach to helping small firms or,
on account of Congressional pressures, it has rushed a band of spectrum
to auction before the industry has been ready to absorb it.

There are also other, more specific lessons that can be learned from the
FCC’s experience with regard to how to accomplish these two broader
goals. One of the key regulatory issues on which the FCC’s programme
has performed well is the maintenance of a competitive marketplace after
the adoption of an auction programme. Since the auction of licences for
the exclusive use of a resource grants a certain degree of market power
to the winner, there is a risk that using auctions to assign such licences
could generate too little competition in an industry. The FCC has shown
that there are ways in which competition in the resulting market can be
successfully facilitated through the auction itself, for example through
licence set-asides and bidding credits for new entrants. It has also shown
that external regulations such as spectrum caps or limits on the number
of licences a single firm can win may be successfully used to establish
cross-auction limits on the grant of market power to individual firms.

Perhaps the most useful lessons one can draw from the FCC’s expe-
rience concern the design of large multiple-unit auctions. The FCC’s
experience has shown the power and ability of simultaneous ascending
auctions to be used for large-scale resource allocation problems and paved
the way for conducting such auctions through electronic markets. This is
a model that has been successfully copied in Canada, Australia, Mexico,
the UK and other countries around the world. While the specific design
used by the FCC should never be viewed as a ‘one size fits all’ design, it is
possible, by examining the reasons for its construction explained above,
to learn a great deal about how to modify the general design to fit other
situations.
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7 An analysis of the European
3@ licensing process

Emiel Maasland and Benny Moldovanu

1 Introduction

In the years 2000 and 2001, several European countries issued licences
for third-generation (3G) mobile telecommunications, usually referred
to as UMTS. In the context of the present book, where auction methods
are analysed and compared to their alternatives, the UMTS case is of
particular interest since it is one of the few cases in which countries have
chosen different allocation mechanisms to allocate similar goods. Several
papers have already been written on the European 3G licensing process.!

This chapter is structured around the two main research questions of the

present book, namely:

(1) What mechanisms can be used to allocate rights to operate in a mar-
ket, and under what set of circumstances should one allocation mech-
anism be preferred over others?

(2) What are the important design issues once a particular mechanism is
chosen?

Section 2 addresses the first question. It categorises the different alloca-

tion mechanisms used by European countries and offers a comparative

analysis. It is important to note at the outset that the usual distinction be-
tween auctions and Beauty Contests is too simplistic. Section 3 addresses
the second main research question. It offers a general survey of the main
issues pertaining to efficiency and revenue maximisation in licence auc-
tions. In section 4, we look in more detail at the most flexible design — the
German (and Austrian) one. Section 5 concludes.

2 Licensing methods
In the recent allocations of spectrum for UMTS mobile telephone ser-

vices, European governments had to make decisions on two main issues:

We are grateful to Tilman Borgers for his contribution to a previous version of this chapter.
! For survey articles, see for example Bérgers and Dustmann (2003), Jehiel and Moldovanu
(2003), Klemperer (2002a, b, c), Pratt and Valletti (2001) and van Damme (2002).
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Table 7.1. Classification of licensing methods

Number and size

G M

I .

Allocation
A 11 I

(1) How many licences should be awarded, and with what spectrum ca-
pacity?
(2) Which companies should win licences and at what prices?

Different European countries have adopted very different methods
for making these decisions. Table 7.1 classifies the different licensing
methods.

The columns of the table refer to the way a country settled the first
question: how many licences should be awarded, and with what spectrum
capacity? In some European countries the number and size of licences
was simply chosen by the government (G). In other countries, the market
(M) played a role in determining the number and size. In these countries,
the available spectrum was divided into a fixed number of identical blocks
(by the government), and the companies decided for how many blocks
of spectrum they wanted to bid. The rows of the table refer to the way
a country settled the second question: which companies should win li-
cences and at what prices? Some countries selected a Beauty Contest
with a fixed licence price (B);2 other countries chose an auction (A).3

In every country that used a Beauty Contest, the number and size of
licences was determined by the government. Therefore, we are left with
three different licensing methods. We will call method I a Beauty Contest,
method II a fixed prize auction,* and method III a variable prize auction.

The licensing methods used by the various European countries were
as follows:

I Finland, France, Ireland, Luxembourg, Norway, Portugal, Spain,

Sweden;

2 Note that, in general in Beauty Contests, prices do not have to be exogenously fixed (see
Dykstra and van der Windt (this volume, chapter 2)).

3 The main difference between auctions and Beauty Contests is that the latter contain an
element that cannot be easily quantified or otherwise made objective (see Dykstra and
van der Windt (this volume, chapter 2)).

4 Note that the ‘fixed prize’ refers to the number and size of licences. It does not refer to the
valuations. The valuations may be variable if pay-offs are identity-dependent (see Janssen
and Moldovanu (this volume, chapter 5)).
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II Belgium, Denmark, Greece, Italy, Netherlands, Switzerland, United
Kingdom;
III Austria, Germany.
The boundary between methods II and III is somewhat flexible. Italy and
Greece, which are assigned to method II, left the number of licences up
to the number of participants. If there were fewer bidders than licences,
the number of licences would be reduced.

It is important to note that, within each category, variations between
countries are possible. For example, countries that used a Beauty Contest
to allocate licences took into account different criteria and weightings.
Sweden awarded the licences to those who guaranteed the best coverage
and roll-out rate.” In France and Spain there were many more criteria
than in Sweden, and many criteria were relatively vague. Some countries,
like Finland and Sweden, awarded the licences at no cost to the opera-
tors. Others, like France, Portugal and Spain, asked substantial initial
fees. There were also substantial differences among the countries that
used a fixed prize auction. Some chose an open auction format (e.g. the
United Kingdom), while others chose a sealed-bid auction format (e.g.
Denmark).

Which licensing method (Beauty Contest, fixed prize auction or vari-
able prize auction) should be preferred? Here we restrict ourselves to
a brief comparison between a Beauty Contest and an auction (without
distinguishing between a fixed prize and a variable prize auction). For
the pros and cons of fixed prize and variable prize auctions we refer the
reader to subsection 4.3, where we analyse the German (and Austrian)
design wvis-a-vis less flexible designs.

There seems to be a wide consensus among economists that an auc-
tion is the preferred selling mechanism. Maskin (1992, p. 115) argues
that with respect to both efficiency and revenue ‘auctions tend to fulfill
these objectives better than do most common alternatives to auctions’.
McMillan (1995, p. 191) claims that ‘of the alternative spectrum alloca-
tion methods . . . auctioning works best’.

Beauty Contests are often criticised for the fact that they lead to (the
perception of) favouritism and corruption. Indirect signs of favouritism,
such as the lack of transparency about selection criteria and the reason-
ing behind allocative decisions were indeed present in the European 3G
licensing process.® Another argument against Beauty Contests is that the
implicit commitments made by firms are not enforceable: ‘How could

3 For a detailed description of the Swedish licensing process, see Hultén, Andersson and
Valiente (2002).
6 A good overview of these signs of favouritism is given by Bérgers and Dustmann (2003).
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government monitor and enforce any commitments made by those com-
panies?’ (Klemperer, 2000, p. 8). Lack of commitment endangers effi-
ciency because, if commitments are not enforced, promises are not infor-
mative, and therefore a Beauty Contest does not generate the informa-
tion needed to allocate licences efficiently. In the European 3G licensing
process, Spain and France indeed eased the burden on the licensed oper-
ators on account of dramatically deflated expectations for 3G. As Beauty
Contests are subjective and not transparent, they are likely to generate
legal challenges. In Spain, newcomer France Telecom, which failed to
secure a licence, has challenged the outcome in the courts. In Sweden,
incumbent Telia (which did not win a licence) started a legal procedure
too.”

A potential disadvantage of auctions is that only minimum require-
ments are taken into account regarding the use of a licence. An auction
reduces the competition to the price dimension, given certain minimum
quality requirements. In contrast, Beauty Contests are more flexible: busi-
ness plans are being judged not only on the price, but on quality aspects
as well. If the market can be expected to provide a socially optimal set
of prices and qualities, this potential disadvantage should not be taken
too seriously.® Note that objectives like a speedy roll-out and the extent
of coverage can easily be made explicit and built into the scoring func-
tion of a multi-attribute auction. Performance guarantees can also be
built into the auction process by imposing appropriate rules and licence
conditions.

We have assumed that quality is objectively measurable. In the case
where quality considerations play a crucial role, but quality is not objec-
tively measurable, then a (weighted) Beauty Contest might be preferable
(see Dykstra and van der Windt (this volume, chapter 2)).

3 The main aspects of licence auction design

The most important issues in the design of licence auctions are located
at the intersection of industrial organisation and mechanism design.
Licence auctions (or other procedures such as Beauty Contests) not only
allocate scarce goods but also determine the nature of whole industries
where entry is otherwise very difficult. Hence, the outcome of any alloca-
tion procedure influences the future interaction among winning firms, the
regulator (i.e. government) and consumers. This effect should be taken

7 Auctions may also be prone to legal fights. In the Netherlands and Italy (which used
auctions), there were legal challenges too. But the motive behind legal action is usually
different: it relates either to the auction design or to the behaviour of the other participants
in the auction.

8 Bjuggren (2002), who analysed the Swedish Beauty Contest, has the same opinion.
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into account in applications of auction theory to licence auctions since
valuations (which depend on expectations about future market structure)
are determined by the allocation procedure itself, and are therefore en-
dogenous. Thus, potential acquirers of licences will anticipate the future
scenarios as a function of the auction’s outcome, and they will condi-
tion their behaviour before and during the auction on those expectations
(Jehiel and Moldovanu 2000, 2003). Failing to take into account these
basic strategic motives at the design stage can have harsh consequences
for governments and/or consumers.

3.1 The main goal: economic efficiency

The main goal of most licence allocation procedures is economic effi-
ciency, which, correctly interpreted, means the maximisation of a (pos-
sibly weighted) sum of consumer and producer surplus. This maximisa-
tion exercise must necessarily consider several alternative future market
scenarios. In particular, future firm profits and consumer rents are deter-
mined by the number of licensed firms. A secondary goal in most licence
auctions has been raising revenue for the government.

A serious hurdle on the way to economic efficiency is the fact that con-
sumers do not directly participate in the spectrum auctions or Beauty
Contests. Moreover, an ex ante measurement of expected consumer sur-
plus in various market constellations is very difficult. Therefore, con-
sumer surplus does not usually play a role, unless special provisions are
made in a careful auction design. Unfortunately, at the design stage, the
regulators are operating in the dark since information about consumer
welfare in various future scenarios cannot be easily measured or anti-
cipated. Only after a regulatory scheme which satisfactorily deals with
this problem has been chosen is it possible to concentrate on an auction
format that aims at maximising the value for firms or the government’s
revenue.

There is a myriad of oligopoly models which make various predictions
about the relations among concentration measures (that aggregate the
number of firms and their respective outputs), industry profits and wel-
fare. There is no conclusive theory. Several standard oligopoly models
predict that, in reasonable ranges, both consumer surplus and overall ef-
ficiency increase with increased competition among firms. This justifies
the pursuit of a goal to ‘create sufficient market competition’ as a proxy
for economic efficiency. But creating sufficient competition means that
entry should be encouraged as long as it is economically viable. Obviously,
the duplication of fixed costs and other factors specific to network indus-
tries implies that new entry cannot be forever welfare-increasing. Entry
encouragement must come at the licensing stage since, unlike standard
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industries, which do not require a tedious licensing process, entry is ei-
ther impossible or very difficult at later stages (owing to spectrum scarcity,
strong network effects, regulatory constraints, etc.).

3.2 Asymmetry between incumbents and entrants

Why should one choose a design where entry is encouraged? Why is it not
enough to choose a design that gives all firms equal chances to acquire
licences? Because entry is encumbered by a basic asymmetry in licence

valuations between the firms that already operate a GSM network in a

given country (incumbents) and those that do not (entrants).

For any bidder, the ‘pure’ economic value of a licence with a fixed
capacity is obtained by subtracting from the value of expected profits the
fixed cost required to build a network and start operations. Note that the
value of expected profits increases if the licence is endowed with more
capacity, and decreases if more firms are licensed.

The asymmetry between entrants and incumbents has three main
sources:

(1) The fixed cost of setting up the infrastructure required for 3G services
is very large, but some of the 2G incumbents’ fixed costs are already
sunk, since they can use parts of their existing facilities (e.g. base
station sites).

(2) Many incumbents enjoy large customer bases and strong brand
names, and have accumulated significant marketing know-how. In
particular, they will also enjoy a positive cash flow during the years
until the full deployment of 3G services.

(3) Since per-firm industry profit tends to decrease with the number of
active firms, incumbents are also driven by entry pre-emption motives
(e.g. the need to avoid cannibalisation of their existing profits by
additional entrants) which translate into increased willingness to pay
for licences and capacity (see also Gilbert and Newbery (1982), and
Katz and Shapiro (1986), in the context of patents).

To sum up, incumbents will tend to have higher valuations for licences

than new entrants even if the respective firms are otherwise comparable

in terms of operating costs, technical know-how, managerial skill, etc.

(see also the commercial evaluations made by investment banks such as

Deutsche Bank (2000), UBS Warburg (2000), and WestLB Panmure

(2000)). Hence, incumbents will be willing to bid higher than entrants,

and we should always expect all GSM incumbents to win 3G licences. In

other words, entering the market by directly overbidding a GSM incum-
bent seems possible only if the new entrant is much more efficient and
therefore expects much higher profits in the future.
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If potential entrants understand this logic, they either will choose not to
participate in the auction, or will try to form consortia with incumbents.
Both types of behaviour have been observed frequently in the UMTS
auctions, with adverse effect on competitiveness (and, hence, ultimately
on efficiency) and on revenue. Hence, a main question for practical de-
sign exercises is how to alleviate the incumbent—entrant asymmetry and
encourage entry.

Special circumstances may lead to an entrant having a higher value
than an incumbent. For example, a particular country’s licence may be
the ‘last piece in the puzzle’ for a global firm which, consequently, may be
willing to pay more than a small incumbent with only local interests; or
again, because of idiosyncratic circumstances (e.g. after buying expensive
licences elsewhere) an incumbent may have a tight budget constraint. But
such features are hard to predict, and are subject to constant change since
firms form and break alliances and change their business plans, and stock
exchange valuations fluctuate, etc. In our view, considerations based on
such transitory features should not play a major role in auction design.

3.3 Entry considerations in practice

The number of licences 'The most important variable for control-
ling entry is the number of licences. Since the ‘right’ number must also
take into account the future consumers, its determination is, in practice,
very difficult. Note that this is, primarily, an issue of industrial organisa-
tion, not of auction design!

Most countries which opted for Beauty Contests adhered to a rule-of-
thumb formula in order to determine the ‘right’ number of licences. Also
several countries that organised auctions (most notably the UK) adopted
the same formula, which made entry almost inevitable:®

Number of 3G licences = Number of GSM incumbents + 1.

The number of new 3G licences was a hotly debated issue during the UK
auction design stage (see, for example, Binmore and Klemperer, 2002).
The eventual design (an ascending auction) tried to level the playing
field for the four GSM incumbents and new entrants. Its main feature
was the reservation of the largest licence for a new entrant (there were
five licences, one more than the number of incumbents).!? This design

9 In cases where the plan was to auction even more licences, intense pressure was applied
by industry to reduce the number.
10 This asymmetric design feature is studied by Maasland, Montangie and van den Bergh
(this volume, chapter 4) from a legal perspective.
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attracted, besides the four incumbents, nine potential entrants. Four li-
cences were, not surprisingly, acquired by the four GSM incumbents.
The final bids of all thirteen bidders clearly shows that the average in-
cumbent bid was much higher than the average entrant bid. An initial
plan that called for an auction of four licences was abandoned after many
deliberations about the ‘right’ number and after a change in the view
about the technical feasibility of five licences had taken place.

The Dutch organised an ascending auction for five licences in a market
with five GSM incumbents. We have argued above why this is problem-
atic, and why the unsatisfactory outcome (no serious entrant participated
and total revenue was a relatively low €2.7 billion) could have been (and
was!) anticipated.!! Of course, it might be argued that five licences was
the ‘right’ number for the Netherlands as well. But then it is not clear why
an auction without serious reserve prices was thought to be appropriate
given the circumstances.!?

The German regulatory agency thought that a directed intervention to
help new entrants was unnecessary (nor would be fair to incumbents).
The German design was flexible, and it allowed both for an endogenous
number of licences (up to six) and for endogenous capacity endowments
(see a detailed description in subsection 4.1). An earlier design, which
prescribed a fixed number of five licences, had been abandoned because
the flexible design was thought to offer ‘a fair, undiscriminating and ef-
ficient market solution to the problem of finding the optimal number of
licences’ (REG-TP, 2000). Moreover, general principles of competition
policy ‘require allowing the highest possible number of firms to enter
the market’. Hence, the regulator sought to solve the difficult problem
of finding the right number of licences by shifting the ‘burden’ to the
participating firms. In section 4 we assess this design in greater detail.

The Italian design had a somewhat naive feature: it stipulated that, after
the bidders had qualified for the auction, the number of licences could be
reduced to ensure that there were no more licences than bidders. In Italy
there were six bidders, four incumbents and two new entrants. Hence,
according to the rules, the number of licences was not reduced and re-
mained fixed at five, and at least one new entry was inevitable. But one
firm (Blu) very quickly dropped out of the auction, apparently because
of conflicts among its main shareholders, and only the relatively high
reserve prices avoided a ‘Dutch outcome’. Accusations (yet unproven)

11 See, for example, Maasland (2000) and the May 2000 version of Klemperer (2002a),
available at http://www.paulklemperer.org.

12 For a detailed evaluation of the Dutch UMTS auction, see Janssen, Ros and van der
Windt (2001).
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say that Blu was ‘asked’, and maybe ‘paid’, by the other firms to ficti-
tiously take part in the auction in order to keep the number of licences
at five!

It is also worth mentioning in this context the experience of the auctions
held in 2001, one year after the major wave of European 3G auctions, and
at a time of deflated share prices and expectations about the 3G market.
Belgium and Greece used the ‘Incumbents + 1° formula in their auctions
but failed to attract bidders other than the incumbents, who obtained the
licences at the reserve price. Denmark wanted to auction four licences
in a market with four incumbents, a situation similar to the Dutch one.
Having learned from that experience, the Danes chose a pure sealed-bid
design. Given the timing of their auction and the industrial organisation
situation, this was probably a good decision (see below), even if it meant a
very high-risk situation for the firms. It is remarkable that one incumbent
failed to get a licence, which shows that the greater uncertainty in a
sealed-bid design may be favourable to entry.

Sealed-bid auctions and the hybrid auction as a panacea In open
ascending auctions, bidders have an incentive to stay in the auction until
the price reaches their true valuation. If the number of licences to be
auctioned is less than or equal to the number of incumbents, entrants
(having lower valuations than incumbents) clearly do not have a chance
to win a licence. Sealed-bid auctions, on the other hand, may encourage
participation by outsiders. Economic theory predicts that under a first-
price sealed-bid format, bidders who are known to have high valuations
will sometimes place bids which risk being overbid by bidders known to
have lower valuations. This possibility makes it worthwhile for bidders
with lower valuations to participate.!?

A possible drawback of first-price sealed-bid auctions is, however, that
they hamper the exchange of information among the bidders. Informa-
tion exchange is important as it may enhance efficiency. This can be seen
as follows. If information flows unhampered, bids will be based on bet-
ter information, and thus the auction may come closer to assigning the
licences to those bidders who will use them most valuably.!* Precisely be-
cause of this reason the economic advisers of the UK government did not
propose a first-price sealed-bid auction in the early stages of the prepa-
ration period (when it was still thought that only four licences could be
sold in a four-player market), but a mixed ascending-sealed design. In this

13 This argument is based on Klemperer (1998).
Of course, not every form of information exchange is desirable. Where information
exchange could facilitate collusion, it is clearly undesirable. Collusion will be discussed
further below.
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hybrid construction an open, ascending auction would take place until
all but five bidders had dropped out of the auction. The remaining five
bidders would then participate in a sealed-bid auction. The minimum bid
in this auction would be the price at which the sixth bidder had dropped
out of the auction. This hybrid construction was called an ‘Anglo-Dutch
auction’ because the open, ascending auction format is also known as
the ‘English’ auction, and the sealed-bid format implements the same
outcome as the descending clock auction, known as the ‘Dutch’ auc-
tion. Theoretical results for this Anglo-Dutch design are not available. It
has been experimentally tested, though, by Abbink ez al. (2001). They
conclude that, given their assumptions on the value distributions, the
Anglo-Dutch design and the ascending format are comparable in their
efficiency properties.

Facilitaring entry by reducing infrastructure costs 'There are several
other features, not directly pertaining to the rules of the allocation proce-
dures, that influence the probability of entry. The adoption of all or some
of the following rules has the effect of decreasing the infrastructure costs
(including financing costs), with a stronger relative effect on entrants.
They can play an important role in levelling the playing field for entrants
and incumbents.

(1) Mandatory roaming. This stipulation requires GSM incumbents to
grant an entrant access (for an appropriate fee) to their networks while the
entrant builds its own infrastructure. This means that a new entrant can
immediately start to offer 2G services and generate a positive cash flow
for the several years it takes to build a new network. The UK design orig-
inally included this feature, but it was removed following a suit brought
by an incumbent (Deutsche Telekom’s subsidiary OneToOne). A ‘volun-
tary’ agreement between the government and two other incumbents will
now guarantee free roaming. In Germany, the incumbents complained
that a free-roaming stipulation would infringe their existing rights, as de-
fined by the terms of their GSM licences, and the idea was abandoned.
The regulatory agency argued that roaming agreements could and would
be achieved by bilateral bargaining. Other countries (such as Finland)
allowed even the 3G networks to be based on roaming, in the sense that
each winner was requested to cover with its own network only a rela-
tively small fraction of the population, while relying on roaming for the
remainder.

(2) Licence fee payment by instalments. Another way to ease the financial
constraints is to spread the licence fee over several years. While this rule
benefits all firms, it is particularly important for new entrants whose
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cash flow is going to be negative in the first years because of the large
infrastructure investment. The UK adopted such a plan, but the required
interest rate was so high that firms chose not to use this opportunity. In
contrast, Germany required full payment just ten days after the auction.
As it became clear that the fees were going to be enormous, adverse
effects on share prices and bond ratings were triggered. These reactions
were partly responsible for the timing of the auction’s end (see the details
in subsection 4.3). At the moment, several firms are in serious financial
difficulties and share prices have plummeted.

(3) Mandatory site-sharing. This stipulation requires GSM incumbents to
grant access to their antennae and relay installations, so that several firms
can use the same facility. Note that 3G networks will require a denser cell
structure than existing 2G networks. Moreover, it is increasingly difficult
to obtain authorisation for new sites, on account of planning and envi-
ronmental restrictions. Dealing with this issue is thought to constitute a
sizable share of the infrastructure costs. Hence, mandatory site-sharing
can considerably reduce these costs. Not surprisingly, incumbents have
argued that, because of technical constraints, site-sharing is not feasible
on a large scale. In Germany there are new considerations about the fea-
sibility of such plans, and it is now conceivable that not all licensed firms
will build independent networks.

3.4 Revenue maximisation

Up to this point we have discussed efficiency aspects. Another impor-
tant goal has been revenue maximisation. Often this goal has been (erro-
neously) regarded as the main one by the media, the public, and even by
some academic commentators, who tend to compare auction outcomes
on the basis of the associated revenue. Revenue maximisation seems a le-
gitimate goal, particularly in the cases where it is believed that this form
of taxing firms is more efficient (i.e. less distortionary) than other, more
traditional taxation schemes.

The revenue-maximising format for multi-object auctions is not known
at a good enough level of generality (see Janssen and Moldovanu (this
volume, chapter 5) for some theoretical results). Pure revenue maximi-
sation often calls for bundling of objects, which, in the context of li-
cence auctions may lead to unacceptable monopolisation (see Jehiel and
Moldovanu (2001)). But there are several simple insights that may be
used in order to obtain satisfactory revenues.

(1) Besides the value of the objects, the most important factor deter-
mining revenue is the amount of competition during the auction. As
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we argued above, the design itself may affect the firms’ participation
decisions (i.e. if entrants see no chance of winning licences, they will
stay out). In this respect the ratio of new to old licences is crucial, and
the Dutch experience shows what can happen when this ratio is equal
to 1.

(2) Proper reserve prices that reflect the scarcity of spectrum and its other
potential uses should be imposed. Such a feature can avoid catastrophic
results even if, ultimately, there is not enough competition coming from
the bidder side.

(3) An important aspect is collusion avoidance.!® Collusion during the
auction must be based on some exchange of information (note that the
open, ascending design is rather favourable to such exchanges). Hence, a
restrictive disclosure policy during the auction will make collusion harder,
but it will also hamper the flow of information that may be relevant in
order to achieve a value-maximising outcome (see above).In instances
where there are strong common elements in the valuations of different
firms the exchange of information can significantly increase revenues.
This is because information exchange among bidders reduces in ex-
pected terms the amount by which bidders shade their bids to protect
themselves from the winner’s curse. The winner’s curse affects winners
who win an auction only because they have had partial, excessively op-
timistic information. There is also a relation between collusion and the
incumbent—entrant asymmetry mentioned above. From the point of view
of incumbents, who want to prevent entry, sustaining the collusive out-
come is more difficult if there is no focal, symmetric method which al-
lows the incumbents to share the pre-emption cost without exchanging
side payments, which is usually illegal. In such a case there will be free-
riding among incumbents (leading to increased entry) since each one of
them prefers to let other incumbents pay the cost of pre-empting the
entrants.

4 The German and Austrian auctions

In this section we look in more detail at the German (and Austrian)
auction design, which was the most flexible one. We give the benefits

15 Economic theory predicts that collusion in an auction with many participants is more
difficult to achieve than collusion in an auction with few participants. This is another
reason why it is important to have fierce competition during the auction (see point 1
above).
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and disadvantages and make an assessment. We first briefly describe the
design and the outcomes of these auctions.

4.1 Design

The rather complex design (which was common to the two countries)
involved two consecutive auctions. The first auction allocated licences
together with so-called ‘duplex’ or ‘paired’ spectrum frequencies. The
second auction allocated paired spectrum that had not been sold at the
first auction, together with additional ‘unpaired’ spectrum. Both auctions
were of the ‘simultaneous multiple-round ascending’ type.

At the first auction, bidders did not submit bids for licences directly.
Instead, the auctioned objects were twelve abstract blocks of paired spec-
trum (i.e. their location in the spectrum range was not known prior to the
auction). A bidder obtained a licence if he acquired at least two blocks,
and was allowed to acquire (at most) three. The number of licensed firms
was therefore variable (between zero and six). If all blocks were sold, then
there were bound to be at least four licences (equaling the number of
GSM incumbents in both Germany and Austria).

Each block had a reserve price of DM 100 million in Germany and €50
million in Austria. In each round a bidder had to bid on at least two blocks.
Strangely enough, although the blocks were abstract and identical, bids
carried name-tags! Bidding on only two blocks in one round precluded
bidding on three blocks in later rounds. After each round, only the tem-
porary winning bids on each block were announced (together with the
identity of the temporary winners). In particular, it was not always known
immediately whether a firm did bid on two or three blocks, but partial
reconstructions were possible after observing activity in a few rounds.

A block could have remained unsold either because there were no bids
for that block above the reserve price, or because the bidder who submit-
ted the last highest bid on that particular block ultimately failed to acquire
two blocks, in which case he was not required to make a payment.

The purpose of the second auction was to allocate additional capacity
among the bidders who were licensed at the first auction. This meant that
only those bidders that previously acquired at least two paired blocks of
2 x 5 MHz were allowed to participate.

Besides unsold paired blocks from the first auction, the second auction
allocated an additional five unpaired blocks of 1 x 5 MHz each. Bidders
could acquire any number of unpaired blocks, but were not allowed to
acquire more than one paired block (if any were left from the first auction).
Each unpaired block had a reserve price of DM50 million in Germany,
and €25 million in Austria.
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4.2 Outcomes

In Germany there were seven bidders (including four GSM incumbents),
after six other qualified bidders ultimately withdrew from the auction.
The auction lasted for three weeks and 173 rounds of bidding, and re-
sulted in six licences being awarded (four of them to the existing GSM
operators). The licensed firms were the four incumbents and two new en-
trants (one of them already operating as a service provider). Each licensed
firm acquired two blocks of paired spectrum, paying approximately €8.4
billion (or €4.2 billion per block).

The most interesting thing occurred when one of the potential en-
trants, Debitel, left the auction after 125 rounds and after the price level
had reached €2.5 billion per block. Since six firms were left bidding for
a maximum of six licences, the auction could have stopped immediately.
Instead, all remaining firms (and in particular the two large incumbents,
Deutsche Telekom and Mannesmann) continued bidding in order to ac-
quire more capacity. But no other firm was willing to quit. One by one,
firms stopped trying to acquire more capacity, and bidding stopped in
round 173. Compared to round 125, there was no change in the physical
allocation, but firms were, collectively, €20 billion poorer! Luckily for
the government, the outcome produced both high revenue and two new
entries.

In the second auction, five firms (three incumbents and two entrants)
each acquired an additional block of unpaired spectrum. There was no
serious bidding in which firms tried to acquire more capacity — note that
the pre-emptive motive was greatly reduced at this stage since the number
of licences had already been determined. It seems that the enormous
price paid at the first stage did not allow further flexibility (in particular,
the smallest incumbent Viag Interkom was so budget-constrained that it
could not afford serious bidding at all).

