INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be

from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced
form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6” x 9” black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to

order.

UMI

A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor MI 48106-1346 USA
313/761-4700 800/521-0600






AN EXPERIMENTAL AND EMPIRICAL INVESTIGATION

OF THE FCC’S SPECTRUM AUCTIONS

by

Yu Mei

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF ECONOMICS

In Partial Fulfillment of the Requirements
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

1998



UMI Number: 9831856

UMI Microform 9831856
Copyright 1998, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103



THE UNIVERSITY OF ARIZONA @
GRADUATE COLLEGE

As members of the Final Examination Committee, we certify that we have

read the dissertation prepared by Yy Mei

entitled An Experimental and Empirical Investigation of the FCC's Spectrum

Auctions

and recommend that it be accepted as fulfilling the dissertation

requirement for the Degree of _Doctor of Philosophy
\Q))*wwv W Z"/'i/?g/
Vernon Smith Date
Ly A b $-/-95
St’a/n’ley "{eynofds Date
- P / I
AP D ey — ST/,
Lester Taylor / Date
Date
Date

Final approval and acceptance of this dissertation is contingent upon
the candidate's submission of the final copy of the dissertation to the
Graduate College.

I hereby certify that I have read this dissertation prepared under my
direction and recommend that it be accepted as fulfilling the dissertation
requjrement.

g S ¥y

Dissertation Director Date




STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of requirements for an
advanced degree at The University of Arizona and is deposited in the University Library
to be made available to borrowers under rules of the Library.

Brief quotations from this dissertation are allowable without special permission,
provided that accurate acknowledgment of source is made. Requests for permission for
extended quotation from or reproduction of this manuscript in whole or in part may be
granted by the major department or the Dean of the Graduate College when in his or her
judgment the proposed use of the material is in the interests of scholarship. In all other
instances, however, permission must be obtained from the author.

SIGNED: v@&v"



ACKNOWLEDGMENTS

[ would like to thank Vernon Smith, Stan Reynolds, Lester Taylor and Edward

Zajac for their valuable comments and suggestions.



TABLE OF CONTENTS
LIST OF FIGURES ...ttt e e ettt a e sas e s e e st e e s e mesann 8
LIST OF TABLES ...ttt e sse e s ene st eseesc e st sss st neaen 9
ABSTRACT ...ttt et c e e s e asstese st e s mesee s s s e e st e st e a s e e e eseaemanaane g1
1. DEVELOPMENTS IN THE PCS INDUSTRY: ASURVEY ..o 13
Fo L INEFOAUCHION ...t e et st e e se e ae e e ee e s ae st st e s sn e aeesrese e maanns 13
1.2 Developments in PCS and Cellular Markets. .......ccoooemeieoiiiniriiecieeeceeceee 15
1.2.1 PCS as an alternative to Cellular............ccoocoiiiiiieiiicceccececcnerereneens 16
1.2.2 The distinction between U.S. and other markets. ........cccceeeerencireeennencenececnne. 18
1.2.3 Historical developments inthe U.S. ... 20
1.2.3.1 Roaming demand fOr Wireless........cceceeverreeceeeeeeneniecceeececeercecerecrnens 21
1.2.4 Heterogeneity: Three types of providers .......cocceeeeeceeerirecincecnieceeeeceeeens 23
1.2.4.1 Non-wireline cellular providers..........ccccocececimiicmmnincriciicciccccenee. 24
1.2.4.2 Wireline cellular providers.........ccccooeoeenoeeeceemecerrccrneceneeeessccceneecenaens 25
1.2.4.3 Non-conventional cellular providers..........ccocooreceiorecirnrcinecncccnnccneee. 26
1.3 GOVErnmMENt POLICY .......coouuiiriieiiettee et e e s sees e seecse e ee s e e 28
1.3.1 The history of FCC policy on wireless [iCenSes ........cccevveerrireecrircrreerenrenenen. 28
1.3.2 Purpose of SOVEINMENt AUCHIONS .....ccceecrrerrrierrrereemeeereeeersereeesseseneeseesseenssseens 30
1.3.3 AUCtiONEd SPECITUIML. ......oeuciieeeeeeercceeeereseeereasesaneseaeesecseeseeseesnensetaesnacennsecas 33
1.3.4 AUCtion fOIMAL .....ccuviirmiiiiceiccct et ce et es e s sesnaeas 35

1.4 Design and Outcomes 0f PCS AUCHONS.........ccocvirieruiereeeereeereceriereeeeseneeseeesenseens 36



1.4.1 Relation between the auction design and policy objectives. .............cccuuee..... 36
1.4.1.1 Interdependencies among license values.......c.ccccceceeoeeceveecrerncrecenrenennne. 38
1.4.1.2 Affiliated value @UCHON ......couveieieicceciccecttet e 42

1.4.2 StrategiC CONSIAETALIONS.......cc.ceeuereeeeieieeieeceneieeereeeeeeeseeseeseeseseesrneeeseeenneenes 45
1.4.2.1 Alliances between bidders........cccooeoiinieeeeee et 45
1.4.2.2 SIGNALINE. ..coeiiieeeeetee ettt e te s et ene e s essem e sn s snenesen 47
1.4.2.3 Strategic partnerships with designated entities .......ccoceeeeeeeeceeceeecveecceecensn. 48

1.4.3 AUCLION OULCOIMES.........comiurimiereeceneeeeeceecscrneeeseseessanesessseeesaestessans e snssaseseensnen 49
1.4.3.1 Efficient agEregation ..........ccceecceeaeearrercernnererecrterereeseereesesesessesssesssessanses 49
1.4.3.2 IMPACt ON POLICY ....voremreeeercicitceecetececete e see st e e et e ess st s an s naas 50

2. EXPERIMENTAL INVESTIGATION OF COMMON VALUE AUCTIONS WITH

ASYMMETRICALLY INFORMED BIDDERS ..........cciereerceeeetee e eeeeeaeeeeenees 52
2.1 INEPOAUCHION ...ttt se sttt e e e s e eba s e s e s ssnsnsasanann 52
2.2 Bidding TREOIY..coeeeiiiictiic et reee s ee st e as e s s e smeentane 58
2.3 Experimental Procedure and Discussion of the Setting .......ccccccocoeceeeeeneenccenicnncene 62

2.3.1 Auctions without additional public information .........ccccccceevveeeeeencinncecicnne. 63
2.3.2 Auctions with additional public information: ............cceeeceeeeereeeeceienceenecnenecens 65
2.4 Experimental RESULLS .....cccoovmiiiiiitieeeeteecitrteeee ettt a et eennan 69
2.5 CONCIUSION. ... icieiiccetteetteetrtecten e e te o eesaseresae st s ssne s sesnteesnassessnesnenssnesennessnnas 81

3. INTERACTIVE VIDEO AND DATA SERVICE ...........oeiieirceeeeenececeeenenne 82

KT {314 o T L1 Tod 4T 4 LSO 82

3.2 BaCKEIOUNA ......couviiiiiiiicetiiencere et 84



3.2.1 Introduction to interactive Video and Data Service (IVDS) ......cccoreeveeeeeernnes 84
3.2.2 The FCC’s IVDS Auction DeSigN.......coeeereeeeeceeeeceeerceeeeeecceeeeeeesseeenne 85
3.2.2.1 Sequence order of auctioned HCENSES.......coremciirriiicieeecceeeecnteecneee 88
3.2.2.2 PAYMENE TUIES ...oonneeeeeeeeeecceeeceeeceees e e see s s e s sessnesre s e e e s e s s saeennne 88
3.2.2.3 Special treatment for designated entities........ccc.cceeieemneneceenrcrscernence. 89
3.2.2.4 Default PENalLy ......coooenieeeeeeeeeeceee et et e s e aas 90
3.3 Analysis Of AUCHION OULCOMES.......ccccereerecereaeeerrerrreeeaneneanseeeseeaneraasaneaaaseseerasensransns 91
3.3.1 The frequent occurrence of defaulting payments .........ccccceccecemeeerececcereercnenen. 91
3.3.2 Interdependence among HCENSES ......cccocierurinreeeernieeeeceencrnenc e nerennesseene 93
3.3.3 The afternoon effeCt ...t cecet e e e sases s ssneaen 97
3.3.3.1 POPUIALION ...ttt ce s cssssssee s ns s s nssnaesnns 98
3.3.3.2 Number of Bidders. ...ttt 99
3.3.3.3 Discounts for designated entities.......c.ccoecveveeriomiiiniicinicenieceeceeieeens 99
3.3.3.4 Strategic bidding and risk aVersion. .....c..cceceeeeeeceeerveeenenerceneeeeccencennees 99
3.3.4 Bidding by designated ntities...........c.ceovreruirrcerecrercrsrenrrscriserecseeseessessessenses 100
3.3.5 Bidding COMPELILIVENESS ...coceeeeeeereecrieeireeeserneeeeeecesncnraereersasasneeeessssesssesnes 103
3.3.5.1 Number of BIAAErS.....cocommeeeeerreecerceeeaeecteceseeeeceeenaesnesee e seeereseeeeens 103
3.3.5.2 Effect of rival’s bidding ......cceoeeeeeieeemriciieieneececeeteeeceerenesceeeceeeenenneenee 105
3.4 Regression Analysis of Bidding and Defaults..........cceceeeoveeiiecinrennienrccseceecnnenee 106
3.4.1 Models of bidding BERAVIOL ....coevmmeeeieeciiicieeeceeeccececeeere e 107
3.4.1.1 Ex ante model of bidding behavior .......c.c..ccooceiiiiiiinmnnireeccriieeenee 107

3.4.1.2 Ex post model of bidding behavior.........c..cocceeeeeeiriimnnrennrceeeicncnnens 109



3.4.2 Models of default BERAVION .........coooieiriiriinceeteeeereee e ereeneaaenes 111
3.4.2.1 Ex ante model of default ...... ..o e 112
3.4.2.2 Ex Post model of defaults ... 113

3.4.3 Modeling defaults as a function of overbidding........cc.ccceeeceeveeeemnceecrennnnnnes 114

3.5 CONCIUSIONS ...coneereeenineeccniec e ee et et e e ee s et n st eeees s saeseae e e esansseenssan 117
REFERENCES ...ttt ettt tsee et et s te st e s et sen s ee s smseaensens 119
LIST OF FIGURES

FIGURE 1.1 ASSIGNMENT OF SPECTRUM BY THE FCC.......cccceceeimvinvreriierannne 16



LIST OF TABLES
TABLE 1.1 THE US CELLULAR MARKET, 991 ... 23
TABLE 1.2 GROWTH OF MCCAW CELLULAR COMMUNICATION, INC ........... 25

TABLE 1.3 LIST OF THE FCC’S SPECTRUM AUCTIONS BETWEEN 7/94 TO 4/9733
TABLE 1.4 SUPPLY OF NARROWBAND PCS SPECTRUM BY AUCTION ........... 34
TABLE 1.5 SUPPLY OF BROADBAND PCS (2071) SPECTRUM BY AUCTION.... 35
TABLE 2.1 OVERVIEW OF EXPERIMENTAL RESULTS .......coiiiiiiiieeeeeeeeneene 70
TABLE 2.2 WINNER’S AVERAGE PROFIT AND THE PREDICTED PROFIT FOR

ALL 9 EXPERIMENTS ...ttt ee e ee s e e s s s seesessee s snenes 71

TABLE 2.4. OVERBIDDING OF BOTH INFORMED AND LESS INFORMED

BIDDERS BY QUARTILE.........oteiiiiieieeiereteeeecceseeeses e ene s e s sas e 74
TABLE 2.5 BIDDING BY QUARTILE IN THE AUCTIONS W/O ADDITIONAL

PUBLIC INFORMATION ...ttt neeeceneceeescneensssssasaee e eeees 76
TABLE 2.6 BIDDING IN THE AUCTIONS WITH ADDITIONAL PUBLIC

INFORMATION .....ouiiiiitccetrtticeccentecrcsse e e steaessssstessesssessesassss s sesnsns 77

INFORMED BID ......cooiiiriiiieiecieiieceeees et etecnesesseesaa s e et eessasssssnsssssaassosssvnens 79
TABLE 2.8 RESULTS FOR SELLER’S REVENUE REGRESSION.........cccocevienene 80
TABLE 3.1 BID AMOUNTS PER LICENSE ... 92

TABLE 3.2 COVERED POPULATION PER LICENSE.........cccccooiiiimiinninninneeennne 93



TABLE 3.3 DISTRIBUTION OF WINNING LICENSES ACROSS WINNERS .......... 96
TABLE 3.4 COMPARISON OF AUCTIONS CONDUCTED ON DAY 1| AND DAY 298
TABLE 3.5 COMPARISON OF AUCTIONS OF SEGMENT A AND SEGMENT B
LICENSES ...ttt e e et s sin e e st see 101
TABLE 3.6 COMPARISON OF SEGMENT LICENSES WITH AND WITHOUT
DISCOUNTS ..ottt et es et st e sa e e sssae e e me s e erenes 102
TABLE 3.7 COMPARISON OF AUCTIONS WITH MORE AND LESS
COMPETITIVE MARKETS ...ttt ere e s 104

TABLE 3.8 COMPARISON OF MARKETS BY THE NUMBER OF DEFAULTED

SEGMENTS ...ttt c e e e s e s et s s e n e sanen 105
TABLE 3.9 EXANTE AND EX POST WINNING BID FUNCTIONS ....................... 109
TABLE 3.10 EX ANTE AND EX POST LOGISTIC DEFAULT MODELS................. 113



11

ABSTRACT

Beginning in 1994, the Federal Communication Commission (FCC) started to use
auctions for the allocation of scarce radio spectrum licenses. The spectrum auctions have
drawn widespread attention, as policy makers and economists are interested in how
effectively these auctions can raise revenues while promoting efficient allocations. The
first chapter provides a broad survey of the PCS auctions and of the developments in
Broadband PCS and cellular industries that relate to the PCS auctions. The survey
discuss how technology, geography, policy and the firm’s industry circumstances affect
firms’ valuations of the spectrum and are important determinants of the efficient design
of the spectrum auctions, as well.

The presence of different types of communications providers, cellular providers,
wireline providers, and new PCS providers, in the PCS auctions leads to asymmetries in
valuations and information. In theory, this structure has a qualitative affect on common
value auction outcomes. In laboratory experiments, bidders are found to overbid, much
like the findings in previous common value auction experiments, however, the less
informed bidders suffer from much stronger overbidding than the informed bidders, and
this overbidding can persist over many periods. In the presence of overbidding,
additional public information reduced the seller’s average revenues. Experience and
feedback diminishes but does not eliminate overbidding.

In Chapter 3, bidding data from the Interactive Video and Data Service auction,

one of the FCC'’s earliest spectrum auctions are analyzed. Bidding behavior confirms the
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hypotheses that (1) the larger the area, given the population, the lower the valuation; (2)
the larger the population, the higher the income, and the faster the population grows, the
higher the valuation; and (3) the number of bidders, the availability of discounts to some
bidders, and the earlier in the sequence that an auction occurs all positively influence the
amount of the winning bid. In addition, licenses in areas with greater population or in
auctions with more participating bidders are more likely to be defaulted. Finally,

designated entities who receive a bidding discount are significantly more likely to default.
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1. DEVELOPMENTS IN THE PCS INDUSTRY: A SURVEY

1.1 Introduction

In August 1993, Congress and the President amended the Communications Act to
allow the Federal Communication Commission (FCC) to use auctions for the allocation
of scarce radio spectrum licenses.' Since then, the FCC has held fifteen auctions to
allocate thousands of licensees for the rights to use segments of the spectrum for purposes
that include voice message paging, two-way paging, interactive video and data services,
portable fax and two-way data transfer, video and data satellite. As of early 1997,
revenues for the first thirteen auctions have surpassed $23 billion.*

These auctions have drawn widespread attention for several reasons. First, from
the perspective of the industry analyst, data from these auctions reveal concrete
information about firms’ valuations of new services, a type of information usually
available only from the occasional merger or takeover. Second, auctions represent the
leading edge tool for large scale allocations; policy makers are interested in how
effectively these auctions can raise revenues while promoting efficient allocations and
ensuring sufficient opportunities for a diverse set of interests. Third, the dimensionality

and complexity of these spectrum auctions go well beyond the scope of current auction

' Omnibus Budget Reconciliation Act of 1993
2 McMiilan, Rothschild and Wilson (1997), p.426.
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theory, requiring economists to evaluate the effectiveness of existing models and to
develop a more robust theory.

These three reasons for interest in spectrum auctions are closely tied. Clearly, the
objectives set by policy makers provide the yardstick from which to measure the
effectiveness of an auction design. In addition, essential to selecting among auction
design alternatives is an understanding of how various economic factors, driven by
technology, geography, and policy, affect firms’ valuations of the spectrum. These
factors include:

e Technological considerations such as limitations in spectrum capacity

¢ Changes in the substitutability/complementarity of related services, resulting from an
increasing overlap in capabilities of what were originally different services.

e The presence of several different types of players entering from different
circumstances, leading to asymmetries in values and information,

e Significant economies of scope arising from geographic interdependence among
licenses.

e (Changes in regulation

e Uncertainty in demand

This chapter focuses on these issues as they relate to broadband PCS and, as it
lends insight into PCS, cellular communications. These two services make up the core of

wireless telecommunications. The chapter is developed as follows: In Section 1.2, [
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discuss developments in the cellular and PCS industries. This discussion provides insight
into the considerations involved in assessing the distribution of values in spectrum
auctions. In Section 1.3, [ discuss the key policy objectives that were central to forming
the design of the spectrum auctions. In Section 1.4, [ discuss the alternative auction
designs considered for meeting the social policy objectives, and I also survey some of the
auction results and comment on the effectiveness of the FCC’s design in obtaining its

policy goals.

1.2 Develepments in PCS and Cellular Markets.

The realm of wireless services has been expanding over time. In 1982, wireless
telecommunication included television, radio, two-way radio, paging and defense-related
satellite communications. As of 1997, with the rapid advances in microchips and
deployment of digital technology, the scope of wireless service has been extended to
include digital satellite television, satellite location tracking, cellular phones, digital smart
phones, hand-held wireless computers, two-way paging, fixed-wireless local phone
service, wireless cable television, wireless computer modems, wireless local-area
computer networks, and wireless sensors (for vending machines, electricity meters,
mailboxes). It is expected that, by 2002, wireless services will also include satellite data
broadcasting, satellite cellular-phone service, satellite high-speed Internet service,
satellite sensing, digital TV, wideband digital networks, and wireless home security” In

sum, the role of wireless communications is shifting from that of a complement to basic
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voice service for a small segment of society towards an important source of basic and
advanced voice, data and video service for the mainstream.

Of particular interest is the recent deployment of Personal Communications
Services (PCS), a new generation of wireless telecommunications. PCS includes
lightweight (pocket) wireless phones, portable fax machines, wireless computer networks
such as wireless e-mail, personal digital assistants, and car alarms. These markets are
inescapably intertwined with the markets for cellular, and wireline services, and they will
be greatly affected by the outcomes of risky investments in spectrum-based technology.
Consequently, PCS investments are highly speculative, and their success will depend on

how each of these factors plays out.

