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NOTES AND COMMENTS

SPECULATION IN STANDARD AUCTIONS WITH RESALE

BY ROD GARRATT AND THOMAS TRÖGER1

In standard auctions resale creates a role for a speculator—a bidder who is com-
monly known to have no use value for the good on sale. We study this issue in en-
vironments with symmetric independent private-value bidders. For second-price and
English auctions the efficient value-bidding equilibrium coexists with a continuum of
inefficient equilibria in which the speculator wins the auction and makes positive prof-
its. First-price and Dutch auctions have an essentially unique equilibrium, and whether
or not the speculator wins the auction and distorts the final allocation depends on the
number of bidders, the value distribution, and the discount factor. Speculators do not
make profits in first-price or Dutch auctions.
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1. INTRODUCTION

STANDARD AUCTIONS—open English, sealed-bid first-price, sealed-bid second-
price, and Dutch—are used in many instances where resale is permitted. For
instance, a good purchased on eBay can be resold on eBay. Nevertheless, much
of the received theory of standard auctions assumes that resale is not possible
(cf. Klemperer’s (1999) survey). In environments where any standard auction
has an efficient equilibrium, so that no obvious motive for resale exists, it is
tempting to think that the absence of resale opportunities is an inconsequen-
tial assumption. However, the assumption still matters.

This paper considers an environment with symmetric independent private-
value (SIPV) bidders and an additional bidder, called a speculator, who is
commonly known to have no use value for the good on sale. In the absence
of a resale opportunity, abstaining is, of course, a dominant strategy for the
speculator, and any standard auction allocates the good efficiently and yields
identical revenues (Vickrey (1961)). We show that if an inter-bidder resale op-
portunity exists, the speculator can play an active role in any standard auction
format. If she is active, the final allocation is not efficient and allocation or
revenue equivalence across standard auctions is no longer guaranteed.

1This paper and its online supplement (Garratt and Tröger (2006)) include content from
two previous working papers: “Speculation in Second-Price Auctions with Resale” by Garratt
and Tröger (2003) and “Speculations in First-Price Auctions with Resale” by Tröger (2003).
We are grateful to Ted Bergstrom, Ken Binmore, James McAndrews, Eddie Dekel, David Easley,
Gunnar Gunnarson, Matthew Jackson, Philippe Jehiel, Alexander Koch, Stephan Lauermann,
Steve LeRoy, Benny Moldovanu, Georg Nöldeke, Jörg Oechssler, Thomas Palfrey, Hugo
Sonnenschein, Ennio Stacchetti, Bill Zame, Charles Zheng, and three anonymous referees
for helpful comments. Financial support by the German Science Foundation (DFG) through
SFB/TR 15 “Governance and the Efficiency of Economic Systems” is gratefully acknowledged.
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The main insights are conveyed using just two bidders: a single bidder with
a private use value for the good and a speculator. The bidders engage in a
two-period interaction where first a standard auction takes place and then the
winner can make a take-it-or-leave-it offer to the loser. We construct perfect
Bayesian equilibria in undominated strategies. The equilibrium constructions
generalize, under appropriate assumptions, to environments with any number
of SIPV bidders. Moreover, the equilibria remain valid if any number of spec-
ulators can bid in the auction.

In the case of first-price auctions we assume that, as in a Dutch auction, the
loser’s bid remains private. There exists an essentially unique equilibrium.2 The
private-value bidder uses a strictly increasing bid function and the speculator
randomizes her bid in such a way that she may tie with any type of private-value
bidder. The speculator makes zero profit in equilibrium: the larger her realized
bid, the larger her resale profit when she wins, but her bid always equals her
resale profit.

For second-price or English auctions there is a continuum of equilibria that
differ by allocation and profitability to the speculator. For each use value in the
support of the underlying probability distribution, there exists an equilibrium
where all private-value bidder types who have lower use values abstain from the
auction and wait for a resale offer from the speculator, while types who have
higher use values bid them and win the auction. Unlike in a first-price or Dutch
auction, a speculator can make profits in a second-price or English auction.
The larger the chosen use value, the larger the speculator’s equilibrium resale
offer and payoff.

Previous work on standard auctions with resale considers environments
where resale is required to achieve an efficient allocation.3 Haile (2000, 2003)
evaluates the properties of standard auctions in symmetric environments
where precise information about use values becomes available only after the
initial auction. Haile (1999) and Bose and Deltas (2002) consider environ-
ments where some bidders cannot participate in the initial auction.4 Finally,
Gupta and Lebrun (1999) examine a first-price auction with two asymmetric
private-value bidders who observe each other’s use value after the auction.5

2The only possible source of multiplicity is that the speculator’s post-auction belief may allow
for multiple optimal resale offers, but this happens with probability 0 on the equilibrium path.

3There is also a growing literature on optimal auctions with resale: see Jehiel and Moldovanu
(1999), Ausubel and Cramton (1999), Calzolari and Pavan (2006), and Zheng (2002). Our model
is closest to Zheng (2002). He considers general asymmetric environments with independent pri-
vate values. At any stage, including the initial stage, the current owner of the good chooses a
mechanism that is optimal given that each future owner will choose an optimal resale mecha-
nism. Zheng’s main contribution is the construction of an equilibrium that implements the initial-
seller-optimal allocation via resale under certain assumptions. Speculators are not needed in this
construction and it is optimal for each current owner to exclude them.

