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Auctions

@ First historical record of an auction is in Babylon around 500 B.C.

@ But the study of auctions is much more recent
Independent private values (IPV) model: Vickrey (1961),
Myerson (1981)
Common value model: Wilson (1969)

General model: Milgrom (1981b), Milgrom and Weber (1982)
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Common auctions for a single object

Two basic formats of auctions:

Sealed-bid format: First-price auction

Second-price auction

Open format: English (or ascending-price) auction

Dutch (descending-price) auction

Other details such as minimum reserve price, entry fees, disclosure of

bidder identities, bidder deposit etc. lead to many variations in practice
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Sealed-bid auctions

First-price auction: Bidders submit sealed bids to the auctioneer. The

highest bidder wins and pays what he bid.
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Sealed-bid auctions

First-price auction: Bidders submit sealed bids to the auctioneer. The
highest bidder wins and pays what he bid.
Oil leases and timber rights auction by U.S. Department of Interior.

Multi-object version used by RBI to sell government securities

Second-price auction: Bidders submit sealed bids to the auctioneer. The
highest bidder wins and pays the amount of the second-highest bid.
Multi-object version used by U.S. Treasury to sell government securities; a

variation is used in Google search auctions
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Open auctions

Descending-price auction: The auction starts at a high price which is

continuously reduced until a bidder claims object at current price.
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Open auctions

Descending-price auction: The auction starts at a high price which is
continuously reduced until a bidder claims object at current price.

Flower auction in Aalsmeer, Netherlands

Ascending-price auction: The auction starts at a low price which is
continuously increased until only one bidder is willing to pay current price.

Art auctions, eBay
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Common auctions for a single object

Sealed-Bid Format Open Format

First-price ‘ Dutch or Descending—Price‘

‘ English or Ascending-Price ‘

A first-price auction is strategically equivalent to a Dutch auction

In IPV model, a second-price auction is equivalent to an English auction
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IPV Model

@ Each bidder's value, V;, is privately known to bidder
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IPV Model

@ Each bidder's value, V;, is privately known to bidder

Values V; are independently distributed

Vickrey (1961) introduced the second-price auction and showed that

if V; are i.i.d. uniform then there is revenue equivalence between

common auctions; revenue equivalence more generally in IPV model

@ Vickrey's interest was the incentive and efficiency properties of the
second-price auction

e Myerson (1981) showed that a second-price auction with reserve

prices maximizes expected revenue among all selling mechanisms
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IPV Model
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Auctions of antiques, art, vintage jewelry
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IPV Model

© Examples where IPV may be a good fit:

Auctions of antiques, art, vintage jewelry

@ Examples where IPV is not a good fit:

Auctions of oil leases, financial assets, IPL players

In group 2, a bidder is unlikely to know his value with any certainty;

moreover, there is a significant common component to a bidder's value.
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Backdrop to Wilson (1969)

@ U.S. oil companies were losing money on off-shore oil leases
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Backdrop to Wilson (1969)

@ U.S. oil companies were losing money on off-shore oil leases

@ Most of these leases were for off-shore oil tracts, where estimation

errors of amount of oil are much greater than for on-shore oil tracts

@ Previously used bidding models, such as the IPV model analyzed by

Vickrey, could not account for winner's curse

@ Wilson introduced the common values model (a.k.a. the mineral

rights model) in 1969

@ This was the first theoretical analysis of the winner’s curse
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Common Value Model: Wilson (1969)

@ Single indivisible object sold by first-price auction

@ Two risk-neutral bidders, each has common unknown value V for

object

@ Each bidder i, i = 1,2 privately observes information signal X;

about V

o Bidders submit sealed bids based on their signals
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e While X; is an unbiased estimate of V, E[V|X]] = X,
the winner's estimate is biased upwards
If bidder 1 is the winner, then X; > X5 and
E[V|X1, Xo < Xi] < X1 = E[V|X{]
@ Winning is bad news about the value of the object!
@ Bidders should shade their bid below their estimate for two reasons:
(i) To allow for a profit margin (in a first-price auction)

(i) To compensate for the winner’s curse; this effect absent in I[PV

Nobel 2020 October 22, 2020 12/32



Common Value Model: Wilson (1969)

e While X; is an unbiased estimate of V, E[V|X]] = X,
the winner's estimate is biased upwards
If bidder 1 is the winner, then X; > X5 and
E[V|X1, Xo < Xi] < X1 = E[V|X{]
@ Winning is bad news about the value of the object!