1.2.1 PCS as an alternative to Cellular.

PCS is sometimes described as an entirely distinct service, but in many respects
PCS functions similarly to traditional cellular service. GTE markets PCS as “advanced
cellular services.™ Both PCS and cellular transmit over segments of the spectrum to
deliver voice service to meet the user’s roaming demand. Figure 1.1 shows how the

spectrum has been assigned.

Figure 1.1 Assignment of Spectrum by the FCC

3 The Wall Street Journal, 09/11/97, p. R4
* Salant (1997) p.551
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There are several important distinctions between broadband PCS and cellular
however. First, because the spectrum assigned to broadband PCS is located on the less
crowded 2 Ghz band, broadband PCS utilizes more cells and towers in a given area. This
allows for more redundant use of the spectrum by enabling users of the same frequency to
be located closer to each other without interference. Furthermore, broadband PCS is
based entirely on digital technology -- allowing for the integration of fax, paging, voice
mail and other features -- whereas cellular networks are still based primarily on analog
technology. In addition to reduced interference, the latest digital technologies utilize
compression techniques which economize on use of the spectrum.’ In sum, PCS service
can offer noticeably better-sound quality and greater features at a lower cost, and cellular
companies find themselves facing new digital challengers offering lower prices.*
According to Yankee Group, on cities where at least two PCS carriers have opened to

challenge the two incumbent cellular providers, cellular rates have dropped 15%.

% It is unclear, however, whether technologies such as CDMA can achieve the efficiencies once promised.
® The Wall Street Journal. 09/11/97, p.R22.
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On the other hand, there is uncertainty how fast PCS will replace cellular as the
service of choice. It will take time to discover whether customers view PCS as a better
alternative to cellular, and if so, how long it will take them to migrate. Currently, PCS
networks do not have the necessary geographic coverage to allow consumers sufficient
mobility. Furthermore, substantial replacing of existing cellular infrastructure with PCS
compatible equipment would be uneconomic. As a result, firms will continue efforts to
persuade consumers that cellular services are not inferior to PCS.

In turn, there is still uncertainty about the extent to which PCS and cellular will
substitute for wireline telephone service. Initially, in the 1980s, cellular was viewed as an
extension of wireline, but not a replacement, in part because of limitations in capacity and
quality. In the early 1990s, because of technological improvements in capacity, long
distance companies began to view cellular as a way to bypass wireline. Early signs of
replacement are occurring in second lines. Also, as is evident from international markets,
the degree to which wireless services substitute for wireline depends on the penetration of

wireline networks.

1.2.2 The distinction between U.S. and other markets.

The cellular industry has been one of the fastest growing segments of the
worldwide telecommunications business, both in countries with advanced and poor
quality wireline. The first cellular system began operating in 1980. Within 15 years, over

30 million cellular phones were in use in some 70 countries.
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Before 1992, most of the mobile phone users were in countries in which wireline
telecommunications was already in existence and advanced. The primary function of
cellular service was to fill the roaming demand. For example, in the US, before the
existence of cellular, over 95 percent of consumers were able to reach the conventional
phone system. Nevertheless, an estimated 40 million employees were ‘out of touch’ by
wireline telecommunications as a result of working away from the office for long periods
according to estimates provided by Motorola, Inc.” Accordingly, the main function of
wireless telephones in the developed countries like the U.S. was as an extension of
conventional telephone service, filling the roaming demand of consumers by offering
flexibility and direct communication which could not be offered by conventional
telephony.

For regions where wireline telephone services are either of poor quality or non-
existent, wireless networks offer an alternative to traditional telecommunications as a
direct substitute rather than a supplement. With the dramatic drop in the cost of cellular
resulting from the technological advances in computer chips and digital transformation, it
is cost effective to build wireless telecommunications networks where the traditional
telecommunications network is inadequate. Hamilton (1995) pointed out that it is much
easier to install modern technology throughout Asia, where the penetration of telephone

service remains relatively low, compared to more-mature markets like Europe, where new

" The Economist Oct. 23 1993.
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equipment has to be carefully integrated into existing older networks.® The number of
potential users in developing countries is much larger. For example, only one percent of
the population in China has access to a telephone, but the Guangdong province of China
has more than 200,000 cellular subscribers and is one of the world’s fastest growing
wireless markets. In many areas across Asia, in fact, cellular networks are expanding
much faster than ordinary networks based on land lines. As the developments in Asia
illustrate, regions where telecommunications are less developed need wireless

telecommunications more than the developed countries.

1.2.3 Historical developments in the U.S.

When analyzing the U.S. cellular industry, it is useful to distinguish pre- and post-
1995 developments. Pre-1995, cellular was a regulated cellular duopoly. Beginning in
1995, the FCC allocated more of the spectrum for wireless communications and began
using auctions instead of lotteries for the allocation of radio spectrum licenses. The
potential number of service providers in each market increased from two to eight, two
cellular service providers in each geographic area and six broadband PCS providers (PCS
A, B, C, D, E and F blocks).

The first U.S. commercial cellular system was established in Chicago in October
of 1983, and in less than 10 years, the cellular network was completed over the U.S.. By

June 1992, all 306 Metropolitan Statistical Areas (MSAs) and 428 Rural Service Areas

¥ The Wall Street Journal, 03/20/95, p.R21
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(RSAs) had cellular service. The number of subscribers increased from 91,600 in 1984 to
10 million by the end of 1992 and to 70 million by the end of 1997.

Each MSA is an urban market with population of more than 5,000, and each RSA is a
less populated area. Within each service area, there are two licensed cellular operators.
The standard cellular carrier frequencies for North American cellular radio are in the
range of 800-899 MHz and the separation between incoming and outgoing messages is
established at 45 MHz. This part of the spectrum (800s MHz) is divided into two blocks,
A and B. In each geographic serving area, the wireline local exchange carrier was granted
the right to hold a B license, while the A license was assigned by the FCC to a different

company, first by administrative decision and subsequently by lotteries.’

1.2.3.1 Roaming demand for wireless

Meeting the roaming demand was very important for a cellular firm to survive and
develop. Roaming demand represents consumers’ desire to use the same telephone across
different locations. According to one report on the cellular industry, “cellular subscribers
select service providers primarily on the basis of geographic coverage.”'® Coverage will
depend on how the firms “expand geographically or develop strategic alliances.”"'
Extending coverage enables seamless services to meet roaming demand. Craig McCaw,

the founder of the biggest cellular service provider, McCaw Cellular, emphasized the

need to build out as much as possible. “Once we had sufficient coverage, it would grow

? The Geodesic network II: 1993, p-4.8
'®The Geodesic network II: 1993, p 4.60



22

very fast,” he said, suggesting that, at the beginning, extending geographic coverage is the
key."?

When different companies with different and incompatible technologies own the
neighboring locations, meeting this demand is more difficult. Aggregation can decrease
cost. For example, there are different standards (FDMA, TDMA, and CDMA) which
could cause technological incompatibilities. It costs less for one company to adhere to a
single standard than for many companies to coordinate, considering negotiation and
campaign costs. Huber, et al. (1993) argue that “the providers that lag significantly in
expanding the geographic scope of their service or in controlling the costs of doing so
simply cannot remain competitive.”"

Rural licenses (RSAs) are important for filling out the licensing map and being
able to offer service within a steadily expanding geographic market. Although MSAs
cover 75% of the nation’s population, RSAs cover 80% of the land size. Without RSAs,
each MSA is like an isolated island. Expanding coverage can make much more efficient
use of existing switch capacity, especially when the number of subscribers in RSAs is not
big enough to justify the costs. Without RSAs’ connecting MSAs, consumers’ usage in
MSAs is limited.

The premium placed on enlarging coverage has triggered a number of alliances.

All major providers of cellular service have recognized that forming alliances and

""The Geodesic network II: 1993, p. 4.64
12 The Wall Street Journal, 09/11/97, p.R27
“The Geodesic network II: 1993, p.4.100



pursuing licenses to fill the geographical gap are import strategies in seeking seamless
coverage to attract customers, increasing market shares, and creating critical new markets.
As will be discussed later, the desire to enlarge coverage also played an important role in

the firms’ bidding strategies in the FCC’s PCS auction.

1.2.4 Heterogeneity: Three types of providers

Table 1.1 lists the top U.S. cellular service providers in 1991. Before 1992, there
were two types of cellular services providers: (1) non-wireline cellular providers, such as
McCaw Cellular, Lin Broadcast, and Contel; (2) wireline cellular providers, the local
exchange carriers, who were granted block B licenses. Beginning in 1992, more
companies showed interest in participating in the cellular market and started to invest in
this market; these are referred to as “New Comers,” a third type of player. Here we will

discuss the performance of these 3 kinds of providers.

Table 1.1 The US Cellular Market, 1991

% of % of % of % of #of
Top 90 Population | Subscribers Revenue Cities

Mkts
McCaw/Lin 13.3 12.2 19.9 18.2** 80
GTE/Contel 14.4 10.8 14.1 N/A 78
S. Western Bell 6.6 6.8 12.9 N/A 25
BellSouth 8.3 7.0 12.8 14.4%* 43
Pacific Telesis 6.6 6.1 9.4 13.0%* 37
Ameritech 44 4.6 6.5 N/A 22
NYNEX 5.5 4.6 4.6 6.9%* 14
Bell Atlantic 33 3.7 4.6 N/A 10

" The Geodesic network II: 1993. p4.25 and p4.27.
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US West 5.5 3.9 3.9 4.3 27
Centel 5.5 33 3.5 3.5 45
Metro Mobil CTS 6.6 2.3 29 2.8 17
US Cellular 1.1 1.7 1.4 1.2 24
Vanguard 1.6 1.1 1.0 1.2 18
ALLTEL .5 1.3 9 9 10
SNET 2.2 .8 .8 N/A

Other 14.4 30.1 1.1 N/A

Total Base*** 2x90| 2x253.2M 6.2M 4.55B

*Revenue figures for 1990.

** [ndicates number is estimated

*** Ag there are two cellular providers per area, each market is counted twice for the
population and the number of cities.

1.2.4.1 Non-wireline cellular providers

Before being purchased by AT&T in 1993, McCaw Cellular was the largest
cellular telephone company in the US. In 1991, almost 20 percent of cellular subscribers
in the US were offered services by McCaw. McCaw Cellular is a good example of the
growth potential of the non-wireline cellular provider and the trend of this industry.
McCaw had not only been enlarging itself from 1984 to 1993, in terms of area of
coverage area and number of subscribers, but also made efforts to form continuous
coverage. McCaw cellular first built in isolated locations, and then tried to build
continuous service clusters from isolated licenses. It applied for more new licenses from
the FCC, acquired cellular and paging operations from different companies - from MCI
in 1986, from the Washington Post in 1987, and from Lin in 1990. In order to raise the
capital to invest on cellular, it sold its old core business — cable systems licenses in 1987,

which consisted of 42 systems and served 433,000 subscribers. When Lin went up for
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sale in 1990, McCaw sold some of its cellular properties in the Southeast to Contel,
because Lin offered an excellent geographic fit with McCaw’s licenses in the Northeast,
Texas, and California.'”” Clustering has been McCaw’s strategy and is one of the reasons

that McCaw grew so quickly.

Table 1.2 Growth of McCaw Cellular Communication, Inc'®

1984 | 1985 | 1986 | 1987 1988 1989 1990

# licenses 3 9 21 37 80 94 108
Subscribers N/A [N/A | N/A | 135,000 | 227,000 | 386,000 | 849,000
Revenue ($M) | 8.2 29.3 | 68.7 | 196.4 310.8 504.1 1,037.5

1.2.4.2 Wireline cellular providers

In 1984, the FCC granted the wireline local exchange providers (LECs) the rights
to one of the two licenses (block B) in their own territories. Before the FCC assigned the
licenses of block A, the LECs had already started to install their facilities and offer
service. Although the FCC made the LEC:s first providers in their territory, they were not
dominant in the market for long when competing with non-wireline companies. For
example, by the end of 1985, PacTel was operating cellular systems in San Diego,
Sacramento, and Ventura County, had 35,000 customers in the Southern California, and
was the nation’s largest cellular provider."” By 1993, it had fallen to the fifth largest

cellular provider in the US. In 1993, the 7 LECs combined served only half of all cellular

'5The Geodesic network II: 1993, p4.67
'8 The Geodesic network II: 1993, p.4.28
""The Geodesic network II: 1993, p4.32
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subscribers; the largest LEC cellular affiliate served only 12.9 percent of subscribers
nationwide, compared with the 20 percent that McCaw had in the U.S. market.

Wireline cellular providers had developed their cellular interests very differently from
each other. In 1986, some of them, including PacTel, US West, SouthWestern Bell and
BellSouth, started to expand by acquiring licenses to operate cellular communication out-
of-region. Others, such as Ameritech, still operate mainly only within their own regions.
Similarly to McCaw, the LECs aimed to build integrated service by acquiring RSA
licenses to connect their exiting MSA licenses. For example, SouthWestern Bell paid
millions to purchase several Virginia RSAs and one in West Virginia in order to complete
its Washington-Baltimore system in 1990."

Developing alliances is an important strategy for wireline cellular providers to
enlarge the coverage. In 1993, North American cellular operators, including 6 out of 7 of
the Bells, went one step further by launching MobiLink, a “unified” cellular phone
service covering 83% of North America’s population. Bell Atlantic paid $1 billion for a

42% stake in [usacell, Mexico’s second-largest cellular company.

1.2.4.3 Non-conventional cellular providers

Beginning in the early 1990s, more companies, most notably long distance and
cable-TV companies, entered into the wireless communications market as new players.
The most significant “newcomer” was AT&T, America’s largest long-distance telephone

operator. In 1993, AT&T paid $12.6 billion for McCaw Cellular Communications, at
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that time the second-largest takeover in the history of US telecommunications. Huber
pointed out that AT&T’s ultimate goal was the provision of affordable nationwide radio-
based telephones, with capacities to bypass the local land-line network. It is true that what
AT&T paid for McCaw — $12.6 billion -~ is a large amount. But AT&T was paying a
similar amount in local access fees to LECs every year. In 1992, AT&T paid $13.7

9 McCaw’s service area

billion in access fees, 40.1% of total operating Revenues.
encompasses a population of 61 million, giving AT&T the opportunity to connect with
local customers and avoiding access fees charged by LECs in two ways. First, LECs
charged McCaw’s customers much lower access fees than AT&T's. Second, AT&T
hopes that its wireless loop investments will become a cost effective way to bypass the
local loop.”

Besides McCaw’s conducting trials of PCS in at least 10 cities, AT&T had trials
under way in Boston, LA, and Atlanta, and had applied for additional licenses to serve the
country’s 70 largest urban areas by 1993. In sum, AT&T’s purchase of McCaw can be
viewed as a sign that the wireless network is viewed as a necessary part of traditional
wireline network, if not a replacement for it, not just an extension of it.

MCI and Sprint invested very heavily in cellular and micro-cellular technology to avoid

paying huge access expenses. MCI paid somewhere $5.4 billion and Sprint paid $3.4

billion in access charges in 1993, about 45% of their total revenue. In 1992, Sprint paid

"®The Geodesic network II: 1993, p4.33
' The Wall Street Journal, 09/07/93. p.A26.
*® The Wall Street Journal, 10/21/94. p.A3
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$2.5 billion for Centel, a large cellular company, and in 1993 MCI announced that it
would form a consortium of more than 150 telecom, cable-TV and publishing companies
to build an $8 billion PCS network covering 75% of America’s population. MCI
ultimately decided to become a service reseller and didn’t participate in broadband PCS
auctions, whereas Sprint remains as a key player in the PCS auctions.

Besides long distance companies, cable companies have been very active new
comers in the wireless telecommunication market. In February 1991, three cable
companies were approved by the FCC to build PCS networks in San Diego, New York,
Boston and Chicago. Time Warner conducted a test of a PCS system based on CDMA
digital technology in Orlando, Florida. Tele-Communications Inc., the biggest cable
operator in America, already has a deal with US West to develop a range of joint services.
NEXTEL began commercial operation in Los Angles in the fall of 1993, and started to
serve most of California in 1994. It is clear that the character of this industry will change

as more and more newcomers come in.

1.3 Government Policy

1.3.1 The history of FCC palicy on wireless licenses

As explained above, there were 306 MSAs and 428 RSAs in the U.S. in 1993.
Within each service area, there are two frequencies for licensing cellular service -- blocks
A and B. In each geographic serving area, LECs were awarded the rights to block B

automatically, while the A license was assigned by the FCC to a different company. The
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FCC initially thought that this licensing policy of letting two carriers with different
histories and different approaches offer service in the same market would encourage
competition.

From 1984 to 1994, the FCC used two methods, administrative decision and
lottery, to award cellular licenses. During administrative decision, prospective license-
holders filed applications and the FCC held comparative hearings to decide which
applicant was the most worthy.” Although administrative decision worked well at
awarding licenses in the broadcast industry, it could not work in the cellular industry
because of the number of applicants and markets. Lottery was the FCC’s solution to the
problem of a big backlog of unassigned licenses caused by administrative decision.
Lottery is quick and inexpensive, but rational evaluation was eliminated and winning
became a matter of pure chance. The number of applications skyrocketed to thousands
per franchise, and in one instance there were nearly 400,000 applicants for licenses.
Many qualified potential operators could not obtain licenses, while some people benefited
from being the lucky winner of the lottery and then reselling them to other qualified
companies. For example a company called the RACDG partnership won the license to
provide cellular in Cape Cod by lottery in 1989, and sold the license to Southwestern Bell
for $41 million.” Whether or not the aftermarket puts licenses in the right hands, these
outcomes represent tremendous foregone revenues into private hands. The dissatisfaction

with these two methods led the FCC to seek other methods to assign licenses.

' McMillan (1994) p.146
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1.3.2 Purpose of government auctions

As McMillan (1994) summarized, the new Communications Act specifies a range

of aims for the FCC to select an auction procedure:

Achieve an efficient and intensive use of the spectrum.

Assign the licenses to those firms that will value them most and make the best use of
them. The goals of efficiency and revenue maximization often coincide. High bids are
consistent with an efficient auction, since only bidders with high values are willing to pay
high prices. However, there are two sources of high valuations: 1) those arising from
structural sources, from a firm’s advantage in providing better service at a lower cost; and

2) those arising from restricting market competition, or a collusive industry structure.

Promote rapid deployment of new technologies.

Auctions should be timely. Also, in the PCS auctions, winning bidders are required to
build out infrastructure with a coverage of 50 percent of population in the license area

within 5 years.

Prevent excessive concentration of licenses.

In order to avoid highly concentrated ownership of the spectrum, the FCC places

restrictions on eligibility to participate in an auction. For example, in PCS auctions, the

2 McMillan (1994) p.147
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FCC did not allow bidding by cellular licensees, which are defined as firms who have “an
ownership interest of 20 percent or more in a cellular system which serves 10 percent or
more of the population within a given PCS service area.” Potential participants will be
permitted to bid on any number of licenses, subject to a limitation of an aggregate of no
more than 40 MHz in any one service area, and therefore there are at least 4 players in
each market (160Mhz/40MHz=4). Currently, the Baby Bells are prevented from
participating in the auction for LMDS, which provides video programming distribution,
wireless local loop telephony and high speed data transmission (internet access), to

compete with local exchange and cable television services.
Fairly promote the interests of minorities and women.