4This motive for resale is proposed in Milgrom (1987).
5It is well known that a first-price auction with asymmetric private-value bidders and no resale

opportunity is generally inefficient (see Krishna (2002, Section 4.3.3)).
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Bose and Deltas (2002), as well as Bikchandani and Huang (1989) in a
multiple-unit auction setting, appear to be the only auction models apart
from ours that explicitly consider 0-value bidders. In both of these models the
0-value bidders represent intermediaries or middlemen in environments like
treasury bill auctions or large real-estate auctions where the final consumers
are confined to the resale market, while our model addresses how 0-value bid-
ders can “invade” markets with private-value bidders.

Section 2 introduces the model. In Section 3 we construct the equilibrium
for first-price and Dutch auctions with resale. Section 4 deals with equilibria
for second-price and English auctions with resale. In Section 5 we discuss the
extension of the model to multiple SIPV bidders.

2. MODEL

We consider environments with two risk-neutral bidders who are interested
in purchasing a single indivisible private good. Bidder 1 has the random use
value θ̃1 ∈ [0�1] for the good. Let F denote the distribution function for θ̃1. We
assume that F has a density f that is positive and continuous on [0�1] and is
identically 0 elsewhere. Bidder 2 has the commonly known use value θ2 = 0.
We call bidder 2 a speculator.

We consider a two-period interaction. Before period 1, bidder 1 privately
learns the realization of her use value, θ̃1 = θ1. In period 1, the good is of-
fered via a sealed-bid first-price auction or second-price auction without re-
serve price. The highest bidder becomes the new owner of the good. To simplify
the presentation, we assume that bidder 1 wins all ties. The period-1 winner
either consumes the good in period 1 or makes a take-it-or-leave-it offer in
period 2. If she fails to resell the good, she consumes it in period 2. Period-2
payoffs are discounted according to a common factor δ ∈ (0�1).6

Actions taken in period 2 may depend on information that is revealed during
period 1. In the first-price auction, we assume that the winner’s bid becomes
public after the auction while the loser’s bid remains private. In the second-
price auction, we assume that the loser’s bid becomes public while the winner’s
bid remains private. These bid revelation assumptions make the first-price auc-
tion strategically equivalent to a Dutch auction (which stops at the moment
the winner’s bid is revealed) and make the second-price auction strategically
equivalent to an English auction (which stops at the moment the loser’s bid is
revealed).

We will say that the speculator plays an active role if she wins the auction in
period 1 with positive probability.

6The equilibria we construct remain valid without discounting (δ = 1), but it seems worthwhile
to emphasize that the constructions are robust to discounting. The only instance where we actu-
ally use the discounting assumption δ < 1 is in the equilibrium uniqueness proof in the first-price
auction setting.
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3. FIRST-PRICE AND DUTCH AUCTIONS WITH RESALE

In this section we construct and discuss the perfect Bayesian equilibrium of
a first-price auction with resale. Additional notation is required. Let β1 denote
bidder 1’s bid as a function of her use value and let H denote the probability
distribution for bidder 2’s (possibly randomized) bid b̃2. The probability dis-
tribution Π(·|b2) describes bidder 2’s post-auction belief about bidder 1’s use
value if bidder 2 bids b2 and wins. T(b2) denotes bidder 2’s resale offer. For all
bids b1 ≥ 0 and θ1 ∈ [0�1], bidder 1’s payoff is

u1(b1� θ1) = H(b1)(θ1 − b1)+ δ

∫
(b1�∞)

1θ1≥T(b)(θ1 − T(b))dH(b)�(1)

For all bids b2 ≥ 0, bidder 2’s payoff is

u2(b2)= Pr[β1(θ̃1) < b2]
(−b2 + (

1 −Π−(T(b2)|b2)
)
δT(b2)

)
�(2)

where Π−(p|b2)= limp′↗pΠ(p′|b2) (for all p≥ 0) denotes the posterior prob-
ability that bidder 1’s use value is less than p. The perfect Bayesian equilibrium
conditions are Bayes rule (3), optimality of the resale offer (4), and optimal
bidding (5) and (6), as shown in the following definition.

DEFINITION 1: A tuple (β1�H�T�Π) is a perfect Bayesian equilibrium for
the first-price auction with resale if

∀θ1 ∈ [0�1] and ∀b2 > 0�(3)

Π(θ1|b2)Pr[β1(θ̃1) < b2] = Pr[θ̃1 ≤ θ1�β1(θ̃1) < b2]�
∀b2 > 0� T (b2) ∈ arg max

p≥0
(1 −Π−(p|b2))p�(4)

∀θ1 ∈ [0�1]� β1(θ1) ∈ arg max
b1≥0

u1(b1� θ1)�(5)

and

Pr
[
b̃2 ∈ arg max

b≥0
u2(b)

]
= 1�(6)

where b̃2 is distributed according to H.