In Austria there were exactly six bidders (four of them GSM incum-
bents) for a maximum of six licences. Hence, in principle, the licence
auction could have ended immediately, at the reserve price (€100 million
per licence). Nevertheless, the auction continued for another sixteen
rounds before stopping with six licensed firms (four of them being the
existing GSM operators), each paying on average about €118 million per
licence. Hence, about €108 million was again spent for nothing. There
have been allegations that bidding occurred only to create a public im-
pression of some ‘real’ competition. In any case, it seems that observing
the alarming German outcome enabled the Austrian bidders to learn and
reduce their demand much more quickly.
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4.3 Benefits and disadvantages

A perceived advantage of the German auction was its flexibility. It has
been argued that ex ante carving of spectrum into fixed chunks of ca-
pacity cannot be efficient, since the regulator is less informed about the
precise operational needs of the involved firms (see Grimm, Riedel and
Wolfstetter (2002) and Bérgers and Dustmann (2003)).'% In the same
vein, since the regulator does not really know how many firms are ef-
ficient, why not let firms themselves determine the number of licences
in a competitive bidding process? These arguments are not entirely cor-
rect, since they confuse value maximisation (for the involved firms) with
efficiency, thus neglecting consumers. From the point of view of value
maximisation, a design which allows for a variable number of small and
large licences seems more desirable than those designs where the number
of licences and their capacities are fixed ex ante. While this argument is
correct, its implementation in the German and Austrian design mixed
flexibility in that dimension with flexibility concerning the number of
firms. Since per-firm profits probably fall with the number of firms while
consumer surplus probably increases, letting the firms decide how many
will be able to operate in the market is problematic for consumers’ ef-
ficiency. Consider a hypothetical situation where the regulator proposes
the following regulatory scheme to existing firms in the market: each firm
has to pay a substantial fee to the state; depending on the fees paid, the
regulator allows a number (possibly none) of new firms into the market,
with higher fees meaning fewer firms. This was, roughly speaking, how
the German and Austrian designs operated.

It is instructive to judge the design in terms of its ability to achieve
value and/or revenue maximisation (for some of the relevant theoretical
results, see also Janssen and Moldovanu (this volume, chapter 5)). Six
points can be made.

(1) By introducing bidding on one, two or three blocks rather than directly
on licences, the auction artificially created a situation with multi-unit de-
mand, and therefore offered scope for demand reduction gaming effects.
Demand reduction is a strategic option in auctions where bidders have
multi-unit demand, and where all units are sold at uniform prices: since
bidding for the last unit, say, raises the price for all other units, bidders will

16 Borgers and Dustmann underpin their argument by an analysis of the UK and Dutch
bid data. They show, for example, that unlike what the UK and Dutch governments
thought before the auction, a licence of 2 x 10 MHz paired spectrum seemed a viable
option.
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artificially reduce their demand on that last unit. Such effects usually lead
to inefficiencies, but here they may, in fact, have had some positive effect
since they could partly have offset the opposing demand-increasing effect
arising from the incumbents’ pre-emptive motives (see point 3 below).

(2) Complementarities existed among blocks. The first block was worth
nothing, the second a lot, and the third had a positive value. Complemen-
tarities among the auctioned goods are usually a hindrance to efficiency
(see McAfee and McMillan (1996) and Cramton (1997) for some US
experience) and also create exposure problems (see point 5 below).

(3) Since the number of firms was endogenous, the auction called for
strategic behaviour in order to reduce the number of licences, and created
an artificial demand-increasing effect. It was impossible to bid ‘straight-
forwardly’ in the German auction, since there were, for the same set of
parameters, multiple equilibria with very different outcomes. The intrin-
sic value of a third block of capacity was greatly augmented in feasible
scenarios, where acquiring such a block led to fewer firms in the market.
The rules implied that in any possible outcome with entry (with five or
six licensed firms) there would be at least one new firm with the mini-
mum mandated two blocks. If that firm lost one block, it would lose the
entire licence. Thus, besides getting ‘pure’ economic value by acquir-
ing one block of capacity in excess of the minimum two, an incumbent
might get substantial extra value by denying an entire licence to a new
entrant. (In order to achieve an outcome with only four licences, some
more co-ordination was needed among three incumbents; see also point 6
below).

(4) A revenue-maximising seller may extract revenue by ‘threats’ to sell
exactly to those agents that create strong negative externalities on others
(see also Janssen and Moldovanu (this volume, chapter 5)). It seems that
this argument was well understood by the auction designers. By allowing
four to six firms, a threat to sell to newcomers was in effect operative,
and it was, in principle, avoidable for a sufficiently high price. Some
commentators argued that the German design was therefore much better
geared towards revenue maximisation. If the endogenous entry decisions
prior to the auction are neglected, this argument is correct.

(5) The multi-unit-demand and complementarity features created an ex-
posure and regret problem for the involved firms. The exposure problem
arises in multi-object auctions where the objects are complements (i.e. the
value of a bundle is higher than the sum of the values of its components)
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and where combinatorial bids on entire bundles are not allowed. In such
a scenario, a bidder bids high on two items hoping to win them both,
but, since he does not know the others’ valuations, ultimately he gets
stuck with only one item for which he has a low valuation. The exposure
problem in the German design was a direct consequence of the fact that
dominant incumbents tried to push entrants out of the market, but were
ultimately unsuccessful (see Ewerhart and Moldovanu (2002)). The at-
tempt to create a more concentrated market structure drove prices up
for all acquired frequency blocks without changing the final allocation
(thus causing regret). There are several potential explanations for this
failure. First, there was intense pressure from stock markets and bond-
rating agencies to stop bidding. Second, since there were only two finan-
cially strong incumbents, and since prices were already high when Debitel
stepped out, at least one entry looked plausible. As one entry was likely
to occur, the value of preventing a second entry was reduced. Auctions
that create exposure and regret phenomena are not attractive for bidders,
who may rationally decide to avoid bidding altogether.

(6) The simultaneous ascending auction (through its dynamic, iterative
structure) is well suited for incumbents who wish to co-ordinate in order
to prevent entry, without the need of external monetary transfers. To-
wards the end of the auction there was clear signalling activity between
the two large incumbents, who tried to sort out whether to continue
bidding in order to reduce the number of entrants. Mannesmann made
several bids where the smallest free digit (i.e. taking into account the
rules that allowed bids only in multiples of DM 100,000) was 6, suggest-
ing that it was finally ready to accept an outcome with six firms. Initially,
Deutsche Telekom responded with bids ending in 5, suggesting that it
was willing to bid even higher in order to reduce the number of licences
to five. Only after further price increases and increased nervousness in
the stock markets did bidding stop.

4.4 Assessment

The German design allowed both a flexible allocation of capacity and a
flexible number of licences. This is a clear advantage vis-a-vis less flexi-
ble designs. But the pre-emption effects stemming from market structure
considerations (combined with the presence of incomplete information)
created a significant exposure for bidders, which affected the financial sta-
bility of the telecommunications industry. The Austrian bidders quickly
learned to avoid this pitfall, and the Austrian auction generated little
revenue.
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Because the flexible design allows incumbents to fight entrants, the
prices paid in the flexible design can be strictly higher than those resulting
from a less flexible design yielding the same outcome. But the flexible
design included the risk of creating a more concentrated market structure,
with adverse effects on consumers.

For these reasons, we question the efficiency gains obtained by the flex-
ible design as it was used. A small modification, with flexibility between
five or six licences (which would ensure entry and therefore reduce the
pre-emptive motives and exposure), seems to us preferable.

The outcome of the German auction can, however, be considered a
great success: the German government ended up with both high revenues
and an unconcentrated mobile-phone market!

5 Conclusion

In this chapter we have shown that in the European 3G licensing pro-
cess three distinctly different methods have been used. The first licensing
method is the Beauty Contest. The characteristic feature of this licens-
ing method is that it always contains a subjective element: there is no
pre-defined algorithm that determines who will have the best bid. In all
the Beauty Contests, the number and size of the licences, as well as the
licence-holder and prices, were determined by government bureaucrats.
The second licensing method is the fixed prize auction. Like the Beauty
Contest, this allocation mechanism determines the number and size of
the licences bureaucratically; the licence-holder and prices, however, are
determined in an auction. The third licensing method is the variable prize
auction. In this allocation mechanism not only are the licence-holder and
prices determined by an auction, but also the number and size of the
licences (to a certain degree). This chapter argues that an auction is usu-
ally the best way to allocate 3G licences. Whether one should choose
the second or the third licensing method is dependent on the goal of the
allocation and the current market situation.

In this chapter we have also surveyed some important aspects of li-
cence auction design. We have argued that in complex environments it
is necessary to base practical auction engineering on a sound theoretical
foundation that combines the insights of auction theory with those of
‘industrial organisation’. Overlooking market structure details can have
far-reaching consequences for the shaping of one of the most important
future markets.

Besides allocating spectrum, licence auctions shape future market
structure in almost irreversible ways. A successful design must level the
playing field between incumbents and potential entrants. The asymmetry
between incumbents and entrants is a constant feature of most licence
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auctions, while many other features (such as particular aggregation in-
terests or particular alliances across countries) are of a more transitory
nature. Designs that encourage entry will result in increased efficiency,
but they will also generate more revenue since more bidders will be at-
tracted by the auction if they perceive real chances of winning.

Licences should be defined unequivocally. The length of the contract,
the minimum required speed of network roll-out, the minimum require-
ment for geographic and/or population coverage, limitations about re-
sale, mandatory roaming agreements, number portability, etc. should all
be specified ex ante. If these issues are not dealt with properly, even an
‘efficient’ assignment process may lead to a badly functioning industry ex
post. It is important too that the government commiits itself not to change
the terms of the licences ex post.

Given the increased global nature of the telecommunications industry,
it may be worthwhile thinking about the advantages and disadvantages
of some kind of European ‘super-auction’ that allows the aggregation
of continent- (or EU-) wide licences besides the national ones. Even if
spectrum allocations remain national affairs for the foreseeable future,
some harmonisation measures may be required. At the moment, many
firms complain that Beauty Contests always favour national incumbents,
while those incumbents (who often obtained licences almost for free
in their own country) can freely compete with deep pockets in foreign
auctions.
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8 Auctions of gas transmission access:
the British experience

Tanga Morae McDaniel and Karsten Neuhoff

1 Introduction

An essential component of most utility industries is the network that
transfers the commodity (e.g. gas, electrons, data, water) between pro-
ducers and consumers. Frequently the supply of the commodity cannot
meet demand either because of constraints within the network or because
of insufficient capacity at points where the commodity is inserted or with-
drawn. At these times producers or demand may be rationed. Producers
at transport-constrained locations may be replaced by producers at un-
constrained locations. Rationing on the demand side can be voluntary,
based on price signals or based on interruptible contracts, or it can be in-
voluntary, as occurs during times of rolling blackouts and unanticipated
crashes of departmental computer servers. To determine who is rationed
first, or, alternatively, who bears the costs of rescheduling production in
order to match transmission constraints, we have to identify who owns
the rights to the use of the network. Such rights can be implicit, granting
unlimited access, explicit, guaranteeing a certain amount of physical de-
livery, or financial, compensating for costs incurred due to transmission
constraints.

The question of transmission rights is of relevance once vertically inte-
grated gas, electricity or water utilities are unbundled such that compet-
ing enterprises want to use scarce parts of the network. The successors of
previously integrated utilities frequently argue that historic flow patterns
guarantee an implicit right to continue similiar use of the transmission
network. On the basis of this line of reasoning, newly defined transmission
rights have been granted to existing producers or distribution utilities, a
process referred to as grandfathering. Alternatively, transmission rights

We wish to thank Professors David Newbery, Paul Joskow and Maarten Janssen for their
comments and for research support from Transco plc and UK-Interconnector. Support
from the UK Economic and Social Research Council under the projects R000 238563 Ef-
ficient and Sustainable Regulation and Competition in Network Industries and R42200034307,
from the Gottlieb Daimler Foundation and from the CMI Electricity Project is gratefully
acknowledged. Any remaining errors are our own.
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have been granted in bilateral negotiations, a process particularly suited to
buying the support for different utilities or their (regional public) owners.
More recently, auctions have been introduced in the hope of increasing
transparency, allocative efficiency and competition while decreasing user
discrimination. In the United States some gas transport services are sold
by auction, as are access rights to the national gas network in Britain and
the use of electricity interconnectors between many European countries
(e.g. Belgium—UK and Germany—Netherlands).

In this chapter we use the experience of the British gas industry to
develop the following argument. In a vertically unbundled industry the
allocation of access to scarce transmission requires well-defined rights.
Grandfathering such rights is not transparent, biases against new entrants
and fails to capture scarcity rents. Selling the rights at a posted price may
work for some time, but fails as soon as more rights are asked for than
there is transmission capacity available. Therefore, we conclude that auc-
tioning of well-defined access rights is an efficient and non-discriminatory
way to ration rights to a constrained transmission network, given that
there is competition in both production and supply of the final product.

The use of auctions in the gas industry is the result of a progression
involving changes in industrial structure and regulation, so the qualifiers
in our argument are important. The fact that the gas market is liberalised
in Britain and that both production and supply are not highly concen-
trated means that auctions are feasible. Moreover, the monopoly network
owner, Transco, has been physically unbundled from gas supply and pro-
duction since 1997, thus reducing if not eliminating the danger of dis-
crimination between network users. Where competition is lacking, where
transmission constraints are not binding or where there is significant ver-
tical integration, auctions are not obviously preferable to regulated posted
prices.

If rights are auctioned, then a reserve price or additional transmission
charge might be required to cover network costs when transmission is not
scarce — in which case an auction would provide zero revenue. A further
motivation for a reserve price is that gas producers with market power
will understate their demand for transmission rights to avoid scarcity and
positive prices for transmission rights. Even in the British gas industry,
where there is competition and vertical separation, there are some points
on the network that are only used by a very small number of producers.
These producers have local market power in auctions for location-specific
transmission rights, and reserve prices ensure that network costs are still
recovered.

In the next section we discuss features of the British gas industry and
provide a brief introduction to the privatisation and liberalisation of the
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industry. The industry phases leading up to the current auctions are ad-
dressed in section 3 and a description of the auction design is given in
section 4. Sections 5 and 6 offer an evaluation of the auctions and our
conclusions. In this chapter our focus is the auctions of monthly system
entry capacity that have been held since September 1999. In Britain,
auctions are now also used over longer periods to inform investment
decisions; we briefly discuss this use of the auctions in section 5. We do
not separately address the question of gas storage or auctions for storage,
as we believe that the additional complexity does not alter the basic eco-
nomic arguments we present.

Our arguments assume the particular characteristics of gas transmis-
sion networks and the results are not directly transferable to the electricity
industry. Transmission rights for gas are comparatively easy to define, gas
flows are rather stable and the network itself can be used to stabilise intra-
day variations of demand and supply. In contrast, in electricity networks,
demand has to match supply at any moment, loop flows complicate the
definition and reallocation of transmission rights, and the variety of gen-
eration technologies creates large variations in the flow patterns during
the day. Physical transmission rights on the electricity network therefore
have to be defined for short time periods of less than an hour, with high
locational resolution, and can only be retraded centrally. The resulting in-
efficiencies from illiquid markets and high transaction costs make physical
transmission rights less suitable for dealing with transmission constraints
in electricity networks.

2 Privatisation and Liberalisation

Utility networks have properties of natural monopoly and as such are
usually owned by a single company. Creating competition in network in-
dustries therefore involves requiring the monopolist to give other compa-
nies the right to use the network. Much of the regulatory process involves
deciding how rights should be given, monitoring this process and deter-
mining how much users should pay. The process of allocating rights also
affects the costs to the network owner of alleviating system constraints
when demand for access exceeds the physical capability of the system. If
rights are not firm and are poorly defined or if users do not face financial
disincentives to overstating their demand for capacity, then the network
owner will incur unnecessarily large costs to get rid of constraints. More-
over, the information provided to the owner about demand for network
services and the need for new investments will be distorted.

Property rights (or access rights) to a monopolised transmission net-
work can be allocated in one of the following ways:
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(1) by leaving the access rights with the existing monopolist who can
negotiate with potential users;
(2) by allowing existing users to continue their transmissions at tradi-
tional volumes (grandfathering);
(3) by auctioning the rights.
The British experience from 1982 to 1990 shows that British Gas (BG), as
a vertically integrated monopoly network owner and majority gas supplier
was reluctant to create competition by granting access to its network. As
BG was slowly vertically unbundled following its privatisation in 1986,
and as its market share in gas supply began to decline, more market-
oriented mechanisms were introduced. As we later discuss, these mech-
anisms were easily gamed by the network users — the result of which was
large costs for eliminating network constraints. Grandfathering of rights
discriminates against entrants thereby reducing competitive pressure. In
contrast, when there are well-defined property rights, the transmission
operator issues transmission access corresponding to the available trans-
mission capacity in the system; appropriately designed auctions accom-
panied by secondary trading markets can apportion these property rights
efficiently.

2.1 Background

We discuss the development of the British gas industry in order to moti-
vate our argument that feasible transmission access design depends on the
existing industry structure and concentration. There is now an indepen-
dent owner and operator of the transmission network and competition in
gas production and gas supply. The structure of the industry is now such
that auctions are feasible. This structure was attained through a long leg-
islative process following privatisation in 1986. Prior to 1986 the industry
had been in public ownership for just under forty years.

The British gas industry was nationalised in 1949 with the creation of
twelve area supply boards, which were later united to become the British
Gas Corporation in 1972. In the nationalised framework an integrated
high-pressure network was built to deliver natural gas directly from the
North Sea in place of coal- and oil-based town gas and liquefied gas
delivery.

The Oil and Gas Act of 1982 was the first step towards industry lib-
eralisation. The Act permitted competing gas companies access to the
transmission network in order to supply large industrial customers with
demand above 25,000 therms. The Gas Act of 1986 transformed the
British Gas Corporation into British Gas (BG) and in the same year
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Figure 8.1. Competition in the gas supply sector, UK. (Source: Oxera,
2000.)

shares were offered for sale. Figure 8.1 shows that BG had at that time
100 per cent of the supply market share, which it retained throughout the
eighties.

Following the 1986 Gas Act other industrial customers were legally
allowed to contract with independent companies (or shippers),! and BG
was required to provide transmission facilities. However, it was only after
inquiries by the Monopolies and Mergers Commission (MMC) in 1988
and 1993 and several interventions of the Office of Fair Trading that
competition truly began. In these inquiries it was found that BG was
using its monopoly position to discriminate against independent shippers
by applying high, non-transparent tariffs for the use of the transmission
system and for the use of back-up gas. Moreover, the network owner
had discriminated against shippers other than BG in the provision of sys-
tem reinforcements and connection services. In 1998, the MMC panel
required BG to publish information about the tariffs it charged to cus-
tomers and not to contract more than 90 per cent of any new gas field.
The Office of Fair Trading ruled in 1991 that BG’s gas market share
should not exceed 40 per cent; consequently, the monopoly tariff thresh-
old was lowered in 1992 from 25,000 therms to 2,500 therms, allowing
small businesses to contract freely with other suppliers.

Traditionally, transportation and storage formed part of BG’s inte-
grated gas supply business. The 1993 MMUC report concluded that the
lack of effective neutrality of the transportation and storage business ‘may

1 A shipper is anyone who requires capacity on the transmission network. Shippers are
usually producers, but the term would also be applied to traders if they were bidding in
the auction.
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be expected to inhibit choice, restrict innovation, and lead to higher levels
of gas prices to users’ (paragraph 2.104). Based on the MMC recommen-
dation the Secretary of State required BG to establish a separate business
unit for transportation and storage with full physical separation of people,
property and computer systems and information barriers between units.?
Transco was established as the network owner/operator and a business
unit of BG in 1994 and has been subject to a separate (RPI — X) price
control since 1 October 1994. Subsequently, the ownership structure and
market share of British Gas changed substantially. In 1997 a demerger
created Centrica plc which became responsible for gas supply, retail ser-
vices and production from the Morecambe gasfields. Transco remained a
part of British Gas plc until demerging to join Lattice Group plc in 2000.

The Gas Act of 1996 created the framework to open the market even
for small consumers, with full domestic liberalisation to be implemented
by May 1998. However, during the 1997 MMC inquiry it became appar-
ent that gas sales and trading, services and the retail business had to be
separated. All of the demerged companies remained in the same group,
Centrica plc, and separation of ownership was only achieved in October
2000 when Transco became part of Lattice Group plc and thus separate
from gas supply. By 2000, 25 per cent of domestic and 72 per cent of
industrial customers had switched gas suppliers (Oxera, 2000).

To summarise, British Gas was privatised as a vertically integrated
monopolist in 1986, but it was not until 1997 that supply and (some)
production were unbundled from transport. At that time, supply and
production became the responsibility of Centrica, while Transco (and
so the transport business) remained with British Gas. In October 2000
Transco demerged from British Gas and joined Lattice Group plc. A
merger between Lattice Group plc and National Grid Company in
October 2002 gave ownership of the gas and electricity transmission
networks to the new company, National Grid Transco plc.

The major contribution towards a lower level of concentration in supply
was an 85 per cent growth in gas demand in the UK between 1990 and
2000 (figure 8.2). Sixty per cent of the growth was due to new combined
cycle gas turbines, which until 1990 had been prohibited under EU energy
law (Department of Trade and Industry, 2001).

The concentration of upstream gas production was and is rather low.
Oxera (2000) suggested that in 1985 British Gas accounted for 22 per
cent of total UK gas production, a share that has dropped insignifi-
cantly to 21 per cent for the combined output of BG and Centrica (see

2 To ensure that the trading business would not have access to information provided by its
competitors to the transportation business. (MMC, 1997)
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Figure 8.3. Shares of UK gas production. (Source: Leading UK Gas
Producers, Platts 1998.)

figure 8.3). This low overall concentration should, however, not distract
from the fact that the concentration of gas producers at individual entry
terminals is typically significantly higher and therefore local competition
for entry rights or balancing services lower or non-existent. This issue
will be addressed again in section 5.

A consultation process started in 2001 by the industry regulator, Ofgem
(Office of Gas and Electricity Markets), addressed questions raised by
downstream suppliers, specifically that of whether upstream producers
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can and do exercise market power. Because of transmission constraints
producers can have regional market power even though total concentra-
tion is low.

The above discussion shows the difficulties of introducing competition
if a vertically integrated monopolist is in private ownership. We next de-
scribe the UK gas network and how the access regime has evolved with
increased industry competition.

2.2 The gas pipeline network

Figure 8.4 illustrates the main gas pipeline network in the UK and the
North Sea. Most underwater pipelines start from gas fields and transport
gas of different consistencies that has to be processed at the coast before
it can be inserted into the National Transmission System (N'TS). The
UK is responsible for 55 per cent of North Sea gas production, which is
from either wet-gas or dry-gas fields. Wet gas is produced in the northern
fields that are interconnected to St Fergus and can be considered a by-
product of crude oil production. Producers with wet-gas fields respond
to price signals in the oil market and do not adjust their output substan-
tially according to changes in gas demand. The other fields are dry-gas
fields which only produce natural gas and can be more easily adjusted to
accommodate seasonal variations in gas demand.

The UK is connected to a number of other European markets via
pipelines and interconnectors. The Frigg pipeline was initially con-
structed to allow gas from the UK-Norwegian Frigg field to be trans-
ported to the UK. The Frigg Treaty of 1997 allowed the use of the pipeline
to import gas into the UK from additional Norwegian gas fields by inter-
connecting it with other pipelines and using it for new gas exploration.
The UK-Belgium interconnector, opened in October 1998, was initially
planned to allow for exports of UK gas to the Continent, but is also used
for so-called reverse flows for imports into the UK during winter peak de-
mand. Upgrades of compression facilities are to be completed in 2005 to
increase the reverse flow capacity. Two further interconnectors are used
for exports to Ireland. Given the level of abstraction of the current study,
we simply classify use of interconnectors as additional demand on the
NTS.

The N'TS in Britain connects the gas landing facilities and storage
facilities to gas customers. Demand for transmission services is volatile
over the year and capacity is capital-intensive. Therefore, it would be in-
efficient to have a network that can satisfy all transmission requests. In
recent years the St Fergus terminal in Scotland has been the most con-
strained. This continues to be the case, as currently binding constraints
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3 Evolution of the access rights regime

Three general methods are available to resolve transmission constraints
on the gas network: (i) inserting gas into the N'T'S at a different node on
the network — usually from a different gas field; (ii) using storage facili-
ties in import-constrained areas to provide gas at times of high demand;

3 Jones (2001).
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(iii) offering interruptible contracts to industrial consumers and electric-
ity generators. Interruptible contracts allow Transco to stop supplying
gas for up to forty-five days per year if system demand reaches 85 per
cent of peak demand and transmission constraints prevent delivery. In
exchange, industrial consumers pay lower capacity charges for access to
the transmission network.

3.1 1986-1996

For most of this period BG was a vertically integrated monopolist and
dominated the supply of gas as well as controlling the transmission net-
work. Independent shippers supplied only large industrial customers,
who usually have a low variance of energy demand during the year. As
such, the initial regime for using the N'TS did not address transmis-
sion constraints during operation, but required BG to resolve them au-
tonomously. Shippers were only required to balance (i.e. to match the gas
consumption of their customers with the gas shipments inserted at the
coastal terminals) on a monthly basis. BG would balance the system on a
daily basis and resolve transmission constraints using the three methods
listed above: managing the volume and terminals at which gas was in-
serted into the network, storage and interruptible contracts.

Because BG dominated the industry, a protocol which left BG with
sole responsibility for system balance and resolution of transmission con-
straints was feasible. However, the scope for discrimination and abuse
of its dominant position were obvious drawbacks: ‘[BG] acknowledged,
for example, that problems had occurred in some cases in estimating the
capacity available for its competitors when they [had] sought to sup-
ply customers previously supplied by BG’ (Monopolies and Mergers
Commission, 1993). Subsequently it was decided that shippers could
only be charged for costs of capacity expansion for the direct intercon-
nection of the plant (shallow connection charges), but not for system-wide
reinforcements (deep connection charges).

As the dominant position of BG declined with the lowering of the
monopoly threshold, competitors began to serve customers with greater
seasonal variation in demand, who required more balancing and ac-
counted for more constraints on the system. As a result, the former con-
straint alleviation methods were compromised. In any case, this combina-
tion of industry structure and access regime was seen as an intermediate
stage. The Monopolies and Mergers Commission (1993) concluded: ‘In
the longer term, however, we would regard the ability of competitors to
access the transportation network and other facilities such as storage on
non-discriminatory terms (including, for example, the balancing regime
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adopted by BG to ensure adequate availability of gas in the system to
meet demands) as essential if competition is to be sustained.’

3.2 New Nerwork Code, March 1996

The network operations of BG became the responsibility of Transco in
1994, and the Network Code (‘the Code’) was adopted in 1996. The
Code was the industry’s response to a number of factors including: the
opening of the domestic market (with volatile demand profiles); the falling
market share and therefore reduced balancing capabilities of BG; in-
creased pressure for non-discriminatory pricing of transmission services;
and the request of independent shippers to profit from providing bal-
ancing services. The Code required shippers to balance gas inserted at
terminals and storage facilities with the gas delivered to their contracted
customers. Transco would balance the system if deviations occurred and
subsequently charge shippers the resulting costs.

Under the Code, Transco continued to use interruptible contracts to
manage constraints but it also introduced a new mechanism for buying
back excess entry capacity rights. Under this mechanism, shippers first
had to book and pay for annual entry capacity for a specific terminal at
a price related to Transco’s capacity costs.* One day ahead, they would
then nominate how much gas they would flow the following day.

This system did not ex ante incorporate transmission constraints. Ship-
pers could book unlimited amounts of entry capacity, could nominate
above their booked capacity for an additional fee,> and could insert gas
above the nominated level at the risk of the ‘overrun charges’. How-
ever, the system did provide Transco with day-ahead information on
how much gas would be inserted at any terminal. Transco would then
use information about large consumers’ demand and estimates of do-
mestic users’ demand (based on weather forecasts) to simulate the next
day’s gas flows. If constraints were anticipated, then Transco would use
a pseudo market instrument called the ‘flexibility mechanism’ to resolve
the constraints. For example, if expected gas insertion at St Fergus ex-
ceeded transmission capacity in Scotland, then Transco would sell gas
at St Fergus and buy gas at southern shore terminals closer to demand.
Uncertainty about the functioning of the flexible mechanism meant that
Transco retained additional storage at the beginning to allow for balanc-
ing, but the initial success of the Code allowed most of the storage facilities

4 This cost was a regulated tariff based on the long-run marginal cost of expanding the
network to accommodate additional flows at the terminal.
5 Equal to 73/183 of the annual entry capacity.
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Figure 8.5. St Fergus and Bacton constraint costs. (Source: Ofgem,
1999a.)

to be made available to shippers on an annual basis based on regulated
tariffs.5

For the first two years the Network Code and flexibility mechanism
appeared to work well. Then, in the summer of 1998 significant capacity
shortages occurred for entry at St Fergus due to delayed commissioning
of additional capacity and construction on existing capacity. As a result
“The level of nominations was far in excess of the available capacity, or in-
deed the level of [additional] capacity originally projected by Transco to
be available at St Fergus’ (Ofgem, 1999a). Transco had to sell significant
amounts of gas at St Fergus and acquire replacement supplies at other
terminals, resulting in total balancing costs of £23.1 million during the
period from late August to 8 October 1998 (see figure 8.5). In this situ-
ation, shippers faced perverse incentives. Even if they had otherwise not
planned to ship gas, they could nominate gas insertions and subsequently
submit bids via the flexibility mechanism to reduce the announced inser-
tion. Such behaviour was individually rational: the shipper profited and
was only exposed to a fraction of the costs he created since balancing
costs were shared among all shippers.

The design of shipper licences, defined in the Gas Act 1986, equips
the regulatory body with authority beyond usual competition law to inter-
vene in the case of non-competitive behaviour. Condition 2(2) prohibits
shippers from knowingly or recklessly pursuing a course of conduct that

6 For a discussion of the storage market and the introduction of storage auctions in the
UK, see Hawdon and Stevens (2001).
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Figure 8.6. EIf Exploration’s excess nominations. (Source: Ofgem,
1999a.)

is likely to prejudice the efficient balancing of the system. Condition 2(3)
requires that the licensee shall not knowingly or recklessly act in a manner
likely to give a false impression to a relevant transporter as to the amount
of gas to be delivered by the licensee on a particular day to that trans-
porter’s pipeline. Standard condition 9 furthermore requires the shippers
to furnish the director-general of the regulatory body (now Ofgem) with
such information as he may reasonably require, even if this information
is subject to confidentiality provisions; information is excluded only if a
court in civil proceedings would not be able to compel the shippers to
produce it.