An objective of the FCC was to ensure that bidding companies owned by minorities and
women, as well as rural telephone companies and small businesses, are fairly treated.
This guideline would appear to infringe upon their first purpose, that the winner should
be the bidder with highest use-value for the license. Favoring certain bidders is justified,
morever, if bidders’ willingness to pay does not reflect social value, because of

externalities, or capital-market imperfections, or for distribution reasons.”

Increase transparency and minimize the risk of political embarrassment.

B McMillan and McAfee (1996) p.168



32

Implicit in their objectives is to make the auctions easy to understand and implement, so
that winning prices reflect values — with similar items being sold for similar prices. The
auction format should minimize the risk that the auction would go awry and blemish the
image of the government. The experience in New Zealand, where a single round second-
price auction was adopted, increased awareness that outcome can be sensitive to the
format of the auction. Some high bids were well in excess of the second highest bids. As
a result, these winning bidders paid prices far below their bids, politically embarrassing
the government. In one extreme case, the high bid was NZ $7 million, and the winner
paid NZ $5,000, the second bid.* Even if these auctions had run more efficiently than
the alternatives of administrative hearings and lottery, the second-price auction exposed
the government to criticism. By revealing the high bidder’s willingness to pay, everyone
could infer that the winning firm paid less for the license than the value it was valued by
the firm.

Also, a single round auction is very risky for bidders. Because of the uncertainty
regarding other bidders’ strategies, it is far more unlikely that bidders will achieve desired
bundles of licenses, even when they have the highest valuations.

Implicitly, one more goal is that similar items should sell for similar prices. Besides
satisfying a necessary condition for efficiency, it contributes to a sense that the auction is
fair.® For example, in 1981, RCA held a sequential auction to sell seven identical

licenses to use RCA’s communications satellite for cable television broadcasts. The

* McMillan (1994) p.148
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highest price was $14.4 million, and the lowest price was $10.7 million. The bidder with

the highest bid petitioned the FCC to throw out the auction because the auction procedure

violated common-carrier nondiscrimination rules, and the FCC nullified the auction and

asked RCA to charge the same price to all bidders.*

3.3 Auctioned spectrum

Table 1.3 List of the FCC’s Spectrum Auctions between 7/94 to 4/97"

Auction Number of | Qualified
Order Name Time Lincenses | Bidders
1 Nationwide Narrowband PCS Jul-94 10 27
2 |Interactive Video and Data Services Jul-94 594 289
3 |Regional Narrowband PCS 10/94 -11/94 30 28
4 |Broadband PCS: A & B block 12/94 - 3/95 99 30
5 |Broadband PCS: C block 12/95 -5/96 493 255
6 |Multipoint/Multichannel Distribution Services 11/95- 3/96 493 155
7  |Specialied Mobile Radio Service 12/95 - 4/96 1,020 123
8 |Direct Broadcast Satellite: 110 Degrees Jan-96 1 3
9 |Direct Broadcast Satellite: 148 Degrees Jan-96 1 2
10 |Broadband PCS: C block (Reauction) Jul-96 18 32
11  |Broadband PCS: D, E & F block 8/96 — 1/97 1,479 153
12 |Cellular Unserved Jan-97 14 22
14 |Wireless Communications Services Apr-97 128 24
15 |Digital Audio Radio Service Apr-97 2 4

As shown in Table 1.3, from July 1994 to April 1997, the FCC held 15 spectrum

auctions. The following discussion focuses on PCS auctions. Throughout the United

States, the FCC awarded licenses in 51 “Major Trading Areas’ and 492 “Basic Trading

* Cramton (1997) p. 484

2 McMillan and McAfee (1996) p.162; Cramton (1997) p.436

7 The FCC Home Page. WWW .FCC.GON/Auction
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Areas.” Based on the FCC’s allocation of spectrum, there are two types of PCS:
“narrowband PCS” and “broadband PCS.”

Narrowband PCS contains small slices of spectrum (12.5-50 KHz) in the 900
band Mhz (901-902 MHz, 930-93 I MHz, 940-941 Mhz) for services such as two-way
paging and interactive television. As shown in Table 1.4, there are 3,554 narrowband
PCS licenses: 492 BTAs (Basic Trading Areas); 51 MTAs (Major Trading Areas); five
regional areas (made up of MTAs); and eleven nationwide narrowband licenses: five

50/50 kHz licenses, three 50/12.5 kHz licenses, and three 50 kHz licenses.

Table 1.4 Supply of Narrowband PCS Spectrum by Auction

Number of license in Area response channel

License type Nationwide | Regiona | MTA | BTA MTA BTA
|

50/50 kHz 5 2 2
50/12.5 kHz 3 4 3 2
50 kHz 2% 2
12.5 kHz 4 4
num per area 10 6 7 2 4 4
num of areas 1 5 51 493 51 493
num of licenses | 10 30 357 986 204 1972

Another 50khz nationwide license was awarded to Mtel for “pioneer preference”
Compared with narrowband PCS, the broadband PCS uses much larger slices of
spectrum (10-30mhz) in the 2 Ghz band. This slice of spectrum supports “advanced
cellular services,” including lightweight (pocket) wireless phones, portable fax machines,
wireless computer networks such as wireless e-mail, personal digital assistants, and car
alarms. As shown in Table 1.5, there are a total of 2,071 licenses for the auction, for

which three different auctions are held: Group | consists of 99 licenses of block A and B,
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group 2 consists of 493 licenses of block C, and Group 3 consists of 1479 licenses of

blocks D, E and F.

Table 1.5 Supply of Broadband PCS (2071) Spectrum by Auction

Block License type Area | #Licenses
A,B 30 Mhz MTA 99*
C 30 Mhz BTA 493
D,E,F 10 Mhz BTA 1479
1972

*Three 30Mhz MSA were awarded to pioneer winners.

1.3.4 Auction format

The auction format adopted by the FCC for both Broadband and Narrowband PCS
is a sequence of simultaneous, multiple-round, ascending-bid auctions. The FCC divided
the total of 2,071 broadband PCS licenses into three groups: 99 MTA licenses, 986 BTA
licenses reserved for designated entities, and 986 BTA licenses that can be awarded to all
bidders. All the licenses within a given group are put up for auction simultaneously.
Deposits are required to ensure serious bidding and are forfeited if the winner fails to
fulfill his/her payment obligations. The bidders can bid in each round on any number of
licenses that they wish up to their eligibility. At the end of each round, the current high
bids on each license are publicly announced. In subsequent rounds, each bidder must
remain “active’” or else loses part of his/her eligibility to bid in subsequent rounds. That

is, a bidder must either be the highest bidder from the previous round or submit a new
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higher bid with minimum bid increments. All licenses are awarded simultaneously when

no bidder increases the high bid on any licenses.

The basic rules for each of the auctions are the same. A bidder can bid on any

collection of licenses in any round, subject to an activity rule which determines the

bidder’s current eligibility. The FCC is authorized to cnid the auction once a round occurs

with no new bids on any licenses. Within the basic structure, however, some of the

details differ among the auctions:

For MTA broadband PCS auctions, no special preferences were given to special
interests. But in the C-block auction, only entrepreneurs, defined as business with
annual revenues less than $125 million, and small businesses, defined as businesses
with annual revenues less than $40 million were eligible to bid.

In the A and B auctions, all winning bids and the bidders identities of every round are

revealed, not just winning bids.

1.4  Design and Qutcomes of PCS Auctions

1.4.1 Relation between the auction design and policy objectives.

Existing theory cannot tell us what form of auction is best suited to meeting the

requirements of aggregation efficiency, aiding designated bidders, decreasing bidders’
uncertainty, and raising the seller’s revenue. Theory can lend insight into the relevant
tradeoffs and into what are the relevant variables in the auction design, as well as what

might go wrong.
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Recall that the foundation of auction theory is rooted in Vickrey’s revenue
equivalence theorem, which suggests that auction design makes no difference to the
outcome.” How, then, does auction theory lend insight into auction design? First, as
Chakravorti, Sharkey, Speigel and Wilkie (1995) note, the assumptions that underlie the
revenue equivalence theorem do not hold in the context of the PCS auctions. In the PCS
auctions, multiple units are for sale, bidders are not risk neutral and their valuations are
asymmetric and correlated, all departures from Vickrey’s assumptions. It is worthwhile,
therefore, to explore the implications of dropping the more restrictive assumptions.

We are also limited by the relative simplicity of auction environments treated in
the theoretical literature. Existing theory is based on environments and auction designs
that are nowhere near as complex as the simultaneous ascending auction that is adopted
by the FCC. Nevertheless, it is the authors of these models who helped to form the
FCC’s auction design, and the wisdom from these models was used to decide among
alternative designs. McMillan, Rothschild and Wilson (1997) explain this point well:

The FCC auctions ... have been billed as the biggest-ever practical applications of

game theory . Is this valid? A purist view says it is not. There is no theorem that

proves the simultaneous ascending auction to be optimal. The setting for the FCC
auctions is far more complicated than any model yet, or ever likely to be, written
down. Theory does not validate the auction form the FCC chose to implement.

The purist view, however, imposes too high a standard. The auction form was

designed by theorists. The distinction between common-value and independent-

value auction settings helped clarify thinking. The intuition was crucial in helping
the auction designers anticipate how bidders might try to outfox the mechanism.

% The Revenue Equivalence Theorem: (Vickrey, 1961) When a single object is auctioned, if bidders are
symmetric, risk-neutral, have independent private values, and the normalization assumption holds, then,
provided that the auction format is efficient, the expected revenue of the seller is the same regardless of the
auction format used.
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The auctions would not have taken the shape they did were it not for the economic

knowledge brought to the design process.”

As McMillan (1994) points out, the main concern relating to auction design
stemmed from a unique aspect of the PCS industry: the interdependencies among the
PCS licenses, and also between PCS licenses and existing cellular licenses. A second

issue is that the values of the licenses to different bidders are affiliated.

1.4.11 Interdependencies among license values

Interdependency among the licenses stems from the fact that licenses can be
complements or substitutes. Licenses are complementary if the value of two licenses
combined together is bigger than the sum of owning individual licenses separately. That
is, a license is more valuable if the holder also has the license for a contiguous region.
The first reason is that the combined licenses are better suited for meeting “roaming”
demand than individual licenses. As discussed earlier, the different technical standards
across licenses and the amount of cooperation needed from owners of the neighboring
licenses makes it difficult to meet the demand for roaming. In the cellular industry,
forming allies and acquiring the needed licenses to fill geographic gaps were the
strategies used to satisfy roaming demand. The second source of complementary is
economies of scale. For example, there are efficiencies in advertising and management

when the scale of operation is large.

®p 429
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The opposite type of interdependence is caused by substitutability.
Substitutability of licenses is derived from the fact that more than one provider will
receive licenses within a given geographic area. For each license, there is a twin license
that covers the same region and the same amount of spectrum. Thus, the amount a bidder
is willing to pay for one set of licenses is affected by prices for substitute sets of licenses.
Note that the degree of substitutability is affected by the number of licenses being
auctioned over a given amount of the spectrum and increases in capacity of the spectrum
due to technological improvements.

In sum, both complementarity and substitutability make the value of the licenses
interdependent, which means the value of a license to one bidder depends on the prices of
other licenses and on the combination of licenses that this bidder acquires. The key issue
raised by these interdependencies is whether the licenses should be auctioned sequentially
or simultaneously. Although increasing the complexity, a simultaneous muitiple round
auction can promote efficient aggregation of licenses by giving bidders flexibility in
choosing licenses. With all licenses open for bidding simultaneously, bidders can react to
the new information revealed and choose a new aggregation of licenses to bid. As
McAfee and McMillan (1996) point out, this factor was the main reason for adopting the
FCC’s format.

It is important to realize, however, that allowing this flexibility and thereby
increasing the range of possible strategies, could induce strategic bidding that jeopardizes
efficiency. Two aspects of the FCC’s design, regarding eligibility and withdrawals, were

aimed at achieving the right balance between giving a bidder sufficient flexibility to shift
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its bidding strategy and discouraging behavior designed to deceive other bidders and/or
stall the auction.

Eligibility: As mentioned above, bidders are endowed with a certain amount of
eligibility, determined by their initial down payment and the level of previous rounds’
activity, that limits the number of properties on which they can bid or have the standing
high bid. Beyond constraining the number of licenses on which a player can bid, it places
limitations on the quality of licenses. That is, more valuable properties, based on
population, require more eligibility. Thus, bidding on properties that have higher point
ratings may entail downgrading on other properties to keep from exceeding eligibility.
Furthermore, insufficient bidding activity, relative to one’s eligibility, results in a
reduction in eligibility. Although eligibility can never increase, it reduces as bidding
activity reduces. Effectively putting a price on inactivity and on property upgrades, these
eligibility requirements constrain the bidder from concealing its intentions until the end of
the auction and induce bidders to “show their hands” early.

On the other hand, these eligibility restrictions can preclude bidders from
maneuvers that are efficient. For example, a bidder may desire to shift to properties that
are relatively undervalued, but if such properties require too many points, the bidder will
be prohibited from doing so. To mitigate this problem, the FCC’s rules give bidders a
certain amount of leeway in terms of how much activity is required to maintain current
eligibility. This leeway tapers off as the auction progresses in order to maintain pace. In
particular, in the first “stage” of bidding, to maintain eligibility, the bidder’s activity need

only be 33 percent of his/her total eligibility. In the second stage, however, the bidder’s
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activity needs to be 66 percent of total eligibility and, in the final stage, the bidder’s
activity needs to be 100 percent of total eligibility. Thus, in early stages, the bidder has
some room to expand his or her set of properties or to substitute a higher-rated property
for a lower-rate property if the bidder is outbid on that property. By the final stage,
however, the bidder must, to a greater degree commit to a limited set of properties
because to upgrade to a higher valued property requires downgrading on another.
Withdrawals: The bidder can be further constrained from switching to
undervalued licenses because of the need to shed current bids on licenses to remain
within the eligibility cap. The problem is that, without a special provision, a bidder
cannot free himself from a particular license until he is topped on that license; for this to
happen, the bidder could have to wait indefinitely. The flexibility to maneuver in this
way is critical to allowing private information from bidders to be incorporated into prices
to the fullest extent. On the other hand, allowing withdrawals without consequence
would render bids meaningless. Bidders would be induced to bid on licenses they never
intended to acquire, effectively “parking its points,” in order to reduce competition on the
licenses of interest, with the full intention of withdrawing on these properties towards the
end of the auction. To constrain this type of behavior, a bidder who withdraws from a
license is held responsible for his standing high bid. If the withdrawn license is sold for
less than the standing high bid before the withdrawal, then that bidder is responsible for

the difference.*

3 After the close of each round, there is a brief withdrawal period in which the high bidders can withdraw
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1.4.1.2 Affiliated value auction

A second important characteristic of the licenses being auctioned is that the values
for these licenses are affiliated across bidders. On the one hand, differences in bidders
circumstances, such as those discussed in Section 1.2, lead to differences in valuations, or
private valuations. It is important, therefore, to consider how effectively an auction
format allocates items to bidders with the highest valuations. On the other hand, there are
major components of the values of these licenses that are common to all bidders, and of
which bidders are uncertain and have varying forecasts. For this reason, it is also
important that an auction design to reveal information from all bidders so as to minimize
the degree to which individual forecast errors cause prices stray from underlying values.

Private values: Asymmetries which lead to private values for PCS licenses have

two sources. First, as Cramton (1997) recognizes, there are strong ‘“‘ex ante asymmetries
among different firms since values in broadband PCS are closed related to the network
infrastructure the firm already has in place.”' Different types of telecommunications
companies, including LECs, long-distance, cable and cellular companies, have
participated in the auctions. These players have different purposes and circumstances.
Long distance companies want to build wireless networks to bypass the local wireline

network so as to reduce “access charges” and to provide bundled services. On the other

their bids subject to a bid withdrawal penalty. The second highest bidder is not responsible for the bid.
The penalty is the larger of O and the difference between the withdrawn bid and the final sale prices. If the
bidder defaults or is disqualified, the penalty is increased by 3 percent of the eventual sale price. Cramton
(1997) p. 444

3! Cramton (1997) p.455
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hand, LECs are oriented towards using a combination of the existing wireline network
and PCS. Finally, cellular companies want to use PCS to fill the geographic gaps. For
example, as Cramton (1997) pointed out, “PacTel has high values in Los Angeles and San
Francisco; Ameritech has high values in Cleveland and Indianapolis; AT&T has high
values in Washington and Chicago.™ BellSouth, meanwhile, intends to use the bidding
process to fill in gaps in the company’s cellular service through its nine-state region in the
Southeast. After the auctions are completed, BellSouth intends to pursue strategic
alliances to broaden the company’s wireless reach.”

Moreover, spectrum is bought as an input for production. The value depends on
the companies’ management, knowledge, existing stocks of capital, labor, the different
uses of the spectrum, and market for other telecommunications services. Different
bidders have different preferred aggregations because of their cellular telephone holdings
and local expertise. These two points make the value of a license private.

Uncertain common values: In addition, bidders face uncertainties about the value

of the licenses. Examples include how much consumers are willing to pay for PCS
services, whether the technology will be successful, and even how much new spectrum
will be allocated to telecommunications in the future. The greater the extent to which

these elements are common to the valuations of all bidders, and the greater the variance

32p 455
33 The Wall Street Journal,10/25/94. p.A3



of the bidders forecasts, the more likely the winning bidder will have overvalued the
auctioned item.

This tendency is commonly known as the “winner’s curse,” the tendency for the
highest bidder to have the most optimistic of the estimated license’s value and, therefore,
to have overestimated the value the item for sale. Rational bidders will anticipate the
winners’ curse, and will discount their estimates of the licenses’ value accordingly. The
bigger the uncertainty is, the bigger the discount should be. Any information revealed in
the auction process will change the bidders’ strategies and the seller’s revenue.

The implication for auction design is that the formats which cause bidders to reveal more
information in the course of bidding will be more effective in limiting the winners’ curse.
Furthermore, Milgrom and Weber (1982 show that improvement of the bidders’
information makes bidding more competitive, thereby increasing the seller’s revenue.
Thus, an open outcry auction is better suited toward minimizing the winner’s curse
element because outcome from each round makes the information available to bidders
more similar, thereby reducing the discrepancy between the most optimistic bidder’s
estimate and other bidders’ estimates. Open ascending bids let bidders see how highly

their rivals value each license and which aggregations they are seeking.
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1.4.2 Strategic considerations

1421 Alliances between bidders

As discussed in Section 1.2, developing alliances were important strategies for
cellular providers, but those alliances developed slowly over a period of time. In contrast,
just two weeks prior to the FCC’s deadline to submit applications for the broadband PCS
auctions, firms rushed to form alliances. Two large alliances were formed: WirelessCo.,
a limited partnership between Sprint (40%) and three large cable companies, TCI (30%),
Comcast (15%) and Cox (15%); and PCS PrimeCo, a collection of three Baby Bells (Bell
Atlantic, Nynex, and USWest), and AirTouch, the wireless spin-off of PacTel, another
Baby Bell.* These companies formed alliances despite conflicting interests. For
example, Nynex aligned itself with USWest, within the partnership among Bell Atlantic-
Nynex-US West-Air Touch, even though USWest had a 25% stake in Time Warner,
whose cable systems were targeting Nynex's lucrative New York market for local phone
services.