Proposition 1 describes the equilibrium. Condition (7) says that the bid of
any bidder-1 type θ1 equals the discounted profit of a monopolist who faces the
bidder-1 types in [0� θ1]. Bidder 2 randomizes her bid according to (8), in which
the distribution H is constructed such that bidder 1’s bid function is optimal. In
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particular, the support of H equals bidder 1’s bid range [0�β1(1)].7 The resale
offer function (10) follows from the post-auction beliefs (9): if bidder 2 wins,
then she believes that the highest losing type of bidder 1 is the type that would
have resulted in a tie.

PROPOSITION 1: A tuple (β1�H�T�Π) is a perfect Bayesian equilibrium for
the first-price auction with resale if and only if conditions (7), (8), (9), and (10)
hold:

∀θ1 ∈ [0�1]� β1(θ1)= δmax
p≥0

F(θ1)− F(p)

F(θ1)
p�(7)

∀b2 ∈ (0�β1(1)]�(8)

H(b2)= exp
(

−
∫ β1(1)

b2

1
(1 − δ)φ1(b)− b+ δT(b)

db

)
�

where φ1 denotes the inverse of β1,

∀θ1 ∈ [0�1] and ∀b2 > 0� Π(θ1|b2)= min
{

F(θ1)

F(φ1(b2))
�1

}
�(9)

where we define φ1(b2)= 1 for all b2 >β1(1),

∀b2 > 0� T (b2) ∈ arg max
p≥0

p
(
F(φ1(b2))− F(p)

)
�(10)

Several properties of the equilibrium are worth mentioning. First, the equi-
librium is essentially unique.8 In particular, there exists no equilibrium where
the speculator is not active. Second, although the speculator plays an active

7The feature that the private-value bidder (bidder 1) uses a strictly increasing bid function
while an additional bidder with no private information (bidder 2) randomizes her bid already
appears in Vickrey (1961, Appendix III). He constructs an equilibrium for first-price auctions
without resale in a two-bidder environment where one bidder has a private uniformly distrib-
uted valuation and the other has a commonly known strictly positive valuation. The structure of
Vickrey’s equilibrium differs from ours in important respects. First, the winning probability of
Vickrey’s commonly-known-value bidder tends to 0 as her valuation tends to 0, while the spec-
ulator wins with a positive probability even though her use value equals 0. Second, Vickrey’s
commonly-known-value bidder obtains a strictly positive equilibrium payoff, while the speculator
obtains 0. Third, in Vickrey’s equilibrium the private-value bidder wins the auction with proba-
bility 0 if her valuation is sufficiently close to 0, while in our equilibrium every nonzero type wins
with positive probability.

8If condition (10) is satisfied for two functions T = T ′ and T = T ′′, then Pr[T ′(b̃2) =
T ′′(b̃2)] = 1, where b̃2 denotes a random variable with distribution H . This follows because Edlin
and Shannon’s (1998) strict monotone comparative statics techniques show that the arg max cor-
respondence from which T is selected in (10) is strictly increasing and thus its set of points of
multiple-valuedness is countable (and thus has measure 0 according to H).
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role, speculation is not profitable: bidder 2’s payoff equals 0 because bidder 1’s
bid function (7) is such that, for all bids b in the range of bidder 1’s bid func-
tion, bidder 2’s discounted resale profit equals b if she bids b. Third, the final
allocation is inefficient with positive probability, even in the limit δ → 1.9 The
reason is that, because the losing bid remains private, bidder 1 retains some
private information when she enters the resale market, so that with positive
probability the resale offer is unacceptably high.10 Because in the absence of a
resale opportunity the allocation would be efficient, we obtain the conclusion
that a resale opportunity can be detrimental to efficiency.

The proof of Proposition 1 can be summarized as follows. The core step is
to show that in any perfect Bayesian equilibrium bidder 2’s payoff equals 0.
Bidder 2’s payoff is, for each possible bid, determined by the set of bidder-1
types against which the bid wins. Hence, the 0-payoff condition for bidder 2
determines a unique strictly increasing bid function for bidder 1. Finally, there
exists a unique bid distribution for bidder 2 such that no bidder-1 type wants
to deviate from her bid.

Lemma 1 contains the main insight toward establishing the zero-profit claim
for bidder 2. The lemma shows that bidder 2 makes, with positive probability,
arbitrarily small bids. If bidder 2’s bid distribution has an atom at the infimum
bid b, the proof is as follows. Suppose that b > 0. Because no bidder-1 type bids
higher than her use value, the bid b > 0 wins with positive probability. Hence,
to avoid expected losses for bidder 2, the resale price T(b) must exceed b/δ,
and there must exist some bidder-1 types greater than T(b) who are overbid
by bidder 2’s bid b in the auction and accept the resale price T(b). For these
bidder-1 types it is profitable to deviate to a bid slightly above b. In doing so,
they win against bidder 2’s bid b and avoid the higher discounted resale price
δT(b)—a contradiction. If bidder 2’s bid distribution has no atom at b, the
proof is similar, but some limit arguments are needed; a detailed proof is given
in the Appendix.

LEMMA 1: A tuple (β1�H�T�Π) is a perfect Bayesian equilibrium for the first-
price auction with resale only if H(b) > 0 for all b > 0.