@ Bidders should shade their bid below their estimate for two reasons:
(i) To allow for a profit margin (in a first-price auction)

(i) To compensate for the winner’s curse; this effect absent in I[PV

Requires more sophisticated analysis than under private values
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Wilson (1969), Wilson (1967)

e Wilson (1969) was one of the first to use the Harsanyi (1968)
formulation of games with incomplete information — Bayesian Nash

equilibrium as solution concept
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Wilson (1969), Wilson (1967)

e Wilson (1969) was one of the first to use the Harsanyi (1968)
formulation of games with incomplete information — Bayesian Nash

equilibrium as solution concept

e Wilson (1967), a precursor to Wilson (1969), analyzes a common
value auction with extreme asymmetric information
One bidder is informed about the common value while the other has

no information signal about the value — severe winner's curse
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Naive estimation and winner's curse

E[V|Xi] is an unbiased estimate of V' before auction results announced
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Naive estimation and winner's curse

E[V|Xi] is an unbiased estimate of V' before auction results announced

But if bidder 1 is declared the winner then:
— E[V/|X1] is an overestimate of V
- E[V|X1, Xo < Xi] is an unbiased estimate of V
— The relevant estimate to base one's bid on is E[V/| X1, Xo < Xi]

— Winner's curse is not an equilibrium phenomenon
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Naive estimation and winner's curse

Xi = E[V|Xj] is ex ante unbiased,
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and ex post biased — biased UP if / wins and biased DOWN if i loses
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Nobel 2020 October 22, 2020 15/32



Naive estimation and winner's curse

X; = E[V/|Xi] is ex ante unbiased,

and ex post biased — biased UP if / wins and biased DOWN if i loses
An estimate based only on the winner's signal (i.e., bidder with max X;)
will be optimistic

To see this, suppose that X; = V + ¢; where ¢; ~ N(0, 02)

# of bidders 1 2 5 10

E[maxej] = E[max(X; — V)] | 0 | 0.560 | 1.160 | 1.54c
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Winner’s curse in oil lease auctions

Bids on offshore oil tracts ($ millions), 1967-69

Highest bid 325 43.5 43.5 10.5
2"d highest bid 17.7 32.1 15.5 5.2
Lowest bid 3.1 6.1 0.4 0.4
Money left on table 14.8 11.4 28 5.3
Highest/Lowest ratio 10 7 109 26

From Capen, Clapp, and Campbell, “Competitive Bidding in High Risk Situations,” Journal of Petroleum Technology,
1971, 23, 641-653,
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Winner’s curse in telephone rights auctions in India
Bidding for 9 of 13 licenses ($ millions) 1995

Highest Highest Second- Ratio of highest to
Circle bidder bid highest bid second-highest bid
A.P. HFCL 4,893 1,124 4.4
Delhi HFCL 4,804 3,567 13
Gujarat HFCL 4,804 1,003 4.8
Haryana HFCL 1,293 1,003 1.3
Kerala HFCL 3,043 401 7.6
Orissa HFCL 658 82 8
Punjab HFCL 2,887 1,170 2.5
UP West HFCL 2,096 859 2.4
Bengal HFCL 2,887 33 87.5
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Milgrom and Weber (1982)

o Milgrom-Weber (1982) builds on model of Milgrom (1981b)
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Milgrom and Weber (1982)

o Milgrom-Weber (1982) builds on model of Milgrom (1981b)
@ A model that generalizes private values and common values
@ Bidder i's value is V; and information signal is X;

o Bidder i's expected valuation is a function of signals X1, X5, ..., X,
E[ViIX;, X_]
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Milgrom and Weber (1982)

o Milgrom-Weber (1982) builds on model of Milgrom (1981b)