There are several reasons for these joint agreements. Alliances were allowed by
the government in the broadband PCS auction. The FCC set a deadline before the auction
to let bidders declare alliances. The risk was that this could reduce the number of bidders
and raise the likelihood of collusion. However, in the case of broadband PCS, the major

reason for the FCC to support alliances among bidders was to reduce incompatibilities

* The Wall Street Journal. 03/20/95. p. R19
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that would result from having several competing PCS technologies. If different standards
were adopted, customers using PCS under one technology would not be served in regions
that have adopted another technology. Allowing bidders to form coalitions might
promote the adoption of a single standard and might, therefore, be socially beneficial.
Furthermore, the FCC believed coalition formation would help in “internalizing” any
economies of scale that may exist across geographic regions and to promote the efficient
aggregation of licenses. Thus, allowing coalition formation may improve the efficiency
of the auction outcome.

Firms are interested in providing nationwide service, but few individual firms
have the resources to do so. Build-out costs are expected to be at least double the license
fees.” By forming alliances, giant companies hope to share the enormous cost of
building these systems and stitch together nationwide networks.*®

Some suggest that it is in firms’ mutual interests to form alliances to reduce the
bidders’ aggregate demand for licenses. As Weber(1997) pointed out, “when more than
one item is being sold and some of the bidders wish to acquire more than a single item, it

"7 Alliances

becomes possible for a bidder to gain from strategic demand reduction.
significantly reduced eligibility. Since bidders could not bid in any market in which they

held a significant cellular interest, joining forces with a large cellular provider reduced

eligibility. This would decrease the number of bidders and the prices. PrimeCo, for

> Cramton (1997) p- 459
36 The Well Street Journal, 10/25/95, p. A3
7p. 531
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example, was excluded from bidding on 64 percent U.S. population as a result of the

cellular holding of its members.*®

1422  Signaling

Firms may also attempt to align themselves during the auction. Salant (1997)
explained that under consideration of imperfect information, bidders might wish to
influence rivals’ beliefs by signaling. Cramton (1997) identified two forms of signals:
public announcements and irregularities in bidding.”

PacTel announced for months that it considered just one-state, California, a must-
win. Both BellSouth and Ameritech indicated that they intended to go after licenses in a
few smaller markets inside their territories where they did not provide service then. SBC
said it would bid for a couple of licenses inside its telephone territory, as well as licenses
for markets that lie near existing cellular properties outside its region, including
Richmond, Va., Milwaulkee, and Memphis, Tenn. These announcements were intended
not only to convey positive information to investors but also to provide a “threat” to
potential rivals to encourage them to pursue alternative licenses.

The second kind of signal is sent through bidding behavior: code bidding, double
bidding, jump bidding, raising one's own bid.*® Two forms of code bidding have been
observed. GTE submitted a number of bids ending with 483, which spell “GTE” on a

telephone keypad, to reveal its interest in one particular market. Another bidder used the

38 Cramton (1997) p.454
¥ p.467
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last three digits of rivals’ markets to signal where that firm intended to retaliate if
competing bidders persisting in topping its bids. Likewise, some bidders used jump bids,
or bids well above the minimum increment, to convey strength of interest. It is unclear
how effectively these techniques influenced the behavior of rivals. However, it raises
questions of the degree of anticompetitive activity and, from a design standpoint, whether

concealing bidder identities has any value.

1.4.2.3  Strategic partnerships with designated entities

Designate entities, companies headed by minorities, women, and small
businesses, received aid in the auction in terms of bidding discounts, tax credits and
installment loans. Also, some licenses, including the C block PCS, were reserved
exclusively for small business.” Non-designated entities, however, were able to gain
access to these privileges by forming alliances with these companies, as long as they did
not seize control of the operations. In fact, this was encouraged by policy makers because
it promoted financial backing, expertise and network management for designated entities.
A venture supported by AT&T and Britain’s Cable & Wireless PLC formed an alliance,
called North American Wireless, of hundreds of small firms to deploy a national wireless
network that would compete in the realm of billion-dollar giants. This venture offered to
build the network and let the PCS upstarts simply ‘““lease” back a portion of its coverage,

giving them a cheap way to get into business. North American Wireless would fund

*“*Cramton (1997) p-467
*! Firms with annual revenues less than $40 million qualified as small businesses.
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national marketing, while local partners would cover local advertising and their working
capital. For AT&T, the new effort represented a way to sell $2 billion worth of PCS
equipment to a single customer, NAW, instead of having to sell equipment to hundreds of
small-time clients.*> In addition, BellSouth Corp. bid with a group of about 40 smaller
companies in its service territory.” Under FCC rules, cellular operators could not bid on
large regional licenses if they already covered more than 10% of the population, but they

could join up with designated entities that bid for smaller areas.*

1L4.3 Auction outcomes

1.4.3.1 Efficient aggregation

In assessing the efficiency of these auctions, it is useful to assess the degree to
which efficient aggregations formed. As discussed in 4.2, three firms, Wireless Co,
AT&T, and PrimeCo, went into the auction with a nationwide strategy. Each firm wanted
to fill the holes in its cellular network. Other firms had focused geographic interests:
PacTel, announced its intent to win Los Angles and San Francisco; Ameritech was
interested in two particular midwestern licenses; and GTE was interested in a handful of
licenses that would work well with its existing network.*

These intentions were effectively achieved. For example, AT&T was high bidder

on the A band in its top markets and PrimeCo was the high bidder on the B band in its top

*2 The Wall Street Journal, 10/28/94, p.Al
43 The Wall Street Journal, 10/28/94, p.A3
44 Business Week , 10/10/94 , * A Feast For Small Fry—or Dessert for the Big Guys™
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markets. Not only did these two achieve national coverage, they kept their licenses on the
same frequency block across territories. AT&T was able to fill its cellular holes except
for three regions.” WirelessCo acquired nationwide coverage except for Chicago and a
single strip of licenses from Cleveland to Tampa. PrimeCo won nationwide coverage
except for a single block of licenses in the central U.S.. Pacific Bell obtained both San

Francisco and Los Angeles, the two areas in which they announced strong interest.

1.4.3.2 Impact on policy

The FCC viewed the outcome of the PCS auctions to be successful enough to
continue to apply their design as the major framework for future allocations, most
recently for the LMDS auctions. The revenues from all of the FCC’s spectrum auctions
up to April 1997 reached $23 billion. In light of this windfall, the Congress pressured the
FCC into abandoning their decision to grant pioneer awards, which allocated spectrum at
no cost to certain firms in consideration for their technological innovations in the wireless
telecommunications industry.”’ The broadband pioneer winners were required to pay
85% of the average auction price per pop in the top twenty markets, excluding New York,
Washington and Los Angeles, representing $700 million in additional revenues.

Problems with defaulting and legal battles are causing the FCC to rethink its
policy of granting special privileges to designated entities. One modification to the rules

is to give all small business the same 25 percent discounts and installment loans,

3 Cramton(1997) p.455
*® Cramton(1997) p-485
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regardless of race or sex.” Problems in the C Block auctions have yet to be resolved as a
number of small businesses who received installments loans have threatened to declare
bankruptcy unless they can re-negotiate the payment schedules. This suggests that the
installment problem offered by the FCC unfairly asked the government to share long term

risk with bidders.

*T This included back collection for pioneer awards already granted.
*8 “Court Stalls F.C.C. Program For Women and Minorities,” New York Times, 3/16/95.
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2. EXPERIMENTAL INVESTIGATION OF COMMON VALUE

AUCTIONS WITH ASYMMETRICALLY INFORMED BIDDERS

21 Introduction

Since Congress passed legislation giving the FCC the authority to auction licenses
in the Personal Communications Systems (PCS) market, there has been a great resurgence
in interest in auction theory and design. From October 1993 to February 1994, over 160
firms and lobby groups commented on the FCC'’s original auction-design proposal. An
important consideration has been asymmetries across bidders, of which there are two
types: asymmetry in the distribution of value of the item being auctioned to the bidders,
and asymmetry in the distribution of information about the value of the item. In the
narrowband national licenses auction of July 1994, a few bidders were known to have
high use values because of large market share and prior product development (see
Cramton (1994)). Nevertheless, the possibility of a resale market suggests that a common
value environment may apply in many cases. Whether or not value asymmetries exist, it
is likely that there are significant informational asymmetries across bidders in most
auctions. For example, today’s cellular providers should be in a better position to
forecast market penetration and future technological changes in the PCS market than
those who lack experience in the cellular industry. In theory, this type of asymmetry has
an important effect on bidding strategies and market outcomes (see Engelbrecht-Wiggans,

Milgrom, and Weber (1983)), and there is empirical evidence of those effects from the
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federal oil lease auctions. This chapter is the first to examine the behavioral properties of
the common value first price auction in a controlled laboratory setting when information
is asymmetric.

The auction environment tested is that of Engelbrecht-Wiggans, Milgrom, and
Weber (1983) (thereafter EMW). It assumes there is a single informed bidder in a
common value auction, which captures the phenomenon that bidders have different kinds
of information about the auctioned item’s value. Such a setting fits with the fact that
there are significant ex ante differences among bidders information because the ability to
gather information depends on one’s own economic circumstance, with some bidders in a
better position to obtain information than others.

A common value auction describes an environment where the ex post value of the
auctioned item is the same to all bidders. This special or simple case is seen as a suitable
analytical framework when there is little to the auctioned item’s value that depends on its
owner’s characteristics. Arguments supporting the use of the common value framework
often point to the existence of a post auction competitive resale market available to
whomever wins the auction. The most cited examples of common value auctions are the
federal government’s outer continental shelf (OCS) oil lease auctions. Provided that
bidders have similar extraction and other input costs, it is reasonable that, for a given
amount of oil in the ground, any bidder would value holding such a lease similarly. What
makes this case interesting is that, prior to its extraction, the amount of oil (and hence the
value of the lease) is unobservable and uncertain, and participating firms may have vastly

different forecasts.
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Most of the theoretical and empirical analysis of common value auctions has
focused on the effect of this bidder uncertainty on bidding and, therefore, seller revenues.
The most striking result is that participants in a common value auction may be
particularly susceptible to judgment failures that cause overbidding, referred to as the
winner’s curse. The source of overbidding is the failure of the bidder to anticipate that
the event of submitting the highest bid (winning the auction) provides additional
information regarding the value — in particular that his/her forecast is likely to have been
overly optimistic. To avoid the winner’s curse, a rational bidder should shade his/her bid
downward as if the item’s value is lower than prior information suggests.

A second critical aspect of a common value auction, which underlies the focus of this
chapter, pertains to the relative precision of bidder’s forecasts. Whereas it is predominant
in the literature to assume that the distribution of information across bidders is symmetric,
obtaining forecasts with equal precision, EMW formalized the asymmetric case where
there is a single bidder who is known to have a superior forecast. The issue of
asymmetries was studied first in the 1960s when the question about how to bid for an oil
lease contract was raised. The case considered was that of two oil companies bidding for
rights to an offshore parcel, with one company having obtained better information on the
value of the rights than the other because of its owning rights to a contiguous parcel.
Later, this problem was generalized to the case of one informed bidder and m uninformed
bidders, and was partially analyzed by Wilson (1967), Hughart (1975), and Weverburgh

(1979).
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EMW provide a general characterization of Bayesian-Nash equilibria and of
equilibrium strategies of all the bidders, who are assumed to be risk-neutral. This
Bayesian-Nash Risk Neutral (BNRN) model predicts that the less informed bidders can
never make a positive profit against the informed bidder. The informed bidder should be
able to take advantage of not only the received information, but also the asymmetric
information structure. In this scenario, the less informed bidders face a “strong”™ winners’
curse, while the informed bidder does not. In theory, the less informed bidder’s only
hope of profiting is the failure of the informed bidder to follow the equilibrium strategy.
There is empirical evidence from oil lease data to support this theory. Hendricks and
Porter (1988) use field data to test the Bayesian-Nash equilibrium strategies in the
asymmetric information environment developed by EMW. In their paper, the data came
from the federal offshore oil and gas drainage lease sales to test the hypothesis that the
information across potential bidders is asymmetric due to some leases being adjacent to
tracts on which a deposit has been discovered, while others are not. Their results suggest
that neighbor firms are better informed about the value of a lease than non-neighbor
firms, and that both types of firms bid strategically in accordance with the Bayesian-Nash
equilibrium. This line of research should prove to be informative when applied to
bidding data from the recent FCC’s spectrum auctions.

The implications of auction theories, for both individual bidding behavior and
market allocation, have been tested in numerous experimental investigations. Kagel and
Levin (1986), conducted experiments to examine individual bidding behavior in common

value auctions with symmetric information. Their first result is that auctions with large
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numbers of bidders produce more aggressive bidding than auctions with small numbers
and are conducive to bidders losing money (being subject to the winner’s curse). This
effect diminishes, however, when subjects are more experienced. Their second finding is
that the seller’s revenue responds to public information differentially conditional on the
presence or absence of a winner’s curse.

After Kagel and Levin (1986), experimental research work on common value
auctions has been pushed further to explain the frequent occurrence of the winner’s curse,
which reflects irrational behavior by bidders. Cox, Dinkin, and Smith (1992) develop
and experimentally test 2 model of endogenous entry/exit and bidding in common value
auctions. Their model and experimental design include an alternative profitable activity
that provides opportunity costs of bidding in the common value auction. They show that
bankruptcies and the winner’s curse essentially disappear with subject experience in the
auction. Experiments that include a zero-income safe haven produce a higher incidence
of bankruptcies and the winner’s curse than do experiments in which the safe haven
yields positive income, but much lower incidences of bankruptcies and the winner’s curse
than did the experiments without a safe haven reported by Kagel and Levin (1986). Thus,
the experimental evidence supports the significance both of including a safe haven and of
having the safe haven pay positive payoffs. This is an interesting finding because the
naturally-occurring real world setting usually includes low-risk, positive low-income
alternatives to bidding in common value auctions.

Unlike theoretical and empirical papers on bidding behavior in both symmetric

and asymmetric information environments, experimental papers have not examined the



57

asymmetric information environment. Because the asymmetric information structure
affects bidding behavior and market allocation in a way that qualitatively differs from the
symmetric information structure, it is useful to conduct experiments on the common
value auction in an asymmetric information environment. By achieving a thorough
understanding of this case in a simple laboratory environment, we become better
equipped to identify and study the phenomenon in more complex field settings.

This experimental design distinguishes two types of bidders, the informed bidder
and the less-informed bidder. Ex ante, each type has some knowledge of the distribution
of the item’s value. However, the type 1 bidder -- the more informed bidder -- receives a
private signal that provides an unbiased more precise estimate of the unknown common
value. The type 2 bidder - the less informed bidder - doesn’t receive any such signal.
The first-price sealed-bid common value action is adopted here; i.e., the auctioned item is
allocated to the high bidder at the price which is equal to the high bid. The testable
implications of the model include whether bidding behavior is consistent with the
Bayesian-Nash equilibrium, whether the informed bidder bids in a manner which causes
the less informed bidder to earn zero profits, and how the seller’s revenue is affected bya
public signal.

Results from the experiments were as follows: 1) A high percentage of less-
informed bidders experienced the winner’s curse; 2) the incidence of the winner’s curse
decreased with the subjects’ experience in the auction; 3) among informed bidders,
overbidding decreased with experience, but did not vanish; and 4) releasing additional

public information altered the less informed bidders’ bidding behavior, but did not
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necessarily increase the seller’s revenue. The last result is consistent with the
experimental findings in the common value auctions with symmetric information in
Kagel and Levin (1986).

The remainder of the chapter is organized as follows. Section 2.2 characterizes
the Nash equilibrium bidding strategies for the auction. Section 2.3 describes the
structure of the experiments. Section 2.4 discusses the experimental results. Section 2.5

draws conclusions.

2.2  Bidding Theory

The equilibrium bidding strategies in the noncooperative first-price, sealed-bid
model with asymmetric information are derived in EMW. A brief review of the theory
and some intuition for the equilibrium strategies are provided below. In this model,
assume there are m+1 risk neutral bidders, of which m (m 2 1) are less informed and one
is more informed (hereafter informed), who bid for an item with a common but uncertain
value V. The less informed bidders are identical, sharing the same beliefs over V. Let the
public signal observed by all bidders be a random variable Z. For now, we will describe
the game conditional on bidders having observed z, the realized value of Z. In addition to
knowing z, the informed bidder observes a private signal, X. Let A=E(VIX; z) denote the
expected value of V conditional on X. H is a real valued function of the random variable
X and will have a distribution function F(*), a transformation of the distribution function
for X. Let & be the realized expectation conditional on the realizations x and z. EMW

show that the strategy of the informed bidder can be defined as a function b which maps 4
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into the nonnegative real numbers so that we need to be concerned with the first moment
(the informed bidder’s forecast) of V only. Informed bidder’s strategy b(h) is assumed to
be a differentiable, strictly increasing function.*

In contrast to the symmetric information case, a less informed bidder will not
employ a pure strategy in equilibrium because his information is known by the informed
bidder. To see why, suppose there is only a single less informed bidder in the auction and
that, having observed z, he chooses to bid 5. Then the informed bidder, observing z and
rationally anticipating his rival’s play, should either bid a small increment higher than 5
or 0, depending on whether his forecast of the item’s value, 4, is above or below 5 .
Consequently, for a less informed bidder who wins the auction there is an expected loss.
Therefore, it is necessary in any equilibrium that a less informed bidder randomizes.
Accordingly, the less informed bidder’s strategy will be characterized by a probability
distribution over bids. Let Gj(b) be the distribution function for the bid submitted by the
jth less informed bidder. Assuming that each less informed bidder randomizes
independently, G(b) = G(b)*G2(b)*....*Gm(b ) represents the distribution function of the
maximum of the bids submitted by all less informed bidders. Finding an equilibrium,
therefore, involves finding an informed bidder’s strategy which maximizes expected
profits given the distribution of the bids by less informed bidders, but also causes each

less informed bidder to be indifferent over the range in which they randomize.

* The informed bidder’s bidding function is limited to pure strategies.
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Recall that, based on the private signal x, the informed bidder forms an expectation h, an
unbiased forecast, of V. Since his forecast utilizes all available information, and all
bidders are risk neutral, h can be thought of as the item’s valuation. The objective for any
bidder choosing b will therefore be of the form

max prob[b wins]*E[(H-b) | b wins],

where it is understood that probabilities are conditioned on z. In the event that the bidder
does not win, his profits are zero. For the informed bidder, this becomes

max Efrih] = G(by)*(h - by)

The solution will be a function of h, by = b(h). G(by) equals the probability that all less
informed bidders place bids lower than b;. Notice that his forecast # is independent of
whether he wins the auction. That is, winning the auction does not suggest that his signal
was overly optimistic, since the less informed bids do not convey additional information
about the value. Therefore, the informed bidder is not subject to the winner’s curse,
which is different from the auction with symmetric information, where any bidder who
fails to consider the conditional expected payoff is subject to the winner’s curse.