PROOF OF PROPOSITION 1: We begin with the “only-if” part. The first step
is to show that bidder 2’s payoff U2 = 0 in any perfect Bayesian equilibrium.
Suppose to the contrary that U2 > 0. By Lemma 1, arbitrarily small bids yield

9An inefficiency would also occur in an model without resale if bidder 2 had a commonly known
strictly positive use value, but the equilibrium outcome would still be qualitatively different from
that of Proposition 1; cf. footnote 7.

10This is not saying that the final allocation would be efficient if the losing bid were revealed.
Krishna (2002, Section 4.4) considers first-price auctions with two asymmetric private-value bid-
ders where the loser’s bid is revealed and the winner can make a take-it-or-leave-it offer to the
loser. Krishna shows that the anticipation of resale prevents bidders from using strictly increasing
bid functions. Thus, bidders retain some private information when they enter the resale market.
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the positive payoff U2. Hence, a positive mass of bidder-1 types must be bid-
ding 0. However, an argument similar to that in the proof of Lemma 1 shows
that for some of these types it is profitable to deviate to a small positive bid—
a contradiction.

Bidder 1’s bid function β1 is strictly increasing and continuous (so that it
has a continuous inverse φ1),11 and every positive type bids lower than her use
value (because she cannot sell the good at any positive price). Hence, bidder 2’s
post-auction beliefs Π satisfy (9) and her resale price function T satisfies (10).
Therefore, bidder 2’s payoff function (2) is given by

∀b2 > 0� u2(b2) = F(φ1(b2))

(
−b2 + δmax

p≥0

F(φ1(b2))− F(p)

F(φ1(b2))
p

)
�(11)

Bidder 2’s bid distribution H has the support [0�β1(1)].12 By Berge’s maxi-
mum theorem, u2 is continuous. Hence, any bid in the support of H yields an
equilibrium payoff of 0. That is,

∀b2 ∈ [0�β1(1)]� u2(b2) = U2 = 0�(12)

Formula (7) is straightforward from (11) and (12).
Finally, H is determined by the condition that the bid function β1 is locally

optimal. For any b ∈ (0�β1(1)), consider the effect of a marginal bid increase
of type θ1 = φ1(b). With marginal probability H ′(b), she gains the auction win-
ning payoff θ1 − b and loses the resale payoff θ1 − T(b), and with her winning
probability H(b) there is a marginal increase of her auction payment. There-
fore, her first-order condition is

0 = ∂u1

∂b
(b�θ1)

∣∣∣∣
θ1=φ1(b)

(13)

= H ′(b)
(
φ1(b)− b− δ(φ1(b)− T(b))

) −H(b)�

This yields a differential equation for H, which together with the boundary
condition H(β1(1)) = 1 has the unique solution (8). The above argument is
incomplete because one cannot assume that H is differentiable. However,
revealed preference arguments for bidder 1 can be used to show that H is

11All this follows from standard arguments. Using δ < 1 one shows that bidder 1’s payoff func-
tion (1) has strictly increasing differences; hence β1 is weakly increasing. If β1 had a flat part,
optimality of bidder 2’s bid distribution (6) would prevent her from making bids just below the
flat part, which contradicts the optimality of β1. If β1 had a jump, bidder 2 would also not bid
in the resulting gap of bidder 1’s bid distribution, which contradicts the optimal bidding condi-
tion (5) for types just above the jumping type.

12The upper end of the support is β1(1) because no bidder will bid higher than necessary to
win for sure. The lower end is 0 by Lemma 1. If the distribution had a gap, some bidder-1 type
would be bidding unnecessarily high.
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Lipschitz continuous on [b′�β1(1)] for all b′ > 0, so that H is differentiable
almost everywhere and the above arguments go through.

The main step in the proof of the “if” part of Proposition 1 is that bidder 1’s
payoff function (1) is quasi-concave so that bidder 1’s bid function (7) is glob-
ally optimal. The proof is straightforward. Q.E.D.

REMARK 1: If the initial seller sets a small reserve price (or if it is costly to
submit a strictly positive bid), then the speculator still plays an active role in
any equilibrium. A reserve price that is revenue maximizing in the absence of
resale will shut out the speculator because this price exceeds the resale profit
even if the speculator wins the initial auction for sure.

REMARK 2: The equilibrium remains valid when there are multiple specu-
lators. Abstaining is optimal for a second speculator because she obtains the
same zero payoff as bidder 2 from any bid in [0�β1(1)].

REMARK 3: The equilibrium construction of Proposition 1 can be extended
to environments where bidder 2 has a known use value θ2 > 0. Two properties
of the equilibrium are worth emphasizing. First, the initial seller’s revenue is
higher than in the absence of a resale opportunity if δ is close to 1. Second,
bidder 2’s payoff is strictly positive, but tends to 0 as δ → 1. To see the revenue
claim, observe first that if a bidder-1 type below δθ2 wins the auction, then she
will offer the good for resale to bidder 2 at price θ2. Hence, a Bertrand argu-
ment shows that δθ2 is a lower bound for the winning bid in the auction. In
the absence of a resale opportunity (see Vickrey (1961, Appendix III) for the
construction of an equilibrium; cf. footnote 7), bidder 2’s highest equilibrium
bid b < θ2. Hence an upper bound for the winning bid is given by b < δθ2 if δ is
close to 1. To see the second property mentioned above, concerning bidder 2’s
equilibrium payoff, one first uses an argument similar to that of Lemma 1 to
show that the lower end of bidder 2’s bid distribution b < θ2. Because with bid
b ∈ [δθ2� θ2] bidder 2 does not win against the types above b, bidder 2’s payoff
cannot exceed F(b)(θ2 − b). On the other hand, the expression F(b)(θ2 − b)
is a lower bound for bidder 2’s payoff with any bid b ∈ [δθ2� θ2] because the
bidder-1 types above δθ2 will not bid higher than their use values. Hence, bid-
der 2’s payoff equals maxb∈[δθ2�θ2] F(b)(θ2 − b), which is positive and tends to 0
as δ → 1.