Ofgem concluded in its 1999 inquiry that making excessive day-ahead
nominations constituted a breach of the standard conditions 2(2) and/or
2(3). The most impressive part of the evidence was against Elf Explo-
ration. Figure 8.6 illustrates how EIf nominated excessive capacity once
it became apparent in September that Transco would have to use the
flexibility mechanism to resolve anticipated constraints.” It would be in-
teresting to see whether the evidence available to Ofgem would suffice for
the conclusion to stand up to judicial review. In the event, shippers did
not have to challenge Ofgem’s conclusion because, owing to subsequent
changes to the trading arrangements in September 1999, Ofgem did not
take enforcement action.

7 Traders of Shell gas were similarly ignorant of the capabilities of regulatory offices, whereas
most other shippers behaved according to the spirit of the Network Code.
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3.3 Scaling back

As areaction to the increasing costs of constraint resolution with the flex-
ibility mechanism, as illustrated by figure 8.5, Ofgem modified the Code
in October 1998. Modification 271 required Transco to (proportionally)
‘scale back bookings to ensure that booked capacity equalled the amount
of gas that could be physically evacuated from St Fergus entry terminal’.
Obviously the result was that some shippers did not receive the capacity
they required for their contractual requirements, while other shippers,
in particular at that time BG, still retained unused booked capacity. BG
made its excess capacity available in a day-ahead auction until November
1998 when Modification 273 introduced a day-ahead auction at entry
terminals, allowing unsold or unused physically available capacity to be
made available to shippers.

The value of entry rights in the day-ahead auction is illustrated in
figure 8.7. The prices for entry rights match the price differences in the
day-ahead spot market for gas at St Fergus and gas at the National Balanc-
ing Point (as shown in figure 8.13). This was a first indication that auc-
tioning entry rights might be successful. The scaling-back approach was
considered to be only a temporary solution, mainly because of complaints
about the uncertainty shippers face up to the day ahead over whether they
will have access to sufficient capacity. The Ofgem inquiry of December
1999 concluded that some shippers had breached their licence conditions
during this period by nominating gas flows above the capacity which had
been available after their initially booked capacity had been scaled back.
The defence brought forward by shippers was that they faced significant
uncertainty about available capacity and felt they had to honour commer-
cial commitments to ship the gas. Even though these shippers could have
resolved the conflict between commercial commitments and obligations
following from the licence conditions by interacting in the spot market,
such a solution would have required significant interactions. The corre-
sponding transaction costs can be considered to be a major disadvantage
of the scaling-back approach.

The conclusion to be drawn from the UK experience is that selling an
unlimited amount of transmission rights at a posted price only works in
an unconstrained network.

4 Auctioning entry rights

Charges to use the gas transmission system are split between use of the
National Transmission System (N'T'S) and use of the Local Distribution
System. Only the N'T'S is relevant for our purposes. Fees to use the NTS
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Figure 8.8. N'T'S charges and floor prices. (Source: Transco, 2000, table
3.2.1.)

are split between capacity (65 per cent) and commodity charges (35 per
cent). Capacity charges include both an entry fee (charged at the auction
price) and a regulated exit fee (based on a long-run marginal cost calcu-
lation). The commodity charge is a flat fee per unit of gas transported
and is independent of the entry and exit zones. This description is shown
schematically in figure 8.8.

Transco is a monopolist with regulated revenues and an allowed annual
revenue. Provisions are made for the eventualities of over- and under-
recovery of revenues and generally entail revisions to other regulated net-
work charges. Revenues from the monthly system entry capacity (MSEC)
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Figure 8.9. Energy availability and sales.

auctions are part of Transco’s revenue target, and day-ahead and daily
auctions (which do not contribute to the revenue target) form part of an
incentive scheme whereby Transco is rewarded for increasing available
capacity.

4.1 Description of the current auction approach

As can be seen in figure 8.4 there are six major coastal terminals in Britain
where gas is put into the N'TS: St Fergus, Teesside, Easington, Thed-
dlethorpe and Bacton on the East Coast and Barrow on the West Coast.
The auctions for rights to insert gas into the N'TS began in September
1999 and originally only included these six terminals. The subsequent
auctions also included a number of onshore fields, storage and con-
strained liquified natural gas facilities. St Fergus in Scotland and Bacton
in the south-east are the terminals with most demand for capacity.
Figure 8.9 shows the volumes of energy sold and available at these six
terminals for the March 2002 auctions (as a percentage of total capacity
sold and available at all terminals). St Fergus and Bacton account for only
16 and 19 per cent, respectively, of available entry capacity, but 44 and
20 per cent, respectively, of gas is produced and sold at these terminals.
The importance of St Fergus may be understood by noting the number
of gas pipelines connecting it to gas fields in the North Sea. Bacton is
likewise connected to a number of major pipelines, but, more impor-
tantly, it is the terminal closest to the interconnector linking Britain to
the Continent via Zeebrugge in Belgium.
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The major characteristics of the auction design and product, the auc-
tion rules, and the evolution of the auction design since 1999 are outlined
below.

4.2 Auction features

The product sold in the auctions is the right to enter a volume of gas at
a given entry point for one month (referred to subsequently as monthly
system entry capacity, or MSEC). Auctions of MSEC are held twice
a year and are for six-month tranches; auctions held in March allocate
rights for the period April-September, and auctions held in September
allocate rights for the period October—March.

Transco considered whether to sell twelve-, six- or one-month capacity
rights at each auction; it concluded that the monthly option would be best
in principle since it would provide the most flexibility to shippers, but this
option could not be realised in time for the September 1999 auctions. Six
months were preferred to twelve since this would reduce shippers’ risk
from bidding mistakes and would take account of the different demand
profiles of winter and summer (Transco, 1999).

Transco furthermore assessed how auctions would meet criteria with
respect to allocative efficiency, ease of use, familiarity, accommodation
of complements/substitutes and system readiness. The accommodation
of complements and substitutes among different entry terminals is an
important feature of any design of gas network auctions. Shippers will
value the ability to adjust their demands at different terminals depending
on maintenance, for example, or their need to have rights for consecutive
periods, while Transco can shift available entry capacity between different
terminals if the transmission constraints are not directly at the terminal
but deeper in the transmission system. MSEC auctions are accompanied
by daily auctions of firm and interruptible capacity rights.

Auction rounds The total capacity available at each terminal is
divided equally and sold over four rounds separated by one business
day. Beginning with the March 2000 auctions, these four rounds were
supplemented by a fifth ‘flexible’ round in which any unsold (aggre-
gate) capacity could be auctioned and subsequently nominated at any
entry terminal on the network. There is one proviso, however: Transco
sets a maximum amount that can be allocated to each terminal in the
MSEC auctions. Thus, if a shipper bought capacity in the fifth round
and wanted to nominate at St Fergus, she would only be able to do
so if that maximum was not binding. As the fifth round is a ‘residual’
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round, the volumes sold are rather low. In the March 2000 auctions a very
small amount of the aggregate residual capacity remained unsold because
bids to nominate fifth-round capacity to St Fergus were rejected on the
grounds that the maximum allowed MSEC for that terminal had been
reached.

Reserve prices Reserve prices reduce the risk that the network
owner will be unable to meet its revenue requirement and are important
for capacity auctions in the presence of either market power or excess
capacity. Prior to October 1999, entry rights were booked on the ba-
sis of regulated prices that were estimates of the long-run marginal cost
(LRMUC). Reserve prices equal to LRMC would reduce the efficiency of
the auction if these were above the marginal valuation of shippers. In de-
termining appropriate reserve prices, the estimated LRMC has been used
as a benchmark, with proportional discounts dependent on the concen-
tration of bidders at each entry point. At Barrow, where there is essentially
just one bidder, the reserve price equals the LRMC and the auctions al-
ways clear at this price.

Auction quantities The amount offered for sale in the monthly
auction will affect the amount of secondary trading and the number of
rights that Transco must repurchase in the event of network constraints.
This implies that the amount offered for sale in the auction will not nec-
essarily correspond to the amount of physical capacity available either in
total or at each entry point. Initially, the baseline level of demand that
determined total capacity offered at MSEC auctions was calculated us-
ing historical information on the average amount of capacity that would
be available each month under conditions of seasonal normal demand
(SND). The total was then allocated among terminals on the basis of
actual flows over the previous three years (Ofgem, 1999b). Ofgem was
not satisfied with the use of SND as a measure of available capacity since
it was ‘backward-looking’ and might not accurately represent the current
state of the energy market. The approach was also criticised because the
calculations were done by Transco. Through a number of Modifications
to the auction rules the total amount of capacity made available at each
auction has steadily increased.

If more capacity is auctioned than is warranted by downstream demand
then Transco must buy back those rights from shippers, possibly at higher
prices (see table 8.1 and section 5 for a discussion of the high buyback
costs in October 2000).
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4.3 Auction rules

We follow Ofgem documents and the Network Code published by Transco
in the discussion of the auction rules and procedures (Transco, 2001).
Capacity rights for six separate months are sold at each auction. The
auctions are sealed-bid, pay-bid and concurrent by terminal and month.

Each bid has to include the shipper’s identity, the entry terminal, the
month for which capacity is sought and a minimum volume and bid price.
Shippers’ bid prices are given in pence/kWh/day, specified to four decimal
places, and must not be below the reserve price. The minimum volume
for which a shipper can bid is 100,000 kWh/day. Shippers can submit as
many as twenty bids for each terminal and each month in each round.

The auctioneer ranks bids, ignoring the entry point, high to low. Bids
with identical bid prices are ranked by bid volume. Then capacity is
allocated in the order of descending bid prices. If the requested amount
of the marginal bid exceeds available capacity, the last bidder receives the
remaining amount.

Between auction rounds (before 9 a.m. on the next business day) bid-
ders are informed about their winning volumes, the highest/lowest bid
price of capacity that was allocated and the weighted average price of
accepted bids.

4.4 Monthly interruptible capacity

Like the monthly firm auctions, interruptible capacity is made available
each month and is sold in six-monthly tranches. These auctions are also
pay-bid, but occur over two rounds instead of five. The monthly capacity
available on an interruptible basis is:

C,fl = Maximum physical demand
— available monthly firm capacity.

Capacity in each round equals % C,I”. The reserve price is 90 per cent of
the estimate of long-run marginal cost, and any unsold capacity is made
available in the daily auctions.

4.5 Short-term auctions: daily and within-day

Day-ahead auctions are held for firm and interruptible capacity rights.
Reserve prices for the daily firm auctions are 50 per cent of the estimate
of long-run marginal cost at each terminal; for daily interrupt auctions,
reserve prices are zero. Daily interruptible capacity is:

CL = Unsold monthly interrupt + ‘use it or lose it’ capacity.
D y p pacity
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‘Use it or lose it’ capacity consists of capacity previously bought by a
shipper that has not been nominated for use on the day. The original
owner of the rights can ex post decide to nominate or resell the rights
herself. In this case the new owner would be interrupted. In June 2000
Transco began to hold within-the-day auctions for firm capacity rights.
Reserve prices in these auctions are 50 per cent of the estimate of long-run
marginal cost.

4.6 Evolution

While the essential auction design has remained the same, a number of
changes have occurred in the auction process since September 1999. The
most significant of these changes has been the increase in the total MSEC
made available. The total MSEC available in the September 1999 auc-
tion was the SND for each month in the October 1999 to March 2000
period. For the March 2000 auctions, available capacity was increased
from SND to SND + 10 per cent. Because total downstream gas demand
in Britain is lower in summer than in winter, the total MSEC in Septem-
ber 1999 (equal to SND) was still greater than the total in the March
2000 auctions. The available monthly capacity was increased still fur-
ther in the September 2001 auctions. More recently, Ofgem has changed
Transco’s licence to encourage a release of capacity that more accurately
reflects system capability. Transco has incentives to reduce the cost (and
so quantity) of buy-backs of capacity in the event of constraints.

As the MSEC has increased, the availability of daily and within-day
capacity has declined. In particular, the result has been a substantial
reduction in the amount of interruptible capacity. Reduced short-run
capacity availability increases shippers’ incentive to secure MSEC. Total
capacity available at St Fergus between October 1999 and February 2002
is shown in figure 8.12.

Transco has an incentive to make available as much capacity as pos-
sible. As such, it is allowed to retain a proportion of revenues received
from daily and within-day auctions. Additional capacity sales increase the
likelihood of constraints; thus Transco has to be exposed to the resulting
costs. The company is responsible for 20 per cent of the cost of buy-backs
necessary to alleviate any constraints on the network due to overbooking
of capacity. The total amount of Transco’s responsibility is capped annu-
ally and monthly, and shippers are responsible for the remainder of these
costs.

The need for a structured approach to deal with over-recovery be-
came apparent only after the March 2000 auctions when revenues were
160 per cent above Transco’s regulated target. To redistribute future
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over-recovery, Transco proposed introducing a fund that would reduce
the amount that shippers are responsible for paying to alleviate network
constraints.

5 Evaluation

From a theoretical perspective a comprehensive analysis of this auction
design and the efficiency of its outcomes is problematic for a number of
reasons. Most importantly, these are concurrent, sequential auctions with
multi-unit demands and common values. As such, one does not a prior:
anticipate full efficiency.® However, inefficiencies will be reduced if the
entry cost for traders is low and there are liquid spot markets, which serve
as secondary markets and ensure that the party that values transmission
capacity most will use it.”

When bidders in an auction have affiliated values (i.e. the value to any
one bidder is correlated to the values of other bidders) and there is a pos-
sibility of a winner’s curse, bidding is expected to be more conservative
than in the case in which bidders have private values. Ascending auctions
can mitigate the winner’s curse (Milgrom and Weber, 1982) since obser-
vation of when others drop out of the auction reveals something about
their values and so reduces the chance that the winner will pay too much.
Conversely, open ascending auctions make collusive strategies feasible.

Also, in contrast to private-value auctions, increasing the number of
buyers in common-value auctions can decrease the expected revenue for
the seller. That is, increasing the number of bidders can lead to more
conservative bidding when values are correlated. The fact that you win
an object in a common-value auction suggests to you that you probably
paid too much since you beat everyone else. The more bidders there are
competing against you, the more likely you are to curse if you win.!°
These results suggest a trade-off between increasing competition on the
one hand and preventing the winner’s curse on the other.

We believe that the sealed-bid sequential auction, where bidders are
given feedback between rounds, mimics the properties of the open-bid
auction. The information obtained between rounds allows shippers to
learn about the values of other bidders and therefore decreases the chance

8 Dasgupta and Maskin (1998) show conditions under which multi-unit auctions with
common values can result in efficient allocations. Bids are contingent on others’ values
in their model, however.

9 At this time we do not have full data on the extent of shippers’ secondary trades.

10 See Bulow and Klemperer (2000) for a broader discussion. Bulow and Klemperer also
suggest, however, that increases in supply can mitigate the winner’s curse by increasing
the number of winners and thereby removing or lessening the curse of being among the
winners.
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that they will be subject to the winner’s curse. However, if there is market
power at an entry point, multiple rounds can serve to maintain collusion.
Given that these are repeated auctions, the emphasis should shift over
time to give more weight to the problems associated with collusion.

Although entry capacity auctions are held for the six major terminals
on the NTS, significant constraints occur only at St Fergus. Evidence
of this is shown in figure 8.10 for the March 2002 auctions. Apart from
St Fergus the mark-ups at the other terminals are always below 25 per
cent and mostly below 15 per cent. This implies either that transmission
constraints are not binding at these terminals or that gas producers are
exercising market power at these terminals. They would reduce output
to prevent transmission constraints binding, in order to buy entry rights
at a low price or sell gas at higher prices to shippers who obtained cheap
entry rights. We focus our subsequent analysis on the case of St Fergus.!!

In figure 8.11 we present empirical results from the auctions. The cir-
cles give the price paid for entry rights in the monthly auctions. One notes
the strong correlation between simultaneously auctioned months, which
arises because similar information is available. Even more obvious in the
data is the sharp difference between winter (October—March) and sum-
mer months (April-September). Figure 8.12 shows that during summer
months less entry capacity is available at St Fergus, partly because higher
outside temperatures reduce transmission and compression capacity but
mainly because lower gas demand by consumers and industry reduces
the off-take of gas in the North, while the transmission capacity to the
south is constrained in Scotland and northern England.!?

Most fields delivering gas to the St Fergus terminal are wet fields, and
reducing the gas output would require a simultaneous reduction of oil
production. Revenues from oil are greater than from gas and adapting
output quantities is difficult. Therefore, most oil companies are willing
to sell gas, even at a lower price, and are prepared to pay higher prices
for entry rights at St Fergus.

The thicker line in figure 8.11 gives the 30-day moving average of the
value attributed to entry rights in the day-ahead spot market. Unfortu-
nately, results of the daily capacity auctions were not available, and would

11 For some of the auctions, mark-ups were significantly higher than those shown here
(except at Barrow). This is particularly true for the second auction where revenue over-
recovery was so great. This auction’s outcome is discussed further below. We attribute
overbidding at terminals other than St Fergus in the early auctions to uncertainty about
the level of rights to be made available in the spot market since the capacity made available
for the first few auctions changed so frequently and with such magnitude.

12 Network analysis by Jones (2001) showed that the relevant (binding) constraints in winter
2001/2 were expected in such diverse locations as Aberdeen, Moffat & Wooler and
Kirriemuir.
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Figure 8.12. Available entry capacity in monthly auctions for St Fergus.

in any case only cover days with excess capacity. Therefore, it was neces-
sary to calculate the daily value attributed to entry rights by comparing
the day-ahead spot market prices at St Fergus (before entering the NTS)
with the spot market prices at the National Balancing Point (NBP) (when
the gas is in the N'TS) (see figure 8.13). The resulting price differences
are very volatile, so we present the 30-day moving average to allow com-
parison with the results from the monthly auctions. The graph shows that
anticipated entry prices in the monthly auctions are roughly matched by
the subsequent realisations of spot prices.

However, from April 2000 the day-ahead evaluation of entry capacity
was frequently above the price paid in the entry auction. To explain this
we look for events that occurred after the auctions for monthly entry rights
in March; events happening before the auction should already have been
reflected in the prices paid in the monthly auctions. The unexpected oil
price spikes of 2000 had a twofold effect on the value of entry capacity.
First, higher oil prices during the fuel crisis induced producers in the
northern fields to increase oil production and, correspondingly, their gas
production. However, constraints on entry capacity implied that gas sales
could not be likewise increased. Increasing supply while maintaining de-
mand reduces prices, as the drop in the St Fergus spot price in summer
2000 proves (figure 8.13). At the same time, gas prices on the Continent
rose because they are coupled to oil prices. In Britain, gas contracts are not
directly linked to oil prices; therefore, shippers wanted to sell additional
gas on the Continent via the interconnection between Bacton and Zee-
brugge, pushing up British gas prices (again observable in figure 8.13).
As access to the network was constrained, higher continental and British
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Figure 8.13. Monthly averages of spot prices at the National Balancing
Point (NBP) and St Fergus. (Source: Based on Heren Energy Ltd data.)

gas prices could not feed through to St Fergus spot prices, and lower St
Fergus spot prices could not balance higher NBP prices. The result was
a wedge between prices at St Fergus and the NBP — and a high value
attributed to entry rights.

The next spike for entry rights occurred from October 2000. Ofgem
claims that because of warmer than expected weather demand for gas in
Scotland and northern England was lower, reducing the available entry
capacity below the volume of firm rights sold in the monthly auction.
Transco had to buy back a significant volume of capacity rights and
was paying prices of 18p/therm on average. This price is again greater
than the wedge between spot prices at St Fergus and the NBP. The
‘premium’ paid in the buy-back market above the spot market can possi-
bly be explained by the additional costs incurred by gas producers when
they have to change their production at short notice during the day. Fur-
thermore, shippers might have used their market power to obtain higher
prices from Transco when selling back entry rights. In a subsequent in-
vestigation, however, Ofgem concluded that no action was required as
‘shippers and Transco [had] to learn about the dynamics and operation
of the capacity buy back market’ (Ofgem, 2001a).

However, the main reason for the unexpected price spike for entry
rights in autumn 2000 can be seen in figure 8.13. Wholesale gas prices
in the British market almost doubled, but constrained entry capacity at
St Fergus did not allow producers at St Fergus to react to higher demand
at the NBP. Therefore, prices at the NBP did not feed through to prices at
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Table 8.1. Capacity buy-backs, April 2000—February 2001

Number of Average daily Weighted Total cost

days requring buy-back volume average price of buy-backs

buy-backs (GWh) (p/kWh) &)
April 0 0 — 0
May 0 0 — 0
June 5 11.93 0.21 126,717
July 7 28.2 0.40 783,041
August 10 12.57 0.07 87,259
September 6 18.08 0.19 203,349
Total 28 17.54 0.24 1,200,366
October 20 76.71 0.55 8,514,192
November 8 47.78 0.45 1,723,850
December 5 28.63 0.61 869,433
January 0 0 — 0
February 1 128.53 0.37 475,158
Total 34 64.35 0.53 11,582,633

Source: Ofgem, 2000.

St Fergus, where spot prices stayed constant. The resulting wedge be-
tween prices was reflected in a spike in the value attributed to entry
rights.

From 2001 the monthly auctions returned to being a good predic-
tor of the average value attributed to entry rights. The benefits of
auctioning entry rights can be seen by comparing the scarcity of en-
try rights during the high constraint period in September 1999, when
the average difference between spot prices in St Fergus and NBP was
0.7p/therm, and October 2000, when the average difference between the
spot prices was 6.7p/therm. Even though the scarcity of transmission
capacity increased tenfold, the cost for buy-backs has fallen. Since the
auctions began in September 1999, there has been one instance of seem-
ingly substantial buy-backs by Transco to reduce network constraints.
Table 8.1 shows the cost of buy-backs for the auctions to February 2001.
For the five-month period, October 2000 to February 2001, these costs
reached £11.6 million. This was high enough to prompt an investiga-
tion into shipper behaviour by Ofgem (2001a), yet it was still below the
£23.1 million for the five-month period August—December 1998 shown
in figure 8.5. This provides just one example to illustrate the general
advantage of the auction approach, its greater transparency. Because
Transco typically waits until the gas day to buy back entry rights, these
costs are higher than the prices at which the rights were bought at the
auction.
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Another issue which arises in these auctions is Transco’s revenue re-
quirement. Deciding how to distribute over-recovery of auction revenues
is a problem not normally confronted in private-sector auctions, yet it is
important where the auctioneer is a regulated firm. The fact that over-
recovery occurs should not be a problem per se, but a well-defined auction
should address this issue at the beginning so that participants know the
game they are playing. How to distribute ‘surplus’ revenues is not a triv-
ial problem since reimbursements can impact shippers’ bidding decisions
in the monthly auctions. As such, participants should have recourse to
a credible dispute resolution procedure in the event, for example, that
well-founded assumptions regarding the use of extra revenue do not ma-
terialise. Transco’s auction revenues for the period October 1999—March
2000 were £85.62 million (within —3 per cent of its revenue target). A
similar situation was anticipated for the March auctions. In the event,
Ofgem claimed that Transco’s revenue was 160 per cent of its target
(Ofgem, 2000).

The auction rules made allowances for under/over-recovery. Specifi-
cally, it was anticipated that adjustments would be made to the generic
correction factor in Transco’s price control, i.e. the price control con-
tains a revenue under/over-recovery adjustment factor such that if the
company over-recovers relative to its revenue target in a given year, the
target is scaled downwards the following year. This would mean a general
reduction in transportation charges for shippers in the following year.

Following the large over-recovery from the second auctions, Transco
decided to make a one-off adjustment whereby commodity, capacity and
transport charges were proportionately reduced. Fifteen per cent of the
over-recovery went to reductions in transport charges, while the remain-
der reduced NTS capacity and commodity charges (Ofgem, 2000). It
seems obvious that such a rebate mechanism would alter bidding be-
haviour if this type of surplus redistribution became the rule. If a portion
of entry capacity charges is refunded to shippers they will not incur the
full cost of their bids and therefore have skewed bidding incentives. This
would bias estimates of the demand for capacity and lead to erroneous
investment decisions if longer term capacity auctions were pursued. In
the future, under- and over-recoveries will be assigned to a ‘buy-back’
fund that will reduce shippers’ share of constraint costs.

Finally, in the international environment the auction mechanism seems
to prevail as well. In October 2001 additional pipelines in the North Sea
were taken into service to allow the export of gas from Norwegian fields
to the UK, using the St Fergus terminal. Even though Norway com-
plained that the constraint costs would reduce the Norwegian revenues
in the project, it finally supported a project that retains the bottleneck
and therefore the capture of scarcity revenues on British soil.
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5.1 Long-term auctions

Until recently the time horizon of auctions was six months, but from
January 2003 the use of auctions for allocating entry capacity to the net-
work was extended to longer periods. The goal was to provide more
information to Transco about future uses of the network and to guide
its decisions on capacity expansion.'? In a separate study (McDaniel and
Neuhoff, 2002) we argue that, in the presence of market power, long-
term auctions will provide distorted signals to the auctioneer, Transco,
with a consequent danger of under-investment. !4

In the long-term auctions, shippers can book quarterly access rights up
to fifteen years into the future. The quantity made available in the long-
term auctions is determined in a two-stage process. First, a baseline level
of output representing the maximum physical capacity is determined for
each auctioned terminal. This quantity is referred to as the transmission
operator baseline output level. Second, 90 per cent of this baseline level
(referred to as the system operator baseline level) is then made available
for auctions — 80 per cent of this is being made available for long-term
auctions and 20 per cent is being reserved for one year before the relevant
gas year (i.e. one year ahead of when the capacity would actually be
used).!® Reserving a fixed quantity of capacity for short-term auctions
(auctions with a time horizon of one year or less) is an important feature of
the auction design because it ensures that some capacity will be available
for entrants and traders.

The short-term auctions for transmission rights have had the comfort-
ing property that an inefficient auction outcome, in which shippers who
do not value the rights most obtain rights, can be corrected by secondary
trading or in the gas spot markets. In contrast, any distortions created by
long-term auctions will be reflected in inefficient investment decisions,
and can therefore no longer be corrected. Moreover, shippers can be ex-
pected to use their private information in order to distort the auction
outcome to their benefit. A gas producer located at St Fergus benefits
from excessive transmission capacity because it increases gas spot prices
at St Fergus. On the other hand, a gas producer at another terminal
might prefer insufficient transmission capacity from St Fergus because

13 A description of early ideas for such auctions is given by Ofgem (1999b, 2001b). A
discussion of the auctions that began in January 2003 is in Ofgem (2002).

14 Discussions of ‘long-term’ auctions and their potential problems can also be found in
McDaniel (2003) and Newbery (2003).

15 The distinction between transmission operator and system operator output levels is not
important for this discussion. We include it only for precision. These two aspects of
Transco’s duties are regulated separately.
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it reduces national supply and increases national gas prices. Likewise, a
trader who owns transmission rights from St Fergus prefers scarce trans-
mission capacity so that his rights gain in value.

One of the purposes of having an auction is to extract shippers’ private
information about future use of the network: the network users know
more about their future production decisions and their own customers’
demand for gas than the network owner. McDaniel and Neuhoff (2002)
show that the way shippers use their information depends on their type,
and the incentive to over- or understate their demands for capacity is
affected by how much capacity is reserved for short-term markets. The
auction designer can choose the amount of capacity to hold in reserve in
the long-term auction and can thereby correct the incentive for any one
group of shippers to distort their revelation of private information in the
long-term auction. However, the designer cannot choose a proportional
split between long- and short-term markets that simultaneously removes
distortions from market power, distortions from private information and
distortions arising from ‘network effects’ (i.e. the fact that some shippers
land their gas at different points on the network). The importance of pri-
vate information is supported by the following statement from Transco:

Improved understanding of the potential interactions between demands at differ-
ent terminals is needed if the ability of the N'TS to respond flexibly to changing
demands from shippers and producers is to be met in a way which ensures relia-
bility and efficiency for gas consumers.!¢

Using auctions to guide investment is an interesting idea. One of the
most difficult legal aspects of any design, however, is how to define and
enforce property rights. The design proposed by Ofgem is very complex
and it appears as though Transco will have discretion over how to use the
auction results (Transco, 2002). On one hand, it is reassuring that it is not
only the auction results that will drive investment decisions. On the other
hand, either bidders will bid as if the auctions are the only driver, or they
will have little incentive to reveal their demands for capacity truthfully;
therefore, how does one interpret the auction outcome?

6 Conclusion

We began with the hypothesis that the auctioning of well-defined access
rights is an efficient way to deal with significant transmission constraints
in the presence of monopoly ownership of the network and competition in
production and supply, while also allowing for non-discriminatory access

16 Perjodic Review: Supply and Demand, which can be found at http://www.transco.uk.com/
publish/periodrev/periodrevsuppdmnd.htm
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and entry. We have supported this view by describing the evolution of the
liberalisation of the gas industry in Britain, discussing the shortcomings
of the previous methods of allocating network access and illustrating the
correspondence between auction and spot prices.

We provide a description, though not a thorough evaluation, of the
specific auction design, as a full theoretical model is outside the scope of
this chapter and the small number of auctions to date prohibits us from
making a convincing statistical analysis. A number of events occurring
outside of the auction mechanism have influenced auction results. These
include, most notably, higher gas prices in continental Europe, the oil
price spikes, with impacts on wet-gas fields, and changes in the allocation
of excess revenues from auctions. Empirical comparisons between the
auctions and previous methods of allocating network access rights would
have to take account of the opening of the UK-Belgium interconnector in
October 1998, which changed trade patterns, and a continuous increase
in gas demand in the UK (in parallel with falling production at existing
fields), which increased scarcity of entry capacity at St Fergus by up to
a factor of ten. Nevertheless, the cost of resolving constraints has fallen
significantly and the auction has made it possible to capture scarcity rents
from producers — implying that the definition and auctioning of property
rights for entry capacity has been successful.

We conclude that the current auction improves upon the previous
methods used in the UK to allocate entry rights. We want to empha-
sise, however, that a crucial feature of the auction is the reserve price,
which covers costs when transmission is not scarce or when producers
with market power withhold output to keep auction prices down. Finally,
although we are enthusiastic about the use of auctions to allocate entry
rights when the network is fixed, we have reservations about the appro-
priateness of using auctions to decide on and fund network investments.
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9 The design of Treasury bond auctions:
some case studies

FJoseph Swierzbinski and Tilman Borgers

1 Introduction

Bonds valued at many billions of dollars are sold in Treasury bond auc-
tions each year. In terms of the total value of the items auctioned each
year, Treasury auctions are among the world’s most valuable auctions.
The performance of these auctions in raising revenue has the potential
to increase or reduce a government’s cost of borrowing. Whether to use
auctions to issue new government bonds, and, if so, which format to use,
must therefore be a matter of great concern to governments.