For the jth less-informed bidder, the objective function is

max bj E[TCJ'] = F( h(bj) )*HGk(bj)*E[(H-bj)| H< h(bj)],

where h(b;) is the inverse of the informed bidder’s bid function evaluated at the less
informed bidder’s bid. That is, h(b;) is the informed bidder’s forecast below which the
less informed bidder will submit a higher bid. Thus F(h(b;)) is the probability that the jth

less informed bid is higher than the informed bid. [TGi(b;) is the probability that the
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remaining less informed bidders bid lower than the jth less informed bidder. The third
term represents the less informed bidder’s updated forecast of the item’s value
conditional on winning. Given that b(h) is increasing, winning the auction is more likely
when the h is low. Hence, the less informed bidder is subject to an expected loss and
must shade his bid downward.

In the Baysian-Nash equilibrium for the bidding game, each bidder’s expected
payoff conditional on his information is maximized given the strategies employed by the
other bidders. The equilibrium solution to this asymmetric information common value
auction is the (m+1)-tuple (B;, Gy,..., Gn) such that:

b(h) = E(HIH<h)

G(b)= Prob(b(h)<b) j=I,..., m,

where H=E(VIX) and h= E(VIX=x).

The essence of this equilibrium is that, unconditionally, the highest less informed bid is
drawn from the same distribution as the informed bid. This implies that the informed
bidder wins with probability one half, regardless of the number of less informed bidders.
However, the informed bidder profits because his bids are correlated with h, unlike the
less informed bids. One can show that for any b; in the domain of G(*), given the
informed bidder’s strategy,

E[hib; > by] = b;

This implies that the less informed bidder expects to earn zero profits, regardless of his

bid.
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Milgrom and Weber (1982) discuss the effect of an additional public signal on the
equilibrium properties. The principal finding is that additional public information
increases the seller’s revenue. Although new public information should have a mean zero
effect on bidders’ forecasts, it lessens the information asymmetry and forces the informed
bidder to bid more competitively. That is, when the ex ante distribution is less diffuse,
E[H i H<h] is closer to h and, therefore the informed bidder bids closer to his forecast.

In sum, the main empirical predictions of the model are listed below:

I.  On average the informed bidders win one-half of auctions.

2. Expected profits to the less informed bidders are zero.

3. Expected profits to the informed bidder are greater than 0.

4. The ex ante bid distributions (i.e., prior to the realization of X) are the same.

5. Releasing additional public information increases the seller’s revenue.

23  Experimental Procedure and Discussion of the Setting

The experiments were conducted in the Economic Science Lab at the University
of Arizona during 1994. The subjects were undergraduate students from economics and
business classes. Subjects were recruited for one and one-half hour sessions, consisting
of a series of auction periods. Each was paid $5 upon signing in at the lab. In each
auction period, a single unit of a commodity was sold to the high bidder at the high-bid
price, with bidders submitting sealed bids for the item (a first-price, sealed-bid auction
procedure). The high bidder earned profits equal to the value of the item less the amount

bid; other bidders earned zero profits for this auction period.
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The number of subjects in a session was either 2 or 6. As discussed above, the
number of bidders affects the equilibrium strategies of the less informed bidders. Each
subject was randornly assigned to a computer terminal. Experiments are classified into
two categories, which depend upon whether subjects did or did not have additional public

information.>

2.3.1 Auctions without additional public information

Prior to the auction, the computer selected one subject to be the informed bidder.
Then, in each auction period, the computer drew, but did not announce, the common
value, v, from the uniform distribution on [V, Vyl, where [V, Vy] = [25,225]. All
subjects were told that the value was equally likely to be any number between 25 and 225,
but the informed bidder received further information. The width of the private signal
band received by the informed bidder equaled zero, so that the private signal was perfect,
i.e., x = v, and this signal was announced privately to the informed bidder. The other,
less informed, bidders knew only the public information and the facts that there was a
perfectly-informed bidder.

The setting in which the private signal is perfect information differs from
experiments on common value auctions with symmetric information, in which the private
signals are imperfect and are drawn from the uniform distribution on [v - e, v + ¢], where

v is the item’s unknown value, and e is 1/2 the width of the support of the private signal.

% We also conducted experiments with imperfect private signals, which are not discussed



The different private information treatments do not change the structure of the game.
During the auction process, the informed subjects perform two tasks. The first is to
interpret the signals, that is to estimate the values of the items from the signals they
receive. The second is to bid optimally, given the estimates of the values. By giving the
informed bidders a perfect forecast of v, we control for the informed subjects’ abilities to
interpret signals and can observe only their bidding strategies. That is, by simplifying the
informed subjects’ decision-making problem, without changing the structure of the game,
we obtain a clearer picture of the subjects’ bidding strategies under an asymmetric
information structure.

With no additional public signal ([VL, Vu] = [25,225]) and a zero width of support
of the private signal (2e=0), the bidding strategy for the informed bidder is

bh)=(VL+h)2=25+V)/2
In equilibrium, less informed bidders will randomize bids between 25 and 125, and the
maximum of bids submitted by all less informed bidders should have the same
distribution as the bids of the informed bidder, which is uniformly distributed over [25,
125]. This equilibrium doesn’t impose a constraint on bids by an individual less
informed bidder directly, but only on the maximum of all bids, (unless symmetry is
imposed on the less informed bidders). A consequence of this is that, as the number of
bidders increases, less informed bidding necessarily declines, such that the maximum bid
remains uniformly distributed over [25, 125]. In particular, when there are 6 bidders, the

less informed bidders should submit lower bids than where there are 2 bidders.
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2.3.2 Auctions with additional public information:

Milgrom and Weber (1982) show that, in a common value auction, an increase in
public information will increase the seller’s revenue by decreasing the bidders’
uncertainty about the value. If the government conducts the auction, following Milgrom
and Weber (1982), it would be proper to increase public information if the objective is to
maximize government revenue. This set of experiments tests this hypothesis, although
efficiency is not an issue in a common value auction since any allocation to bidders is
Pareto-Optimal.

There are three ways of testing the effect of releasing public information on the
subjects’ bidding strategies and seller’s revenue. One is the dual market bidding
procedure used in Kagel and Levin (1986). The subjects bid in two separate auction
markets simultaneously. The first auction market is under the private information
condition. After these bids are collected, subjects are asked to bid again in an
environment where everything is the same as the first auction except that an additional
public signal is introduced. Profits are paid in only one of the two auction markets,
determined on the basis of a coin flip after all bids are collected. The merit of this
procedure is that it involves the same set of bidders with the same item value and private
information signals, thereby eliminating variability between subjects as well as
extraneous variability resulting from variations in item value and private information

signals. The major drawback of this procedure is that subjects may find bidding too
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complicated because this procedure is so different from the usual auction with which
people are familiar. For this reason, this procedure was not used.

A second method is to use an “ABA” (no-public information format, followed by
a public information format, followed by a no-public information format) design in which
each subject is his/her own control. Subjects are recruited to do a sequence of
experiments. [n the first experiment, they bid in a private information environment. In
the second experiment, the same subjects bid in a similar environment except that they
receive public information. In the third experiment, the same subjects face a private
information environment identical to the first one. The advantages of this setting are (a)
that it eliminates between-subject variability and (b) subjects are less likely to be
confused. Also, this design reveals whether there is a learning effect. However, if there
is learning, it would be difficult to distinguish the learning effect from the differences in
bidding behavior in the private and public information format. For this reason, we
rejected this procedure.

The third approach is to have different groups of subjects do experiments with
private information signals and experiments with public information signals and then
compare the results. The advantages of this setting are that it does not involve learning
effect across two auctions and it is less confusing for the subjects. The disadvantage is
that a large sample of subjects is needed to obtain reliable results. This design was
adopted for use in this study.

The additional public information does not change the asymmetric information

structure of the game. Additional public information is provided by notifying all subjects
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of the public signal, x,, which is drawn form the uniform distribution on [v - e, v + €p]
where e, is 1/2 the width of the support of the public signal. For the informed bidder, the
equilibrium bidding function is

b(h)=(v+h)/2
where v represents the lowest possible expected value of the item conditional on the
public information, and v = max([x, - e,, Vi] and h =v. In equilibrium, less informed
bidders would randomize bids between max[25, x, - €] and 0.5*%{max[25, x, - &p] +
min[225, x, + €p]}. For the same reason we discussed above, when there are 6 bidders,
the less informed bidders should submit lower bids than when there are 2 bidders.
During an experiment, every subject received two sets of information, one titled “Public
Info,” and the other titled “Private Info.” The information contained in the Public Info,
which reveals the range within which the common value would lie, is the same to all
bidders. When the experiments are in an environment without additional public
information, “Public Info” indicates that the common value is equally likely to be any
number between 25 and 225. When the experiments are in an environment with
additional public information, and e, and x,, are 1/2 the width of the support of the private
signal and the public signal respectively, as introduced above, “Public Info” indicates that
the common value is equally likely to be any number between max[25, x, - €,] and
min[225, x, + €p].

The information contained in “Private Info” varies between the informed and less-
informed bidder(s). Private Info for the informed bidder reveals that the value is v(

realization of random V), that the other bidder(s) only know(s) Public Info, and the fact
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that the other bidders know that the informed bidder knows the value. Private Info for the
less-informed bidder(s) is only that one other bidder knows the value of the item.
Following the theory, we made sure that the less-informed bidders knew the width of the
informed bidder’s information, which is zero in this case, and that the informed bidder
knew that. Tables 2 and 3 in the appendix contain the details.

After bids were submitted in each period, the following information was shown
privately on each bidder’s screen: (1) the amount of winning bid; (2) the common value;
(3) the subject’s bid; (4) the subject’s profit; and (5) whether the subject won or lost.

In each experiment, every subject was given an initial capital balance of $5-$8 to cover
possible losses from bidding in the auction. Without such an endowment, monetary
losses in an experiment would pose a problem because there would be no means of
collecting money from the subjects. Knowing this, the subjects would have reason to
believe that the downside risk of their actions is truncated and would be prone to
excessively risky behavior. Negative profits will occasionally be realized even if the
market were to lock immediately into the risk-neutral Nash equilibrium outcome. The
starting capital balance served to account for this possibility and to impose clear
opportunity costs on overly aggressive bidding. Balances were set so that (1) subjects
could have a chance to commit gross bidding errors and learn from their mistakes before
understanding the auctions, and (2) conservative bidders who could win would earn a

reasonable return for participating.
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24  Experimental Results

Table 2.1 reports on the results from experiments with and without additional
public information. The columns in Table 2.1 convey the following information:
Column (1) indicates the number of experiments for each design. The experiment name
in column (2) contains design information. For example, 1.1 of 1.|EONP means one
informed bidder, and one less-informed bidder participated in the auction. EO indicates
that the error width of a private signal is O, i.e., the private signal is perfect. NP shows
there is no additional public information available, implied that the public information to
every bidder is that the value is between [25,225]. If there had been an additional public
signal, NP would have been replaced by P20, P 30 or P 40 to indicate that the width of
support of a public signal is 20, 30 or 40. Columns (3)--(6) pertain to the informed
bidders, reporting average bid per period, winning percentage, average profit per period
and the average forecast value basing on the received signal. Column (7) lists the average
bid predicted by the Bayesian-Nash Risk Neutral model, and according to the equilibrium
shown above, this also is the predicted average maximum bid for the less informed
bidders. Column (8) reports average winning bid. Columns (9)-(12) pertain to the less
informed bidders, listing average bid, average expected value conditional on the public

information, the winning percentage, and average profit. The results are explained below.



Table 2.1 Overview of Experimental Results

signal is 30;

1. each value is the average across all periods.
2. 1.1EONP-one bidder per type; perfect private information(error width EQ is zero); no additional public signal;
1.5EOP30--1 informed bidder and 5 less informed bidder; perfect private information(error width EQ is zero); the width of the additional public

3. expected value for the informed bidders is average expected value conditional on both the public and private information,
4. the predicted bid is calculated uccording to the Bayesian-Nash Risk Neutral model, and according to the equilibrium shown in section 2, this
also is the predicted average maximum bid for the less informed bidders,
5. expected value for the less informed bidders is average expected value conditional on the public information.
6.the column number.

# INFORMED BIDDER predicted | winning | LESS-INFORMED BIDDER
e
x | name % of profit | expected bid* bid bid expected | % of profit
p |of bid winning value’ value® winning
s | exp.” auctions auctions

1° 2 3 4 5 6 7 8 9 10 11 12

2 | 1.IEONP 19.15 0.72 35.480 127.65 76.33 89.10 5733 125.0 0.28 3.07(17.06)
4 | 1.5SEONP 109.48 0.33 5.77 121.78 73.39 150.125 | 97.92 125.0 0.13 -6.79(22.80)
1 | 1.5E0P40 127.05 0.20 033 130.85 121.3 13885 | 126.86 131.2 0.16 -1.67(5.570)
1 | L.5EOP30 | 131.65 0.35 1.03 134.60 126.88 138.15 129.00 | 13343 0.13 -0.92(2.880)
1 | 1.5E0P20 13245 0.33 0.55 134.60 129.33 139.58 | 130.58 133.84 0.135 -1.105(8.40)
Note:

0L
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Result I: Overbidding by informed and less informed bidders.

Table 2.2 Winner’s Average Profit and the Predicted Profit For All 9 Experiments

Informed Bidders' Profit Less Informed Bidders' Profit™
Experimental

# of exp. Design Actual Predicted Actual Predicted
1" 1.1EONP 24.6 26.6 3.6 (26.6) 0
2 1.5EQNP 6.2 27.4 -5.3 (21.9) 0
3 1.5EONP 9.1 23.7 70  (22.3) 0
4 1.5EQONP 2.0 45.0 -8.6 (26.3) 0
5 1.5EONP 5.8 23.1 -6.2 (20.3) 0
6 1.5E0P40 0.3 4.8 -1.7 (5.6) 0
7" 1.1EONP 41.0 25.2 2.8 (9.7) 0
8 1.5E0P30 1.0 3.9 -0.9 (2.9) 0
9 1.5E0P20 0.6 2.6 -1.1 (8.4) 0
* The only two experiments where the less informed bidders made positive average profits.
"* For the less informed bidders, standard deviations are in the parentheses

Evidence. Overbidding, relative to the theory’s prediction, can be detected from
examining the profits earned for both types of bidders. For the informed bidders, the
predicted profit is the probability of winning the auction times the difference between the
value and the equilibrium bid. For a less informed bidder the (ex ante) predicted average
profit is 0. The actual (ex post) profit is the real value of the item minus the winning bid.
As can be seen from Table 2.2, for all less informed bidders in the nine experiments, the
actual (ex post) profits do not differ statistically significantly from 0. However, the fact
that, in all seven experiments with 6 bidders, the less informed bidders earmed negative
profits on average, strongly rejects the null hypothesis (p<0.001). Also, it is noticeable

that, in these seven auctions profits of the informed bidders are substantially lower than
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what is predicted by the theory, although they are positive. The only two experiments in
which less informed bidders made positive profits were the treatments with two bidders,

and this appears to suggest that bidders are cooperating.

Result 2: Overbidding is not confined to a few “irrational” subjects. A high percentage of
agents overbid, although it is more severe among the less informed bidders than the
informed bidders. Additional public information and group size have impacts on
overbidding.
Evidence. The number of subjects who overbid significantly is used as the measure.
Here are the null and alternative testable hypotheses for every informed bidder:

Ho: bid, = BNRN predicted bid,

H,: bid, > BNRN predicted bid,
where t=1, ..., 40 is the number of periods.
Using a t-test separately for each informed bidder, when the null hypothesis is rejected at
the 10% significance level (one-tail), we will say that an informed bidder bids
systematically higher than BNRN predicted. Since the less informed bidder’s equilibrium
strategy is to randomize over the range {25,125}, one measure of overbidding is the
number of bids placed over 125. Recall that by bidding over 125, a less informed bidder
will earn a negative expected profit, assuming that the informed bidder follows the
equilibrium strategy.

In the experiments without additional public information, none of 12 informed

bidders submitted a bid higher than the expected value conditional on the private signal,
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as shown in Table 2.3. However, 9 out of 12 (75%) overbid relative to the theory’s
prediction in experiments without additional public information, and 9 out of 18 (50%) in
experiments with additional public information. Also, group size has an impact on
overbidding by informed bidders. The larger the group, the higher the percentage of
overbidding: the percentage in the 2-bidder treatments is 33% compared to 88.8% in the

6-bidder ones.

Table 2.3 Number of Bidders Overbidding in Auctions

w/0 additional public With additional public information
information (6-bidder)
# column (1) (2) (3) 4) (5) (6) (7
bidder type Total 2-bidder | 6-bidder | Total m@o wp=30 =20
informed* 9of12 [10f3 |8 of9 90of18 [20f6 [3 of6 [4 of6
less informed® 170f24 | 1 of3 16 of 21 | 14 of 18 [ S5 of 6 [5 of 6 | 4 of6

'wp—width of the range of the public signal
2For the informed bidders: 9 of 12 means that 9 out of 12 bid systematically higher than the

BNRN model predicted.
3For the less informed bidders: 17 of 24 means that 17 out of 24 bid at least one time higher

than expected value.

For the less informed bidders, notice that the measures of overbidding are
different from that for informed bidders. In the experiments without additional public
information, 17 out of 24 overbid, indicating that 71 percent less informed bidders had
submitted irrational bids at least once. Again, group size has an impact, as the percentage
of overbidders in the 2-bidder treatments (33%) is less than in the 6-bidder treatments
(76%). The results are similar for the less informed bidders in the experiments with
additional public information. In these, 14 out of 18 (78%) overbid. While group size

has a positive effect on the amount of overbidding, the additional public information
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lessens the amount of overbidding, as can be seen by comparing column (2) and (3) in
Table 2.3. Overall, in this environment, the winner’s curse exists among the less-
informed bidders.

Result 3: The magnitude and frequency of overbidding diminishes but does not disappear

with experience. The persistence of overbidding may suggest that agents are risk averse.

Table 2.4. Overbidding of Both Informed and Less Informed Bidders by Quartile

Quartiles
Ist 2nd 3rd 4th
Informed"
w/o additional public info 6 of 9 40f9 S of 9 30of9
with additional public info 3of 10 20f 15 20f 13 2of 14
Less Informed (%)?

w/o additional public info 33.17 22.44 24.88 15.61

with additional public info 38.67 3533 18.67 14.00
'For the informed bidders. 6 of 9 means that 6 out of 9 bid systematically higher than the BNRN
model predicted.
*For the less informed bidders. the percentages of bids higher than the conditional expected value are
listed.