4. SECOND-PRICE AND ENGLISH AUCTIONS WITH RESALE

In this section we construct and discuss a continuum of pure-strategy perfect
Bayesian equilibria for second-price auctions with resale, in which the specula-
tor plays an active role. Here, β1 denotes bidder 1’s bid as a function of her use
value and b̂2 denotes bidder 2’s bid (in contrast to the first-price auction set-
ting, we do not consider randomized bidding by the speculator because it is not
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needed for the equilibrium construction). For any bid b1 ≥ 0 by bidder 1, the
probability distribution Π(·|b1) describes bidder 2’s post-auction beliefs about
bidder 1’s use value if bidder 2 wins at price b1. T(b1) denotes bidder 2’s resale
offer. For all b1 ≥ 0 and θ1 ∈ [0�1], bidder 1’s payoff is

u1(b1� θ1)=


θ1 − b̂2 if b1 ≥ b̂2,
δ(θ1 − T(b1)) if b1 < b̂2�T (b1)≤ θ1,
0 if b1 < b̂2�T (b1) > θ1.

For all bids b2 ≥ 0, bidder 2’s payoff is

u2(b2)= E
[−β1(θ̃1)1b2>β1(θ̃1)

+ δT(β1(θ̃1))1b2>β1(θ̃1)�θ̃1≥T(β1(θ̃1))

]
�(14)

The perfect Bayesian equilibrium conditions are Bayes rule (15), optimality
of the resale offer (16), and optimal bidding (17) and (18), as shown in the
following definition.

DEFINITION 2: A tuple (β1� b̂2�T�Π) is a perfect Bayesian equilibrium for
the second-price auction with resale if

∀θ1 ∈ [0�1]� b1 ≥ 0�(15) ∫
[0�b1]

Π(θ1|b)dG(b)= Pr[θ̃1 ≤ θ1�β1(θ̃1) ≤ b1]�

where G denotes the distribution function for β1(θ̃1),

∀b1 ≥ 0� T (b1) ∈ arg max
p≥0

(1 −Π−(p|b1))p�(16)

where Π−(p|b1)= limp′↗pΠ(p′|b1) denotes the posterior probability that bid-
der 1’s use value is less than p,

∀θ1 ∈ [0�1]� β1(θ1) ∈ arg max
b1≥0

u1(b1� θ1)�(17)

and

b̂2 ∈ arg max
b2≥0

u2(b2)�(18)

Proposition 2 describes the equilibria. Bidder 1’s bid function (19) is such
that all types below some fixed parameter θ∗ pool at the bid 0 (or, equivalently,
abstain from the auction), while the types above θ∗ bid their use values. In
particular, in equilibrium bidder 1 does not make a bid in (0� θ∗).13 Bidder 2’s

13The shape of bidder 1’s bid function—a pool of low types, a gap in the bid distribution,
and above that a strictly increasing segment—resembles the symmetric equilibrium bid functions
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bid (20) lies in (0� θ∗) and is such that the bidder-1 type θ∗ is indifferent be-
tween overbidding bidder 2 and waiting for a resale offer. Bidder 2’s resale
offer function (21) follows from her post-auction beliefs (22): If bidder 2 wins
at price 0, she believes that bidder 1’s type is chosen from [0� θ∗]; if bidder 2
wins at a price in (θ∗�1], she believes that bidder 1’s type equals the auction
price; if bidder 2 wins at an off-equilibrium price in (0� θ∗), she believes that
bidder 1’s type equals θ∗.14

PROPOSITION 2: For every θ∗ ∈ [0�1], the second-price auction with resale has
a perfect Bayesian equilibrium (β1� b̂2�T�Π) with the properties (19), (20), (21),
and (22):

β1(θ1)=
{

0 if θ1 ∈ [0� θ∗),
θ1 if θ1 ∈ (θ∗�1],(19)

b̂2 = θ∗ − δ(θ∗ − T(0))�(20)

For all b1 ∈ [0�1],

T(b1) =



∈ arg max
p≥0

p(F(θ∗)− F(p)) if b1 = 0,

= θ∗ if b1 ∈ (0� θ∗),
= b1 if b1 ∈ (θ∗�1].

(21)

For all θ1 ∈ [0�1] and b1 ∈ [0�1],

Π(θ1|b1)=



min{F(θ1)/F(θ
∗)�1} if b1 = 0 and θ∗ > 0,

1θ1≥θ∗ if b1 ∈ (0� θ∗),
1θ1≥b1 if b1 ∈ (θ∗�1].