The issues which Treasury auctions raise are of more general relevance
to other auctions. In particular, as the use of auctions in government pol-
icy becomes more widespread, the issues which are raised by Treasury
auctions will need to be faced in other contexts too. On the other hand,
it needs to be acknowledged that certain government auctions are quite
different from Treasury auctions, and the considerations which are im-
portant for the design of these auctions are different from the consider-
ations affecting Treasury auctions. We therefore begin this chapter with
a discussion of the main features of Treasury auctions and the extent to
which these are shared by other government auctions.

A first important feature of Treasury auctions which determines the
specific issues that need to be considered is that the typical bidder in a
Treasury auction bids for very many identical units that are offered for
sale rather than for just one unit. The existence of multi-unit demand
raises many important questions in auction design that are not present if
bidders bid for only a single unit, as they do in certain licence auctions, for
example. There are other important allocation problems that resemble
Treasury auctions in this respect. An example is the allocation of pollution
permits. Auctions have been proposed as a method for establishing an
initial allocation of pollution permits, and typically companies will seek
to acquire many pollution permits, not just one.

Second, Treasury bond auctions are distinctive in that the bonds being
auctioned will typically be traded in a very liquid market after the auction.

230
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Moreover, close substitutes for the auctioned bonds are also usually
traded in the bond market prior to the auction. In some cases, the auc-
tioned bonds may actually be identical to bonds already traded in the
bond market. Bond auctions are again not the only auctions with this
feature. For example, the auctions for pollution permits mentioned in
the previous paragraph also interact with the market for tradable pollu-
tion permits. The UK plans to use an auction as part of its programme
for starting an emission-trading scheme for carbon. (See, for example,
Department for Environment, Food and Rural Affairs (2001) and other
documents available from DEFRA’s website http://www.defra.gov.uk/.)
Similarly, European governments are considering trading in radio spec-
trum, and, if allowed, the interaction between such trading and the spec-
trum auctions will be important. However, it may well be that permit
markets and spectrum markets will, even in the long run, be much less
liquid than bond markets. This will mean that the interaction with ex-
isting markets will be less important for these auctions than for bond
auctions.

Treasury bonds are bought for many different reasons, but one promi-
nent reason is that they provide a safe (and legal) form of investment for
pension funds. The ability of a pension fund to operate depends on its
ability to gain access to government bond markets. In a sense govern-
ment bonds constitute an essential ‘input’ for pension fund operations.
In a similar way, pollution permits constitute an essential ‘input’ for many
businesses and licences to use spectrum are a required ‘input’ for firms
providing wireless communication services. However, the importance of a
spectrum licence for a mobile telephone company might be much greater
than the importance of a pollution permit for some other business, or
the importance of any particular bond issue for a pension fund. Thus,
while a spectrum auction often shapes the future structure of an industry,
the same cannot be said of Treasury bond auctions or of pollution per-
mit auctions. Thus, the specific difficulties arising from the endogenous
determination of industry structure do not arise in bond auctions.

This chapter reviews selected empirical case studies of auctions of Trea-
sury bonds in a number of countries. The cases that we consider include
Treasury auctions in the United States of America (Cammack, 1991;
Simon, 1994; Nyborg and Sundaresan, 1996), Sweden (Nyborg,
Rydgqvist and Sundaresan, 2001) and Mexico (Umlauf, 1993).

As we consider the case studies of Treasury auctions, we focus on
several issues that we expect are relevant for policy-makers. Below, we
outline these issues, indicate our main conclusions and then comment on
whether these conclusions are of wider relevance than just for Treasury
bond auctions.
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The first issue is the choice of auction format. This choice has received
considerable attention in the United States and elsewhere and continues
to be a topic of debate. There are two main formats for auctioning Trea-
sury bonds, uniform price auctions and discriminatory auctions. Most
Treasury auctions in the United States and in a number of other coun-
tries are of the discriminatory type. However, some economists, such
as the Nobel Prize winners Milton Friedman and Merton Miller, have
argued that the uniform price auction design would raise more revenue
and so reduce the government’s cost of borrowing. From time to time the
US Treasury has experimented with uniform price auctions, and Simon
(1994) and Nyborg and Sundaresan (1996) report on the results of some
of these experiments. Umlauf (1993) reports on a similar experiment
in Mexico. From a review of these studies, we conclude that the case
for switching from a discriminatory to a uniform price auction remains
arguable.

One reason for this conclusion might be that the auction price of Trea-
sury bonds is so closely tied to the market price that the choice of auction
format cannot matter much. However, as we indicate in the next few
paragraphs, the evidence seems to suggest that important information is
revealed in bond auctions which is not contained in market prices. It is
then less clear why there is no significant difference between discrimina-
tory and uniform price auctions. Theoretical analysis of these auctions
is so incomplete that we cannot really compare our finding to theoretical
predictions. However, as the explanation of our finding does not seem to
be the existence of a liquid secondary market, the finding is potentially
relevant in other circumstances where multiple identical units are sold to
bidders with multi-unit demand, for example permit auctions.

A second set of issues concerns the interaction between the auction
and the bond market and how this interaction might affect the choice
of whether or not to use an auction, and the choice of the auction for-
mat. The first issue to consider is how the use of auctions to issue bonds
influences the information flows in the bond market. This is a matter
of importance to policy-makers, and indeed to anyone interested in or
affected by the workings of capital markets. Indeed, a financial market
is often called (informationally) ‘efficient’ if it quickly incorporates in-
formation into asset prices. We consider whether the conduct of a Trea-
sury auction accelerates the revelation of information about future bond
prices held by bidders. Cammack’s (1991) study of US Treasury auctions
provides positive support for the view that such auctions do release in-
formation, which affects the bond price. This finding supports the use of
auctions to issue bonds. Of course, the argument for the use of auctions
as allocation mechanisms is even stronger if the secondary market is not
as liquid as it is for Treasury bonds.
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The second issue which we consider under the general heading of the
interaction between auctions and bond markets is how the degree of un-
certainty in the market price affects the desirability of conducting an
auction, and, in particular, whether auctions create ‘sorry’ bidders who
suffer from the winner’s curse. To explain this issue in more detail we
first note that, if there were no transaction costs, the underlying value
of the bonds being auctioned would be the same for all bidders since
the future market price of these bonds is the same for everyone. Thus
Treasury auctions are common-value auctions where the differences in
bidders’ valuations for the auctioned bonds result entirely from differ-
ences in information that produce different forecasts of the future market
price. Although transaction costs may be important in Treasury auctions,
the common-value assumption is often taken as an appropriate starting
point for models of Treasury auctions.

The theory of common-value auctions for a single item warns that un-
certainty in the bond market price can have a serious deleterious effect
on the outcome of such an auction if bidders are not sufficiently sophis-
ticated. If a bidder learns that his forecast of the future market price is
higher than that of any of his rival bidders, he should probably conclude
that his initial forecast was too optimistic. Unless a bidder correctly in-
corporates the potential information contained in rival bids into his own
bidding strategy, a winning bidder may find himself ‘cursed’ with nega-
tive profits by bidding too high in the auction. In many of the case studies
we surveyed, bidders on average do appear to react to the uncertainty
in the bond market sufficiently to avoid the persistent negative profits
associated with the winner’s curse.

The possibility of ‘sorry’ winners due to a winner’s curse arises in
many other contexts as well. For example, spectrum licence auctions raise
this possibility. It is important for the policy-maker to form a judgement
on whether bidders will be sufficiently sophisticated and anticipate the
winner’s curse in their bids. It is reassuring that the literature finds that
at least the highly sophisticated and experienced bidders who participate
in Treasury bond auctions do anticipate the winner’s curse.

A final policy question, which we briefly consider, is whether a Treasury
auction opens up the opportunity for a bidder to ‘corner the market’ or
otherwise manipulate the market price. Whether policy-makers need to
be concerned about a cornering of the market depends on the answer to
two questions:

(1) Is there a serious possibility that one or a few bidders might purchase
most of the bonds in a Treasury auction?

(2) Can a bidder who wins a large share of the bonds in a Trea-
sury auction use these bonds to successfully manipulate the market
price?
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The case studies we consider indicate that the answer to the first question
is ‘yes’, at least for some auctions. The answer to the second question
depends in large part on the size of transaction costs and the availability
of close substitutes for a particular type of bond. Jordan and Jordan (1996)
consider the extent to which Salomon Brothers was able to manipulate
the price of a certain US Treasury bond after it successfully purchased
more than 80 per cent of the amount being issued. Thus, this appears
to be a potentially important issue. Policy-makers can address this by
restricting the proportion of an issue which any individual bidder can
purchase.

This issue will be even more important in the context of other auctions
with a stronger potential impact on subsequent market structures. A bond
trader who corners the market thereby creates a monopoly for himself
in the secondary market. Similarly, a spectrum bidder who corners the
market thereby creates a monopoly for himself. This monopoly could
be a monopoly in the market for spectrum, where such a market exists,
but it could also be a monopoly in the market in which spectrum users
compete, such as the market for mobile telephone services. Here, too, it
might be enough to restrict the proportion of supply which any individual
bidder can acquire. But more sophisticated tools, such as those provided
by general competition law, might be needed as well.

Our discussion of the issues listed above focuses on empirical case
studies. However, these case studies are preceded by brief reviews of the
relevant parts of economic theory. The purpose of these reviews is to pro-
vide an appropriate framework in which to view the empirical evidence.
In considering both the theoretical arguments and empirical case stud-
ies discussed below, the reader should keep in mind the limited state of
economic knowledge concerning multi-unit auctions such as Treasury
auctions. This concerns both the state of economic theory of auctions
with multi-unit demand, and also our experimental and empirical un-
derstanding of these auctions. At present, any conclusions concerning
such auctions should be regarded as both preliminary and tentative. It is
the limited nature of our knowledge of Treasury auctions that makes the
format of case studies particularly appropriate for this chapter.

Most of the case studies which we review focus on information about
the average prices paid in these auctions. However, a study of Swedish
auctions by Nyborg, Rydqvist and Sundaresan (2001) forms an excep-
tion. These researchers had access to the bids submitted by individual
bidders in a series of auctions.

In table 9.1 (p. 254) we provide an overview of the case studies dis-
cussed in this chapter. Many of the conclusions reported in these case
studies involve some comparison of the average price in an auction, which
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we denote by P4, with a measure of the market price for these bonds,
Py, near the time of the auction. In particular, the difference in these
prices, P4 — Py, can be interpreted as a measure of the average profit of
bidders participating in the auction. It is interesting to know whether this
difference is positive, indicating that bidders in the auction earn posi-
tive profits on average. It is also interesting to compare this difference
as the auction format changes from a uniform price to a discriminatory
auction. If the average profit of bidders decreases with a change in auction
format, this suggests that the change in format results in higher revenue
for the government. Other related comparisons include a comparison of
the market price of a bond shortly before and shortly after an auction.
Such a comparison figures prominently in Cammack’s (1991) analysis of
the information released in US Treasury auctions.

Table 9.1 collects comparisons of the average auction price and the
market price gathered from a number of the case studies. When reading
table 9.1, it is important to remember that the details of these compar-
isons differ considerably from study to study. Differences include the
way in which the market price is measured and how the price difference
is normalised. We discuss some of these differences in more detail as we
describe the various case studies.

2 Which auction format, uniform price or discriminatory
auction, is likely to lead to higher revenues?

Uniform price and discriminatory auctions are the most commonly used
and discussed formats for Treasury bond auctions. However, before com-
paring them we should point out that it has been argued that other formats
might have advantages over both uniform price and discriminatory auc-
tions. These formats have not yet been used in practice for government
bonds. Treasury bonds could, in principle, be sold in an open, ascending
format where, for example, the auctioneer raises the price while bidders
announce the number of bonds they would be willing to buy at each
successive price. The UK plans to use an open auction as part of its
procedure for setting up a trading scheme for carbon.

Uniform price and discriminatory auctions are examples of sealed-bid
auctions, and their designs share a number of other important features.
In both types of auction, each bidder submits a demand curve specifying
the maximum price he is willing to pay for each successive bond that he is
offered. For any given price, the number of bonds with a maximum price
greater than or equal to the given price thus represents the bidder’s total
demand for bonds at that price. The auctioneer then adds up the bidders’
demand curves to determine a total demand curve for the bonds. As long
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as the demand is sufficiently large, the clearing price for the bonds is
simply the price at which the total number of bonds demanded by all
bidders is equal to the supply of bonds on offer. In both types of auction,
each bidder is allocated the number of bonds that he demands at the
clearing price.

Uniform price and discriminatory auctions differ in the way that the
price a bidder pays for the bonds which he receives is calculated. In the
uniform price auction, a bidder simply pays the clearing price for each
bond. Hence, a bidder’s total payment in the uniform price auction is the
clearing price multiplied by the number of bonds the bidder receives. In
contrast, in a discriminatory auction a bidder pays the maximum price he
is willing to pay for each bond, as indicated by the demand curve which the
bidder has submitted. Hence, a bidder’s total payment in a discriminatory
auction is given by an area under the bidder’s submitted demand curve.
Since the price paid for each bond in a discriminatory auction is the
maximum price specified by the bidder’s demand curve, discriminatory
auctions are sometimes referred to as pay-your-bid auctions.

For each bond which a bidder receives, the clearing price (which is also
the price paid for each bond in a uniform price auction) is less than or
equal to the price which a bidder pays for that bond in a discriminatory
auction. Hence, for the same submitted demand curve, a bidder’s total
payment in a uniform price auction is always less than or equal to the bid-
der’s total payment in a discriminatory auction. Why then do economists
and Treasury officials continue to debate which of these auction designs
raises the most revenue?

The comparison in the previous paragraph fails to take into account
that a bidder may wish to shade the maximum prices specified in the
demand curve submitted to the auctioneer below the bidder’s true valua-
tions. Once it is realised that the degree of bid-shading is likely to depend
on the auction design, it is no longer obvious which auction design will
produce the higher expected revenue.

A bidder in a discriminatory auction will typically wish to submit a
demand curve with maximum prices that are below his true valuations.
For, if a bidder in a discriminatory auction bids ‘honestly’ and submits
his true valuation for each bond, then the bidder pays his full valuation
for each bond that he is allocated and always obtains a net profit of zero.
Since one can also obtain zero profit by simply not entering the auction,
who would enter an auction if they had no hope of earning a positive
profit?

Although it is not so obvious, a bidder in a uniform price auction may
also have an incentive to shade his submitted demand curve below his
true valuations. Hence, it becomes a matter of theoretical debate and
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empirical evidence as to which type of auction is likely to produce the
higher average revenue.

2.1 Theoretical considerations

At least four types of theoretical intuition have been advanced in the
debate comparing uniform price and discriminatory auctions. These in-
tuitions unfortunately lead to different conclusions regarding the auction
format which is likely to produce the highest revenue for the government.
The gist of the four arguments is as follows.

(1) The greater strategic simplicity of the uniform price auction is likely
to produce higher expected revenue by encouraging entry.

(2) Implicit collusion among bidders to maintain a low price is likely
to be more difficult in the discriminatory auction, which thus may
produce higher expected revenue.

(3) Bidders have a greater incentive to submit lower demands in an effort
to reduce the clearing price in a uniform price auction. This argument
suggests that discriminatory auctions may produce higher expected
revenue.

(4) The uniform price auction is more likely to reveal information about
uncertain common factors such as the future market price of bonds,
and thus leads to greater competition among bidders and higher ex-
pected revenue.

Thus considerations of simplicity and entry and the revelation of infor-

mation have been advanced in favour of the uniform price auction, while

arguments involving implicit collusion and the incentives to manipulate
the clearing price have been advanced in favour of the discriminatory
auction.

In the rest of this subsection, we discuss the intuitions listed above
in greater detail. But the reader is reminded that current economic the-
ory concerning Treasury bond auctions is highly incomplete. Back and
Zender (1993) and Ausubel and Cramton (2002) further discuss some
of the economic theory relevant to the comparison of uniform price and
discriminatory multi-unit auctions.

(1) Nobel Prize-winning economists Merton Miller and Milton Fried-
man have been among those who argue that the problem of choosing a
profitable bidding strategy is simpler in a uniform price auction. In partic-
ular, the simple strategy of submitting your true demand curve, while not
necessarily optimal, has at least the potential to produce positive profits in
a uniform price auction. In contrast, bidding your true valuation for each
bond will produce only zero profit in a discriminatory auction. Advocates
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of a uniform price auction further suggest that the availability of such a
simple, potentially profitable strategy is likely to encourage greater entry
in a uniform price auction, especially among smaller, possibly ‘unsophis-
ticated’ bidders. A greater number of bidders could, in turn, lead to more
aggressive bidding and higher average revenue in a uniform price auction.

Friedman and others sometimes go one step further and claim that a
bidder can do no better than to bid his true demand curve in a uniform
price auction. If such a claim were true, it would certainly strengthen the
case for the strategic simplicity of the uniform price auction. However,
as shown by, for example, Back and Zender (1993) and Ausubel and
Cramton (2002), submitting your true demand curve is not generally
optimal in the uniform price auction. Friedman and others appear to
have been misled by an incorrect analogy with the second-price, sealed-
bid auction for a single unit, where it is often optimal to bid your true
valuation.

How different auction designs affect the incentives for entry is clearly an
important unresolved question in the economics of multi-unit auctions.
However, the argument described so far in favour of the uniform price
auction does not seem fully persuasive. Relatively simple strategies are
also available for the discriminatory auction — for example, shade the
valuations that determine your true demand curve downwards by a fixed
percentage. Such strategies are potentially profitable, although probably
not optimal, for a bidder in a discriminatory auction.

(2) In a uniform price auction, a bidder may find it optimal to submit a
demand curve that is initially very steep and then falls to a relatively flat,
low level. Demand curves with such a shape can facilitate implicit collu-
sion while reducing the clearing price, and hence the revenue obtained, in
a uniform price auction to a low level. Binmore and Swierzbinski (2000)
study a very simple example with only two bidders using graphs. Back
and Zender (1993) and Ausubel and Cramton (2002) compare the theo-
retical outcomes in uniform price and discriminatory auctions for a wider
class of cases.

By submitting initially steep demand curves in a uniform price auction,
bidders who wish to co-ordinate on a low price can limit the gains from
cheating on a collusive agreement. For a bidder who wishes to cheat on a
collusive outcome does so by raising his submitted demand curve slightly
to increase the amount he can buy at the low collusive price. But when
the other bidders’ demand curves become steep at levels of demand not
much below the levels tacitly agreed on, the prospective bidder runs risks
of shifting the total demand such that demand equals supply where the
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total demand is steep and the clearing price is much higher than the
intended low price.

The cost of submitting an initially steep demand curve is likely to be
low in a uniform price auction. When a bidder submits such a demand
curve, that bidder is bidding a high maximum price for the first units that
he wishes to buy. But it is not likely that these initial high bids will be a
factor in determining the clearing price — and it is the clearing price which
the bidder actually pays. In contrast, a bidder in a discriminatory auction
who submits a steep demand curve can be sure to pay a high price for the
first units he buys.

(3) Compared to bidders in a discriminatory auction, bidders in a uniform
price auction also appear to have a greater incentive to submit low bids
for units when those bids may affect the clearing price in the auction. By
submitting a bid that reduces the clearing price, a bidder in a uniform
price auction reduces the price that he pays for every unit that he buys. In
contrast, a bidder in a discriminatory auction who reduces the clearing
price by bidding low for the last unit he purchases simply reduces the
price he pays for that last unit.

Concerns about implicit collusion and the incentives for demand re-
duction seem most relevant when there are a relatively small number of
large bidders. For large numbers of bidders, the difficulty of co-ordinating
on a collusive agreement seems prohibitive, so that the enforcement of
such an agreement becomes moot. Moreover, it also seems unlikely that
any one bidder’s demand can significantly affect the clearing price when
there are many bidders, all of whom are small.

(4) As we have already observed, Treasury auctions are often modelled
as common-value auctions where the differences in the valuations of dif-
ferent bidders are due to differences in the information available to these
bidders when they forecast the future market price of the bonds up for
auction. The theory of single-unit, common-value auctions predicts that
if bidders bid in an unsophisticated way, they may fall prey to a winner’s
curse and earn negative expected profits. If the bidders bid as theory
suggests, they may earn positive profits and these profits may be inter-
preted as a return to the private information which the winning bidder
possesses.

Auction theorists such as Paul Milgrom (1989) have used the theory
of single-unit, common-value auctions to propose the linkage principle
as an informal guide to comparing designs for common-value auctions.
If bidders’ profits represent a return to private information, then auction
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designs that link the price paid to the information of other bidders
might ‘dilute’ the effect of this private information, reducing bidders’
expected profits and increasing the auctioneer’s expected revenue. In a
uniform price auction, the price paid by each bidder is ‘linked’ to the
bids made by others through the clearing price. The linkage principle
suggests that bidders’ expected profits will be lower, and the auction-
eer’s expected revenue will be higher, in a uniform price auction than in
a discriminatory auction. Chapter 1 explains that the linkage principle,
while true in single-unit auctions, does not generally hold in multi-unit
auctions.

2.2 Empirical case studies

We now turn to case studies. Typically, the case studies do not allow
us to identify precisely which of the four intuitions, or possibly other
effects, are at work; we can only observe the overall differences between
the two auction formats. However, in some cases one can try to infer more
detailed conclusions about individual effects, and we point out where this
is the case.

The empirical case studies described in this section involve ‘natural ex-
periments’ where the US or Mexican Treasury switched from one auction
format to the other when conducting actual auctions. A serious difficulty
complicates the interpretation of virtually all natural experiments. Many
other factors that might potentially affect the performance of the auctions
being studied are usually also changing at the time the auction format is
switched. What fraction of any observed change in performance is due to
the switch in format and what fraction is due to changes in other factors?
One may attempt to model or otherwise account for the effect of factors
other than the change in auction format. For example, the studies consid-
ered attempt to control for changes in the value of the auctioned bonds by
using a measure of the difference between the auction and market prices
as a basis for comparison. Nevertheless, isolating the effect of the change
in format may be difficult or impossible.

A study which is not affected by the problems of natural experiments
is Hortagsu’s (2001) innovative analysis of Turkish Treasury auctions.
Hortagsu considers only discriminatory price auctions. The data avail-
able to him are the complete demand functions submitted by bidders. Us-
ing econometric techniques he reconstructs from the demand functions
the bidders’ true valuation functions. He then conducts the counterfac-
tual experiment of determining what the expected revenue would have
been had the auction format been uniform price. He finds that a switch
to a uniform price format would have caused average revenue losses of
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14.23 per cent. This is surprisingly large. However, he indicates that the
potential random error in these results is very large too.

Hortagsu’s analysis of the bidding functions relies on strong assump-
tions about bidders’ behaviour. In particular, it is assumed that bidders
bid rationally, and thus do not follow simple rules of thumb, as suggested
by intuition (1) above. He also assumes that bidders do not collude, thus
ruling out effect (2) above. The correct interpretation of his results is
probably that he indicates the likely size of the effect described in intu-
ition (3) above, if we are willing to assume that the other effects are not
at work. His findings then suggest that effect (3) is present, although its
statistical significance ex ante is not easy to establish.

US Treasury aucrions The US Treasury typically sells its bonds
using discriminatory auctions. However, in the 1970s and again in the
1990s the Treasury experimented with uniform price auctions. Simon
(1994) describes the results of experiments in the 1970s, while Nyborg
and Sundaresan (1996) consider experiments that occurred in the 1990s.

Simon compares the results of five uniform price auctions and ten
discriminatory auctions that took place from 1973 to 1976. Since the
summer of 1974, a competitive bid in a Treasury bond auction consists
of a combination of a desired number of bonds and a yield to maturity.
Bidders can submit multiple bids and so effectively submit a demand
curve by placing several bids with different yields to maturity. The yield
to maturity, the coupon interest rate and the maturity and face value of
a bond together determine the bond’s price.

The face value, which is the amount the bond pays when it matures,
and the maturity, which is the number of years until the bond pays its
face value, are set in advance of the auction by the Treasury. The coupon
interest rate is a percentage of the face value that is paid to bond-holders,
typically on an annual or semi-annual schedule. For some of the auctions
Simon considered, the coupon rate was also set in advance. In other cases,
the Treasury used the results of the auction to set a coupon interest rate
close to the average yield bid in the auction. The bonds Simon considered
had maturities ranging from fifteen to thirty years.

Simon measured the average bidder’s profit from an auction by using
the difference between the average yield to maturity in the auction and
the market yield to maturity near the time of the auction. Simon refers to
this difference as the mark-up. In calculating this mark-up, Simon usually
uses a market yield based on transactions in the when-issued market. In a
few cases, where the auctions represented the sale of additional amounts
of bonds that were already being traded and when-issued data was not
available, Simon used the market yield of the traded bonds.
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The when-issued market in the United States is a forward market that
operates before and shortly after each Treasury auction. In this market,
prospective bidders and other traders can trade claims to the bonds being
auctioned. Trades in the when-issued market are settled after the results
of the auction become known. For more information on the when-issued
market, see Bikchandani and Huang (1993) and Nyborg and Sundaresan
(1996).

Using data which Simon reports in table 1 of his paper, one can calcu-
late that the quantity-weighted average mark-up in yield for the discrimi-
natory auctions that Simon considers is 1.58 basis points of yield. (A basis
pointis 0.01 per cent.) The corresponding mark-up for the uniform price
auctions he considers is 1.92 basis points. Hence, switching from a dis-
criminatory to a uniform price auction format appears to have increased
the mark-up by 0.34 basis points of yield. After attempting to control
for various factors that may have affected the auction or market yields,
Simon concludes that the switch to a uniform price format increased the
mark-up by 7 to 8 basis points.

A higher yield to maturity corresponds to a lower bond price. Hence,
the positive yield mark-ups reported by Simon correspond to positive av-
erage profits for bidders. For coupon rates and maturities similar to those
considered by Simon, a small difference in yield must be multiplied by
approximately a factor of ten to obtain the corresponding difference in
the bond price measured as a fraction of the bond’s face value. Using this
approximation, the yield mark-up of 1.58 basis points for discriminatory
auctions corresponds to a price mark-up of 15.8 basis points or an av-
erage profit for bidders of $1580 for every million dollars of face value
purchased. The corresponding profit for the bidders in the uniform auc-
tions was $1920 per million dollars of face value purchased.

Subtracting these two measures of profit indicates that the switch from
a discriminatory to a uniform price format increased bidders’ profit (and,
therefore, reduced the Treasury’s revenue) by $340 per million of face
value. Controlling for other factors, Simon estimates that the switch from
a discriminatory to a uniform price format resulted in a loss in revenue
to the Treasury of between $7000 and $8000 per million of face value.
These are relatively large loss estimates, but their plausibility depends
on the degree to which Simon has adequately controlled for the effects
of other factors. Simon’s analysis does not allow us to distinguish the
potential impact of the different intuitive effects discussed earlier.

Nyborg and Sundaresan (1996) study the auctions of two-year and
five-year US Treasury notes that took place in 1992 and 1993. (It is a
common convention in financial economics to refer to Treasury bonds
with very short maturities (e.g. ninety days) as “Treasury bills’. Bonds with
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moderate maturities such as those studied by Nyborg and Sundaresan are
referred to as “Treasury notes’, while the term “Treasury bond’ is reserved
for bonds with long maturities.)

As in Simon’s study, Nyborg and Sundaresan calculate the average
bidder profit in terms of the yield mark-up. Nyborg and Sundaresan also
used the when-issued forward market to obtain an estimate of the market
yield to maturity near the time of the auction. Their when-issued data
consisted of all the transactions made by Garban Inc., one of the active
participants in this market.

Table 8 of Nyborg and Sundaresan’s paper lists the average yield mark-
ups for their auctions. They find that the average yield mark-up depends
sensitively on the maturity of the bond being auctioned and the exact time
that the when-issued yield is calculated, as well as on the auction format.
For discriminatory auctions of two-year notes, Nyborg and Sundaresan
calculate an average yield mark-up of 0.527 basis points when the when-
issued yield is measured at the time bids are submitted and a yield mark-
up of —0.03 basis points when the when-issued yield is measured at the
time the auction results are released. For uniform price auctions of two-
year notes, the corresponding average yield mark-ups are —0.048 basis
points and 0.695 basis points. For discriminatory auctions of five-year
notes, the yield mark-ups are 0.44 basis points and 1.52 basis points, and
for uniform price auctions of five-year notes they are 0.698 basis points
and —0.601 basis points.

For the two-year and five-year maturities considered by Nyborg and
Sundaresan, a small difference in the yield to maturity can be approx-
imately translated into a small difference in the price of the bond by
multiplying the yield difference by the bond’s maturity. The result is a
price difference expressed as a fraction of the bond’s face value. Using
this approximation, we obtain the following estimates for a bidder’s aver-
age profit per million dollars of face value that the bidder buys at auction.
(One basis point of price difference corresponds to $100 of profit per
million of face value.) For discriminatory auctions of two-year notes, the
estimated average profit is either $105 of profit or a $6 loss, depending on
which when-issued yield is used. For uniform price auctions of two-year
notes, Nyborg and Sundaresan’s profit estimates are either a $9.6 loss or
a $139 profit per million face value. For discriminatory auctions of five-
year notes, the corresponding profit measures are either $222 or $762 of
profit per million of face value purchased. For uniform price auctions of
five-year notes, there is a $349 profit or a $300 loss, depending on the
time at which the when-issued yields are measured.

Recall that an increase in a bidder’s profit corresponds to an iden-
tical reduction in the government’s revenue. By comparing the average



244 Foseph Swierzbinski and Tilman Borgers

bidder’s profit listed above across auction formats, one can therefore con-
clude that the switch from a discriminatory to a uniform price format
in the auctions for two-year Treasury notes resulted either in a gain in
revenue of $115 or a loss in revenue of $145 per million of face value pur-
chased. Similarly, for five-year Treasury notes, the corresponding changes
in average revenue are either a $127 loss per million of face value sold
or a $1062 gain, depending on when the when-issued yield is calculated.
Thus, Nyborg and Sundaresan’s analysis seems inconclusive.