Evidence. The frequency of overbidding is measured over ten-period quartiles for every
experiment. Table 2.4 shows the number of informed bidders who overbid and the
percentage of bids submitted by less informed bidders; these are higher than the
conditional expected value for each quartile. As can be seen in Table 2.5and Table 2.6,
less informed bidders incur losses in all quartiles. Even after 20 or 30 periods,
overbidding is still present. The frequency of overbidding decreases, however, after the
first 10 periods in all experiments, implying that, with experience, both informed and less
informed bidders learn to bid lower. For example, the percentage of informed bidders

who bid higher than the BNRN prediction in the treatments without additional public
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information decreases from 67% in the first 10 periods to 33% in the last 10 periods. In
the experiments with additional public information, the percentage of informed bidders
who bid higher than the BNRN prediction decreased dramatically, from 30% in the first
10 periods to 14.3% in the last 10 periods. The effect of experience on the less informed
bidders’ bids is more pronounced. The percentage of bids by them which are higher than
the conditional expected value goes down from 33.17% in the first quartile to 15.61% in
the last quartile in the experiments without additional public information; and from
38.67% to 14% in the experiments with additional public information.

The bids submitted by the informed bidders also decrease over time, although the
average overbid does not converge to zero, as shown in Table 2.5. Also, the average
profit is positive in each quartile, but, is not statistically significant. The interesting part
is that in one 2-bidder treatment (1.1eOnp), the informed bidders bid lower than predicted
in the last 10 periods, as shown in Table 2.1. Group size has an important effect on the
informed bidders’ probability of winning an auction, which strongly suggests that there is
strong coordination in 2-bidder auctions. From Table 2.1, we can see that in the small
group treatment, the average winning percentage of the informed bidder across all
auctions is 72%, which is higher than the BNRN prediction of 50%. The large group (6-
bidder) winning percentage for informed bidders is 33%, which is lower than the 50%,
predicted by BNRN model. While it is difficult to provide a formal explanation for this
effect, it appears that bidders, when in larger groups, are competitively driven to bid
higher in hopes of winning more often. Recall that, in theory, less informed bidders

should be indifferent over submitting bids anywhere in the range [25,125], since each
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earns an expected payoff of zero. If these bidders obtain a utility purely from being the
winner of the auctioned item, they will prefer, ceteris paribus, to bid higher.

Table 2.5 also tracks patterns in the less informed bidders’ bidding over time. The
average bids submitted by the less informed bidders decrease as experience increases. but
even toward the conclusion of the experiments they are still very high compared with the
theory’s predicted maximum bid. More significant is that the sign of average less

informed bidders’ profits is always negative.

Table 2.5 Bidding by Quartile in the Auctions w/o Additional Public Information

Bidders Informed Less Informed

_quartile 1st 2nd 3rd 4th Ist 2nd 3rd 4th

average bid 112.64 | 105.78 | 10291 10140 | 107.82 | 99.70 | 95.72 88.70

predicted bid / 78.24 7291 72.47 72.09 78.24 7291 72.47 72.09
max bid'

conditional E[v 13149 | 12082 | 11993 | 119.18 | 12500 125.00 ] 125.00 125.00

actual 7.27 5.89 9.31 8.96 -7.37 -6.14 | -690 -5.76
_profit® (17.62) | (12.08) | (1896) | (16.67) | (27.90) | (21.00) | (22.48) | (19.64)
expected 26.63 23.96 23.73 23.05 0 0 0 0

profit

1. In this row, the number is the predicted bid for the informed bidder; and the theory predicted
maximum bid for the less informed bidders.
2. In this row, standard deviations for actual profit are in the parentheses

In sum, overbidding occurs throughout the experiments for both types of bidders.
This is due to the inexperience of bidders. Risk attitude could also be a contributing
factor. While theory has not yet incorporated non-risk-neutral behavior into the
asymmetric information model, there is reason to believe that risk-aversion will cause
informed bidders to bid higher, since this increases the probability of winning. It is not so
clear how risk-aversion affects less informed bidders’ expected payoff, since bidding

higher increases the risk of overbidding. In fact, if informed bidders behaved according
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to the risk neutral model, then a risk-averse, less-informed bidder should bid zero.
Without the development of a theoretical equilibrium, however, no definitive prediction
can be made regarding the effects of risk aversion. In an auction, risk averse bidders face
two types of “risks”. The first is the risk of failing to win the auction. To reduce this
risk, bidders may try to increase their bids so as to increase the probability of winning the
auction. The other is the risk of a negative payoff, and ceteris paribus bidders could try to
decrease their bids to avoid a negative profit in the case of winning an auction. It is
obvious that the two concerns have opposing effects on bids. Although in the private
value auction it has been shown that risk aversion can induce higher bidding, which is
one of the important results from Cox, Smith and Walker (1988), the theory has yet to
determine the conditions under which the same holds in common value auctions with
symmetric or asymmetric information. Also, the fact that the winning bid is bigger in the
large group treatments, which is not consistent with the theory, shows that bidding is a

function of the number of participating bidders.

Table 2.6 Bidding in the Auctions with Additional Public Information

Bidders Informed Less Informed

quartile 1st 2nd 3rd 4" 1st 2nd 3rd 4th

average bid 138.53 116.00 122.63 144.37 | 137.72 |} 11495 | 120.56 142.19

predicted bid | 134.25 [ 110.85 | 118.40 [ 139.83 | 134.25 | 110.85 | 118.40 | 139.83
/ max bid'

conditional 142.30 118.47 125.00 147.63 | 140.67 | 118.03 | 126.18 146.40

E[v]
actual 0.93 -0.07 0.60 1.07 -1.17 -1.15 -1.06 -1.54
profit’ (1.66) (1.78) (1.35) (1.72) | (3.65) | (4.02) (3.90) (10.12)
expected 1.89 1.24 1.19 1.65 0 0 0 0
profit

1. In this row, the number is the predicted bid for the informed bidder, and the theory predicted maximum
bid for the less informed bidders.
2. In this row, standard deviations for actual profit are in the parentheses
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Resulr 4: Releasing additional public information changes the less informed bidders’
bidding behavior.

Evidence. The Kolmogorov-Smirnov two-sample test is used to test for patterns in the
maximum bid submitted by the less informed bidders follows. As indicated, the BNRN
model predicts that, in equilibrium, the less informed bidders would randomize their bids
and the maximum bids submitted by them would have the same distribution as the
informed bidder’s bids. In order to see how the less informed bidders bid, we compare
their maximum bids with the informed bidders’ bids.

A nonparametric procedure is used here since the theoretical distributions are not
normal. The Kolmogorov-Smimov two-sample test evaluates whether two independent
samples have been drawn from the same population. The test compares the cumulative
frequency distribution for each sample of observations by using the same intervals for
both distributions. The null and alternative hypotheses are as follows:

Hg: max,[bj]= bid,

H,: max[b;] # bid,
where t is the period, t=1, ..., 40, and j identifies the less informed bidders, j=1.2, ...,5.
The critical value is

m+n

1.22*
D* = mn

where m and n are the number of observations in the first and second sample,

respectively. If the observed D is equal to or larger than D", Hy is rejected at the 10%
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level of significance. The results from the two tail Kolmogorov-Smirnov two-sample test

are shown in Table 2.7.

Table 2.7 Kolmegorov-Smirnov test On Maximiun bid and Informed bid

without Additional Public Info' with Additional Public Info
Game 2-bidder 6-bidder 2-bidder
observed D 0.4] 0.625 0.4] 0.675] 0.35] 0.525 0.175 0.1 0.125
m=n 20 40 40 40 40 40 40 40 40
critical value at 10% | 0.388} 0.273} 0.273{ 0.273| 0.273] 0.273}] 0.273| 0.273] 0.273
'2 - - L 3 - L 4

‘additional public information
2the cases with “" are the cases in which the observed D is equal to or larger than
that computed from the expression_and Ho may be rejected at the level of significance 10%.

It can be seen that in all six experiments without additional public information we
can reject the null hypothesis that the maximum less informed bid has the same
distribution as the informed bid. But in all three experiments with additional public
information, we can not reject the null hypothesis that the maximum less informed bid
has the same distribution as the informed bid. This suggests that, with additional public
information, the behavior of less informed bidders comes closer to the theoretical
prediction.

Result 5: Releasing additional public information does not consistently increase the
seller’s revenue.

Evidence. Table 2.8 reports the statistical estimates of the seller’s revenue and the
parameters associated with the variables. The negative estimate (-3.11) for the

coefficient on Dst in equation (2) shows that an increase in experience decreases the
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seller’s revenue, which is consistent with the earlier result that, with experience, subjects
learn to lower their bids. However, the effect is not significant. The significant negative
coefficient of Dwho, which shows that the seller’s revenue decreases if the winner is the
informed type rather the less informed type, is the same evidence supporting the
conclusion that the less informed bidders overbid more severely than the informed

bidders.

Table 2.8 Results for Seller’s Revenue Regression

Seller’s Revenue (1) Seller’s Revenue (2)

Variables B p B | )
constant -5.9 0.32 4.54 0.45
Dwho -24.71 0.0001 -24 .46 0.0001
v 0.67 0.0001 0.67 0.0001
Dpub - 19.95 0.0001 - 19.9 0.0001
Nsub 13.85 0.0001 13.88] 0.0001
Dst -3.11 0.2469

R2 0.7330 0.7341

Dwho =0 if the winner is a less informed bidder; Dwho = 1 otherwise.
Dpub = 0 if without public information; Dpub = 1 otherwise.

Dst= 0 if the auction is in the first half of experiments; Dst = | otherwise.
Nsub = 2 if 2-bidder game; Nsub = 6 if 6-bidder game.

P-values are shown in parentheses.

An increase in public information may be causing two effects on bidding.
Theoretically, it should increase the competitiveness of bidders which, in turn, should
increase the seller’s revenue. However, it may also have the effect of lessening the
disequilibrium overbidding, and cause bids to fall on average. The combined effect is
ambiguous. In Table 2.8, we can see that the coefficient on Dpub is negative and
significant, indicating that additional public information decreases the seller’s revenue,

and suggesting that the latter effect is strong. It appears that any increase in bidder
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competitiveness is overshadowed by the reduction in winner’s curse, which is consistent
with the experimental findings in the common value auctions with symmetric information

in Kagel and Levin (1986).

2.5  Conclusion

These experiments provide evidence that asymmetries in information significantly
alter market outcomes. Bidders in common value auctions with asymmetric information,
as with symmetric information, are sensitive to the strategic opportunities inherent in the
auction process. However, when there is uncertainty about both the value of the item and
asymmetries in information, behavior fails to conform with a requirement for risk neutral
Nash equilibrium bidding strategies.

Although the results are not consistent with the BNRN bidding model, market
outcomes come closer to the model’s predictions as bidders’ experience increases and in
experiments with small groups. However, the less informed bidders suffer from much
stronger overbidding than the informed bidders, and this overbidding can persist over
many periods. The findings concerning the effect of additional public information have
practical policy implications with regard to whether sellers choose to create and release
public information, thereby, narrowing the uncertainty of the less informed bidders about
the value of the auctioned item. Here, in the presence of overbidding, additional public
information reduced the seller’s average revenues, which is consistent with the findings
of Kagel and Levin (1986). With experience and feedback, subjects reduce, but do not

eliminate, overbidding.
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3. INTERACTIVE VIDEO AND DATA SERVICE

3.1 Introduction

The recent spectrum auctions conducted by the FCC have provided a wealth of
evidence from which to study bidding behavior. This chapter examines data from
Interactive Video and Data Service (IVDS) auctions, among the first of the FCC’s
spectrum auctions. The relative simplicity of the auction design makes the [VDS auction
a useful starting point for the analysis of bidding for the spectrum. Unlike the majority
of the FCC spectrum auctions which employed a simultaneous ascending format, the
IVDS licenses were auctioned sequentially, because the FCC believed that there were few
interdependencies among the [IVDS licenses. In addition, the IVDS auctions are
amenable to the analysis of payment defaults due to the large number of license winners
that failed to make initial payments. Defaults have become a major issue in a number of
auctions, particularly for the recent PCS C-block auctions, where the FCC made the
controversial decision to change its payment schedule to accommodate defaulting
bidders.

Since the first FCC spectrum auction, conducted in July 1994, there has been a
resurgent interest in whether auctions can efficiently or fairly allocate goods and services.
For example, Cramton (1995), and Ausubel et al. (1997) use data from the auctions of
both Narrowband National PCS licenses and Broadband PCS licenses to evaluate the

FCC’s auction designs and examine bidding behavior and auction results.
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There is an inherent difficulty in assessing auction performance, however, before
the market has had time to “play out.” It is difficult to determine whether auctioned items
are sold at prices that reflect their values or whether the winning bidder is the most
efficient service provider. McAfee and McMillan (1996) point out that “only time will
tell whether the auctions put the licenses into the hands of the right firms,” and
“conclusive evidence on the efficiency of the auction outcome will come only after the
firms have their mobile-communications services operating, which may take years.” *'

Nevertheless, there are important insights that can be gained from analysis of
recent spectrum auction data. First, estimated bid functions can uncover prevailing
industry opinion as to what factors are most important to spectrum value, including
whether there are significant cost or demand synergies. Second, it is informative for
policy makers to understand the effect of the auction environment and design variables on
bidding, even though it is difficult to determine, in the short term, whether licenses are
falling into the correct hands. Third, one can test for correlation between defaults in
payments and the factors which underlie license value to reveal sources of license
overvaluation. Conversely, because a default signals a bidder’s re-valuation, default
behavior provides information about bidders’ ex post market valuations.

The body of this chapter is organized as follows: Section 3.2 provides background
relating to Interactive Video and Data Service and to the FCC’s auction design for the

[VDS auctions. Sections 3.3 and 3.4 present the analysis of the [IVDS auction results. In

S'p.166
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Section 3.3, several of the key issues are raised and examined, including patterns in
defaults, synergies, the effects of bidder incentives, the degree of bidding
competitiveness, and presence of the “afternoon effect” in which items in earlier auctions
tend to sell at higher prices. In Section 3.4, several bidding models are developed which
incorporate each of these factors and lend insight into how bidders value alternative
licenses. In addition, a logistic model of defaults is developed which clarifies the sources

of overvaluation. Conclusions are drawn in Section 3.5.
3.2 Background

3.2.1 Introduction to interactive Video and Data Service (IVDS)

The FCC defines “IVDS” as a point-to-multipoint, multipoint-to-point, short
distance communications service in which licensees may provide information, products,
or services to individual subscribers located at fixed locations in the service area, and
subscribers may provide responses.5 ? At the time of auctions, IVDS services were
expected to include real-time response to TV advertising, home shopping and banking,
interactive polling, games, educational programming (test taking), gambling from casino
hotel rooms, data downloading, and other types of information provision. More recently,
however, expectations for the use and value of IVDS have changed, and will continue to
change. Importantly, the rapid introduction of many of these services via the Internet cast

doubt on the degree of added value of IVDS. Consequently, the rollout of these services

52 FCC Fourth Report and Report, p.2
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has been slow to develop, and it is not surprising that more defaults are occurring
presently as small business winners, which account for 95% of the winners, are required

to repay the principle on FCC approved small business loans.

3.2.2 The FCC’s IVDS Auction Design

Prior to the auction, the FCC defined specific service areas and licensed [VDS
channels in these areas on an exclusive basis. Licenses for nine of the largest markets
(New York, NY; Los Angeles, CA; Chicago, IL ; Philadelphia, PA; Boston, MA; Dallas,
TX; San-Francisco-Oakland, CA; Washington, DC; Houston, TX) had already been
allocated by lottery and were, therefore, excluded from the auctions. Auctions for each of
the remaining 734 service areas included two licenses per area of 500 kilohertz each,
referred to as license A (218.0-218.5 MHz) and license B (218.5-219.0 MHz). Practically
speaking, licenses A and B are virtual equivalents, both consisting of the same bandwidth
and located on a preferable range (below 900 MHz) of spectrum. Individual valuations
for A and B will vary, however, to the extent that there are synergies which make holding
neighboring licenses more valuable when they are of the same type, that is, both A or
both B.

The FCC adopted two methods to auction [VDS licenses: 1) Open outcry
auctions, which are analyzed in this chapter, and 2) single round sealed bid auctions. The
open outcry auctions were held for 297 of the 734 IVDS markets over a two day period,
beginning July 28"™,1994. These areas were comprised of the Metropolitan Statistical

Areas (MSAs), which are urban areas with populations that exceed 50,000. Licenses
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were auctioned sequentially, with two licenses for each area being awarded to the two
highest bidders. The highest bidder receives first choice of frequency segment (A or B) at
the highest bid price, giving that bidder the opportunity to match its license type with any
neighboring licenses it may have obtained. The second highest bidder is awarded the
remaining segment at the second highest bid.

The remaining markets, which consist of 428 rural areas, were auctioned in sets,
via single-round sealed bidding. The two frequency segments were auctioned separately,
with all segment B licenses auctioned in a single round, first, following by all segment A
licenses.™

There are some clear tradeoffs involved in choosing the sequential design over the
simultaneous design that was adopted by the FCC in the PCS spectrum auction.
Simultaneous multiple round auctions have the advantage of increasing the amount of
information that is transferred among bidders from round to round through the bidding
process. Furthermore, such aucti;)ns are flexible enough to allow the bidders to change
their actions any time during the bidding process in consideration of their likelihood of
obtaining desired bundles. This second feature is essential for promoting allocation
efficiency if there is strong interdependency between (synergies among) licenses.”* On
the other hand, compared to sequential auctions, muitiple round simultaneous auctions
increase administrative costs and dramatically increase the complexity of bidding

strategies. The latter problem introduces opportunities for manipulative bidding, making

53 FCC Fourth Report and Order, p.6
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it imperative to impose bidding restrictions to minimize the extent of “gaming,” which
can cause havoc to the auction process. Because simultaneous auctions are more costly
and complex to run, the FCC chose sequential oral auctions to auction the [VDS MSA
licenses, reasoning that there was insufficient interdependence among them to warrant the
simultaneous design. The FCC believed that it was less of a consideration for IVDS for
two basic reasons: 1) IVDS does not have a “roaming demand” -- the need for continuous
service across neighboring locations — which is important to cellular services and PCS;
and 2) at the time of the auction, there were no existing products similar to IVDS, as was
the case with cellular telephone existing at the time of the auction of broadband PCS,
although Internet service later proved to be an important substitute to [VDS.
Furthermore, the common uncertainty faced by all bidders for services virtually
untested in the marketplace and which are based on rapidly changing technology makes
bidders highly susceptible to the “winner’s curse.” The English auction design was
thought to reduce the potential for the winner’s curse by allowing bidders to incorporate
information in the bids of their competitors to update their individual valuations.*
Beyond the sequential-versus-simultaneous auction tradeoffs, there are several
important aspects of the FCC’s sequential auctions design. These include 1) the order in
which licenses were auctioned, 2) payment rules, 3) special treatment for designated

entities, and 4) default penalties and disqualification. These are discussed next.

** Chakrovarti et. al (1995), p. 362
%5 Chakrovarti et. al (1995), p. 362



88

3.2.2.1 Sequence order of auctioned licenses.

For the open outcry auction, the potentially high-valued IVDS licenses were
auctioned first. According to the FCC, “because IVDS is a television-driven service, it
was decided that licenses were to be auctioned in a manner consistent with the geographic
areas defined by Areas of Dominant Influence (ADIs).”* Licenses were auctioned in ADI
order, starting with the lowest numbered ADI, which corresponded to the area with the

highest population.