(22)

Several properties of the equilibria of Proposition 2 are worth emphasiz-
ing. First, equilibria where the speculator plays an active role (θ∗ > 0) coexist
with an equilibrium where both bidders bid their use values so that no active

derived in Jehiel and Moldovanu (2000) and Haile (2000) for second-price auctions with a binding
reserve price in environments with positive externalities (such as the externalities arising from
resale markets with complete information). In these models, the size of the pool is determined by
a trade-off arising from the fact that the positive externality vanishes if the initial seller keeps the
good. In particular, in contrast to our model, there is no pooling in the absence of a reserve price
and there is no continuum of possible equilibrium pool sizes.

14The equilibrium with θ∗ = 1 is similar in spirit to an equilibrium constructed by Zheng (2000,
Section 5.2) for an optimal auction à la Myerson (1981) with two private-value bidders. Accord-
ing to Zheng’s construction, one bidder submits a bid that wins for sure if her value is sufficiently
high, and otherwise she abstains. The other bidder bids the reserve price if her use value is suf-
ficiently high; otherwise she abstains. Zheng emphasizes that according to his equilibrium the
resale opportunity reduces the initial seller’s revenue.
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resale market arises (θ∗ = 0). Second, speculation is profitable in any equilib-
rium with θ∗ > 0 because the speculator wins at price 0 and sells at a positive
price. In fact, Proposition 2 shows that any speculator payoff between 0 and
δmaxp≥0 p(1 − F(p)) is supported by an equilibrium. Third, the final alloca-
tion is inefficient with positive probability in any equilibrium with θ∗ > 0, even
in the limit δ → 1. The inefficiency arises because the losing bidder-1 types
pool at the same bid, which implies that bidder 1 retains some private informa-
tion when she enters the resale market. Fourth, bidder 1’s equilibrium strategy
is not weakly dominated and bidder 2’s equilibrium strategy is not weakly dom-
inated if δ is sufficiently close to 1. In particular, if δ > b̂2, then bidder 2’s equi-
librium strategy is not dominated by a strategy where she makes a bid b′

2 < b̂2

(bidder-1 types close to 1 may bid just below b̂2, in which case bidder 2’s profit
conditional on winning at a price just below b̂2 approximates δ− b̂2 > 0).15

The proof of Proposition 2 is straightforward. No bidder-1 type profits from
a deviation to a bid in (0� b̂2) because, by the off-equilibrium beliefs defined
in (22), the deviation leads to the high resale price θ∗ rather than the resale
price T(0) < θ∗ that results from bidding 0.16 By (20), all bidder-1 types be-
low θ∗ prefer bidding 0 and waiting for a resale offer to overbidding bidder 2.
The bidder-1 types above θ∗ have the opposite preference. For bidder 2, any
bid in (0� θ∗] is equally good because she wins at price 0; it is harmful to bid
higher than θ∗ because in the event that bidder 2 needs such a high bid to win,
she must sell at a price equal to her auction payment.

REMARK 4: If the initial seller sets a small reserve price r, then all equilibria
such that δmaxp≥0 p(F(θ

∗)−F(p))≥ rF(θ∗) remain valid, but if r is a reserve
price that is revenue maximizing in the absence of resale, all equilibria with
θ∗ > 0 break down. Equilibria where θ∗ is sufficiently large also remain valid
(with a slightly different value for b̂2) when it is costly to submit a strictly pos-
itive bid. In fact, such costs would bring additional stability to the equilibria
because the bidder-1 types below the resale price T(0) would find it strictly
optimal to bid 0.

15The second-price auction without resale also has a continuum of equilibria parameterized
by θ∗, where bidder 1 uses a bid function β1 satisfying (19) and bidder 2 submits the bid θ∗,
but the equilibria with θ∗ > 0 are in weakly dominated strategies and they break down if an
arbitrarily small reserve price is introduced (cf. Remark 4). See Blume and Heidhues (2001, 2004)
for a characterization of the entire set of equilibria of the second-price auction without resale in
environments with independent private values having identical support and for a proof that only
the bid-your-value equilibrium remains if an arbitrarily small reserve price is introduced.

16The off-path beliefs defined in (22) are consistent with the intuitive criterion. There exist be-
liefs different from (22) that also support our equilibria. For example, the off-equilibrium beliefs
could be identical to bidder 2’s beliefs when she wins at price 0 (this was suggested to us by Bill
Zame). More generally, our equilibria are supported by any off-equilibrium beliefs that lead to a
resale price greater than or equal to T(0).
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REMARK 5: The equilibria remain valid when there are multiple specula-
tors. Given the existence of a bid b̂2 by bidder 2, it is not profitable for a second
speculator to bid.

REMARK 6: The equilibrium construction of Proposition 2 can be extended
to environments where bidder 2 has a known use value θ2 > 0. For every
θ∗ > θ2 and δ sufficiently close to 1, there exists, like before, an equilibrium
where all bidder-1 types above θ∗ bid their use values and all types below θ∗

submit losing bids. The reason this equilibrium construction breaks down for
small discount factors δ is that it would be optimal for bidder 2 to consume the
good upon winning.