Mexican Treasury auctions Umlauf (1993) considers auctions
of thirty-day Mexican Treasury bills (denominated in pesos) that took
place from 1986 to 1991. These short-term notes did not have coupons.
The auctions occurred weekly and followed procedures similar to those
used in US auctions. A competitive bid in the Mexican auction consisted
of an offer to purchase a given quantity of bills at a price specified in
terms of a discount from a reference level. Bidders could submit multiple
bids and so effectively submit a demand curve. Competitive bidders in-
cluded government banks, private banks, stock brokerages and insurance
companies. The auctions began in 1986. From 1986 until June 1990,
the auctions used the discriminatory format. In July 1990, the Mexican
Treasury switched to a uniform price format, which was used throughout
the rest of the period considered by Umlauf. Umlauf’s data include the
results of 181 discriminatory auctions and 26 uniform price auctions.

One reason why Umlauf’s data are interesting in the context of our
discussion is that, according to Umlauf, it was widely believed that the
six largest bidders in the Mexican auction formed a bidders’ cartel. In
this regard, it is interesting to note that although there was an average of
twenty-five competitive bidders in each auction, the six largest bidders
purchased an average of 72 per cent of the bonds. As we discussed above,
theoretical intuitions suggest that the operation of a cartel should be easier
in the uniform price auction than in the discriminatory auction. We now
ask whether Umlauf’s data confirm the above intuition.

In the Mexican auctions, bids were submitted on Tuesdays with the
results announced on Wednesday mornings. According to Umlauf, the
bulk of the auctioned bonds were resold in the market on Wednesday af-
ternoon. Umlauf uses the difference between the Wednesday resale price
and the average price paid in the auction as a measure of the average
profits earned by bidders. Umlauf reports this difference as a fraction of
the average price paid in the auction.

For the discriminatory auctions, the average profit earned by bidders
was 1.84 basis points or $184 profit for every million spent in the auction.
For the uniform price auctions, Umlauf reports a profit of —0.3 basis
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points, that is an average loss of $30 for every million spent in the auction.
Subtracting the above two measures of profit indicates that the switch
from a discriminatory to a uniform price auction reduced the average
bidder’s profit by $214 per million spent and, hence, appears to have
increased the Mexican government’s revenue by this amount.

Thus, Umlauf’s data definitely do 7oz confirm the theoretical intuition.
However, the effect might be present and might just be outweighed by
other effects which operate in the opposite direction. Moreover, it is in-
teresting to note that Umlauf calculates that the average profit of the
supposed bidders’ cartel was $206 per million spent in the auctions with
a discriminatory format and —$44 per million spent in the uniform price
auctions, that is a loss of $44 per million. These average profits seem
small and the existence of losses is surprising. If the six bidders did form
a cartel, it does not seem to have been very effective at generating profits.

Conclusions Regarding the effect of a switch from a discrimi-
natory to a uniform price auction, Simon estimates that such a switch
resulted in a relatively large loss in revenue for US Treasury auctions
in the 1970s. Umlauf, on the other hand, estimates that such a switch
resulted in a moderate gain for the Mexican Treasury. Finally, Nyborg
and Sundaresan’s results suggest that such a switch might result in either
moderate gains or losses for the Treasury, with the estimates depending,
among other things, on exactly when the when-issued yield is measured.
Opverall these results seem inconclusive.

It is difficult to find in these case studies direct confirmation of the
four intuitive effects listed above. However, it does seem plausible that
the straightforward effect, that uniform price auctions create stronger
incentives for demand reduction, is present. On the other hand, we have
not found direct evidence of the implicit form of collusion, which the
uniform price auction in principle makes possible. We have also not found
evidence that bidders would not know how to shade their bids correctly,
and would therefore either use simple rules of thumb or fall prey to the
winner’s curse. These effects may be present, however, even if we cannot
document them at this stage.

It is worth reiterating that the interpretation of natural experiments
such as those reported here is complicated by the difficulty of account-
ing for the effects of changes in factors other than the auction format.
In particular, Umlauf, Simon and Nyborg and Sundaresan all compare
auction formats with a profit rate that uses the difference between the
auction price and some market price. If we assume (1) that a change
in auction format affects the auction price but not the market price and
(2) that changes in factors which affect the underlying value of the bonds
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being auctioned influence both the auction and the market price in simi-
lar ways, then such a procedure can be a useful way to control for changes
in factors other than the auction format. If, on the other hand, the mar-
ket price is also sensitive to a change in auction format, then there is a
problem. In this regard, it is troubling that Nyborg and Sundaresan’s pa-
per also suggests that when-issued yields may indeed be affected by the
auction format.

3 How do interactions between Treasury auctions and the
Treasury bond market affect policy choices?

3.1 Does the conduct of an auction accelerate the revelation of
nformation held by bidders?

In a classic article, Fama (1970) highlighted the importance of the in-
formational role of financial markets. He called a financial market (in-
formationally) ‘efficient’ if the prices of assets traded in the market ‘fully
reflected’ all available information. The importance of the ‘informational
efficiency’ of financial markets (and the degree to which these markets
are indeed informationally efficient) is a theme that has been taken up by
many financial economists since Fama.

If the conduct of periodic auctions of Treasury bonds accelerates the
release of information held by bidders, then auctions may have an impor-
tant role in contributing to the informational efficiency of bond markets.
Cammack (1991) examined this question in an influential study of US
auctions for short-term Treasury bonds (often called Treasury bills be-
cause of their short maturity). Much of Cammack’s analysis involved
comparing the market price of these bills shortly before and shortly after
each auction. Cammack also compared the market price to the auction
price to calculate the profits earned by bidders.

Cammack studied auctions that were conducted on a weekly basis by
the US Treasury during the period from 1973 to 1984. Each Monday
in the early afternoon, competitive bidders could submit multiple price-
quantity bids for Treasury bills maturing in 91 days or 182 days. The
auctions were discriminatory auctions in which each competitive bidder
paid his bid for the bonds won at auction. Although we have not empha-
sised this point up to now, in many Treasury auctions in the United States
and elsewhere, including the auctions considered by Cammack, small in-
vestors can also submit ‘non-competitive’ bids which entitle them to buy
bonds at a quantity-weighted average of the bid prices. The presence of
non-competitive bids turns out to feature in Cammack’s analysis.
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The auction results were announced on Monday evening. By Tuesday
the bills were being actively traded in the bond market. Although Cam-
mack focuses on the auction for 91-day bonds, the presence of an auction
for 182-day bonds was also important for her analysis. In addition to an
active Tuesday market for bills with a 91-day maturity, the auction of
182-day bonds three months previously meant that on Monday, before
the auction, there was already an active market for bonds with a 92-day
maturity —and these bonds should be a very close substitute for the 91-day
bonds being auctioned. (See Cammack (1991) for further detail on the
exact timing of trading and delivery for the various bills she considers.)

Cammack studies three prices, as well as profit measures or mark-
ups based on these prices. Following Cammack, let P4 denote the mean
auction price. Let Py denote the market price on Monday (before the
auction results are announced) of the 92-day Treasury bill adjusted for
the one day difference in maturity. Finally, let Py denote the Tuesday
market price of the auctioned bonds.

Cammack calls the normalised difference between the Monday market
price and the mean auction price, (Py; — P4)/P4, the ‘Monday bidding
adjustment’. Similarly, the normalised difference (Pr — Py4)/P,4 is the
“Tuesday bidding adjustment’. Finally, the “Tuesday return’ is the nor-
malised difference (Pyr — Pyp)/Py. All these differences are reported in
percentages or basis points.

As a point of clarification that may be helpful to readers of Cammack’s
paper, she actually reports the natural logarithm of price ratios. For exam-
ple, In (P1/P,4) is the Monday bidding adjustment. The interpretation
of these price ratios as normalised price differences is obtained using
the Taylor approximation that In (1 4+ x) = x, which should be highly
accurate for the small values of x that are relevant here.

Cammack finds that the mean Monday bidding adjustment is approx-
imately equal to the mean Tuesday bidding adjustment and the two are
equal when averaged over her entire sample to approximately 1 basis
point. Hence, by buying in the auction and selling in the Tuesday mar-
ket, bidders could earn an average profit of $100 for every million spent
in the auction.

As a second point of clarification, Cammack often refers to the 1 basis
point difference in the price as a ‘difference of four basis points’. When
she does so, she is converting price to yield measured on an annual basis.

Cammack also finds that ‘the standard deviation of the Monday bid-
ding adjustment is approximately one-half that of the Tuesday bidding
adjustment’. Cammack attributes the additional variability in the Tuesday
bidding adjustment to the arrival of information during the twenty-four
hours from Monday to Tuesday. Some of this information may be from
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the release of the auction results on Monday evening. But some or even
all of the additional variability may be due to the random arrival of other
information.

In an attempt to isolate the effect of information contained in the auc-
tion on the Tuesday market price, Cammack regresses the Tuesday re-
turn, (Pr — Py)/Py, on variables that proxy for the information con-
tained in the auction results. One such variable is the ratio of competitive
bids placed to competitive bids accepted. A second variable is the ratio
of non-competitive bids to the total amount of bills auctioned. These
variables are measures of the demand for the auctioned Treasury bills
by bidders and small investors. Finally, Cammack considers the loga-
rithm of the difference of the mean and low auction prices, which she
regards as a measure of the dispersion of opinion concerning the bonds’
value.

For each independent variable, Cammack first uses a time series model
to decompose the variable’s value into an anticipated and an unantici-
pated component. ‘News’ from the auction is assumed to be conveyed
primarily by the unanticipated component. Whether or not the unantici-
pated components of demand-related measures are significant in explain-
ing the variability in the Tuesday return depends in part on how other
variables are controlled in the regression. However, the unanticipated
component of Cammack’s ‘dispersion of opinion’ measure is significant
in explaining the variability in the Tuesday return, suggesting that the
results of the auction do release information to the market. This seems
in principle to offer support for the use of auctions, as they increase
informational efficiency.

3.2 Does the degree of uncertainty in the bond market affect the
desirability of conducting an auction?

Since Treasury bonds are typically traded in an active aftermarket, the
underlying value of these bonds must be nearly the same for all bidders.
Moreover, differences in bidders’ values for the auctioned bonds seem
likely to be due in large part to differences in the bidders’ forecasts of
the future market price. As we have previously observed, these features
of Treasury auctions suggest that the theory of common-value auctions
may be relevant for explaining behaviour in Treasury auctions.

As was also mentioned in the introduction, the theory of single-unit,
common-value auctions warns that there is a danger that bidders may bid
too optimistically in such auctions. When a bidder in a common-value
auction wins the auctioned item by bidding high, the very fact of winning
is a signal that the bidder’s initial forecast was too optimistic. Unless
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the bidder shades his bid downwards in a way that takes appropriate
account of the information contained in the bids of other participants in
the auction, he may fall prey to a winner’s curse, paying more for items
than they are worth and earning ex post negative profits.

As observed, for example, by Laffont (1997), the winner’s curse in
common-value auctions became a matter of great practical concern in
the context of auctions for oil drilling rights in the Gulf of Mexico. In
spite of the large amount of oil available in the Gulf, bidding companies
appeared to be making low profits that did not produce an adequate
return on investment. It was suggested that over-optimistic bidding was
the cause. As Laffont also notes, later empirical work calls into question
the degree to which the winner’s curse was operating in these oil auctions.
But a long debate ensued as to the appropriate way to bid in auctions for
oil leases.

The degree of bid shading required to avoid the winner’s curse in-
creases as uncertainty about the underlying value of the auctioned items
increases. In the context of Treasury auctions, this suggests that bidders
are more likely to fall foul of the winner’s curse and earn low or even neg-
ative profits when market uncertainty is high. Is there a threshold level of
market uncertainty where an auction is not even advisable? Or do bidders
learn to adjust their bids appropriately in response to market uncertainty?

Nyborg, Rydqvist and Sundaresan (2001) draw on an earlier analysis
of Ausubel to observe that the appropriate response to uncertainty is
more subtle when bidders can submit demand curves, as is the case in
Treasury auctions. Unlike the discrete win—lose signal that occurs in a
single-unit auction, there is a continuum of possible signals in a Treasury
auction. The more a bidder wins in a Treasury auction, the stronger is
the signal that the bidder’s initial forecast of the future market price was
too optimistic. When bidders submit demand curves, the appropriate
response to uncertainty may involve not only a downward shading of the
average price bid but also a change in the shape of the submitted demand
curve, making it steeper.

One way to assess the practical significance of the winner’s curse in
Treasury auctions is to consider the average profits of bidders in such
auctions. Many of the studies we consider attempt to measure these aver-
age profits by comparing the mean auction price to some measure of the
market price. We summarise the information on average profit from these
studies in table 9.1. At the crudest level, the profit estimates contained
in this table do not suggest to us that the bidders in Treasury auctions
bid so aggressively as to earn large negative profits on average. A few case
studies do report relatively small average losses but we do not find these
results persuasive. For example, in Nyborg and Sundaresan’s US study,
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whether they estimate an average loss or an average profit depends on the
fine details of how the market price is estimated.

Umlauf (1993) also reports a small average loss in uniform price
Mexican auctions, but asserts that these losses occurred when a bidders’
cartel was supposedly operating and earning negative profits. If there was
a bidders’ cartel, why was it earning a negative average profit? One ex-
planation may be the degree of uncertainty characterising the Mexican
economy during the time period of Umlauf’s study. Umlauf reports that
during this period there occurred a foreign debt crisis, hyperinflation and
a presidential election that Umlauf describes as ‘highly contested’. Thus,
although in principle one could argue that Umlauf’s results show that the
cartel was incompetent in dealing with the winner’s curse, the uncertainty
with which the cartel was dealing might have been so unusual that this
comment is unfair.

Although not shown in table 9.1, which reports only the average profit
over all auctions — which was positive — Nyborg, Rydqvist and Sundaresan
(2001) also find negative average profits in auctions involving Swedish
bonds with certain times to maturity. However, Nyborg, Rydqvist and
Sundaresan also note that their measure of profit is likely to be an under-
estimate because of the way the market price of bonds was calculated.

In considering the evidence presented in table 9.1, a reader should keep
in mind that we have not discussed what level of profit provides an appro-
priate level of compensation for the risk involved in participating in the
auction and later reselling in the bond market. The degree of risk surely
varies from country to country. One wonders, for example, whether the
$184 average profit which Umlauf estimates for discriminatory Mexican
auctions is adequate compensation for the risk involved in these auctions.
However, while noting this issue, we do not propose to consider it further
here.

It is interesting to ask whether bidders in Treasury auctions respond to
market uncertainty as the theory of common-value auctions suggests by
lowering the average price bid and adjusting the shape of the submitted
demand curve. To best address these questions, data on the behaviour of
individual bidders are useful.

Nyborg, Rydqgvist and Sundaresan (2001) report results from a series
of Swedish Treasury auctions where data on the actual demand schedules
submitted by individual bidders were made available (with the identity
of the bidders protected). They find that the level of market uncertainty
has a statistically significant effect on both the average price a bidder
submitted and the shape of the bidder’s demand curve.

Nyborg, Rydqvist and Sundaresan (2001) studied more than 400 auc-
tions of Swedish bonds that occurred from 1990 to 1994. The auctions
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were discriminatory. The majority of the auctions considered involved
Treasury bills with a maturity of fourteen months or less. Approximately
one-third of the auctions were for Treasury bonds with maturities ranging
from six to sixteen years from the original issue date. Since most of the
auctions involved additional sales of already existing bonds, the actual
time to maturity of the Treasury bonds ranged from one to eight or more
years.

Although almost all the bonds considered by Nyborg, Rydqvist and
Sundaresan appear to have been actively traded in the bond market, the
transaction prices in this market are not made available to the public.
These authors typically used the median prices quoted by a number of
dealers shortly after the auction as a proxy for the transaction price in the
secondary bond market.

Average bidders’ profit in each auction was calculated as the difference
between the post-auction market price and the quantity-weighted aver-
age of the winning bids in the auction. Averaged over all the auctions, the
mean profit was 2 basis points of the face value of the bond. This corre-
sponds to an average profit of Kr 200 per million of face value purchased.
This mean profit is reported in table 9.1.

The average profit in these auctions increased with the remaining time
to maturity of the bonds being auctioned. For bonds with short maturi-
ties, average profit in the auction was sometimes negative. For example,
for bonds with a time to maturity close to one year, Nyborg, Rydqvist and
Sundaresan estimate an average loss of Kr 140 per million of face value
purchased (see table 4 of Nyborg, Rydqvist and Sundaresan (2001)).
However, they also suggest that their measure of average profit is likely to
be an underestimate because they were unable to use transaction prices
to estimate the market price of the bonds.

To describe the demand curves submitted by individual bidders, the
authors use three numbers. The ‘discount’ is the difference between the
market price shortly after the auction and the quantity-weighted average
price of the bids submitted by the bidder. The discount is a measure
of bid-shading. The shape of a bidder’s submitted demand curve was
measured by the ‘dispersion’, which was the quantity-weighted standard
deviation of the prices bid by the bidder. If demand is linear, then larger
‘dispersion’ corresponds to a steeper slope of the demand curve. The
third variable is the ‘quantity’, that is the maximum number of bonds bid
for by each bidder, measured as a fraction of the total size of the auction.

The average discount observed by Nyborg, Rydqvist and Sundaresan
was 9.2 basis points of the face value of the bonds. If all a bidder’s bids
were winning bids, then the discount would be the profit that the bidder
earned in the auction. Hence, bidders on average shaded their bids by
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Kr 920 per million of face value compared to the (estimated) post-auction
market price. Of course, not all the bids were winning bids, so the actual
profit earned was less than Kr 920 per million of face value.

The average dispersion was also positive, with a value of 4.6 basis
points. Hence, on average bidders submitted downward-sloping demand
curves. This result is itself interesting in that it indicates that bidders
typically do use the flexibility afforded to them by the opportunity to
submit a downward-sloping rather than a flat demand curve. On the
other hand, the minimum value of the dispersion was zero, indicating
that at least some bidders did submit a flat demand curve. The average
number of bids per bidder in an auction was 4.9 with a mode of 2 for the
shorter maturity Treasury bills and a mode of 4 for the longer maturity
Treasury bonds.

How do the discount and dispersion that describe an individual
bidder’s submitted demand depend on market uncertainty? Nyborg,
Rydqvist and Sundaresan measure market uncertainty near the time of an
auction by fitting a time series model to data on bond returns to estimate
the one-day volatility in the market price. The average level of the esti-
mated one-day volatility was 26.7 basis points and there was considerable
variation in this number across auctions.

The authors regressed both the discount and the dispersion of bid-
der’s demand curves against their estimated market volatility. In each
regression, the coefficient multiplying volatility was positive and highly
statistically significant. The regression coefficients were also significant
in an economic sense. An increase of 10 basis points in market volatility
caused an average increase in the discount of 4.4 basis points, which is a
substantial increase in the level of bid-shading. An increase of 10 points
in market volatility also increases the average dispersion by 2 basis points.
The mean dispersion of the bidders’ demand curves was 4.6 basis points,
so an increase of 2 basis points in the dispersion is also substantial. Thus,
the findings overall suggest that bidders in Swedish Treasury bond auc-
tions are well adapted to the winner’s curse, and that the possibility of
a winner’s curse does not constitute a valid argument against the use of
auctions in issuing bonds.

3.3 Do auctions open up the possibiliry that a bidder can ‘corner the
market’ or otherwise manipulate the market price?

Should policy-makers be concerned that a bidder can acquire sufficient
bonds in an auction to manipulate prices in the bond market? One rel-
evant fact is that the US Treasury remains sufficiently concerned about
this possibility to limit the amount that a single bidder can purchase
in one of its auctions to 35 per cent of the auctioned bonds. It is also
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noteworthy that in Swedish auctions, where there is no 35 per cent rule,
Nyborg, Rydqvist and Sundaresan (2001) report that a single bidder pur-
chased all the bonds at auction in about 10 per cent of the more than 400
auctions which they studied.

The observations in the previous paragraph suggest that one or a few
bidders may be able to win most or even all of the bonds sold in an auction.
Whether these bonds can then be used to manipulate the bond market
also depends on the availability of close substitutes for the auctioned
bond. In Sweden, for example, most of the Treasury auctions involve
adding more bonds to an existing issue that is already actively traded.
If the amount sold in any one auction is a relatively small fraction of all
the outstanding bonds, it may not matter if a single bidder purchases the
entire amount being auctioned.

In US Treasury auctions, there are three markets that are potentially
vulnerable to manipulation. One is the bond market itself. The others are
the when-issued forward market where claims to the bonds being auc-
tioned are traded and a related market known as the ‘repo [repurchase]
and reverse market’.

Bikchandani and Huang (1993) describe how the when-issued market
might be manipulated. A seller of a forward contract in the when-issued
market guarantees to deliver a quantity of the bonds being auctioned
after the auction occurs. According to Bikchandani and Huang, primary
dealers often sell contracts in the when-issued market to institutional
clients who wish to ensure that they will be able to purchase some of
the bonds being auctioned. If many of the sellers in the when-issued
market are unable to acquire the needed bonds in the auction, a ‘short
squeeze’ may occur. In this case, the sellers must either pay a high price to
repurchase their when-issued contracts or borrow the needed securities in
the ‘repurchase and reverse’ market. Borrowing securities in this market
can be costly for the borrower and profitable for the lender.

The frequency with which short squeezes occur and the extent to which
they are caused by deliberate action or merely chance events is a matter
open to question. See Bikchandani and Huang (1993) for further refer-
ences that are relevant to this debate as well as a fuller description of the
repo and reverse market.

In considering possible manipulation in US Treasury markets, it is
interesting to note the case of an attempted cornering of the market
by Salomon Brothers in 1991. Jordan and Jordan (1996) discuss the
incident and attempt to measure the level of Salomon Brothers’ profits.
In May 1991, the US Treasury auctioned more than $12 billion of Trea-
sury notes with a two-year maturity. In spite of the Treasury rule limiting
the purchase of bonds being auctioned to no more than 35 per cent
of the total, Salomon Brothers was able to purchase over 80 per cent of the
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issue. According to Jordan and Jordan, Salomon purchased over 40 per
cent of the bonds in its own name and purchased additional bonds by
using unauthorised customer bids.

The Salomon Brothers incident received considerable public attention.
Without admitting any wrong-doing, Salomon Brothers later reached
a settlement with the Securities and Exchange Commission and other
US agencies that, according to Jordan and Jordan, cost $290 million
including $122 million paid to the Treasury to settle securities violations,
$68 million paid to the Department of Justice, and $100 million paid
to set up a fund to compensate injured parties. Evidently, at least some
members of Salomon Brothers were willing to take substantial risks in
the hope of profitably manipulating the bond market via the auction.

Jordan and Jordan note that one of the ways that Salomon Brothers
was able to profit from its corner was by obtaining special deals in the
repurchase and reverse market from firms that needed to settle contracts
in the when-issued market. Jordan and Jordan also attempt to measure
the degree of mispricing in the bond market itself that was caused by
Salomon Brothers’ manipulations. They conclude that the two-year note
was significantly overvalued for approximately six weeks after the auction.
Thus, Salomon Brothers seem to have manipulated the market, and im-
posing quantity bounds in bond auctions appears to be an important
policy instrument.

4 Conclusion

One of the case studies reviewed in this chapter suggests that bond auc-
tions can serve as information discovery mechanisms even in the presence
of active secondary markets. This speaks in favour of using auctions for
the sale of bonds. There is at most weak evidence that auctions create
‘sorry losers’ who suffer from the winner’s curse. In general, bidders
seem to adjust rationally to the presence of the winner’s curse. The two
most prominent auction formats for bond auctions, uniform price and
discriminatory auctions, do not seem to lead to very large differences
in governments’ expected revenues. However, it does seem important in
some cases to limit the proportion of any single issue which an individual
bidder can purchase.
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10  Matching markets

Benny Moldovanu

1 Introduction

A basic goal of markets is to achieve a matching among buyers and sellers,
or, more generally formulated, a matching between individual agents and
physical objects or financial claims. In a commodity market (such as the
market for gold) the price determines whether an agent decides to buy
or to sell. But in many other markets (such as regulated labour markets,
government-sponsored auctions or Beauty Contests for UMTS licences)
the roles of the agents are relatively well defined: each agent operates on
only one side of a bilateral market.

In auctions and in decentralised markets consisting of systems of over-
lapping bargained agreements the physical allocation of objects is ac-
companied by a determination of prices. In contrast, many other bilat-
eral markets operate only on the matching dimension since, for various
institutional reasons, money either does not enter the system or prices
are determined exogenously. For example, many entry-level job markets
focus on matching new graduates and potential employers at more or less
fixed wages.

The theory of two-sided matching offers fundamental insights into the
functioning of markets and identifies the main issues arising in the design
of such markets. In particular, once money and prices are introduced
in the models, this theory offers the basis of auction and market design.
Moreover, there exist well-documented and successful large-scale appli-
cations that can guide further practical work. A broad conclusion is that
markets require a good deal of organisation. This runs counter to the
view implicit in much of the economic literature, which is that markets
are largely self-organising entities that do not require thoughtful design.

This chapter will address the following main questions:

(1) What is a satisfactory matching in a bilateral market and when do
such matchings exist?

(2) Which allocation mechanisms tend to produce satisfactory
matchings?
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(3) How does the choice of a matching mechanism influence the strategic
incentives of agents on each side of the market, and how do strategic
manipulations influence the final outcome?

(4) What are the main lessons for the design of auctions and Beauty
Contests?

The chapter has the following structure. In section 2 we describe a famous

case study, the US market for medical interns. In section 3 we survey

the main theoretical models and results. We consider one-to-one and
many-to-one matching models without money. A good textbook for this
material is Roth and Sotomayor (1990). In section 4 we revisit the market
for medical interns and explain the observed events in light of the theory.

In section 5 we extend the model by introducing money, and connect the

matching theory to auctions. We conclude with the main lessons for the

design of auctions and Beauty Contests.

2 The matching market for US medical interns

One of the most famous applications of market design is the organisation
of the US market for medical interns (or residents). Interns are students at
the end of their studies who get an additional year of concentrated clinical
exposure. By employing interns, hospitals get cheap labour. From the
start of the programme at the beginning of the last century, the number
of offered positions was much greater than the number of applicants,
and there was intense competition among hospitals. A consequence of
these conditions was that the date at which contracts were signed had
advanced by 1944 to about two years before the student’s graduation.
Since this was considered to be ridiculous, the Association of American
Medical Colleges (AAMC) decided that a student’s grade transcripts and
letters of reference would only be released in the summer of graduation.
The entire matching of students to positions moved to the final summer
preceding employment, and, more often than not, students were sitting
on offers hoping to get better positions at hospitals where they were on
the waiting list. In many cases, students reneged on agreed offers after
obtaining better ones.

In 1945 the AAMC succumbed to pressure from the American Hospi-
tal Association (AHA) and ruled that students could sit on an offer for at
most ten days. In 1946 this was shortened to eight days, in 1949 to twelve
hours, and in 1950 to one minute (these offers were called ‘explosive’).
Since more time-squeezing was impossible, it became clear that a new
approach had to be found.

In 1951 a centralised algorithm was proposed in which students and
hospitals submitted rank order lists (ROL) of preferred hospitals and
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students, respectively. Students and hospitals were then matched taking
into account the submitted preferences. After a trial run, students com-
plained that the algorithm encouraged ‘clever’ manipulation of submit-
ted preferences, and the procedure was slightly modified. The centralised
market is still in use today and fills about 20,000 positions per year in
about 3000 hospital programmes. Most tellingly, although participation
in the centralised scheme is completely voluntary, until the mid-seventies
the participation rate was about 95 per cent of eligible students and hos-
pitals. Participation dropped in the later seventies to about 85 per cent.

Another growing concern was the fact that rural hospitals were often left

with empty positions. In the mid-nineties, the market began to suffer a

crisis of confidence, and students (supported by vocal consumers’ rights

advocates such as Ralph Nader) complained that the outcome was un-
reasonably favourable towards hospitals. A new algorithm was devised
by Alvin Roth, a distinguished economist, now at Harvard, and was used

from 1998 onwards (see Roth and Peranson (1999)).

Several questions arise from this:

(1) Why did the frantic recontracting activity and the ‘explosive’ offers
immediately disappear once the voluntary centralised market was
introduced?

(2) Why was a participation rate of 95 per cent initially achieved by the
centralised procedure, even if all agents were able to continue to
contract privately?

(3) What prompted the drop in the participation rate in the late seventies?

(4) Is it possible to change the rules of the matching algorithm such that
more positions get filled at rural hospitals? What other repercussions
would such a change cause?

(5) Were the recent students’ complaints justified, and does the new
mechanism perform better?

(6) What are the main lessons for other matching markets?

In order to answer these questions, we first take a brief look at the basic
theory of two-sided matching markets.

3 The theory of two-sided matching markets

3.1 The one-to-one matching model

The two-sided matching model is probably the simplest market model in
the whole of economic science. It consists of two distinct groups of agents.
In this subsection we will call the members of the first group ‘men’ and
the members of the second group ‘women’. An agent is characterised by
a rank order list (ROL) over the members of the group to which it does
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not belong. The ROL describes the ordinal preference of the particular
agent over potential matches, and it means: I prefer to be matched to the
individual appearing first on my list; if this is not possible, then I prefer to
be matched with the individual appearing second on my list, and so on.
An individual ROL may not include all members of the other side of the
market, with the implication that an individual with an incomplete ROL
prefers to remain single rather than be matched to one of the non-listed
agents.

A matching consists of several matched pairs and several unmatched
(i.e. single) individuals. The basic economic problem is to find a ‘satis-
factory’ matching between men and women. The main question is what
‘satisfactory’ should mean. A first easy criterion is one of ‘no coercion’
(or individual rationality): no individual should be matched to a non-
listed (i.e. non-acceptable) partner. The second criterion is ‘efficiency’:
a matching is efficient if there is no other matching where at least one
agent is better off (i.e. matched to another, more preferred agent) while
all other agents are at least as well off.