3.22.2 Payment rules

Payments were to be made to the FCC in three installments. First, bidders in the
outcry auctions are responsible for submitting to the Commission a cashier’s check of
$2,500 for every five licenses before the bidding begins to validate their intent on
obtaining the license. The up front payment is collected immediately after the first
license is won in each group of five licenses. For example, if a bidder brings only one
check for $2,500 and wins five licenses, he or she will not be allowed to bid on another
license. For the sealed bid auctions, there was no such requirement for applicants.
Second, for both types of [VDS auctions, the winning bidder must make a down payment
of twenty percent within five business days after the close of the auction, except for

designated small businesses®’, which need only make deposits of ten percent. Third, for

5 FCC Fourth Report and Order. P.8

57 A small business is defined by the FCC as an entity that, including affiliates, has no more than
a $6 million net worth, and after federal income tax, has had no more than $2 million in annual
profits over the past two years. ( see FCC General Auction Rules, Appendix B, Final Rules, p.11)



89

both types of IVDS auctions, a final payment of the remaining eighty percent is required
within ten business days following the granting of their licenses. As discussed below,
small businesses are permitted to pay the remaining ninety percent in installments over a

longer period of time.

3.2.2.3 Special treatment for designated entities

The FCC implemented several incentives designed to encourage the participation
and success of small businesses and businesses owned by minorities and women
(swimmers) in the auctions. These bidders were referred to as designated entities. The
incentives included bidding credit, installment loans, and tax certificates.

Small businesses were eligible for government sponsored installment financing
for up to 80 percent of their winning bids over the five-year term of IVDS licenses. The
interest rate on this loan was set at the five-year treasury note rate (as of the day of the
auction) and loan payments were interest-only for the first two years.® In present value
terms, excluding the fixed security deposit of $2,500 required for each five licenses
purchased, these advantages are approximately equivalent to offering a 13 percent up
front discount on the price of the license.” If both winners in a given market qualified as

small businesses, both would be eligible for the installment plan.

% FCC auctions: [IVDS Bidder’s information Package, p.16
¥ Kraft (1994), p. 8
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Businesses owned by women or minorities (WOMs)* were entitled to a 25
percent bidding credit (discount) on a winning bid. Small businesses that were WOMs
were eligible for both the bidding credit and the installment loan. Combined, the two
incentives amounted to a discount of approximately 35 percent of a winning bid in
present value terms.®’ However, only one license per market could receive the bidding
credit. If the top two bidders for a market were both eligible for the bidding credit, only
the top bidder received the bidding credit. The second place bidder, no longer entitled to
a bidding credit, has the option to withdraw her bid, in which case the license is
immediately re-auctioned without bidding credits.

The FCC offered tax certificates to investors who invested non-controlling stakes
in women and/or minority license winners (WOMSs). The tax certificates enabled
investors to defer the taxable capital gain upon the sale of their interest in the WOMs.
Also, businesses that sold their [IVDS licenses to women or minority owned businesses

were also offered tax certificates allowing them to postpone the taxable capital gain.

3.2.2.4  Default penalty
A bidder that defaults or is disqualified is subject to a penalty equal to the
difference between the winning bid and the amount of the winning bid absent the
defaulting bid. This is a revenue preserving rule, holding bidders responsible for the

impact their default would have on total receipts. In addition, with open outcry auctions,

% A business was considered to be owned by a women or minority (WOM) if the WOM had at
least 50.1 percent equity ownership and 50.1 percent controlling interest in the business.
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the defaulting auction winner will be assessed a penalty of 3 percent of the subsequent
winning bid.

Although such a system would appear to be an adequate safeguard, in practice, the
FCC can only guarantee to withhold the amount of the deposit. When the penalty

exceeds the deposit, it is uncertain whether the FCC will be able to collect the difference.

33 Analysis of auction outcomes

In this section, I identify and address several prominent issues that were raised by
the IVDS auctions. The most striking feature of the IVDS auctions was the frequent
occurrence of defaults. Using the auction data, I examine alternative sources of these
defaults. The auction data show that the interdependencies among IVDS licenses are not
very strong, which supports the FCC’s decision to adopt the sequential auction format
instead of the multiple round simultaneous auction. Another striking feature that is not
unique to the IVDS auctions is the tendency for bidders to bid higher in earlier auctions,

even controlling for the serving-area population.

3.3.1 The frequent occurrence of defaulting payments

After the open outcry auctions were completed in July 1997, twenty-seven
companies failed to make down payments -- ten percent of the winning bids they
submitted -- to the FCC by the deadline, 5 business days after the auctions concluded.

The Commission claimed that some of them “may have encouraged other winning

®' Kraft (1994), p. 9



bidders to default in making down payments in an apparent attempt to undermine and
abuse the Commission’s auction process.”®* The Wall Street Journal reported that the
largest bidder, Commercial Realty St. Pete Inc. had faxed letters to other license winners,
asking them to withhold payments. Revealing the technical difficulties faced by [IVDS
investors, the CEO of Commercial Realty St. Pete Inc. pleaded with the FCC to push
back the down-payment deadline. A lack of equipment to provide the interactive-
television services was cited as one of the reasons for defaults.

Tables | and 2 indicate the degree to which defaulting was present among winners
of IVDS Licenses. From Table 3.1, we can see that 17 percent of winners (101 of 594
licenses) defaulted. Moreover, average defaulted winning bids are nearly three and one
half times the average winning non-d‘efaulted bid. Consequently, defaulted bids represent
41% of total dollars bid (not shown in table). Even after adjusting for discounts offered
to designated entities, those defaulted licenses still represent 39% of $213.9 million in

revenues from auctioned [VDS licenses.

Table 3.1 Bid Amounts Per License

Total Non-Def Default % Default
# Licenses 594 493 101 17%
$ Bid (Adj.) $213,900,000 $129,800,000 $84,100,000 39%
$ /License $360,101 $263,286 $832,673

Defaults occurred more frequently on licenses for markets with larger population.

Table 3.2 shows that, for defaulted licenses, population per license is twice that for non-

82 « ECC Checks Status of Bidders For TV Licenses,” Wall Street Journal, 08/31/94
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defaulted licenses, 426,966 per market, compared to 219,385 per market. Furthermore,
these licenses attracted a larger number of auction participants, producing what appears to
be more competitive bidding. Table 3.2 also shows that there were many more bidders
per defaulted license, an average of 13.1 participating bidders for each defaulted license,
compared with only 9.0 participating bidders for every non-defaulted license. These
results are consistent with overbidding as a result of overvaluation. Upon observing the
distribution of bids over the full range of licenses auctioned, some bidders (or important
backers) may have decreased considerably their valuations in less than 10 days, inducing

them to default.

Table 3.2 Covered Population Per License®

: , Total . Non-Def : Default % Default
-# Licenses 512 423 89: 17% .
‘Population © 130,800,000 : 92,800,000 | 38,000,000 : 29% -
.Pop. / License 255,469 219,385 426,966: j
. # Bidders / License 9.7: 9.0 13.1

3.3.2 Interdependence among licenses

The debate over what is the efficient auction design hinges upon whether there are
strong synergies, particularly geographic interdependence among license areas, that would
make a bidder interested in obtaining certain combinations of licenses. The idea is that if
two licenses have the same owner and they are geographically proximal, holding other

factors constant, the owner should be willing to pay more for the proximal licenses up to
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the point that the owner benefits from synergies. Ausubel et al. (1997) distinguish two
types of synergies, stemming from what they refer to as *“‘network value.” The first is
*“global synergy,” derived from cost synergies; the second is derived from demand
interdependence due, for example, to roaming demand. As already pointed out, roaming
demand, important to mobile telephony, does not apply to IVDS services.

With strong synergies, sequential auctions are problematic because a bidder’s
valuation for a license can be contingent upon whether that bidder holds licenses that
have yet to be auctioned. The converse of this is that a participant who wins in the
current auction will have underbid on any proximal licenses that were auctioned earlier in
the sequence. A multiple round simuitaneous auction, on the other hand, produces more
efficient aggregation than the sequential auction by giving bidders the flexibility to react
to information revealed in previous rounds. For example, a bidder who desires a set of
licenses can alter his strategy if it appears that he is unable to win a key license within
that set. The multiple round simultaneous auction design is not without cost; it is more
complicated for bidders and entails greater administrative costs.

The simultaneous design does not handle interdependence perfectly, however,
since backing out of a strategy may require the bidder to incur withdrawal penalties.
Ideally, a bidder who is interested in a specific combination of licenses would be
permitted to place a bid on that combination. The bidder would be awarded the license if

his combinatorial bid exceeded the sum of all individual bids. This design quickly

83 Population figures from Rand McNally’s 1995 Commercial Atlas and Marketing Guide. Only
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becomes impractical as the number of auctioned items increase since the number of
possible combinations on which to bid becomes unmanageable.* Mainly for this reason,
the combinatorial auction has not been the design of choice.

The FCC did not view the synergy among IVDS licenses to be sufficiently strong
to require a simultaneous auction and, hence, adopted the sequential auction, the simplest
alternative. Kraft (1994) lends support to the FCC’s opinion that interdependencies
among IVDS licenses were weak. Kraft (1994) estimates a spectrum pricing model,
utilizing the number of proximal co-owned markets, percentage of co-owned markets in
same AD], larger MSA in ADI already owned and sale order within ADI, each of which
reflects the presence of interdependence among IVDS licenses into the spectrum pricing

model, and finds that none of these variables significantly affect the winning bids.

512 of the 594 licenses were located in MSAs available in this data.

* Furthermore, there are theoretical difficulties with the combinatorial auction which prevent
efficient outcomes. In particular, the sum of individual bids that compete with the combinatorial
bid is subject to problems associated with voluntary contributions for a public good, such that
any individual bidder prefers to wait for bids on complementary licenses to increase over
increasing his own bid.



Table 3.3 Distribution of Winning Licenses across Winners
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#licenses %of winning Cumdaive Avgwiming Avghbidper %receive

won carpanies % bid pop discout  Default%
1 K< 33% $449,000 .78 4% 12%

2 2% 55% $453,000 0.94 54% 20%

3 16% 71% $416,000 .75 43% 19%

4 &% 7% $387,000 0.71 37% 3%

5 Fho 88% $381,00 .80 49% 24%

6 1% 89% $155,000 2067 50% 8%

7 1% 91% $270,00 $0.51 0% 7%

8 Zho 2% $155,00 $0.65 71% 0%

9 Zh A% $330,000 $0.90 63% 0%

10 1% 95% $172,00 $0.58 70% 45%

11 1% 9%6% $253,000 $0.48 6% 0%

12 1% 7% $157,000 .59 50% 4%

13 1% 97% $110,000 .29 46% 8%

15 1% 98% $726,000 $0.97 67% 30%

18 1% 99% $132,000 $0.39 3% 0%

20 1% 100%____$2063,000 $1.05 85% 95%

From another angle, our analysis supports the same conclusion. Out of a total of

594 licenses, there were 179 winners, an average of 3.3 licenses per winner. Over 70

percent of these winners held fewer than 4 licenses per company. This does not lend

overwhelming evidence to the theory of “network value,” which states that the value per

license when combining licenses is greater than the average stand-alone value.
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Furthermore, if excluding one firm which won 20 licenses, companies with more winning

licenses did not pay a significantly higher price “per pop.™*

3.3.3 The afternoon effect

Does auctioning order make a difference to the bidding? A concern among
regulators was that, with sequential auctions, similar items may be sold at different prices.
The potential for selling similar items for different prices is viewed as a drawback of the
sequential auction design, as a matter of public policy, because some may construe
unequal prices for comparable items to be discriminatory. This concern has been
validated by a frequent recurrence of a phenomenon termed the “afternoon effect” by
Chakrovorti, et al (1995), in which earlier auctions generate more revenue, even for
similar items. Recall that the IVDS auctions occurred over two days. It is interesting,
therefore, to compare the bids of the first day with those of the second day.

The average bid for Day 1 turns out to be substantially higher than the average bid
for Day 2. The average winning bid for Day 1 is $654,732, more than three and one-half
times the average winning bid for Day 2, at $181,193. There are various possible sources
for this difference: 1) the licenses are not similar, due to population, or location; 2) there
is a greater number of bidders per license in the first day (which, in and of itself, would

need to be explained); 3) a higher proportion of Day 2 winners who are designated

% A single company, Commercial Realty Structural. Pete Inc, won 20 licenses, which represent
16.6% of the total bids. However, it defaulted payment on 19 of the 20 licenses. This firm has
the highest bid per pop, of $1.05.
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entities, entitling them to bidding discounts; 4) strategic bidding designed to increase

rivals costs; and 5) risk aversion of bidders. These factors are discussed, in turn, next.

Table 3.4 Comparison of Auctions Conducted on Day 1 and Day 2

Day 1 Day 2 Day 1/Day 2
# Licenses Auctioned 298 296 1.0
Population (MM) 96.1 34.7 2.8
Total Purchasing power($B) $1,638 $505 3.2
total landsize (K Square Miles) 92.2 41.6 2.2
Avg # bidders 11.6 7.8 1.5
Avg. winning bid (1000s) $654 $181 3.6
Bid per pop $1.02 $0.58 1.8
% winners receiving discount 50% 48% 1.0
Amount collected (1000s) $33.0 $13.6 2.4
% defaulted 24% 10% 2.5

3.3.3.1 Population

A clear source of the difference in bidding between Day 1 and Day 2 is the
difference in the size and composition of the markets. Since licenses were auctioned in
order of Areas of Dominant Influence (ADI), which is ordered by population, licenses
auctioned on Day 1 corresponded to significantly larger markets than those auctioned on
Day 2. Whereas the number of licenses auctioned were similar for each day, (there were
298 licenses auctioned on the first day and 296 on the second day), Day 1 licenses
represent 73.5% of the total population covered by the total licenses.

As shown in Table 3.4, however, population alone does not explain the entire
difference. The price per “pop” for Day 1, $1.02, is still much higher than that for Day 2,

only $0.58. This could be due to increasing returns to population. Or it could be related
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to the facts that Day 1 accounted for 76 percent of purchasing power, and 69 percent of

urban land. We will investigate these possibilities later in the regression analysis.

3.3.3.2 Number of bidders

The fact that there are more bidders per license on Day | than on Day 2 could
result in higher bids on Day | than Day 2. For Day 1, there are 11.6 bidders per license,
nearly one and one half times 7.8 bidders per license on Day 2. Why are there more
bidders on Day [? Intuitively, one would expect the earlier auctions to attract more
bidders because these markets represent more potential customers with greater purchasing
power. To develop such a hypothesis, one would have to examine the opportunity cost of
bidding in each market. It is likely, for example, that fixed costs associated with market
research are sufficient to make bidding in smaller markets less attractive. We look further
into the correlation between number of participating bidders and bidding behavior in

Section 3.3.5.

3.3.3.3  Discounts for designated entities

The proportion of designated entities with bidding discounts among winners are
similar for Day | and Day 2. Therefore, the presence of designated entities does not

explain this difference.

3.3.3.4  Strategic bidding and risk aversion.

There are various theoretical arguments as to why bids could be higher in earlier

auctions. Chakrovorti, et al (1995) point to two possible answers. One is that some
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bidders behave as predators, pricing aggressively in earlier rounds in order to raise rival’s
costs. The predator hopes that by depleting its rivals’ resources in earlier rounds, it will
face less competition in later rounds. The second one relates to bidders’ risk attitudes on
bidding in sequential auctions. Exiting a given auction and hoping to win in a future
auction can be viewed by bidders as a risk, because there are a fixed set of auctions.
Thus, a risk averse bidder, who is willing to pay a premium to reduce his risk would bid
higher in the early rounds. Consequently, bidding would be more competitive in early

rounds, and these licenses would command a risk premium.

3.3.4 Bidding by designated entities

Giving incentives to firms owned by minorities and/or females is part of the
FCC’s design, in implementing the orders of Congress, to increase the diversity of the
telecommunications industry. Such incentives raise important questions, from a policy
perspective, whether such a privilege is beneficial, and from a game theoretic perspective,
what affect such rules have on bidding strategies and revenues. The focus here is on the
effect of bidding credits. Nearly half of the 594 successful bidders were eligible for
discounts, creating significant asymmetries in the bidding pool. The effect of installment
loans, another aspect of the incentives, is not analyzed; nearly all winners (97% percent)
were eligible for instaliment loans.

To examine the bidding behavior of designated entities, I compare bids across
twin licenses, specifically for license pairs in which the twin license holder is not a

designated entity. This is an effective approach because valuations of licenses A and B
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are similar, and because FCC rules did not allow winners of both licenses within the same
market to receive designated entity privileges, providing us with a large number of cases
to examine.

We first establish that licenses A and B are indeed similar. First, recall that these
two licenses include the same amount of spectrum and cover the same geographic area.
Table 3.5 shows that, although the average winning bid for Segment A is 8.5% higher
than that of Segment B, after adjusting for the discount offered to designated entitles, the

difference is less than 1 percent, $359K vs. $361K.

Table 3.5 Comparison of Auctions of Segment A and Segment B Licenses

Avg. Winning Avg. Adj. % receive

#licenses bid Winning bid discount %default
A 297 $435,891 $359,023 139 18.5%
B 297 $401,628 $361,154 152 15.5%
Total 594 $418,759 $360,088 291 17.0%

There are 250 locations for which there are license pairs and one of the licenses
(segments) goes to a designated entity receiving a discount and the other goes to a winner
not receiving a discount.

Table 3.6 compares bids for the two groups. The average bid for a designated
entity receiving a discount is higher, ($.50 M compared to $.39 M), as expected with a
discount. Netting out the discount, average bids are virtually equal. Interestingly,
however, designated entities are more than 50 percent more likely to default than the

winning bidder of the twin license, leading one to speculate on the merits of a preferential
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system that would invite speculators who were relatively less knowledgeable about
market conditions, but could qualify as designated entities.

Table 3.6 Comparison of Segment Licenses With and Without Discounts

bid per
#licenses Avg bid Avg adj. bid  pop  Default %
Segment w/ discount 250 $500,000 $380,000 $0.86 22%
Segment w/o discount 250 $390,000 $390,000 $0.67 14%

McAfee and McMillan (1996)* make the claim that “bid discounts not only
address the policy goal of getting licenses into the hands of the designated firms, but also
can actually boost the government’s revenue.” They reason that the designated bidders
presumably have a lower average willingness to pay for the licenses than the non-
designated firms and would otherwise not be competitive with the non-designated firms.
*A discount for the designated firms stimulates the bidding competition, forcing the non-
designated firms to bid higher.” This may have happened in the narrowband auctions.
IVDS auction results are consistent with this hypothesis; the discounts did increase the
bidding competition, apparently inflating the bids, although increasing default rates.
Kraft® performed a calculation to test the effect of the incentives on the designated
entities success at winning specific markets and to estimate the cost of providing the
incentives in the IVDS auctions. The calculation was designed to determine whether
designated entities would have won licenses had their incentive been eliminated. The

conclusion is that 20% percent of all licenses won by designated entities were won due to

% p.168
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the FCC incentives and the other 80% of winning were not directly affected by the

incentives.