@ A model that generalizes private values and common values

@ Bidder i's value is V; and information signal is X;

o Bidder i's expected valuation is a function of signals X1, Xo,..., X,
E[Vi|Xi, X_i]

o Nowadays, referred to as the interdependent values model as each

bidder’s value depends on her own signal, and on signals of other

bidders
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Special cases of Milgrom and Weber model
n
e Private and common value: V; =aX;+(1—a) Y X;,

Jj=1
where 0 < a<1
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Special cases of Milgrom and Weber model

n
e Private and common value: V; =aX;+(1—a) Y X;,
j=1
where 0 <a <1

@ Private values: V; = X;

@ Common value: V; =V, =... =V,
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Milgrom and Weber (1982)

@ The random variables (V4, Vo, ..., Vp, X1, Xa,...,X,) are affiliated
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Milgrom and Weber (1982)

@ The random variables (V4, Vo, ..., Vp, X1, Xa,...,X,) are affiliated

o Affiliation is stronger than positive correlation. It is related to
monotone likelihood ratio property introduced in Milgrom (1981a)

@ Obtained Bayesian Nash equilibrium in common auctions

@ Obtained expected revenue ranking of these auctions:
English auction yields greater exp. revenue than second-price auction
Second-price auction yields greater exp. revenue than first-price

auction
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Milgrom and Weber (1982): The Linkage Principle

Nobel 2020 October 22, 2020 21/32



Milgrom and Weber (1982): The Linkage Principle

@ In a second-price auction, the winner's payment depends on the

second-highest bidder’s information

Nobel 2020 October 22, 2020

21/32



Milgrom and Weber (1982): The Linkage Principle

@ In a second-price auction, the winner's payment depends on the

second-highest bidder’s information

@ In an English auction, the winner's payment depends on the

information of all losing bidders

Nobel 2020 October 22, 2020

21/32



Milgrom and Weber (1982): The Linkage Principle

@ In a second-price auction, the winner's payment depends on the

second-highest bidder’s information

@ In an English auction, the winner's payment depends on the

information of all losing bidders

@ Linking a bidder's expected payments to others’ information weakens

the winner's curse

Nobel 2020 October 22, 2020 21/32



Milgrom and Weber (1982): The Linkage Principle

@ In a second-price auction, the winner's payment depends on the

second-highest bidder’s information

@ In an English auction, the winner's payment depends on the

information of all losing bidders

@ Linking a bidder's expected payments to others’ information weakens

the winner's curse

@ This leads to more aggressive bidding and greater expected revenue

Nobel 2020 October 22, 2020 21/32



Milgrom and Weber (1982): The Linkage Principle

@ In a second-price auction, the winner's payment depends on the

second-highest bidder’s information

@ In an English auction, the winner's payment depends on the

information of all losing bidders

@ Linking a bidder's expected payments to others’ information weakens

the winner's curse
@ This leads to more aggressive bidding and greater expected revenue

@ Implies that honesty is the best policy for the auctioneer
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Multi-object Auctions
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Auctions of divisible goods

e Wilson (1979): Divisible goods, common unknown value. After
observing a private signal, each bidder submits a demand

function.
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Auctions of divisible goods

e Wilson (1979): Divisible goods, common unknown value. After
observing a private signal, each bidder submits a demand

function. Think of auctions for selling government securities
@ Selling price determined by equating supply with aggregate demand

@ Reasons for shading one's bid below estimated value: profit margin,

winner's curse, and price might be determined by one's marginal bid
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Indivisible objects with complementarities
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Indivisible objects with complementarities

An example

Values of bidders

Spectrum X | Spectrum Y | Spectrum X and Y
Bidder A 0 0 15
Bidder B 10 10 10
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Indivisible objects with complementarities

An example

Values of bidders

Spectrum X | Spectrum Y | Spectrum X and Y
Bidder A 0 0 15
Bidder B 10 10 10

Which non-combinatorial auction is likely to achieve the efficient outcome?