REMARK 7: None of the equilibria of Proposition 2 for second-price and
English auctions with resale yields the same final allocation (and only one
yields the same revenue) as the equilibrium of Proposition 1 for a first-price
or Dutch auction with resale. According to the equilibrium of Proposition 1,
every nonzero bidder-1 type wins the initial auction with positive probability.
However, in every θ∗-equilibrium with θ∗ > 0, all bidder-1 types sufficiently
close to 0 obtain the good with probability 0.

5. EXTENSION TO MULTIPLE PRIVATE-VALUE BIDDERS

This section summarizes the extension of our model to environments with
multiple symmetric independent private-value bidders (henceforth called reg-
ular bidders) and a speculator. Details can be found in the online supplement
(Garratt and Tröger (2006)). We assume that the value distribution F for the
regular bidders has an increasing hazard rate. After a first-price or Dutch auc-
tion, all losers’ bids remain private while the winner’s bid becomes public, and
after a second-price or English auction, all losers’ bids become public while
the winner’s bid remains private. Two possibilities for resale mechanisms are
allowed: the resale seller may use any standard auction with an optimal reserve
price or she may be a mechanism designer who uses an optimal mechanism.

We focus on equilibria such that all regular bidders use the same bid func-
tion that is strictly increasing in the winning range and such that all types who
expect to win with probability 0 bid 0. The basic result that a speculator can
play an active role and cause a distortion of the final allocation in any standard
auction remains valid, although in the case of first-price and Dutch auctions
this will depend on the number of bidders, the value distribution, and the dis-
count factor. The result that a speculator can make profits in second-price and
English auctions, but not in a first-price or Dutch auction, also remains true.

It is particularly instructive to understand why the speculator can play an
active role in a first-price or Dutch auction with any number n ≥ 2 of regular
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bidders.17 Consider a distribution F such that, except at points close to 1, the
density is that of an exponential distribution; i.e., F(θ) = 1 − e−zθ for some
z ∈ (0�1). When the point 1 is approached, the density suddenly peaks. Such
a distribution has a constant hazard rate up to values close to 1, but then the
hazard rate increases sharply. Suppose that the speculator does not play an
active role. Then all regular bidders use the standard no-resale equilibrium bid
function βI. To obtain a contradiction, we show that if the discount factor δ is
sufficiently close to 1, a profitable deviation for the speculator is to bid βI(1) in
the auction and offer the good at a price just below 1 in the resale market. The
argument is as follows. By definition of βI, the bid βI(1) equals the expectation
of the distribution Fn−1, which approximates

η(z�n) = (n− 1)
1
z

∫ z

0
τe−τ(1 − e−τ)n−2 dτ + 1 − (1 − e−z)n−1�(23)

The resale revenue approximates the probability that at least one bidder has a
use value close to 1,

ρ(z�n) = 1 − (1 − e−z)n�(24)

Using the Taylor expansion for e−z , one finds that for z ≈ 0, ρ(z�n) = 1 −
zn + o(zn) and η(z�n) = 1 − 1

n
zn−1 + o(zn−1).18 Therefore, ρ(z�n) > η(z�n)

for small z. Hence, when the discount factor is close to 1, the bid βI(1) is
profitable for the speculator, a contradiction to the claim that the speculator
does not play an active role.

A question that arises specifically in environments with multiple regular bid-
ders is whether the presence of a resale opportunity increases or decreases
initial seller revenue (the answer is trivial in environments with a single regu-
lar bidder because in the absence of resale the revenue is zero). Concerning
first-price and Dutch auctions, the answer is that resale never reduces initial
seller revenue and strictly increases it if the speculator plays an active role.
The logic is as follows. The bidding competition among regular bidders yields
the same bidding incentives as in the absence of resale, because in equilibrium
the regular bidders do not resell to each other. Moreover, resale creates no
incentive for bid shading to signal a low use value, because losing bids are not
observable. However, the speculator’s bidding adds an incentive for any regu-
lar bidder to bid more aggressively than in the absence of resale to avoid having
to buy from the speculator in the resale market. For the marginal bidder, buy-
ing in the resale market is more expensive than buying in the auction because
otherwise the speculator would be making losses.

17It is easy to find examples where the speculator does not play an active role. The uniform
distribution F together with any discount factor δ and any n≥ 2 will do.