3.3.5 Bidding competitiveness

3.3.5.1 Number of bidders

Auction theory suggests that bids increase with the number of bidders. For
example, it is well known that in the sealed bid first price auction, with risk neutral agents
drawing independent valuations from a uniform distribution, the equilibrium bid function
for a bidder i is b(v;) = (n - 1)/n * v;, where v; is bidder i’s private valuation and n is the
number of bidders. It is intuitive that, even in a more general context, bidding will be
more competitive, and hence closer to value, when the number of bidders increases.

We compare the licenses for which bidding is highly competitive (that is, has
more bidders) with the licenses for which bidding is less competitive. With an average of
9.7 bidders per market is, I placed auctions with 10 or more bidders into the “more

competitive” category and those with fewer than 10 into the “less competitive” category.

7 Kraft (1994)., p.12
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Table 3.7 Comparisan of Auctions with More and Less Competitive Markets

(1) (2) (1¥(2
Less More
competitive Competitive
<10 bidders >=10 bidders Ratio
# of Licenses 340 254 1.3
total pop (MM) 55.3 75.5 0.7
Purchasing power ($MM) $849 $1,2%4 0.7
total landsize (K Square Miles) 81 53 1.5
Avg bid (MM) $0.17 $0.75 0.2
Average bid pop $0.57 $1.07 0.5
% receive discount 48% 50% 1.0
Average adj bid (MM) $0.15 $0.64 0.2
Default % 11% 26% 0.4

The more competitive markets make up 42.8% of total licenses, account for
60.4% of purchasing power, 57.5% of the population, and less than 40% of geographic
area. The average bid for the highly competitive markets is $0.75 M, compared with
$0.17M for less competitive markets. On a per capita basis, the average bid is still
substantially higher — nearly twice as high - in the more competitive markets. It is
intuitive, as discussed above, why more bidders would be interested in these licenses,
since they permit, with the same amount investment per area, more potential users with
greater purchasing power. The number of bidders, therefore, is consistent with the
intuition that the greater the population, the greater the purchasing power, the more
attractive the market. Note, however, that defaults occur at more than twice the rate in
the competitive markets than the less competitive markets, suggesting that participants

were overly optimistic about the potential in these markets.
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3.3.5.2 Effect of rival’s bidding

Table 3.8 Comparison of Markets by the Number of Defaulted Segments

Segment Defautt with: Segment Non+-Default with:
Twin Segment: : Twin Segment| | Twin Segment: : Twin Segment.

Defaut - Non-Default Defaut | = Non-Default
# licenses 24 65 65: 358:
total pop (VM) 1311 24.91 2491 67.88:
total landsize 926° 23.35 2335 77.76:
Puchesingpower | 23 436 43 1048
Aw.#bidders | = 166 - 123 123 . 86
average bid ($MM) 167 .bss| o768 024
total bid(GMV) 401 555 495 87.1
bid per pop 1.39: 1.05 096 0.63:
adj bid per pop 1.19: 0.86 087 0.54:
% receive discourt 50%: 66%, 34% 48%:

Recall that each auction is a two unit auction, with the highest bidder obtaining
license A or B and the second highest bidder obtaining the other unit. It is interesting to
consider the effect of bidder’s information on a rival’s bidding. Assume that bidders with
less information are more likely to default, and label defaulting bidders as “speculators.”
In order to examine (informally) how defaults might result from bidding strategies, we
put all 512 licenses for which we have demographic information into the four categories.
Group 1 consists of winning bidders from MSA pairs of licenses for which both winning
bidders defaulted; Group 2 consists of defaulting winning bidders from MSAs where the
winner of the twin license did not default; Group 3 consists of non-defaulting winning

bidders from MSAs where the winner of the twin license did default; and Group 4
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consists of non-defaulting winning bidders from MSAs where the winner of the twin
license also did not default. The hypothesis is that auctions in which both bidders are
speculators (defaulters) are more likely to engage in bidding wars and will therefore bid
higher.

Interestingly, bid per pop is highest in Group 1, at $1.39, double the average of
group 4, at $0.64. Group 2 has the second highest Bid per pop. These comparisons
indicate that when both winners of an MSA bid very high, they were more likely to
default. When only one winner is a speculator, then the speculator will tend to draw
references from and respond to the bids submitted by the rival and be likely to overbid.

Note also that Group 1 also has the greatest average number of bidders, 16.6 per
MSA, almost double the average number for Group 4, 8.6. Average number of bidders
for Group 2 and Group 3 lie in between. In addition, Group 1 licenses correspond to
areas with the highest purchasing power per license, $222.24, showing that firms are

pursuing areas with high revenue concentration.

3.4  Regression Analysis of Bidding and Defaults

In this section, multivariate statistical methods are used to test the various
hypotheses considered in the preceding sections. Two types of models are used: First, ex
ante models, which have only the fundamental variables; and second, ex post models,
which include both fundamental and auction environment variables. With respect to
bidding outcomes, the ex ante model explains how bids are determined by fundamental

variables, such as population, including the indirect effects on bids resulting from the
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effect of fundamental variables on excluded auction environment variables. The ex post
models explicitly include the effect of auction environment variables, such as the number
of bidders, permitting us to identify the effect the auction variables have on bidding
outcomes.

Paralleling the development of the bidding models, I use logistic analysis to
predict default behavior, first on the basis of the fundamental variables only (the ex ante
model), and second on the basis both the fundamental variables and auction environment
variables (the ex post model). Finally, I combine information from the bidding and

default behavior to identify sources of overbidding.

3.4.1 Models of bidding behavior

In this section we estimate a winning bid function for the oral outcry sequential
auctions. The bid is hypothesized to be a function of two classes of variables: 1)
variables inherent to the value of a license, and 2) variables relating to the auction
environment which may affect bidding strategy. The dependent variable is bid, adjusted

for discount.

3.4.1.1 Ex ante model of bidding behavior

We start by using the following fundamental variables as independent variables:
e Population. This measures the population within the MSA served by the license
holder. Population determines the potential market size and will undoubtedly

positively affect the value of the license.
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e Expected population growth. The value of a license in any market should also be
expected to be increasing in the rate of population growth in that market, as growth
increases both the future population and population density. Population growth was
measured from 1990 to 1995.

e Land size. Controlling for population, an increase in land size represents a decrease
in population density. The presence of economies of scope, therefore, would suggest
that an increase in land size should have a negative impact on value. The measure of
land size includes the urban areas only, reflecting areas which would actually be
served.

e Income. This is income per capita. Since the income elasticity of demand for [VDS
is likely to be positive, licenses in areas with higher income should be of greater
value.

I hypothesized that the value of a license and, therefore, bidding to be related
fundamentally to population, income, and land size of the license area. The ex ante
regression results shown in Table 3.9A confirm, at S percent significance, that each of
these variables influences bidding. As expected, the coefficients for population and for
expected population growth are positive and highly significant. Income, as expected, is
also positively influences the value of a license. On the other hand, an increase in land
size, controlling for population, has a negative impact. That is, as for other

communications services, IVDS exhibits economies of density.
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Table 3.9 Ex Ante and Ex Post Winning Bid Functions

(A) (B8)
Ex Ante Ex Post
Coefficient (p-value) Coefficient (p-value)

Constant 402158 (.000) -1271458 (.000)
Fundamental Vanables

Population 074 (.000) 0.68 (.000)

POP's Pct_chg 13423 (.000) 10110 (.000)

Landsize -103.01 (.046) -130.77 (.008)

Income 23.74 (.000) 21.53 (.000)
Auction Environment Vanables

Day_1 — - 100104 +(.001)

Discount — - -13360 (.633)

Numidx — - 10632 (.000)
R-Square 0.656 0.688

3.4.1.2 Ex post model of bidding behavior

In the ex post model, additionally to the fundamental variables used in the ex ante
model, the following auction environment variables are used as independent variables.

o  Number of bidders. The number of bidders influences the competitiveness of the
auction. Expecting that the marginal impact on competitiveness declines with the
total number of bidders, I measure the degree of competitiveness with an index equal
to (n - 1)/n, where n = number of bidders.®® This index increases rapidly when the
number of bidders is less than 5, where an additional bidder increases competitiveness

to a much greater extent than it does when there are more than 10 bidders.

% The choice of this index is motivated by the equilibrium ratio of bid to value for the first price
private value auction.
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® Auction day. Day of auction is captured by a dummy which indicates “Day 1.” The
sequence of licenses auctioned is in order of ADI, which is correlated with market
population. Consequently, it is not surprising that the difference in mean bids for Day
1 and Day 2 was, as shown in Table 3.4, over 100 percent of the mean bid. The
estimated bid function controls for market characteristics; therefore, the coefficient
for Day | more accurately measures the extent of the “afternoon effect,” which refers
to the bidding frenzy that historically has occurred in early auction periods for reasons
not explained by underlying value.

e Designated entity receiving a discount. Designated entities which receive a discount
should bid higher, on average, than bidders who do not receive a discount. If bidding
among designated entities is sufficiently competitive, and license values are truly
“common values,” bids should increase with the discount such that non-designated
bidders are driven out of the bidding, but revenues are minimally affected. Using bid
net of the discount as the dependent variable, this implies that the coefficient for
discount should be zero. A coefficient different from zero would likely reflect
differences in preferences between bidders eligible for discounts and other bidders.

Regression results for the ex post model are shown in Table 3.9B. In terms of the
fundamental variables, the ex post regression results are consistent with the ex ante
regression. Population, rate of change of population, land size of the license area, and
income per capita all have coefficients that are significant and have the correct sign.

Table 3.9B shows that bidding is affected by the characteristics of the auction

process, as measured by the day of auction, number of bidders, and whether the bidder is
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eligible for a discount.”® The coefficient for Day_I is positive and significant. The
estimated afternoon affect is a large 25 percent of the mean value.

In addition, the positive and significant coefficient for Numidx shows that the
degree of competitiveness significantly affects the winning bid, although the effect is not
large relative to the mean bid. For example, an increase in the number of bidders from 5
to 10 is expected to increase the winning bid by a just over a quarter of a percent.
Increasing the number of bidders from 10 to 15, on the other hand, increases the winning
bid by slightly less than one tenth of a percent.

Finally, the coefficient for Discnt is not significantly different from zero. Because
the dependent variable is the amount bid less the discount (which equals the net amount
paid), we cannot reject the hypothesis that winning bid designated entities receiving a
discount adjust bids upward by the full amount of the discount. This result suggests that
competition between discount-cligible bidders is sufficient to drive the potential rents
associated with receiving a discount to zero. This competition could have been
stimulated by the rule that prohibits the second highest bidder (who is awarded the twin

license) from receiving a discount.

3.4.2 Models of default behavior

As discussed above, payment defaults were common occurrences following the

IVDS auctions, equaling 17 percent of winning bidders. This raises two issues: 1) Are

% Not all designated entities winners receive bidding discounts. The designated entities owned
by women or minorities (WOMs) are entitled to a 25 percent bidding credit. Only one license
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there certain factors, including the variables inherent to license value and variables related
to the auction, for which defaulting is more likely? And 2) are there patterns in the types

of bidders that are defaulting?

3.4.2.1 Ex ante model of default

We start by examining whether the fundamental variables, which were
hypothesized to affect license value, and which were shown to influence bidding are
correlated with the occurrence of defaults. Table 3.10A shows results for a logistic
regression, which models the probability of a default as function of population,

population growth, income and land size.

Results in Table 3.10A show that defaults are significantly more likely for
licenses in areas with greater population and greater income. Evaluating at the mean, an
increase in population of 100,000 leads to an increase in the probability of default of 1.3
percentage points, also, for an increase in income per capita of $ 5,000, the probability of
default increases by nearly 10 percentage points.”” These results are useful for predicting
which areas are likely to experience a greater number of defaults. These results do not,
however, prove a direct causal relationship between defaults and income and population,
however, since we have not included variables relating to the auction, such as number of

bidders, which are correlated with population and income.

per market could receive the bidding credit.
’® Marginal probabilities for the logistic model are given by b*p(1-p)



Table 3.10 Ex Ante and Ex Post Logistic Default Models

(A) B)
Ex Ante Ex Post
Coefficient (p-value) Coefficient (p-vaiue)

Constant 4.05 (.000) -11.53 (.000)
Fundamental Variables

Population 9.58E-07 0.001 7.72E-07 0.01

POP's Pct_chg 0.961 -0.0239 0.385

Landsize -0.00006 0.878 -0.00013 0.719

income 0.00012 0.021 0.000098 0.067
Auction Environment Vanables

Day_1 - — 0.263 0.378

Discount - — 0.661 0.01

N umidx - — 8.484 0.018
-Z*Log L 422.1 405.7

3.4.2.2 Ex Post model of defaults

113

Table 3.10B shows results for a logistic regression which models the probability

of a default as function of the auction environment variables, such as day of auction,
number of bidders, and the discount indicator, in addition to the fundamental variables

included in the ex ante default model.

Controlling for auction variables, population is significant, whereas income is no

longer significant at 5 percent. Interestingly, Day_1 does not, by itself, significantly

affect the likelihood of a default, even though it affected the bid, suggesting that Day_1 is

correlated with omitted variables which positively influence the underlying license value.

On the other hand, the bidding competitiveness resulting from an increase in the number

of bidders does significantly contribute to the likelihood of a default. Going from 5 to 10
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bidders increases the likelihood of a default by nearly 15 percentage points, whereas
going from 10 bidders to LS5 bidders has an impact of less than 5 percentage points.
Importantly, designated entities who receive a discount are significantly more
likely to default. Controlling for the characteristics of the license, the auction day and the
competitiveness of the auction, a designated entity receiving a discount is 13 percentage
points more likely to default than other winning bidders. This is a striking result, given
that the estimated bid function does not indicate that designated entities are paying any

more, relative to value, than other bidders.

3.4.3 Modeling defaulls as a function of overbidding.

Defaults provide information about the underlying value of a license because,
presumably, a winning bidder will default if he is led to believe that the price he has paid
for a license exceeds its value. The occurrence of some bidders defaulting shortly after
the auctions can be explained by downward re-valuations based on observed bids for the
entire set of auctions and failure to attract investors in the short period following the
auctions. Furthermore, defaults provide signals to other bidders, causing them to
downgrade their expectations, possibly leading to more defaults. Assume the probability
of default is given by:

prob(default) = prob(b_adj —v > 5)
where b_adj equals the price to be paid for the license (bid adjusted for discount), v is the
underlying value of the license and & represents the amount by which the bid must exceed

the value to make the bidder indifferent between defaulting and honoring the payments.
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Assume, as above, the value of a license is a function of population, income and
landsize. Also allow for the value to depend on whether the bidder is a designated entity
receiving a discount. Designated Entities may, as hypothesized by McAfee and
McMillan, have lower valuations for the licenses, even though their net bids were not
found to be different from other bidders. Finally, the auction day and number of bidders
index are not included, because these variables do not directly affect license value.
Including an error term, we have

v=a+ fB,pop+ B,pct_chg + B,landsize + ,income + S discnt + £
If £ is drawn from the logistic distribution with variance o7, then defauits follow a

standard logistic model. In particular, we have

b_adj— o — 6 - B,pop — B,pct_chg — B,landsize — B ,income — ﬁsdiscnt)

prob(default) = (D( >

Where @ is the distribution function for the standard logistic distribution. Equivalently,

letting g = the probability of default,

ln( ! ) =-2- J + Lb_aabr' - -ﬁ—‘p0p - & pct_chg - E’- landsize — Ei income — &discnt
c (o) o (o] o c

Notice that the nuisance parameter, 0, can be identified by taking the reciprocal of the

coefficient of the adjusted bid. Thus, the slope coefficients for the value function can be
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identified by multiplying each coefficient by the negative of the reciprocal of the
coefficient for b_adj. The intercept ¢, for the value function, cannot be identified
without knowledge of the other nuisance parameter, 6, the amount by which the bidder
must overbid to be indifferent between defaulting or honoring his payment. Substituting
in the expression for the bidding function,

b_adj=a" + ;pop + B4pct_chg+ B%landsize + B5income + B2discnt +

BiDay_l+ Bonum_idx +&

we obtain

> pct_chg+

b _ b _ b _ b _
ln( 9 ) Sro’—a pr-P B:-B. Mlandsize
q o o o

B

B:—B. . s=Bs .. L.
income + ————=discnt + —residual + &
o c (o2

The nuisance parameter,o, can be identified by taking the reciprocal of the coefficient of
the residual to the bid equation, where the residual includes the effect of day and number
of bidders. Positive coefficients indicate variables for which the contribution to bid is

greater than the contribution to value.

Table 3.11 Analysis of Maximum Likelihood Estimates

Coefficient (p-value)

Constant -5.85 (.000)
Residual 1.94E-6 (.000)
Population 8.97E-7 (.024)
POP's Pct_chg 0.0252 (.382)
Landsize -0.00008 (.857)
Income 0.000098 (.072)

Discount 0.732 (.007)



17

The positive and significant coefficient for population in Table 3.11 suggests that
defaulting bidders revised downwards their expectations of the returns to population.
Furthermore, the positive and significant coefficient for bidders receiving a discount
indicates that these bidders revised downwards their valuations to a greater extent than
other bidders. Given the earlier results that showed that bidders receiving a discount did
not bid significantly differently (after netting out the discount) from other bidders, one

can deduce that these bidders had lower valuations.

3.5  Conclusions

In this chapter we use [IVDS auction data to estimate a winning bid function which
relates license area characteristics and auction characteristics to the winning bidders’ bid.
The results suggest that bidding behavior conforms with the hypotheses that: (1) the
larger the area, given the population, the lower the bid; (2) the larger the population, the
higher the income, the faster the population grows, the higher the winning bid; and (3) the
number of bidders, the availability of discounts to some bidders, and the earlier in the
sequence that an auction occurs all positively influence the amount of the winning bid.

Payment defaults were common occurrences following the [VDS auctions. We
used IVDS auction data and payment information to answer two default questions: First,
what kinds of licenses are more likely to be defaulted? And second, what types of
bidders are more likely to default? Licenses in areas with greater population or in
auctions with more participating bidders are more likely to be defaulted. And designated

entities who receive a bidding discount are significantly more likely to default.
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Based on the assumption that defaulting is a result of overbidding, we use the
auction data and payment information to model overbidding, to identify causes of
overbidding. We find that population and perhaps income were the fundamental
variables that contributed to overbidding. More interesting, however, was the pattern of
defaults among designated entities who were entitled to a discount. Although these
bidders did not pay significantly higher prices, controlling for the characteristics of the
license, they were significantly more likely to default. These results suggest that the
FCC'’s selective offering of discounts did more to invite less knowledgeable speculators
and create havoc with the auction results than it did to create opportunities for women
and minorities. One can conjecture that many of these bidders’ interest lay solely in
speculative value, such as the value of being acquired by a larger entity, rather than in any
direct use value. Disappointing post-auction reassessment of license value, therefore,

could affect such speculators to a greater extent than other bidders.
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