Exposure problem for bidder A, who risks ending up with either X or Y

but not both
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Spectrum X | Spectrum Y | Spectrum X and Y
Bidder A 0 0 15
Bidder B 10 0 10
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Which non-combinatorial auction is likely to achieve the efficient outcome?

Free-riding problem as bidder B, say, may bid low for X and let it be
known that she bid low;
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Indivisible objects with complementarities

Another example

Values of bidders

Spectrum X | Spectrum Y | Spectrum X and Y
Bidder A 0 0 15
Bidder B 10 0 10
Bidder C 0 10 10

Which non-combinatorial auction is likely to achieve the efficient outcome?

Free-riding problem as bidder B, say, may bid low for X and let it be
known that she bid low; bidder C now has to bid high to win object Y.
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Simultaneous multiple round auction (SMRA)
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Simultaneous multiple round auction (SMRA)

o If there are, say, 2 objects to be sold then 2 ascending-price auctions
are held simultaneously, one for each object
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Simultaneous multiple round auction (SMRA)

o If there are, say, 2 objects to be sold then 2 ascending-price auctions
are held simultaneously, one for each object

Bidding occurs in multiple rounds
@ In each round, bidders are free to increase bids in any auction

Auction ends when no one increases the bid on any object in a round

Activity rules force bidders to reveal their interest early

SMRA was the outcome of two proposals made in 1994 to the F.C.C,,
one by Milgrom and Wilson and the other by McAfee
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Simultaneous multiple round auction (SMRA)

@ SMRA alleviates, but does not totally eliminate,
the exposure problem and the free-riding problem
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Markets and informational efficiency

@ Do markets efficiently aggregate information dispersed among
bidders?
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Markets and informational efficiency

@ Do markets efficiently aggregate information dispersed among
bidders? Debate between Hayek, Lange, and Lerner

e Wilson (1977) and Milgrom (1979) identify conditions under which
the selling price in a first-price auction approaches the
(unknown) common value as the number of bidders increases

e Milgrom (1981b) explores information revelation in second-price
auctions with general values
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Markets and allocative efficiency

e Wilson (1985): Allocative efficiency of double auctions
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Markets and allocative efficiency

e Wilson (1985): Allocative efficiency of double auctions

e Milgrom and Stokey (1982): No-trade theorem
arises because of informational efficiency of markets
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Paul Milgrom’s contributions to other areas in economics

o Reputation Formation: Milgrom and Roberts (JET 1982),
Kreps, Milgrom, Roberts, and Wilson (1982)

e Game Theory: Milgrom and Weber (MOR 1985),
Milgrom and Roberts (1990, GEB 1991)

o Industrial Organization:
Milgrom and Roberts (Econometrica 1982, JPE 1986)

e Organization Economics: Milgrom and Roberts (AER 1990),
Holmstrom and Milgrom (Econometrica 1987, JLEO 1991, AER 1994)

e Financial Economics: Glosten and Milgrom (JFE 1985)
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Robert Wilson’s contributions to other areas in economics

Reputation Formation: Kreps and Wilson (1982a),
Kreps, Milgrom, Roberts, and Wilson (1982), Wilson (1985)

Game Theory: Wilson (SIAM 1971), Wilson (Econometrica 1978),
Kreps and Wilson (1982a), Govindan and Wilson (2009)

Bargaining: Gul, Sonnenschein, and Wilson (JET 1986),
Kennan and Wilson (JEL 1993)

Pricing: Wilson (OUP 1993), Chao and Wilson (AER 1987)
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Thank you!
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