But, apart from efficiency and no coercion, another important criterion
is needed. To illustrate this, consider first the following simple proposal
that yields an efficient, individually rational matching:

Order the agents on one side of the market (say the women) alphabetically® (e.g.
Ana, Betty, Britta, Carla, etc.). Match Ana with her most preferred man (say
Maarten) in the set of men that she regards as acceptable and that regard her as
acceptable. If such a man does not exist, let Ana be single. Then match Betty to
her most preferred man (say Benny) among those remaining who are acceptable
to her and who regard her as acceptable; otherwise let Betty be single, and so on.
It is obvious that any other matching will make at least one woman less well off.
Hence, the proposed matching is efficient and individually rational.

Nevertheless, the above proposed matching is not satisfactory. The fol-
lowing problem may appear: in the proposed matching Maarten and Betty
are not together (since Maarten is matched to Ana). But consider prefer-
ences such that Betty prefers Maarten to Benny, and such that Maarten
prefers Betty to Ana. Unfortunately, the above matching procedure did
not make the pair Betty—Maarten possible. Hence, the members of this
pair prefer to leave their proposed partners, in order to form a pair them-
selves. Such behaviour destabilises the entire proposed matching (since
we must find new partners for Ana and Benny, etc.), and a ‘matchmaker’
using the above procedure will soon lose her reputation, and possibly her
job.

I Any well-defined order will do here.
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The above insight leads to the following important definition:

An individual blocks a matching m if he/she is paired to an unacceptable partner.
A woman—man pair blocks a matching m if they are not matched to each other in
m, but each prefers the other to their current partner in m. A matching is szable if
no individual or pair blocks it.

The most important and surprising result in matching theory is due to
Gale and Shapley (1961): a stable matching always exists.? The ingenious
proof is constructive, by means of a deferred-acceptance algorithm (which,
by the way, is a precursor of the simultaneous ascending auction). The al-
gorithm functions as follows: to start, each man proposes to his favourite
woman (of course there is an analogous procedure where women pro-
pose). Each woman rejects the proposal of any man who is unacceptable
to her, and each woman who receives more than one proposal rejects all
but her most preferred of these. Any man whose proposal is not rejected is
kept ‘engaged’. At any further step, any man who was rejected at the pre-
vious step proposes to his most preferred woman among those who have
not yet rejected him (or does not make proposals if all remaining women
are unacceptable). Each woman receiving proposals ‘engages’ the most
preferred man in the group consisting of the new proposers together with
any man she may have kept engaged at the previous step. The process
stops after a step in which no man is rejected, and the matching obtained
at this step is the final one.

It can easily be shown that the algorithm stops after a finite number of
steps and that it always produces a stable matching. If a man % prefers
a woman f to his final partner, then # must have proposed to f before
proposing to that partner. Since /# and f are not matched, f must have
rejected /4. Hence f cannot prefer % to her final partner.

Gale and Shapley also show that there exists a stable matching which
is optimal for the men in the sense that all men prefer this matching to
any other stable matching and that the deferred-acceptance algorithm
with men proposing yields exactly that matching® (analogously, when
women propose, a women-optimal matching is obtained). Moreover, it
can be shown that an individual who remains single in a stable matching
necessarily remains single in all stable matchings.

An important feature that we have neglected so far concerns strategic
considerations. Do agents have incentives to submit their true preferences

2 It is interesting to note that stable matchings always exist only in bilateral markets (i.e.
they do not always exist in unilateral, trilateral markets, etc.).

3 This may explain the widespread custom where men (now in the literal sense) propose
marriage to women, rather than vice versa.
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to a matching algorithm (or, equivalently, to behave according to the
rules in a ‘dynamic’ procedure such as the deferred-acceptance one)? For
example, assume that a particular woman is known to be very popular:
each man thinks that there is a slight chance of being matched to her. In
that situation, maybe it is worthwhile for a man to manipulate the ROL
by ranking another woman highest, thus increasing the chance of being
matched to that second-best alternative.

If agents distort their reported preferences, a stable matching obtained
from the reported preferences may not be stable for the true preferences,
and hence the outcome will be destabilised by blocking pairs. It can be
shown (Dubins and Freedman, 1981; Demange and Gale, 1985) that
in any procedure that yields the men-optimal stable matching, it is opti-
mal for all men to state their true preferences, i.e. any man optimises by
submitting his true ROL, independently of what other agents are doing
(and, vice versa, in any procedure that yields the women-optimal stable
matching, it is optimal for all women to state their true preferences).* In
addition, no coalition of men can improve their position by jointly dis-
torting their reported preferences. There is generally no algorithm that
makes it optimal for both sides of the market to state their true prefer-
ences. In particular, when the stable matching for one side of the market
is chosen, members of the other side have the incentive to manipulate,
and the easiest way to do so profitably is to submit a ROL where some
acceptable partners are simply not listed.

3.2 The many-to-one matching model

An important extension to the above model is obtained by allowing agents
on one side of the market (call them ‘firms’) to be matched to several
agents on the other side (call them ‘workers’). This corresponds to the
situation where a hospital may employ several interns. As before, workers
rank all acceptable firms from most to least preferred, but firms have pref-
erences of entire subsets of workers. Since such preferences over entire
groups are necessarily more complex than rankings of individual agents,
the existence of stable matchings (see, for example, Kelso and Crawford
(1982)) is now ensured only if firms regard workers as substitutes. This
means that, if a firm prefers to employ a group that includes worker w,
it will want to employ this worker even if other workers in that group
become unavailable. For example, assume that a firm needs n workers,
that it can rank all workers using a ROL, and that it always prefers to hire

4 As we will see, these results are the precursors of analogous results for the second-price
auction and other similar mechanisms.
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the highest-ranked available n workers. Then this firm regards workers as
substitutes since it will want to hire a sufficiently high-ranked worker even
if other workers become unavailable. In contrast, consider an economics
faculty that has a fixed budget and wants to build either a strong group in
auction theory or a strong group in macroeconomics (but is not interested
in two weak groups in each discipline). Then the desirability of a particu-
lar auction theorist crucially depends on the availability of other auction
theorists, and professors are complements rather than substitutes. In this
case, stable matchings may not exist. Most of the properties discussed
above generalise to the many-to-one model, but there are exceptions. In
particular, even if the firm-optimal matching is implemented, firms may
have an incentive to manipulate their reported capacities.

4 The market for medical interns revisited

In light of the above theoretical results, we can now answer the six ques-
tions raised at the end of section 2.

(1) The frantic recontracting activity and the ‘explosive’ one-minute of-
fers immediately disappeared and a voluntary participation rate of 95 per
cent was achieved because the algorithm was making a stable matching.
This implies that a student unhappy with the hospital he was assigned to
was not able to find outside the centralised system another better hospital
that was willing to employ him (and vice versa for hospitals). Alvin Roth
analysed the algorithm in 1984 (about thirty years after it was devised)
and discovered that, although it functioned differently from the deferred-
acceptance procedure, it nevertheless achieved the hospital-optimal
stable matching. Hence, the doctors and engineers that devised the al-
gorithm had anticipated Gale and Shapley’s seminal insight by about ten
years.

(2) See (1) above.

(3) The drop in participation rates in the late seventies had a prosaic rea-
son: more and more married couples (where both partners were doctors)
began to apply for internships. Such couples necessarily have more com-
plex preferences than are expressed in simple ROLs, since they usually
prefer being together in one hospital or city. It was noticed that couples
tended to avoid the centralised market, and tried to arrange a match pri-
vately. The original algorithm was changed in order to get better matches
for couples, but to no avail. Is this a problem of the particular scheme
that was used? The answer is ‘no’. It can be shown that in a system with
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complex preferences for couples, the set of stable matchings may be
empty, and therefore no algorithm can produce a stable matching.

(4) The meagre allocation of interns to rural hospitals is unavoidable if
students do not like going there, and if a stable matching is desired. Recall
that the set of single individuals (or the set of unfilled positions) always
remains the same, no matter what stable matching is chosen. Hence, it is
impossible simultaneously to choose a stable matching and fill positions
at rural hospitals which were not already filled by the original algorithm.
Indeed, new routines were introduced in the matching algorithm in order
to give certain priority to rural hospitals — but to no avail.

(5) Since we now know that the original algorithm was the hospital-
optimal one, the students’ complaints (that the system favours hospi-
tals, and that clever students can successfully manipulate the system by
submitting false ROLs) seem eminently reasonable. Therefore, the new
algorithm introduced in 1998 was devised in order to achieve the student-
optimal matching. This also makes sense from a welfare point of view,
since hospitals probably do not differentiate too much between their sev-
enth and tenth candidates, but students may care a lot whether they live
in Miami or in Seattle, independently of the quality of the respective
hospitals. The new algorithm was also optimised with respect to married
couples (but, as mentioned above, a fully satisfactory solution for this
problem does not exist). The designers of the new algorithm performed
an intriguing experiment: they used the new matching rules on the ROLs
submitted to the system in previous years, and focused on the resulting
differences. To their surprise, these differences were very small: about
one applicant in 1000 was affected by the choice of the algorithm (or,
otherwise stated, the requirement that a matching be stable already de-
termined 99.9 per cent of all student—hospital matches). The reason is
that hospitals and students tend to list each other only following an inter-
view. Since the number of feasible interviews is constrained by time and
travel costs (to a generous maximum of about ten interviews per student),
one can show that in a very large market where students’ lists contain only
a few acceptable hospitals there is almost always a unique stable match-
ing, which therefore must be picked by any stable algorithm. In addition,
we now know that the best advice to students must be, ‘submit your
true ROL’, since possibilities of manipulations are almost non-existent,
and since manipulation (which calls for deleting some acceptable hospi-
tals from the submitted list) introduces the additional risk of not being
matched at all.
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(6) Although the original matching algorithm was not based on then ex-
isting theory, later theoretical developments (combined with simulation
and experiments) completely explained the main features of the problem
and its solution, and paved the way for a new, carefully devised algo-
rithm (rather than the more or less ‘blind’ adjustments made previously).
Moreover, it is now possible to use similar solutions in many other con-
texts. Roth and Sotomayor (1990) and Roth and Xing (1994) describe
the history of many highly specialised markets where matching plays an
important role (a few examples are professional athletes in team sports,
Canadian lawyers, new professors, US football bowls, UK medical spe-
cialities, etc.) Although each and every one of these markets displays
unique characteristics, it is possible to say, roughly, that only those mar-
ket institutions that tended to produce stable matchings survived in the
long run.>

5 Connections to auctions and market design

In almost all European UMTS licence auctions there was a fixed num-
ber of licences with a fixed capacity, and it was stipulated that no firm
could buy more than one licence. We had, therefore, a classic one-to-one
matching problem. In other situations, such as the US spectrum auctions
of regional licences for mobile telephony or the allocation of regional radio
licences in the Netherlands, one firm could buy several licences. These
were many-to-one matching problems. Other interesting examples for
many-to-one matching problems are the European market for football
players and the market for pollution emission rights which is to be intro-
duced soon. Of course, in such markets money also plays an important
role.

In order to understand the implication of the two-sided matching the-
ory for such situations, and in order to connect the above insights to
auctions and market design, we need first to extend the basic model
in order to allow for money. We do it here briefly for the one-to-one
matching model, and refer the reader to Kelso and Crawford (1982),
Roth and Sotomayor (1990), Gul and Stacchetti (1999), Milgrom (1999)
and Ausubel and Milgrom (2001) for parallel results in the many-to-one
case.

5 Some unstable mechanisms survived if they were complemented by rules that made
‘divorce’ very costly (a good example are the cumbersome transfer rules in profes-
sional sports). But such rules create lots of friction and are often subject to prolonged
legal battles (recall the famous Bosman case that led to a revolution in European
football).
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5.1 The one-to-one matching model with money

Consider two distinct groups of agents, called now ‘buyers’ and ‘sellers’.
Each seller s owns an indivisible object, say a house, and has a reservation
price for the house, say r; (i.e. the seller is prepared to sell the house for a
price which is at least ;). Each buyer has money, and is characterised by
a list of reservation prices for the individual houses, i.e. a list of maximal
prices that this buyer is prepared to pay for each house. Let r;; denote
the reservation price of buyer b for the house owned by seller s. Then,
the pair {5, s} can be characterised by the associated gains from trade,
vy = max (0, s — 7). A matching m consists of a set of buyer—seller
pairs, a set of unmatched agents and a set of prices for each house, where
b5 denotes the price of the house owned by s. If {5, s} are matched and
trade at price p,, then the buyer’s pay-off is 7,; — p;, and the seller’s pay-off
is p; — .. A matching is szable if no matched buyer pays more than his
reservation price for the house he buys, no matched seller gets less than
her reservation price, and if, for any unmatched buyer-seller pair {5, s},
there is no price p; such that trading at that price makes both traders
in the pair better off. A system of prices for which we can find a stable
matching consistent with those prices is called a competitive price system
(the reason will become clear below).

The main results for this model are as follows (see Shapley and Shubik
(1972)). A stable matching always exists. The set of competitive prices
has a minimal element which is optimal for the buyers (i.e. a price system
such that all other competitive price systems yield higher prices for all
houses) and a maximal element which is optimal for the sellers (i.e. a price
system such that all other competitive price systems yield lower prices for
all houses). This last result generalises the existence of men-optimal and
women-optimal stable matches in an earlier section. For example, in a
market where a single house is available, the set of competitive prices is
precisely the interval between the highest and second highest reservation
prices. The minimal competitive price (which is optimal for buyers) is
the second highest reservation price, which may belong either to a buyer
or to the seller.

The generalisation of the Gale—Shapley deferred-acceptance algorithm
now takes the form of a simultaneous ascending auction. For the version
where buyers are active, this works roughly as follows (see Demange,
Gale and Sotomayor (1986) and Milgrom (1999)). At the first stage
the auctioneer fixes the prices equal to the sellers’ reservation prices. At
these prices, each buyer announces which house (if any) he wants to
buy. If no house receives more than one bid, the auction stops, and each
bidder obtains the house for which he bid at the seller’s reservation price.
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Otherwise, the price of those houses that obtained more than one bid is
raised by a small increment® (while other prices remain constant). Again,
buyers announce which houses they want to buy, and so on. The auction
stops at the price level attained after a step in which no house receives
more than one bid.

For the matching model without money, the deferred-acceptance algo-
rithm yielded the optimal stable matching for the proposing party. Mem-
bers of the proposing party had an optimal strategy: to reveal their true
preferences. The present model with money yields analogous results.
Consider a direct revelation mechanism (i.e. where bidders simultane-
ously submit reservation vectors and the above algorithm is run by a
computer) yielding the stable matching associated with the minimum
competitive price system. Then, submitting the true reservation prices
for each house is optimal for each buyer. If buyers bid in the ascending
version, then the auction stops with the minimum (i.e. buyer-optimal)
competitive price system if bidders behave straightforwardly (i.e., at each
stage, buyers place bids on their respective most preferred houses given
the current level of prices). Straightforward bidding ensures that a cru-
cial feature of the deferred-acceptance algorithm is maintained: bidders
make first offers they prefer most and proceed monotonically to offers
they prefer least.

Recall that in a market with a single house, the minimum competi-
tive price is exactly the second highest reservation price. Thus, the opti-
mality of truthful bidding for buyers generalises to multi-object auctions
Vickrey’s famous result about the single-object second-price auction. Al-
though buyers have an optimal strategy to state their true preferences,
collusion becomes profitable here since buyers may make side payments
among each other. For example, in a single-object auction, the highest
bidder may want to bribe the second highest bidder to decrease her bid
(this can effectively be achieved by a pre-auction organised among the
potential buyers).

Let us now briefly illustrate some of the above insights in a simple
example where all objects for sale are identical. Buyers are characterised
by their maximal willingness to pay for any one object, r, and sellers are
characterised by their minimal reservation price, r,. The respective values
are given in table 10.1.

At a first glance it seems that we can maximise trade volume by arrang-
ing transactions for all five objects. Indeed, consider the matching and the
corresponding prices shown in table 10.2. At these prices, all matched

6 Alternatively, bidders themselves may raise their bids on objects of which they are not
‘provisional winners’. There are some subtle strategic differences among the various
versions.
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Table 10.1. Reserve prices

Sellers’ Buyers’
Index reserve prices reserve prices

1 10 24
2 12 23
3 16 21
4 18 19
5 22 17
6 14

Table 10.2. Possible matching

Seller-buyer Pair Price
1-5 13.5
2-4 15.5
3-3 18.5
4-2 20.5
5-1 23

agents are willing to transact since each price is lower than the respec-
tive buyer’s reserve prices and higher than the respective seller’s reserve
price.” But will traders want to participate in a centralised trading sys-
tem that yields the above matching and prices? The answer is obviously
‘no’! There are indeed ill-designed markets conceived along similar ideas
where, very soon, participants discover that it is in their interest to trade
outside the centralised system (one example is offered by the early rules
for the auction of sulphur dioxide emission rights in the United States).

Consider for example buyer 1 and seller 1: these two agents are not
paired in the above matching and they would rather transact outside the
system at a price, say, of 18. It can be easily seen that such destabilising
opportunities always arise as long as similar objects are sold at different
prices. Hence, stable matchings may exist only if we impose a unique
market price. As the reader can easily check, any matching between
sellers 1-4 and buyers 1-4 based on a unique market price between 18
and 19 yields here a stable matching: no pair then has any incentive to
trade outside the centralised market. Note also that these prices are also
exactly those where demand equals supply (four units). Thus, the prices

7 Prices were chosen exactly in the middle of this range.
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sustaining stable matching coincide with those sustaining the well-known
competitive equilibria. Obviously the lowest price in the range, 18, is the
optimal stable price for the buyers, while the highest price, 19, is the
optimal stable price for the sellers. An auction where each buyer places a
single bid and the market price is chosen to be the minimal one such that
demand equals supply yields incentives for buyers to bid their reservation
prices truthfully (this generalises the insight of the second-price auction).
Similarly, an auction where sellers make bids but the market price is the
highest such that demand equals supply gives sellers incentives to bid
truthfully. In general, there are no procedures that simultaneously give
all agents on both sides of the market incentives to bid truthfully.

6 Extensions and main lessons

Any practical implementation of centralised market mechanisms (with
or without money transfers) needs to yield stable matchings. Otherwise,
agents will choose to transact outside the system. This consideration is
often more important than other details (e.g. informational assumptions)
on which traditional auction theory, with its emphasis on one-object auc-
tions, tends to focus.

The chosen auction procedures in many recent applications have been
variations of multi-stage ascending auctions. When well designed, such
procedures constitute natural monetary analogues to Gale and Shapley’s
deferred-acceptance algorithm, and inherit many of its desirable prop-
erties. This basic relation offers the most solid theoretical basis for the
widespread faith in the virtues of ascending multi-object auctions.

In many contexts, bidders are allowed to buy several objects — these
are many-to-one matching problems. Flexible auction formats call then
for allowing bidders to express preferences on entire bundles — in auction
parlance, such procedures are called combinatorial auctions.® An applica-
tion of the deferred-acceptance algorithm naturally yields a combinarorial
ascending auction. Ausubel and Milgrom (2001) offer a detailed study of
such an auction (in the light of matching theory) and they survey the ad-
vantages over static procedures such as the Clarke—Groves—Vickrey mech-
anisms. Obviously, the rules of combinatorial auctions are relatively com-
plex for both auctioneer and bidders (e.g. how to determine which prices
get adjusted upwards at each step becomes more delicate). Generalisa-
tions of the main results obtained for the one-to-one matching problems

8 In this context, it is interesting to note that the US Federal Communications Commission
(which has long favoured the simultaneous ascending auction because of its simplicity)
is now considering the use of combinatorial auctions in a forthcoming event.
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hinge, roughly, on the absence of complements (i.e. the willingness to pay
for a bundle should not be higher than the sum of the willingness to pay
for the individual objects in the bundle). The presence of complements
induces many practical problems related to the non-existence of stable
matchings and market-clearing prices.

We have assumed so far that agents care only about their own match.
But, in many contexts, competing firms may also care about other aspects
of the entire matching (e.g. who else gets what). In other words, there
are external effects (for more on this topic, see Janssen and Moldovanu
(this volume, chapter 5). Such features tend to destroy most of the the-
oretical results we have presented so far (in particular, the existence of
stable matchings is not ensured). For example, the allocation of landing
and take-off slots at airports displays both strong complementarities and
strong externalities stemming from the desire to pre-empt competitors.
Much care is required when devising satisfactory auctions for instances
where complementarities and externalities are present.

There are generally no stable matching mechanisms that make it op-
timal for both sides of the market to reveal their true preferences — this
means that the final outcome may not be a desirable one for the true
preferences. This problem is particularly severe in thin markets with few
agents. It then makes sense to combat the strategic incentives by imple-
menting the optimal stable matching for the market side whose members
stand to gain most from manipulations.

The above observation also implies that in auctions where buyers are
active and make bids, the seller(s) can increase revenue by the choice of
reservation prices. Fixing reservation prices becomes an important strate-
gic issue for the seller. Using a simultaneous ascending auction is not an
insurance policy against low revenue (as some recent UMTS auctions
which closed near the reservation prices amply showed), unless appro-
priate reservation prices (that reflect the degree of scarcity implied by
alternative or future uses) are chosen. In this context it is also useful
to recall the fate of the unmatched rural hospitals. The lesson is that
unattractive objects may get ‘matched’ only if additional sweeteners are
offered. One may consider negative reserve prices (i.e. subsidies) if the
designer desires a particular match. Good examples are the Dutch ‘desig-
nated’ radio stations that are strongly constrained in their programming.

If the optimal matching for one side of the market is chosen, the agents
on that side do not have incentives to collude in the model without
money. The situation changes in the model with money, and this im-
plies that ascending auctions are not immune to collusion among bid-
ders. In particular, in most applications bidders raise prices themselves.
This flexibility (e.g. jump bids) can be used as a signalling device which
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co-ordinates collusion. Hence, it sometimes makes sense to restrict the
bidding operations (e.g. by introducing strict activity rules and maximal
bids at each stage) in order to get closer to the situation where the auc-
tioneer raises prices on over-demanded objects by a pre-set minimum
increment.

Beauty Contests that allocate objects to firms at fixed prices (which
may be zero) can be seen as simple matching problems. If the allocated
objects are heterogeneous (e.g. licences with different capacity, different
geographic coverage, etc.) firms will be able to rank objects or bundles
in order of preference. Sometimes these preferences are obvious (and
are the same for all firms). In other instances, preferences are subtler,
and it makes sense actually to ask for them (while explaining how this
information will be used by the regulator in order to obtain an allocation).
This will also give some information about the degree of scarcity inherent
in the situation. The resulting allocation needs to be ‘stable’ in the sense
that no firm should feel entitled (by the implicit rules of the contest) to a
bundle that it likes more than the one it actually obtained. If an unstable
allocation is chosen, unnecessary tensions accrue in the system, and legal
battles may follow. In addition, if several firms are unhappy, resales and
swaps may follow the allocation procedure, thus undermining the purpose
of the entire exercise.
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11 Competitive procurement of reintegration
services in the Netherlands

Maurice Dykstra and Faap de Koning

1 Introduction

Recently, the delivery of reintegration services to the unemployed and the
disabled in the Netherlands — formerly a public task — has largely been
privatised. The government still funds these services, but implementation
is left to private agencies that have to compete for the contracts. Consid-
erable improvements in these services in terms of both effectiveness and
efficiency are expected from the privatisation. The purpose of this chap-
ter is to give a description and an evaluation of the initial period following
the introduction of the new system. Before we do that, we first discuss
a number of points that may not be familiar to readers who are not spe-
cialists in labour market issues. Thus, why does the government provide
or at least subsidise reintegration services? What do we understand by
reintegration services?

Reintegration services are a particular form of employment service.
The general aim of employment services is to help unemployed people
find a job and employers fill their vacancies. There are several reasons
why jobseekers and vacancies do not instantly match. An obvious reason
is that both jobseekers and firms have imperfect information. However,
we can also observe that some unemployed or disabled people have more
fundamental problems in finding a job. They may lack a good strategy
in searching for work or a network to help find them a job, or their skills
may be insufficient.

In most European countries the provision of employment services is
largely a public task. Usually a special public organisation, the public em-
ployment service (PES), carries out this task. Its most important services
are job brokerage and reintegration services. The latter consist of activ-
ities such as job counselling, training and placement in subsidised jobs.
Reintegration services are more intense forms of help to unemployed and
other jobless people. These services tend to be concentrated on the more
disadvantaged groups.
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Until recently, the traditional system also prevailed in the Netherlands.
In the second half of the 1990s, however, the Dutch government decided
to privatise the provision of reintegration services. Gradually, the fund-
ing for reintegration services was transferred from the PES! to the social
security agencies (SSAs) responsible for unemployment and disability
benefits?> and to the municipal organisations responsible for social as-
sistance. At the time, five SSAs existed: CADANS, GAK, GUO, SFB
and USZO. The different SSAs operated in different sectors of indus-
try. In turn, each SSA was also organised regionally. Initially, both SSAs
and municipalities were obliged to involve the PES as the only service
provider, but this obligation was only temporary; later, private providers
could also be involved. At a later stage, the part of the PES dealing with
reintegration services was privatised. It became known as KLIQ and is
now one of the private reintegration firms that have to compete for the
contracts that are tendered by the SSAs and the municipalities.

The process resulting in the privatisation of considerable parts of the
PES had already started in the early 1990s. Up to 1991 the PES was a
part of the Ministry of Social Affairs and Employment. In that year it
was transformed into a tripartite organisation, administered by the social
partners and the government jointly. Furthermore, the state monopoly
in job brokerage was abolished. This development was in line with the
general societal trend to give more scope to the private sector. The impact
of this step was rather small, however, because the activities of the tri-
partite PES were still completely funded by government. Because of this
situation, private providers had few opportunities to compete with the
PES, with the exception of temporary work agencies. A 1995 evaluation
of the tripartite structure revealed serious shortcomings, which induced
the government to go further on the road to privatisation.?

It is important to note that in the new system the delivery structure
for public employment services is not completely privatised. Public em-
ployment offices still exist. One of their main tasks is to improve the
transparency of the labour market by collecting and diffusing informa-
tion on jobseekers and vacancies. Another important task is the profiling
of the people entering unemployment. These are divided into four groups
according to the degree of risk of their becoming long-term unemployed.
Those not at high risk can only make use of the services provided by the
employment offices (mainly information on jobs and benefits), which are

! In Dutch: Arbeidsvoorziening. 2 In Dutch, the so-called ‘uitvoeringsinstellingen’.
3 See Dercksen and de Koning (1995) for a summary of the results.
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now called Centres for Work and Income.* Those at high risk of long-
term unemployment are sent to the SSAs and the municipalities and are
entitled to reintegration services. As already indicated, the SSAs and the
municipalities contract the service delivery to private agencies.

Many of the larger reintegration firms are offshoots of public organi-
sations such as the SSAs and the former PES. Other reintegration firms
were founded by temporary work agencies. In addition to these organisa-
tions a large number of new private firms offering reintegration services
have sprouted up.

At the time another player in the field of social security was LISV, the
National Institute for Social Insurance, which functions as a kind of reg-
ulator.” LISV developed a set of rules for the competitive procurement
of reintegration activities. The SSAs were compelled to follow this pro-
curement procedure when purchasing reintegration trajectories. This set
of rules is a type of Beauty Contest. In the year 2000 the first round of
Beauty Contests was held.

Since then a number of changes have occurred. The five SSAs together
with LISV have merged into one organisation, UWYV. Furthermore, co-
operation within groups of smaller municipalities was introduced, since
the latter do not have the capacity to deal with tendering procedures
adequately. Therefore, the number of actors on the demand side of the
reintegration market has reduced significantly.

In table 11.1 the various organisations involved in the old and/or the
new system are listed, and their status (public or private) and function
indicated.

In this chapter, we evaluate the 2000 round for the procurement of rein-
tegration services in the Netherlands as conducted by the SSAs. Based on
information from previously conducted evaluations, we try to shed some
new light on the various findings by looking at it from the perspectives of
the theory of auctions and Beauty Contests and the theory of industrial
organisation in general. The chapter is structured as follows. In section
2we give a description and an evaluation of the Beauty Contest design
and its implementation. The outcomes of the Beauty Contest are the sub-
ject of section 3. Then, in section 4, we discuss the difficulties in assessing
the quality of reintegration services and their implications for tendering
procedures in this field. Finally, section 5 contains the conclusions and
recommendations.

4 If after six months they are still unemployed, they then become entitled to reintegration
services.
5 LISV: in Dutch, Landelijk Instituut Sociale Verzekeringen.
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2 Beauty Contest design

2.1 Basic design features

LISV developed a set of rules for the competitive procurement of rein-
tegration services. The SSAs were compelled to follow this procurement
procedure when purchasing individual reintegration programmes. The
first procurement round was held in the year 2000.

The reintegration firms bid for lots consisting of clients who had to be
reintegrated. In their bids, they described the services they would deliver
in order to reintegrate these clients and the price for these services. The
procedure contained no specific requirements for the description of the
lots. In the lot descriptions the SSAs only defined the groups of clients and
the number of clients per lot. The clients were in most cases classified
by industry sector and region and by whether they were unemployed
or disabled. Generally, therefore, the composition of the lots was very
heterogeneous. This made it next to impossible to make fine-tuned bids
for niche markets. Only in a few cases did the lots consist of a narrowly
defined group of clients. However, in order to make such lots sufficiently
large, they were not classified by region.

LISV defined a number of criteria for judging the bids. These re-
ferred to both the price and the quality of the services (see subsection
2.3). Therefore, the procurement procedure can be seen as a Beauty Con-
test. In the case of an auction, a detailed set of quality requirements by
LISV and the SSAs would have been needed, particularly in terms of the
output (minimum standards for placement results of more or less homo-
geneous groups).® Then, the bidding would have referred to the price
alone. Later in the chapter we come back to the question of whether an
auction is to be preferred over a Beauty Contest.

2.2 Procedure

The LISV approach to procurement, generally speaking, followed that
of the European Service Directive. The SSAs could choose between two
procedures, an open one and a restricted one.”

6 Furthermore, sub-categories can be distinguished within both the class of auctions and
that of Beauty Contests. For a detailed review, see Janssen (this volume, Introduction).