18We use the notation o(zl) for any function ε(z) with the property ε(z)/zl → 0 as z → 0.
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In a second-price or English auction a resale opportunity may strictly in-
crease or decrease initial seller revenue. For every θ∗ ∈ [0�1], there exists an
equilibrium where all regular bidders use the bid function defined in (19) and
if θ∗ > 0, the speculator submits a bid in (0� θ∗) such that the regular-bidder
type θ∗ is indifferent between overbidding the speculator and waiting for the
resale market. In the equilibrium with θ∗ = 0 all bidders bid their use values
and the seller’s revenue is the same as in the absence of a resale opportunity.
The revenue of a θ∗-equilibrium with θ∗ > 0 is larger than the revenue of a
0-equilibrium if θ∗ is close to 0 and is smaller if θ∗ is close to 1. One can see this
by distinguishing two disjoint events that cause the revenue of a θ∗-equilibrium
with θ∗ > 0 to differ from the revenue that arises in the 0-equilibrium. Event (i)
is that θ∗ lies between the highest and the second-highest use value, in which
case revenue changes from the second-highest use value to the speculator’s bid.
Event (ii) of that θ∗ is larger than the highest use value, in which case revenue
falls from the second-highest use value to 0. If θ∗ approaches 1, the probability
of (i) becomes small and the probability of (ii) does not; this implies that ex-
pected revenue is reduced. If θ∗ tends to 0, both events’ probabilities tend to 0,
but event (i) allows one bidder’s use value to stay above θ∗ and thus becomes
infinitely more likely than event (ii). The expected payoff loss from event (ii) is
of the order of θ∗. It is thus sufficient to show that event (i) results in an ex-
pected payoff gain of the order of θ∗. Using the fact that the expected resale
payment of type θ∗ is smaller than the speculator’s bid, one obtains a lower
bound for the expected payoff difference in terms of the underlying distrib-
ution F . The payoff difference is positive of the order of θ∗ if F is uniform.
Because any continuously differentiable distribution is approximately uniform
on any small interval, the argument extends to any F .

A final result is that the presence of a resale opportunity can decrease initial
seller revenue in second-price and English auctions in an extended game where
the initial seller can set an arbitrary reserve price for the initial auction. This re-
sult shows that the impact of a resale opportunity on initial seller revenue does
not necessarily vanish in environments where both the initial seller and the re-
sale seller have access to the same class of sales mechanisms (second-price or
English auctions with arbitrary reserve prices). An appropriate equilibrium of
the extended game exists if the number of regular bidders is large enough that
the seller’s optimal reserve price in the absence of a resale opportunity, r∗, is
smaller than her resulting expected revenue in the absence of a resale oppor-
tunity, R∗.19 If the discount factor δ is sufficiently close to 1, there exists r such
that r∗ < r < δR∗. A 0-equilibrium may be played following any reserve price
r > r by the initial seller, a 1-equilibrium may be played following any reserve
price r < r, and a 0-equilibrium or 1-equilibrium may be played following the

19This is, of course, not possible in environments with a single private-value bidder; cf. Remarks
1 and 4.
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reserve price r = r. Then no matter which reserve price r ≥ 0 the initial seller
uses, her resulting revenue is smaller than R∗.
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APPENDIX

PROOF OF LEMMA 1: As a preliminary step, observe that a bidder-1 type
who wins with positive probability will not bid above her use value because she
cannot resell the good at any positive price,

∀θ1 ∈ [0�1]� if H(β1(θ1)) > 0 then β1(θ1)≤ θ1�(25)

Suppose that not H(b) > 0 for all b > 0. Then b ≡ inf{b|H(b) > 0} > 0. Let
U2 ≥ 0 denote bidder 2’s equilibrium payoff.

Suppose that H(b) = 0; i.e., no atom at b (the case H(b) > 0 is treated fol-
lowing Proposition 1). Let Θ = {θ1|β1(θ1)≤ b}. By (25),

[0� b] ⊆ Θ�(26)

For all b > b with u2(b) =U2,

0 ≤ u2(b) = Pr[β1(θ̃1) < b](−b+ Pr[θ̃1 ≥ T(b)|β1(θ̃1) < b]δT(b))�
By (26), Pr[β1(θ̃1) < b] > 0, hence

∀b > b� if u2(b)= U2 then(27)

Pr[θ̃1 ≥ T(b)|β1(θ̃1) < b]δT(b) > b�

Therefore, T(b) > b and thus

Pr[θ̃1 < T(b)|β1(θ̃1) < b] ≥ Pr[θ̃1 < b|β1(θ̃1) < b]
(26)≥ Pr[θ̃1 < b] = F(b)�

Defining ξ = 1 − F(b) < 1 and using (27), we find

∀b > b� if u2(b) = U2 then ξδT(b) > b�(28)

Let (bm)m∈N be any sequence such that bm → b as m → ∞, and let u2(b
m)= U2

and bm > b for all m. Because some type θm accepts the resale price T(bm),
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there exists a sequence (θm)m∈N such that β1(θ
m) < bm and θm ≥ T(bm) for

all m.
Fix a bid b1 ∈ (b�b/ξ). We now show that a deviation to bid b1 is profitable

for type θm if m is sufficiently large. Let m be so large that β1(θ
m) < b1. Then

u1(b1� θ
m)− u1(β1(θ

m)�θm)

=H(b1)(θ
m − b1)−H(β1(θ

m))(θ1 −β1(θ
m))

−
∫
(β1(θ

m)�b1]
1θm≥T(b)δ(θ

m − T(b))dH(b)

(28)≥ H(b1)(θ
m − b1)−H(β1(θ

m))(θ1 −β1(θ
m))

− (δθm − b/ξ)
(
H(b1)−H(β1(θ

m))
)

≥H(b1)−H(β1(θ
m))(b/ξ − b1)−H(β1(θ

m))(θ1 −β1(θ
m))�

This implies u1(b1� θ
m) > u1(β1(θ

m)�θm) for large m because H(β1(θ
m)) → 0

as m → ∞. This contradicts (5). Q.E.D.
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