7 Additionally the LISV procurement approach opens the possibility for an experimental
procedure. In this procedure it is possible to grant a maximum of two contracts to bidders
who, by the rules of the game, do not fulfil all the criteria or come out as winners.
LISV wanted to give the SSAs the possibility for experimentation in the procurement of
individual reintegration programmes for clients who are extremely difficult to place in the
labour market. The value of these contracts may not be more than €201,000. As about
€300 million are involved in the procurement procedure, this experimental procedure
plays a very small role in the course of affairs.
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In the open procedure the reintegration firms could directly make a
proposal based on the call for tenders which was publicised in the Dutch
national newspapers. The SSA had then to choose the winning bid from
all proposals offered. The bids were first evaluated according to certain
qualifying criteria. The purpose of the qualifying criteria was to weed
out those firms which — so the SSAs expected — could not handle the
individual programmes successfully. The bids that passed this test were
then evaluated according to the bidding criteria.

In the restricted procedure there were two phases: pre-qualification and
the contest itself. In the first phase the reintegration firms could show their
interest for one or more lots. Based on the qualifying criteria, which were
made public, each of the SSAs selected a minimum of five reintegration
firms, which were granted the opportunity to make a competitive bid.
From these bids each SSA chose the winning bid, based on the bidding
criteria.

Two SSAs (GAK and CADANS) used only the open procedure, while
GUO, SFB and USZO used only the restricted procedure. Because GAK
and CADANS were by far the largest SSAs, this resulted in more than
80 per cent of the competition for the individual programmes being con-
ducted according to the open procedure.

LISV prescribed certain qualifying criteria to the SSAs. These were
basically the same as the bidding criteria. The SSAs were free to add
more qualifying criteria. In most cases, only very formal criteria were
added. GAK, for instance, added several dozen formal criteria. If a bid
failed on one of these criteria it was ruled out. In addition GAK also took
a very formal stance. If the slightest piece of information was missing
from a bid, it could not be added later.

The procedure as implemented by GAK missed the goal it was intended
to serve, namely to select the credible bids. It is questionable how far there
was a correlation between having one’s paperwork in tip-top shape and the
credibility of one’s bid. We expect that the marginal value of information
gained through adding additional criteria diminished quickly. Applying
many formal criteria, then, became an inefficient procedure in assessing
the credibility of bids. The procedure also carried high administrative
costs for bidding firms as well as for GAK.

Other SSAs took a much more relaxed view. Certain omitted items
could be added to the file later in the process. The widely differing pro-
cedures meant that similar bids were treated in very different ways. These
differences were harmful for the transparency of the market. This is il-
lustrated by the fact that more than 80 per cent of firms that did not pre-
qualify believed that the SSAs committed errors in the pre-qualification
procedure (Vinke and Cremer, 2001).
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The open procedure has the advantage of generating a large number of
bids, which in itself enhances competition. With each additional bid the
chance of finding a very high quality one increases. The opposite side is
that the chance of winning a bid is relatively low for an individual firm, so
it makes sense for a bidder not to put too much effort into the bid. This
will reduce the quality of the bids made. An additional disadvantage of
the open procedure is that the process is much costlier. This applies for
both the reintegration firms and the SSAs. The reintegration firms have
to make more complete bids than is the case for a restricted process. In
addition, for the bids to qualify, all formal requirements have to be ful-
filled. This results in an extra administrative burden. The SSAs, in turn,
have to examine more bids fully. This also results in higher administrative
Ccosts.

All the lots were put up for sale simultaneously. This resulted in a large
amount of work to be done in a short period of time by the reintegration
firms as well as by the SSAs. One could thus expect a tendency for both
bids and evaluations to be quick and dirty, resulting in low-quality bids
and low-quality evaluations.

Even though the SSAs explicitly asked for bids for specific sub-lots, the
reintegration firms rarely made such offers. Nearly all the bids were for
the entire lot. Attempts to show a certain affinity with specific groups of
clients within a lot could hardly be discerned from the bids made.?

2.3 Criteria and score function

The LISV procedure defined five bidding criteria: four quality crite-
ria (‘professional qualifications of staff’, ‘results achieved in the past’,
‘throughput time’ and ‘percentage of clients placed in job’) and price.
The SSAs were not permitted to add extra criteria. However, they were
allowed to stipulate the bidding criteria more specifically. Each SSA wrote
additional specifications into the bidding criteria. Despite LISV stating
that the addition of extra criteria not in line with the criteria set out by
LISV was not allowed, GAK and GUO did add one criterion, namely
the drop-out rate.

It is highly improbable that the ranking of the bidders on each criterion
is the same. Some bidders might offer higher quality, while others might
try to compensate for a (somewhat) lower quality with a lower price.
Therefore, one needs to have some kind of weighting procedure or score
function to come to a decision.

8 KPMG/BEA (2001).
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We now discuss the criteria and the score function in greater detail. We
group the criteria into four categories: structural criteria (‘professional
qualifications of staff’ and ‘results achieved in the past’), process criteria
(‘throughput time’ and ‘drop-out rate’), performance criteria (‘placement
results’) and price.

Structural criteria  The criteria ‘professional qualifications of
staff’ and ‘results achieved in the past’ refer primarily to the reintegration
firm which is making the bid. These criteria are signals of quality rather
than actual quality. They signal whether or not the reintegration firm can
do the job if it wins the bidding competition.

When assessing the structural features the SSAs placed very different
weights on ‘professional qualifications of staff’ and ‘results achieved in the
past’. According to KPMG/BEA (2001) CADANS put much more value
on the professional qualifications of staff, while at the other extreme GAK
did not value qualifications at all, and looked only at results achieved in
the past. The other three SSAs held intermediate views.

Process criteria  The criteria ‘throughput time’ and ‘drop-out
rate’ provide characterisations of how the firm would handle the rein-
tegration process of its clients in the event of being successful.

The LISV procedure contained no specific definition of the criterion
‘throughput time’. Consequently, both the SSAs and the reintegration
firms defined it in various ways. Some SSAs and reintegration firms de-
fined throughput time as the entire time between registration of the client
and the placement of the client in a paid job, excluding time spent on
education and training. For others, however, it related to the waiting time
between the various stages of the process. To us the most straightforward
definition of throughput time is the length of the period during which
the SSA is dealing with the client, i.e. the time it takes to place a client.
To say the least, it is remarkable that this criterion was not defined. This
makes comparison of bids difficult.

The drop-out rate is the percentage of clients who for some reason
leave the programme prematurely. Two of the SSAs, GAK and GUO,
used this criterion, which was not included in the list specified by LISV.
Therefore, GAK and GUO acted against the rules as developed by LISV.
It is not clear why this criterion was added. From previous evaluations
of labour market programmes we know that participants often leave a
programme because they have found a job. This is particularly so in the
case of training measures. Therefore, drop-out does not always indicate
a problem.
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Performance criteria The procedure defines only one perfor-
mance criterion: the percentage of people placed in a job. LISV defined
placement to be the case where the programme results in the client work-
ing in paid employment for a period of at least six months. From the
supplemental explanation given by LISV it became clear that the defini-
tion referred to the signing by a client of an employment contract for that
period rather than actually working for that amount of time.

In a bid the reintegration firm had to specify the percentage of clients it
believed it would place within one year.” The bidder had to state that he
could place a minimum of 35 per cent of the clients in paid employment.

Price In the LISV procedure price is defined rather loosely as
the price of an average individual programme. In their bids, most bidders
simply presented a list of products and services which could be used in
the individual programmes of clients. The number and kind of products
and services would vary by client. LISV expected the SSAs to make an
educated estimate of the quantity and quality of the necessary products
and services for the clients in the particular lot. The bidders did not have
to quote an average price. They only had to quote price per product and
service.

Score function The decision procedure was typical for an un-
weighted Beauty Contest:
* The score per attribute and the overall score were determined judgmen-
tally. Ratings reflected the subjective views of the awarding authority.
e There was no exact representation of the relationships between the
attributes.
¢ Bidders did not know the exact algorithm used by the awarding author-
ity to calculate the total score.
LISV determined the winner on the basis of the most economic bid. What
‘most economic bid’ means or how it should be made operational was,
however, not prescribed or described. The evaluations also do not make
clear how the SSAs tackled this problem. The evaluation by KPMG/BEA
(2001) suggests that the SSAs had some sort of weighting for the at-
tributes. From the evaluations, however, it is not clear whether or not the
SSAs used weights and, if so, what these weights were. In each case, the
bidders did not know them at the time of bidding.

9 The period of one year is counted separately for each individual client. The period starts
at the moment that the reintegration programme of an individual has been approved by
the SSA. Also the period does not include time spent on educational activities.
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2.4 Bidding

The formar The format of the competition was a simultaneous
sealed-bid type. In this format each bidder places only one bid. The
bidders present their bids in sealed envelopes, which are opened publicly
at a pre-specified time by the awarding authority. The bid includes offers
on both quality and price. The winning bidder is obliged to supply the
services at the offered level of quality and price.

In general, the more information that is provided in the bidding com-
petition, the more transparent is the contest and the better informed the
bids which can be made. A disadvantage of the simultaneous sealed-bid
format is that it precludes bidders learning from one another.'° Bidders
have no information on other bidders’ estimates of the value of a partic-
ular lot. This can give rise to the so-called winner’s curse. The winning
bidder is the unfortunate one who, out of ignorance, underestimates the
costs of the lot. In order to decrease the possibility of making a loss on a
particular lot, bidders will adjust their quality bids downwards and their
price bids upwards.!!

If bidders are inexperienced, they may be less likely to correct for the
winner’s curse, and this may yield a high-quality and low-price bid. An
additional reason why inexperienced bidders may offer high quality and
low price is that newcomers have little experience to show of working
in the area of reintegration. Working experience is one of the criteria on
which the bids are judged. In order to make competitive bids, newcomers
will have to compete particularly on quality criteria other than working
experience and on price.

However, an internal note within the Dutch Ministry of Social Affairs
and Employment suggests that bidders were quite well informed about
the prices of their competitors. It says that the smaller reintegration firms
were simply following the price set by the market leaders, that is the
former public reintegration firms. Therefore, the problem of the winner’s
curse might not have been so important in this case. If the Ministry’s note
is right, we might doubt whether price played an important role in the
procedure at all.

Other possible formats The only format used by the SSAs was
the simultaneous sealed-bid format. Alternatives, such as the sequential
format, may be possible. In this format, a quality bid is made first and

10 In the restricted procedure the SSA makes a short list of bidders. If the awarding authority
informs the bidders which firms have been shortlisted, this can be of some aid to the
bidders. They at least know against whom they are bidding. In the open procedure this
information is lacking.

11 A lower-quality bid implies a lower placement rate, a higher throughput time and a higher
drop-out rate.
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then, in a second stage, a price bid is made. The second stage can be
conducted in two ways: as a one-off financial bid or following a proce-
dure in which sequentially higher price bids can be placed. The version
with the one-off financial bid resembles a sealed-bid auction with a bid
handicap, while that with the sequentially higher price bids resembles an
English auction with a bid handicap. In both versions, one’s quality score
in relation to the highest quality score bid determines the bid handicap.

The main advantage of these formats is that they provide much more
information to the bidders. Besides knowing which parties are partaking
in the bidding, the bidders also know how the others have scored on
the quality dimension. This knowledge can be used in the financial bid.
An additional advantage is that these formats should reduce the risk of
the winner’s curse arising. In comparison to the simultaneous sealed-bid
format, this will lead to higher quality and lower prices being bid for the
individual programmes.

An advantage of sealed-bid formats over open-bid formats is that
sealed-bid formats are generally considered less prone to collusion among
bidders. A bidder’s defection from a collusive agreement (that is the sub-
mission of a bid with a higher quality and/or a lower price than in the
collusive agreement) is harder for other bidders to prevent in a closed
format than in an open bidding system. The risk of collusion arising
is probably quite low. The reason is the sheer number of lots (several
hundred) put on the market, in combination with the large number of
bidders. This combination makes it highly unlikely that stable collusive
agreements will come about. In the case where the open tender proce-
dure is used the likelihood of collusion occurring will be even smaller
than when the restricted procedure is used, owing to the larger number
of bidders per lot.

A possible disadvantage of sequential formats in comparison to the
simultaneous one is the costs involved. The costs of conducting the se-
quential open format for both the SSA and the reintegration firm are
likely to be higher than the costs of using the simultaneous format. The
costs of the simultaneous sealed-bid format and the sequential sealed-bid
format will presumably not differ greatly. For some bidders the sequential
format may, in fact be cost-saving. When informed of the quality scores
of their competitors they might quickly make the decision to opt out and
not make a price bid.

2.5 Evaluation of the design

The various quality criteria are very different by nature. The structural
criteria relate to the supplier and only indirectly to the product or ser-
vice, while the performance criteria relate directly to the product. Put
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differently, structural features are means by which a goal can be achieved.
It is the performance, one could argue, that matters. However, it is also
important to assess whether the promised performance is credible. If one
bidder promises better outcomes than a second, but the latter seems to
be more reliable on the basis of its experience and track record, one might
choose the more reliable candidate.

However, if too much weight were put on structural features, new-
comers would stand no chance. The very purpose of the procurement
procedure is to increase competition by offering new providers a chance.
From this perspective it is odd that the largest SSA, GAK, put so much
emphasis on previous results achieved by reintegration firms. This effec-
tively shut out newcomers. The CADANS approach, which focused more
on the experience of a reintegration firm’s staff, seems to have been more
reasonable. Newcomers can, and in fact did, attract experienced staff
from former public and private providers. Therefore, the last-mentioned
approach seems to offer the best compromise between, on the one hand,
introducing effective competition, and, on the other, ensuring that a win-
ning firm has the capacity to operate successfully.

The fact that competition was only increased to a limited extent was one
drawback of the design used. A second drawback was unclear definitions
of criteria. Particularly unclear is what was meant by throughput time.
As to the placement results, a minimum figure of 35 per cent within
one year was required. However, this figure seems to be extremely low.
In the case of unemployed people, even clients who do not take part
in a reintegration programme have a higher chance of finding a job.!?
Therefore, the minimum percentage of 35 does not mean a lot. The
third drawback was that it was unclear how the SSAs weighted the scores
on the various criteria.

There were also weak points in the implementation of the procedure.
First, in the rules that LISV developed, the qualifying and bidding criteria
were mixed up. SSAs could add qualifying criteria to the ones prescribed
by LISV, but in practice only formal ones were added. The largest SSA
did this to the extent that formal qualifying criteria received more weight
than bidding criteria.

A second weak point in the implementation was the fact that with a
few exceptions the lots were defined for heterogeneous groups of clients,
such as ‘the unemployed’ or ‘the disabled’. It was therefore not possible to
make finely tuned bids for niche markets. With these heterogeneous lots

12' An evaluation of measures co-funded under the European Social Fund (ESF) reveals
that in the period 1997-8 placement rates were 50 per cent or higher (de Koning ez al.,
1999). It should be noted that in the years following 1998 the labour market improved
further.
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the risk of cherry-picking seems to have been real. Making pay dependent
on placement results might have reduced this risk, but the contracts con-
tained few, if any, such incentives for the reintegration firms. The more
heterogeneous the content of a lot, the greater was the uncertainty of the
bidder about the value of the lot. In order to avoid the winner’s curse,
a reintegration firm would bid lower on quality and higher on price. As
a result, bids might actually yield a lower quality and higher price, and
thus higher costs for the SSAs, than if relatively homogeneous lots were
offered for sale.

All in all we are bound to conclude that the Beauty Contest design and
implementation had serious flaws.

3 Results

3.1 Outcome of the bidding process

Professional qualifications of staff Whether or not a certain affinity
with a specific sub-group of clients could be shown barely influenced the
final score in the bid assessment of four of the five SSAs (all but GUO).
This point was never set out as an explicit criterion. The professional
qualifications of staff or results achieved in the past were raised in a few
instances. These minor points were, however, insufficient for a bidder
to distinguish himself clearly from a competitor on these grounds. An
innovative niche player thus had little opportunity to identify himself as
such. This made it difficult to achieve the objective of increasing the
number of innovative niche players.

Eliciting information The SSAs put several hundred lots up for
sale. This should have given them ample opportunity to acquire informa-
tion from the bids. This kind of information increases the transparency
of the market, and SSAs obtain more insight into the costs of integration
services for various types of client. However, because the contents of the
individual lots were very heterogeneous and ill-defined it was difficult to
compare bids between lots. Bids could then only be compared one lot
at a time. This limited the amount of information that could be elicited
from the bids. More information could have been elicited from the bids
if the lots had been defined more tightly and made more homogeneous.
With more closely defined product combinations the costs for each such
combination would have become better known. Instead of being a rich
data source, the large number of lots then became a costly, low informa-
tion affair. The poor definition of the lots was thus a missed opportunity
for increasing the transparency of the market.
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Fallacious comparisons The procedure is rigged against firms
specialising in difficult market segments, i.e. with clients who are dif-
ficult to place. The results for these difficult market segments are low
while the costs are high. When these offers are compared to other bids,
which involve a mix of easy and difficult groups of clients, and these dif-
ferent mixes are not allowed for by the evaluator, the bids of specialised
firms will be turned down. Taken at face value the results of the spe-
cialised firms are worse while their price is higher. This is obviously a
fallacious comparison.

Lack of a quality specification 'The absence of a quality specifica-
tion results in cherry-picking. Since the reintegration firms are account-
able on an overall percentage of all individual programmes within a lot,
it makes sense from a cost perspective if reintegration firms devote as
little effort as possible to the high-cost individual programmes. As little
as possible may be a minimum specified in the contract or it can be some
self-imposed minimum which makes them credible to the SSAs.

Difficulties for entrants It can be easily argued that entrants to
this market for reintegration services have less information about which
groups are more difficult and which are relatively easy to reintegrate into
the labour market. Incumbents have more experience in this respect.
This makes it easier for incumbents to pick the cherries than for entrants.
Accordingly, newcomers tend to have higher prices, so that innovation
does not come about so easily.

Tackling cherry-picking The present approach to cherry-picking
is by means of regulation and monitoring. A simpler approach would be
to ensure that cherry-picking simply could not happen. This is the case for
perfectly homogeneous groups: in homogeneous groups there simply are
no cherries to be picked; all group members are identical. Of course, some
degree of heterogeneity will always exist within a group. In forming lots on
which bids can be made, it is essential to strive for clients having the same
background characteristics. These could be, for example, education, age,
sex, profession, physical handicap or psychological handicap. In order
to achieve homogeneity it may be necessary to form small groups. The
question, of course, is whether it is possible to identify and measure all
the relevant factors that determine job chances. We come back to this
point in section 5.
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3.2 Market outcomes

Until 1998 GAK-Labour Market Integration (GAK-LLMI, a branch of
GAK) conducted the reintegration of disabled people with a new em-
ployer. In 1998 GAK-LMI was separated from GAK and placed within
the PES. The SSAs were compelled to buy a minimum of 80 per cent of
the individual programmes from the PES. The other programmes could
be bought from private reintegration firms.

We do not know the exact market shares in 1999 of each reintegration
firm. It is nevertheless obvious that major shifts in shares have taken
place. A few years ago, KLIQ, which then was part of the PES, was
virtually a monopolist. Its drop in market share continued in 2000. The
other formerly public reintegration firms Argonaut (ex-GAK) and ABP
witnessed increasing market shares in 2000. Most of the firms operating
in the market in 1999 won a number of individual programmes in 2000.

In total, 36 per cent of programmes were contracted to the formerly
public reintegration firms. The degree to which SSAs contracted pro-
grammes to the formerly public reintegration firms varied from 10 per
cent for CADANS to 57 per cent for USZO.

The fear that reintegration firms which were formerly part of the SSAs
would be favoured was partly justified. In the case of GAK, USZO and
GUO the reintegration firms receiving the largest number of individual
programmes were the former partners (Argonaut, ABP Reintegratie and
Relan respectively). SFB and CADANS did not allocate programmes to
their former partners.

Remarkable newcomers were Alexander Calder, Serin, Fourstar and
Creyfs Interim. CADANS, by a long way, contracted the most newcom-
ers, which is not surprising given the fact that this SSA attached little
weight to past results.

4 Beauty Contests, auctions and quality measurement

4.1 Would an auction have given better results?

The purpose of outsourcing placement activities to private agencies is to
improve the efficiency of the services or to raise their quality, or to achieve
both of these improvements. Although we lack information on the impact
of the procurement procedure on the effectiveness and the efficiency of
reintegration services, the previous sections make it at least improbable
that such improvements occurred. We have pointed to a number of weak-
nesses both in the design of the procurement procedure and in the way
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it was implemented. This leads to the question of whether making use
of an auction instead of a Beauty Contest could have prevented these
problems.

The main difference between an auction and a Beauty Contest is that,
in the former case, quality is taken as given and the bidding is solely on
price, while in the latter case both quality and price determine the choice
made by the contracting agency. In the case of an auction, bidders should
fulfil two requirements:

* they should guarantee that the quality of the services exceeds the min-

imum level as specified by the contracting party;

* their staff should be sufficiently experienced to make their bid credible.
The contract could then be given to the bidder with the lowest price.
Such a procedure seems to be much more simple and transparent. One
does not need a score function. However, on a closer look, things are
not that easy. The problem lies in ensuring a minimum service quality
level. As we will show now, it appears to be extremely difficult to measure
quality in the field of reintegration services.

4.2 What is qualiry in relation to reintegration services?

The purpose of reintegration services is to increase the transition rate
from inactivity to employment for the target groups of these services. In
the Netherlands, the target groups for these services are the disabled,
the long-term unemployed and the short-term unemployed at high risk
of long-term unemployment. What is aimed at is a positive net effect,
the difference between the transition rates with and without the services.
We know that even without the provision of the services at least some
people from the target groups would find a job.!? Therefore, reintegration
services must be judged on their net effectiveness; placement figures as
such are meaningless.

We know quite a lot about the net effectiveness of reintegration ser-
vices or measures. It has been investigated in many studies covering many
countries. From a methodological point of view, two types of studies can
be distinguished. The first type tries to assess the impact of reintegration
by estimating econometric models using aggregate data. A summary of
the literature can be found in de Koning (2001). The second type uses a
control-group design based on micro data. For this part of the literature

13 Particularly in the United States, experiments have been conducted in which a mea-
sure is applied to a randomly selected group of unemployed participants, which is then
compared to a control group (also randomly selected) of unemployed non-participants.
Invariably we observe that a considerable percentage of the latter group also finds a job.
For further reading we refer to Heckman, Lalonde and Smith (1999).
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we refer to Heckman, Lalonde and Smith (1999). In both cases, the over-
all conclusion is that the net impact of reintegration measures is small.
In some cases, participation in a programme appears to prolong unem-
ployment rather than shortening it. The net effects on job entry chances
tend to be higher for disadvantaged groups such as the long-term unem-
ployed, but even here the average impacts found are of limited size and
the variation in the effects considerable.

The design of the procurement procedure discussed in the previous
sections does not give any guarantee of positive net effects. The only re-
quirement in terms of placement results is that reintegration firms must
place at least 35 per cent of the clients handed over to them. A recent
report by UWYV, the organisation into which both LISV and the SSAs
merged, states that the realised placement figure will not differ much
from the required 35 per cent. We have already pointed out that these
results are poor in comparison to previous evaluations of similar mea-
sures. Apparently, reintegration firms devote just enough effort to realise
the minimum requirements, an approach which could be expected of
private, profit-maximising agencies.

4.3 How could we get a reasonable chance of positive net effects?'*
How should the procedure be altered in order to get a reasonable chance
of positive net effects? What we need is a good estimate of the job chances
that the clients would have had without the benefit of reintegration ser-
vices. On the basis of data from the recent past, such estimates could be
made. Separate estimates could be made for different groups of clients,
taking account of the fact that job chances depend strongly on character-
istics such as age, gender, education, ethnic origin and handicap. From
this information, sensible minimum requirements could be derived for
each group of clients. For each group, treatment should result in job
chances that are as least as good as in the case without treatment. Surely,
on average, these would be considerably higher than 35 per cent. Such a
procedure would acknowledge that for particularly disadvantaged groups,
placement figures less than 35 per cent may already be satisfactory, while
in other (presumably most) cases much higher placement figures should
be expected. So far, client heterogeneity with respect to the previously
mentioned characteristics has not been taken into account at all in the
procurement procedure.

Although the individual characteristics mentioned account for some
of the variation between individual unemployment spells, a considerable

14 Partly based on de Koning and van Acht (2000).
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part remains unexplained by them. Probably, psychological factors and
other factors that are difficult to measure are also important determinants
of the length of unemployment. To some extent the latter factors are taken
into account in the profiling procedure conducted by the employment
offices. On the basis of this procedure, which is mainly qualitative in
nature, a decision is taken on which new unemployed clients should be
sent to the SSAs. However, nothing is known about the validity of the
risk assessment made by the employment offices. It would be better if the
risk assessment was made on the basis of a statistically validated model
including a whole range of factors varying from age and education to
psychological factors.

Estimates of job chances can only be made on the basis of data from the
(recent) past. However, after the contracts with the reintegration firms
have been made, the labour market situation may change. It is possible to
include contingency arrangements in the contract to deal with this prob-
lem. On the basis of past data the job chances can also be related to the
general labour market situation. Then, the contracts made with the rein-
tegration firms might include rules on how the minimum requirements
regarding job chances are to be adjusted with the state of the labour
market.

If we altered the system in this way, we would still leave it to the SSAs
to decide which services to provide for a specific group of clients. Quality
would be better ensured if we knew in advance which services are most
effective for a given group of clients. Then, the SSAs could prescribe to
the reintegration firms which services should be used. In that case an
auction would become possible in which the reintegration firms would
bid only on the basis of price. The question is: how can the SSAs find out
what is best? In principle, an experiment could provide the information
needed. In the United States, several examples of such experiments can
be found in the field of reintegration measures. In such an experiment,
a group of participants and a control group are randomly selected from
the target group. Specific services (training, for example) are provided
to the participants and not to the control group. Then, both groups are
monitored for a sufficiently long period to see whether the participants
have higher job entry rates than the controls. If needed, several types of
service could be tested for several groups. On the basis of the outcomes,
a decision could be taken on which types of service are most appropriate
for the various groups. Furthermore, the experiment would also indicate
the expected placement rates, which could then serve as the minimum
requirements in the bidding process. A disadvantage of SSAs prescrib-
ing the types of services may be that there are then few possibilities for
reintegration firms to develop new products.
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So far, experiments in the field of labour market policy involving ran-
dom assignment have not been applied in the Netherlands. The most
important reason seems to be that it is legally impossible to exclude
individuals from participation. So, we would have to choose the con-
trol group from the ones that did not wish to participate in a reintegra-
tion programme or are not selected for participation by the authorities.
However, this would most likely be a non-random group, making the
comparison with the participants difficult if not impossible. Although
methods have been developed to deal with this type of selectivity, these
are far from reliable. A second reason for not conducting an experiment is
that it takes too much time. Although both arguments against conducting
experiments do not seem convincing to us, they do seem to be so to the
authorities. Thus, the approach mentioned earlier could be a reasonable
alternative.

4.4 Assessing quality ex post

For several reasons it is important to make an ex post evaluation of ser-
vice delivery. First, even if — from an experiment — an ex ante estimate
of the net effectiveness was available, the ex post results could differ from
it. Second, ex post placement figures are at least needed to determine
whether reintegration firms have fulfilled the placement criterion. Such
information is also important for future tendering procedures in which
credibility will probably be one of the criteria. And last but not least, an ex
post evaluation may throw light on different implementation strategies as
used by the various reintegration firms. Information about which strate-
gies lead to the best results may contribute to the overall effectiveness of
the reintegration services. The Ministry of Social Affairs and Employ-
ment is considering offering a contract for such a study. In principle, for
each contract between an SSA and a reintegration firm, information on
costs, service content, number and characteristics of clients and place-
ment results is available. A comparative analysis based on this data seems
to be highly relevant. We do not know, however, whether the available
data is adequate for a solid analysis.

The available information makes it possible to compare the results of
the various service providers. It is also important to compare the job entry
rates of the clients of the reintegration firms with those of unemployed and
disabled persons who were not clients. Such a comparison would give us
an ex post estimate of the net placement effects. We do not know, however,
whether it is possible to form such a comparison group and whether
sufficient data is available. Clearly, the authorities did not envisage such
an analysis.
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5 Summary

5.1 Conclusions

A few years ago the Dutch government decided to outsource the delivery
of reintegration services for the unemployed and the disabled to private
agencies on the basis of a tendering procedure. The government’s expec-
tations were that by introducing competition the effectiveness and the
efficiency of the services would be enhanced. On the basis of the avail-
able information, however, it seems unlikely that this goal has indeed
been achieved.

Particularly unsatisfactory are the minimum requirements which were
set regarding the job entry rates of the clients. The reintegration firms had
to guarantee that at least 35 per cent of their clients would be placed in the
labour market. However, as an average score this is very low. It is likely that
the same or even a higher percentage of the clients involved would have
found a job without participating in a reintegration programme. Recent
information about the actual placement figures indicates that these will
probably not be much higher than the required 35 per cent.

The lots were in general heterogeneous, which makes the transparency
for bidders, with regard to what they are exactly bidding on, low. Because
lots are heterogeneous, little can be learned about the costs of different
types of clients and whether it is cost-efficient to specialise in certain
client groups rather than adopting a non-specialist approach. The pro-
curement design offers a lot of opportunities to reintegration firms for
cherry-picking, or ‘creaming’ as it is usually called in the evaluation lit-
erature on active labour market policies. One might fear that under the
present conditions the outsourcing of reintegration services to private
companies has led to lower chances for the most disadvantaged clients.
Investigating this point should be an important aspect of an ex posr eval-
uation of the procurement procedure.

The criteria used by the SSAs to evaluate the bids as well as the weights
attached to the criteria were unclear. We do not know to what extent
the SSAs used a structured decision-making procedure. In any case the
reintegration firms were not informed about it. In the hypothetical case
that the same group of firms is bidding on two identical lots offered by
two SSAs, there is no guarantee that the same firm will win both lots. For
a contest to be efficient this is essential.

In addition to obscuring the market rather than making it transparent,
the procedure also leads to unnecessary costs for bidders. SSAs used
different procedures and criteria and bidders had to fine-tune their bids to
each separate SSA. Even for identical lots, bidders would have to provide
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different bids to different SSAs. In certain cases, bidders were asked for
information with very low relevance to the Beauty Contest.

All in all we conclude that instead of enhancing transparency the pro-
cedure chosen obscured the market. It is difficult to imagine how the pro-
cedure could have contributed to a more effective and efficient delivery
of reintegration services. What is also disappointing is that little thought
was given to the possibilities of learning from the new procedure. The
awarding authorities did not make the necessary preparations for an ex
post evaluation that would throw light on the net effectiveness of the ser-
vice provision. Although a study comparing content, quality and costs of
the various service providers is envisaged, the available information may
not be sufficient to come to reliable conclusions.

5.2 Recommendations

In this subsection we make a number of recommendations to improve the
procurement of reintegration services. Before we do that it is important
to note that in the mean time the SSAs and LISV have merged into
one organisation, UWYV. Therefore, in the future we can expect that one
standard procurement procedure will be used, which will solve some of
the problems identified in this chapter.

In our view a restricted procedure must be preferred. Such a proce-
dure consists of two stages: a qualifying stage and a bidding stage. It is
important that the awarding authority, UWYV, defines quality as precisely
as possible. In order to do that it should make an ex ante assessment of the
job chances of the various client groups. On the basis of such an assess-
ment, requirements regarding placement results could be set that would
give a reasonable guarantee of positive net effects of the reintegration ser-
vices. Bidders should, of course, be informed about the outcome of this
assessment. Although it might be envisaged that bidding would then focus
completely on price (in which case we would have an auction), we tend
to prefer a Beauty Contest in which quality and price both determine the
outcome. The reason for that is that by taking quality into consideration,
reintegration firms would be stimulated to innovate in their provision of
services. In view of the generally disappointing results of activation and
reintegration services, there is a need for such innovation.

The question of credibility should be considered fully in the qualifying
stage and should then be left to rest. The criteria used in the qualifying
stage should be such that newcomers are not excluded almost by defini-
tion. The procedure should result in a sufficient number of competitors
(say, five to seven) for each lot.
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It is important that the awarding authority makes arrangements from
the outset for the collection of the necessary data for an ex post evaluation.
This evaluation should provide information on the net placement results
and the performance of the various service providers, and on the variation
in quality and implementation strategies (as determining factors of the
placement results).

Clearly, a satisfactory design and implementation of a procurement
procedure in the field of reintegration services is highly demanding for
the awarding authority. It would be sensible to make use of external ex-
pertise on procurement and evaluation. However, the question remains
of whether the awarding authority itself has sufficient incentive to get the
best possible result out of the procurement procedure. This is at least
unclear. The incentive structure would be clearer if the delivery of both
benefits and reintegration services were outsourced to private compa-
nies. The role of the government could then be restricted to developing
sets of rules, such as the entitlement criteria for a benefit. In the United
States, examples of such a system can be found. However, the question
is whether in such a system reasonable guarantees can be given that suffi-
cient effort is made to help the most disadvantaged groups. In theory such
a system may work, but in practice this will depend importantly on how
the government manages the process. On the basis of past experiences,
high hopes are not justified here.

A final observation is that in the Dutch situation there seems to be no
room for clients to choose between service providers. In Australia, where
public employment services have also been privatised, this freedom of
choice is a cornerstone of the system. The Australian system is a licence
system in which service providers have to meet certain criteria in order
to get a licence for service provision. The government determines to
what type of reintegration service each unemployed person is entitled.
The client can then choose between the different providers. Payment is
based partly on placement results. In this system, providers really have to
compete for clients. In principle such a system could be combined with an
auction for the licences. The problem of quality or impact measurement
is also present here, however.
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12  The provision of rail services

Luisa Affuso and David Newbery

1 Introduction

The main feature of the rail industry is that, unlike most other industries
that were successfully privatised, it relies on government funding. Few (if
any) enhancement projects can be funded on a purely commercial basis
without public subsidies. Does this imply that auctions are not suited
for rail capacity? What are the characteristics of this network that make
auctions a mechanism for which the advantages are very unclear?

‘Competition for the market’ is the only model that has been tried for
rail privatisation around the world. Franchises of vertically separated op-
erations were adopted in Britain and concessions for vertically integrated
operations was the adopted option in many countries in America and
Africa (Thompson, Budin and Estache, 2001). Although many of these
contracts were awarded on the basis of competitive tenders, these were
typically administrative processes of a Beauty Contest type rather than
proper auctions.

The allocation of contracts for rail service operation is an extremely
complex and controversial process because of the particular economic
characteristics of the industry. Railway infrastructure and rolling stock
are long-lived assets. Perhaps more importantly, they are sunk to a large
extent since most of the capital equipment is highly specific. The number
of alternative uses (or routes for the rolling stock) to which assets could
be redeployed may be quite small and in some instances non-existent.
This gives railways particular features which are not present in other
transport sectors, such as bus or air transport, where outside markets
exist for secondhand assets, and auction mechanisms can more easily be
adopted. Furthermore, scale and scope economies are pervasive in the
railway industry (integrated railways experience large economies from
traffic density). Another key feature of this industry is the high degree
of interdependency among its different components, which gives rise to
numerous externalities (e.g. delays and congestion on the track), tech-
nical complementarities (e.g. interdependencies between infrastructure
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and rolling stock) and potential conflicts in the allocation of scarce capac-
ity among slow freight trains, commuter services and fast long-distance
passenger services. These technical and economic complexities can be
taken into account in a vertically integrated structure. When the indus-
try is vertically separated, however, accounting for these factors becomes
much more difficult. Contracts between firms could to some extent inter-
nalise some of these externalities, but this would entail large monitoring
and enforcement costs.! The transaction costs involved might offset any
expected gain from vertical separation and from the competitive tender-
ing of rail service operations.

The aim of railway restructuring is to provide appropriate incentives for
investment in railway infrastructure and rolling stock, as well as product
innovation, while reducing the budgetary burden on the public sector.
That raises the question of how best to design and allocate contracts to
achieve these objectives. Solving this major problem is seen as critical
to achieving an efficient transport system, but is anything but straight-
forward. Given the technical and economic characteristics of the railway
track, auctioning individual train paths to service operators would still
require a high degree of government regulation, not to mention con-
siderable cost. Auctions or Beauty Contests for allocating franchises or
concessions of rail service operations appear more practical, while allow-
ing room for some degree of political manoeuvring. Slot (or train path)
auctions remain as yet an untried mechanism in this industry.

This chapter discusses the experience of allocating rail franchises and
concessions in several countries. Section 2 examines the railway systems
resulting from the reforms implemented in Sweden, Argentina and
Britain. Section 3 discusses in more detail the mechanism adopted for the
allocation of rail passenger franchises in Britain and in other countries.
Finally, section 4 draws conclusions.

2 Different models of rail restructuring

2.1 The Swedish and the Argentinian models

Railway restructuring experience across the world has provided two al-
ternative viable models: the Swedish model of vertical separation and the
Argentinian model of geographically separated integrated companies.
The Swedish model relies on vertical separation of infrastructure

1 In Britain, delays must first be attributed either to Railtrack or another train operating
company, and then those at fault pay those affected. Identifying the causes of delay re-
quires a considerable workforce. Similarly, trading track access to make better use of
scarce timetabling slots is both slow and costly.
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ownership and service operation. The approach adopted in Sweden was
to retain track in public ownership and offer trains access priced at
marginal cost, with the considerable fixed costs paid by a government
deficit grant. The idea is that passenger services can be competitively pro-
vided at a profit by the private sector. Furthermore, the charges regime
for railways mirrors road vehicle taxation arrangements in order to har-
monise competition between these two transport modes.? The Argen-
tinian model, instead, relies on a rail network divided geographically line-
by-line into a series of vertically integrated exclusive franchise units. In
this model the subsidy is injected through the franchising mechanism.

Each model has distinctive virtues and drawbacks. The Swedish model
emphasises allocative efficiency. It also has the merit of addressing the
problems of inter-modal competition between road and rail and of fa-
cilitating intra-modal competition in the provision of rail service by the
private sector. The Argentinian model, on the other hand, promotes cost
efficiency through the periodic competition process. By restricting rail
competition it makes a surplus available to franchisees, thereby minimis-
ing the subsidy bill. Furthermore, by retaining a vertically integrated
structure it avoids the cost burden of internalising externalities by the
contract mechanism. The British system has adopted a mixture of fea-
tures from both vertically and geographically separated models.

2.2 The new ndustry structure in Britain

The British restructuring took the important step of separating the own-
ership of railway infrastructure from the operation of train services. EU
countries have to respond to the 1991 Directive 91/440/EEC of the Euro-
pean Commission, which requires Member States to separate operations
from infrastructure and to provide infrastructure access to operators from
other countries. This was intended to encourage non-discriminatory ac-
cess to foreign rail service providers and hence unify the European railway
market. It does not require ownership separation, or even privatisation.
In Britain, the decision to separate service operation from infrastruc-
ture was dictated by the need to separate the natural monopoly element
(track) from the potentially competitive elements (service operation) in
order to introduce competitive forces into the industry where possible.
Passenger train operations were separated into franchises lasting from
five to fifteen years, with the majority of franchises lasting for seven.
Operations to be franchised were set up as separate companies with their

2 In practice, local authorities can subsidise unprofitable routes, and choose the most cost-
effective allocation of funds between bus and rail transport (Baumstark, 2001).
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own staff, assets and supporting contracts, and were then offered to open
tenders. The loss-making franchises running services under public ser-
vice obligation were awarded on the basis of a least subsidy payment
required while the profitable franchises were allocated to the highest bid.
The payment profile consisted of a schedule including a price for each
year of operation. Tight restrictions were incorporated into the franchise
specifications, as it was feared that the loss-making nature of many fran-
chises would mean that franchisees would resort to lowering the quality
of service or increasing fares to improve profitability. Franchisees were
required to conform to punctuality, cancellation and crowding require-
ments, and to participate in certain inter-operator agreements. These
conditions were enforced by a financial penalty or by the threat of the
removal of the franchise itself. Restrictions were made even tighter by
constraining certain fares to rise by no more than the Retail Price Index
(RPI) for a three-year period and then by RPI — 1 per cent thereafter.

In order to facilitate competitive entry into service operation, Train
Operating Companies (TOCs) were prevented from owning their rolling
stock.? Three rolling stock leasing companies (ROSCOs) were created.
These companies owned and leased out passenger locomotives and rolling
stock to franchisees. Leases were determined on purely commercial
terms, making the ROSCOs profitable in their own right. This arrange-
ment reduces the risk of short-term franchises and makes it possible to
transfer the franchise to a new TOC at the end of the franchise, as the
original operator would then relinquish its leases and be left with no sunk
assets.

The privatisation of the monopolistic network owner, Railtrack, re-
quired the introduction of a rail regulator. The Office of the Rail Regula-
tor (ORR) was given the responsibility for regulating Railtrack’s charges
for track access, preventing abuse of its dominant position and approving
access agreements.

The Office of Passenger Rail Franchising (OPRAF), later reformed to
become the Strategic Rail Authority (SRA), was set up to award pas-
senger service franchises, to determine the minimum service and quality
standards to be met by franchisees, and to allocate and pay subsidies to
franchise operators.

The approach taken in Britain of retaining the national infrastructure,
as a single entity but separating it from train operations is based on the as-
sumption that competition in rail services is best facilitated by franchises
competing to run train operations on that infrastructure, given that many

3 In order to acquire a fleet of new tilting trains, Virgin Rail had to set up a separate company
(GL Railease).
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franchisees share the same infrastructure. If one of these franchisees also
owned the infrastructure this could give rise to problems of market fore-
closure, especially in view of the introduction of open access competition
as originally planned. Giving a train operator the ownership of the in-
frastructure upon which he operated might prevent the development of
competition either on the track or for other operators who need access
to some part of the track. The franchisee as owner of the infrastructure
would also be responsible for carrying out long-term investment in the
tracks. This would be at odds with the need to periodically re-tender the
franchise.

3 The experience of allocating rail franchises
in different countries

3.1 Franchise allocation in Britain

Separation of the infrastructure from service operation is not sufficient
to guarantee competition in the rail industry. In Britain twenty-five fran-
chises were created, roughly corresponding to the different profit centres
in the former British Rail system (e.g. regional, intercity). These fran-
chises were allocated by a mixture of competitive bidding and Beauty
Contest in three main tranches between 1994 and 1997.

In general terms, franchising involves the granting of a licence, usu-
ally to the winner of a competitive bidding process, to operate a defined
service and to receive associated revenues. Typically franchises are intro-
duced in natural monopoly situations, where competition for the market
constitutes an alternative to the unviable competition ¢ the market. In
other words, franchising may be the only means of introducing com-
petitive pressures, by creating an incentive to reduce costs and improve
quality, and the periodic refranchising process is intended to ensure that
such pressures are maintained over time.

None the less, exclusive franchises are in some instances also adopted
for operations that are not natural monopolies. For example, in the case of
railways, the government can adopt exclusive franchises in order to max-
imise the proceeds from privatisation. In the British example the exclusiv-
ity was limited only to an initial short period, and open-access competi-
tion was to be introduced gradually from 1999, to be completed by 2002.
The original time-limited exclusivity was believed necessary in order not
to depress interest from the private sector and their potential bids.

When it was decided to restructure the railway industry, the original
idea was to allocate rail service operation by a second-price sealed-bid
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Vickrey auction where each operator would submit a bid for a timetable.
All the bids would then be combined and the timetable with the highest
overall value would be chosen. The winners would then pay the second
highest price. This option however was regarded as too complex and it
was therefore rejected in favour of a simpler competitive system.

The twenty-five franchises tendered are very heterogeneous. Some of
them are profitable, while some have to be subsidsed. The bidders com-
pete on ‘minimum subsidy requested’ or ‘maximum payment offered’ for
running the bundle of services included in the franchise. It was thought
that franchise bidding would guarantee that the subsidised franchises
would be given at the lowest subsidy, while the profitable franchises could
raise the highest returns for the government. The approach adopted in
Britain included pre-qualifying discussions during which OPRAF dis-
cussed the bids with all potential bidders. Potential bidders had to supply
a bid including a price schedule for each year of operation, and could also
suggest some investment plans additional to those required, if any, by the
conditions of the franchise to be awarded. As a result, very heterogeneous
bids were received. The franchise agency, OPRAF, did not have clear in-
formation on the value to be expected from these franchises, nor did it
announce any method by which it intended to compare the different di-
mensions of the bids, and specifically how quality enhancements would
be balanced against higher subsidies required/lower payments offered.
In that sense the resulting allocation was arguably more like a Beauty
Contest than a simple auction, although clearly the subsidy element of
the bid played a very important role.

The winning bids often did not seem to reflect the underlying eco-
nomics of the operations. Some bids were over-optimistic, and led to
early renegotiation, while some are believed to have generated very high
returns to the bidders. The latter was especially the case on account of
unpredicted increase in demand of about 30 per cent since privatisation.

Since franchise arrangements are contractual, they involve the need
for a certain degree of monitoring to ensure compliance. Franchisees
assume — to varying degrees — the risks associated with unanticipated
events on both the revenue and the cost sides. As a result, a number
of franchise renegotiations have occurred, especially in cases where the
services provided by the franchisees were of public/strategic interest and
thus gave the franchisee a strong bargaining position with the government
to obtain better conditions. Hence the Strategic Rail Authority (SRA),
which succeeded OPRAF, entered a phase of contract ‘replacement’
(basically, renegotiation with a more neutral name) with the aim of chang-
ing some contractual conditions. The entire replacement plan is reported
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by the SRA website.* The franchisees typically requested that franchises
should be extended to last for a minimum duration of 15-20 years and
a maximum of 30 years during this process of negotiation, and the SRA
initially appeared sympathetic to such extensions.

One of the crucial choice elements in the specification of franchise
contracts for rail operation is the duration of the contract. Longer fran-
chises generally guarantee higher returns to the franchising agency, but
at a cost of reducing the incentives towards improved efficiency which
are generated by the re-procurement process. The British government
initially was prepared to consider pleas from some bidders to extend con-
tract lengths in exchange for investment. However, long franchises might
enable the incumbent franchisee to establish barriers to entry that would
undermine competition for the market at the time of re-tendering and
the ultimate plan of introducing further competition in the system.’ In a
subsequent volte-face the SRA released its Franchising Policy Statement
on 6 November 2002 stating that ‘Generally the SRA envisages franchise
lengths of between 5 to 8 years . . . If franchises meet key performance
indicators and deliver on their plans, there is a provision for franchise
extension.’®

The main problem with the franchises has been the difficulty in predict-
ing demand, capacity and the cost of replacement rolling stock. Passenger
demand grew rapidly and quite unexpectedly after almost static demand
for many decades. Almost immediately the network showed signs of con-
gestion at critical bottlenecks, making it difficult to meet the demand
without increased crowding and initially some deterioration in reliability.
The costs of expanding network capacity proved extremely high (and
probably uneconomic), while the marginal track access prices were re-
vealed to be too low. Managing maintenance in a now highly fragmented
industrial structure in which Railtrack no longer had any in-house main-
tenance or even engineering capability proved difficult. What was to be
the beginning of the end of Railtrack plc with its 250,000 shareholders
came with the Hatfield derailment of 17 October 2000. On the face of it,
this was a minor accident involving a broken rail and four deaths, but it

4 See the news releases at http://www.sra.gov.uk/sra/news/ (accessed at 7 February 2003).
5 Affuso and Newbery (2000) find evidence that shorter franchise lives can, in fact, increase
incentives to invest. Their explanation for this finding is that shorter franchises mean that
TOC:s, facing re-procurement sooner, tend to invest in order to signal their commitment
to the regulator and thus increase the probability of the franchise being re-awarded. Public
threats of fines and non-renewal of franchises from the regulator have served as a strong
incentive. Moreover, investing near the end of a contract also signals aggressive behaviour
to potential entrants that raises their entry costs.

See the news release at http://www.sra.gov.uk/sra/news/ for that date (accessed at 7 Feb-
ruary 2003).

o
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revealed the yawning gap between those responsible for rail safety, Rail-
track, and the now separate rail maintenance companies that monitor
track condition and repair faults. The whole railway timetable was aban-
doned for six months while the rail network was inspected and extensively
renewed, causing delays, cancellations, a fall in passenger revenues, and
distress to the TOCs as well as huge expense to Railtrack. That, coupled
with escalating costs for contracted new investment, meant that Rail-
track was unviable without additional subsidy or renegotiated track ac-
cess charges. The end came when Railtrack was put into administration
(i.e. effectively declared bankrupt) by the Transport Secretary in October
2001, and subsequently turned into a not-for-profit company, Network
Rail.

It is therefore not surprising that many of the franchises had to be
renegotiated after the contracts were first awarded. Part of the problem
was that the Beauty Contest/auction took place under highly imperfect
and asymmetric information about the real value of the operations being
tendered. The more important problem is that there is an incentive for
the franchisees, once they have been awarded the contract, to try and
renegotiate some conditions in order to obtain more favourable terms,
and asymmetric information exacerbates this problem. In the case of the
SRA the renegotiation stage brought outcomes further removed from the
original target of introducing increasing degrees of competition over time,
and fluctuating views on what was the ideal length of a franchise, and how
it should be extended or re-tendered.

3.2 Experience in other countries

The railway reforms that have taken place in other countries over the last
couple of decades have aimed to combat excessive government spend-
ing and to improve the service quality and the cost effectiveness of its
provision. In this section we outline the processes implemented in some
countries that have adopted tender processes for the award of contracts
for the operation of rail services.

By 1989 the Argentinian state-owned railway company, Ferrocariles
Argentinos (FA) had an operating deficit of US$2 million per day. Re-
structuring began in mid 1990 and by the end of July 1994, FA was no
longer running trains. Six commercially viable freight concessions were
defined and were allocated to successful bidders for a period of thirty
years with a ten-year renewal option. The concession holders were re-
sponsible for operations, maintenance and the investment to which they
had committed themselves in the bidding. Responsibility for the intercity
passenger services, which were thought to be commercially unviable, was
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passed to the provinces, who could either decide to support them through
subsidies or terminate them. Commuter services in the Buenos Aires re-
gion became the responsibility of FEMESA, a state-owned corporation
separate from FA. However, not long after the creation of FEMESA, it
was decided to offer the commuter services as concessions as well. These
concessions were very similar to the freight concessions, with the govern-
ment owning the rolling stock, infrastructure and facilities but the con-
cessionaire placed with the responsibility for train operations and main-
taining the infrastructure. Concessions were granted for ten years with
ten-year extension periods.

In fact, in both Latin America and Africa, many railway systems have
been privatised by means of long-term concessions. In most instances an
outsider, generally an agency, was given total control of the tender pro-
cess. The concessions awarded were mainly for freight operations. Their
duration tended to be long, about thirty years on average (Chile chose
a twenty-year duration, while Mexico preferred a fifty-year option given
the presence of alternative networks that generate effective competition).

The process for the allocation of the concessions varied. However,
three main approaches adopted for the award of the concession/sale of
the shares in companies holding the concessions were (i) sealed bids,
(i1) public auctions (Brazil), and (iii) direct negotiation.

Sealed-bid auctions were adopted in the majority of the cases, with the
concessions being awarded to the best offer. Only a few countries deter-
mined a minimum acceptable price for the bid process, the remainder
leaving it to the market to identify the economic value of the operation.
The auction in Brazil had to set a minimum price according to their legal
requirements; the determination of this price was, however, very costly. In
other cases, governments had a (private) value which determined their
minimum acceptable price. This information was not disclosed to the
bidders, with the result that some auctions did not reach this minimum
value and the concessions were withdrawn (as, for example, in Mexico).
As in Britain, Latin American and African countries preferred to adopt
a pre-qualifying stage for the selection of bidders who would be allowed
to bid for the concessions. This pre-qualification stage was also a way to
take account of issues and competencies that were not easily quantifiable
and so were difficult to include in the final bids. Only those parties who
satisfied these criteria were admitted to the bidding stage.

The system for the identification of the winning bid varied. Different
forms of ‘points formulae’ were adopted. In table 12.1 we illustrate the
example of Argentina, which is interesting in its choice of the relative
weights for the different elements of the bids.

The main objective of the formula adopted was to include all of the
most important features of the bid and quantify them, with monetary
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Table 12.1. The bid-scoring system in Argentina

Maximum
Factor points
Bidder’s experience, personnel and business plan 23
Basic investment plan amount and quality 33
Additional investment proposed 5
Annual payment to government for infrastructure concession 10
Toll to be charged to other operators for use of the track 5
Number of former railway employees to be hired 15
Argentine presence in concession 9
Maximum total points 100

Source: Thompson, Budin and Estache, 2001.

values where possible, so as to limit arbitrariness in the final choice; how-
ever, different weights were given to various aspects of the bids depending
on circumstances.

The formula of table 12.1 was adopted in one of the early concessions
awarded in Argentina. Their experience with the performance of these
concessions, however, demonstrated that the formula encouraged unre-
alistic and unpredictable bidding. This led to subsequent renegotiation
of some concessions. An interesting case was that of Bolivia, where the
highest bid won, and the winner was expected to make the payment of
the total price on the day of the award. This money, however, was not
retained by the government but was instead used to invest in rail assets
to be used by the company.

An interesting bidding system was adopted for the Buenos Aires Metro,
where the bidders were asked to bid (1) the monthly amount of subsidy
required for their operation, and (2) the timing for a detailed capital
programme requested by the government, subject to maximum fares and
minimum service requirements. The winning bid was determined on
the basis of the minimum present value of the sum of the subsidy and
investment.

The sums raised by auctioning long-term concessions were quite sub-
stantial. The Brazilian Federal Railway (RFFSA) was losing around
US$500 million annually; this was transformed into a payment to the gov-
ernment of US$1.7 billion. In Mexico, annual losses of around US$400
million were transformed into a positive payment of US$2.4 billion (see
Thompson, Budin and Estache (2001)).

The winners of the concessions saw a quite large participation by lo-
cal consortia. It was originally felt that local participation in the ten-
der process should be encouraged because of political concerns over the
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privatisation of state-owned assets. Some concessions were declared crit-
ical to ‘national interest’ and required government approval, particu-
larly for bidders including a majority participation of foreign companies.
Moreover, local participation was encouraged by the fact that there was
no immediate capital requirement on the bidders’ side to build a new cap-
ital asset base, and in some cases this still remained a responsibility of the
government. As a result most winning consortia had local majority own-
ership, with foreign participation limited to specific expertise, mainly on
the commercial aspects. Thompson, Budin and Estache (2001) suggest
that the consortia have functioned quite well.

3.3 Auctions remain an uniried allocation mechanism
for allocaring rail slots

The allocation of each individual service by auction remains an un-
tried option for rail.” The design of current contracts (franchises or
concessions) implies the presence of internal cross-subsidies. Peak-time
trains subsidise required off-peak services.® Profit-making services sub-
sidise loss-making ones. An auction system for the separate allocation
of each individual service could minimise the subsidy required for each
loss-making service and maximise revenues from profit-making ones. Al-
though efficient, it was widely believed that such a system would be far
too complicated to implement. Some experiments conducted within the
EU ‘Europe-trip’® research project obtained algorithms able to:

e allocate capacity to maximise revenue;

e allocate costs; and

* generate efficient timetables in a vertically separated system.
Although feasible in experiments, this system is very demanding on com-
puting capacity and the skills of rail operators. It can become almost in-
tractable if, as could often be the case, some companies face economies
from operating more than one service. That would tend to make a com-
binatorial auction the most efficient system. There is some research evi-
dence to demonstrate combinatorial auctions for public service obliga-
tions can be both feasible and desirable, even in complex situations.
Whether similar auctions would be feasible or cost-effective in the rail
industry remains an open question.

7 For more details on the complexities of rail capacity auctions, see Affuso (2003).

8 The British solution was to make track access charges two-part tariffs, with extra paths at
(originally understated) avoidable cost. Nevertheless, the original franchise commitments
included services that were almost certainly individually non-commercial.

9 http://europa.eu.int/comm/transport/extra/ (accessed at 1 July 2003).
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4 Conclusion

From this brief review of the restructuring of railways in various countries
it is clear that one of the key elements in deciding upon the amount of
horizontal or vertical separation to introduce was the degree of perceived
and desired competition within the railway industry and with other modes
of transport in the country. This fundamental decision, together with
the characteristics of the specific rail operation, dictated the choice of
allocation mechanism.

In Sweden, road and rail transport decisions are part of the same
harmonised policy. Public transport authorities were given the freedom
to purchase train operations from any suitable contractor. Two oper-
ators, BK-Tag and Linjetag, attempted to enter the market, though
only BK-Tag was successful in winning a contract. SJ responded to the
competition by cutting tender prices by an average of 30 per cent. It
has since secured all contracts and has displaced BK-Tag from its two
contracts.

The Argentinian system, unlike most EU systems, is dominated by
freight rather than passenger traffic. Here, six freight concessions were
given exclusive use of the tracks apart from the requirement to grant ac-
cess to passenger operations in return for a compensatory track fee. This
structure is of interest, as the concessions awarded were of long duration
and some renegotiation occurred. The risk in awarding long franchises
without competition is the inability of the regulator/government to deter-
mine when the companies are performing adequately or when they are
abusing their market power. If there is a fixed unit of demand and firms
submit bids to supply that unit, as with franchise bids, then allocative,
productive and distributional efficiency all increase as competition, mea-
sured by the number of rival firms, increases. It is likely that there will
be more rivals if the franchise is for a short period since it reduces the
ability of the incumbent franchisee to erect barriers to entry by exploiting
its informational advantage.

In addition, limiting the number of participants in an industry com-
pounds the problems of asymmetric information and leaves the regulator
less able to establish whether firms are behaving efficiently. Thus com-
petitive pressure, or at least the presence of ‘yardstick’ competition, may
actually lead the franchisees to increase their investment, since they do
not intend to risk losing their franchise if they are seen to underperform.
Concessions, like franchising, were used to maintain competition at each
tendering. However, competition from road freight in Argentina was so
intense that it led to a consequent failure by some concessionaires to
undertake their specified investment programmes.
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Long concession periods, like the thirty years in Argentina, combined
with vertical integration could result in diminished incentives towards
efficiency and large incentives towards opportunistic behaviour. Longer
contracts make it progressively more difficult to establish whether the
incumbent franchisee is abusing its monopoly position when asking the
government for a renegotiation of its financial terms in the presence of
unforeseen events.

We conclude with four remarks.

(1) The most suitable structure for the provision of railway services and,
therefore, the best mechanism for allocating the resulting contracts or
franchises will depend on the characteristics of the industry and the coun-
try. The choice will depend on the geography of the country, the com-
position of traffic, its distribution between freight and passenger, the aver-
age distance travelled, whether dominated by commuting, as in Europe,
or by longer-distance travel, the degree of competition faced by rail from
other modes like air and road, and the number of potential bidders for
rail service operations.

(2) The British experience demonstrates that the competitive tendering
of franchises has delivered positive results in terms of higher efficiency
than under British Rail. As information is very incomplete at the first ten-
der stage, there will inevitably be some informational rents being passed
on to some franchisees. However, a short-term contracting framework,
with repeated tendering for the franchises, enables the government to
gain information and reduce the size of this rent at re-procurement stage,
unlike a long-term concession framework. In the latter the risk of rene-
gotiation is higher, but so are the returns that such concessions generate
for the government.

(3) Rail restructuring systems used in different countries cannot readily
be ranked against each other on merit. The restructuring process is inher-
ently situation-specific and should be developed to suit each particular
country. In some cases, though, political agendas can prevail over eco-
nomic principles. None the less, the underlying principle of introducing
a competitive system for allocating rail passenger services where possible
undeniably represents a step towards using market forces. Whether this
will lead to higher degrees of unbundling and an ultimate preference for
auctions of rail paths over Beauty Contests for the allocation of bundles
of services remains an open question.

(4) Perhaps the main problem lies in deciding what the size and shape of
the railway system should be in the twenty-first century, 170 years after
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the invention of the railway and 100 years after the internal combus-
tion engine revolutionised road and air transport. Is the main objective
a minimal and cheap railway, maintaining current capacity, where it is
recognised that the cost of expansion is unlikely to be justified given the
costs of increasing capacity on competing modes, or is the intention to
expand capacity in the hope that rather ill-defined social benefits jus-
tify the cost? The answer to this question is likely to determine the size
of investment needs, and hence the price of, supply of and demand for
rail use. That will affect the value of franchises, the risks associated with
various structural solutions, and hence the choice of the type of market
mechanism to use in allocating responsibilities for service provision.
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