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Abstract

In this paper, we study the incentives for market concentration of
(online and traditional) auction houses. Would sdllers and buyers
be better off if two separate auction houses merged? We suppose
that each auction house has a separate clientele of sellers and
buyers. Sdllers vaue their (identical) units a 0, while buyers have
independent private values. Each auction house uses an ascending
auction or by revenue equivalence any auction mechanism that
alocates units efficiently among those buyers at that auction house.
If no buyers are lost upon the merger, we find that efficiency gains
increase, but that the expected sellers’ revenue increases by more
than the efficiency gains, leaving the buyers worse off. This result
extends Bulow and Klemperer’s (1996) insight that the competition
of an additional bidder increases auction revenue by more than the
ability to commit to an optima auction with one less bidder; in our
model, the extra competition created by having al of the bidders
bid against each other after the merger more than offsets any
supply effects. With an example, we show that if buyers choose
whether to participate or not, it is possible upon a merger that so
many buyers are logt, the sdlers are actually worse off. We
conclude that without transfers from sdllers to buyers, the merger
may or may not be profitable for sellers.

“We thank Andy Daughety, Luke Froeb, Han Hong, Mike Peters, Jennifer
Reinganum, Mike Shor, Quan Wen, and John Weymark for helpful comments.

"Assstant Professor, Department of Economics, Vanderbilt University, VU Station B
#351819, 2301 Vanderhilt Pace, Naghville, TN 37235-1819;
jese.schwartz@vanderbilt.edu.

"PhD. Candidate, Depatment of Economics, Vanderbilt Universty, VU Station B
#351819, 2301 Vanderbilt Place, Naghwille, TN 37235-1819; ricardo.ungo@vanderbilt.edu.



1 Introduction

How important is the number of buyers to a seller? Bulow and Klemperer (1996)
showed that a sdler with a single-unit values an extra buyer more than the ability
to commit to an optimal sdling mechanism. In particular, they show the sdler
earns more revenue using an ascending (English) auction with no reserve price
among N + 1 bidders than the seller would earn using an optimal auction with only
N bidders. We extend Bulow and Klemperer (1996) to show that a seller using an
ascending auction who has many units to sell will get more expected revenue by
sdling more units as long as the increase in quantity supplied results in a
proportiona increase in the number of buyers participating in the auction.

We develop this result to address an interesting question. Suppose there are
two auction houses (like Sotheby’s and Christie' s or eBay and Y ahoo) and suppose
each auction house has its own set of bidders." In this environment, what is the
incentive for market concentration? Ellison and Fudenberg (2002) report that
Sotheby’ s and Christie's each have around a 45% market share in auctions of fine
art, whereas eBay is by far the largest internet auction house, dominating Y ahoo or
Amazon. We show in a stark setting that the auction houses can earn more revenue
for their sdlers by merging, if their separate sets of buyers are merged. Note that
we do not model how auction houses extract payments from transactions. Instead,
we treat auction houses and sellers as identical, observing that many auction
houses charge sellers to use their auction sites, but not buyers.

Our result may shed some light on why eBay has such a dominant position in
internet auctions. But why don’'t we see a single dominant auction house for fine
art? We show that when the auction houses merge—along with their separate sets
of buyers—efficiency gains increase, but that the sellers' revenue increases by

! The assumption that each auction house has a separate set of hidders is jusified if there
exists a prohibitive opportunity cost of bidding a& two separate auction houses. At a brick
and mortar auction house, a bidder may want to be physicaly present, or for an online
auction house there may be some cost to entry. For example, to bid a eBay one must create
an account, which takes a few minutes of time. Another barier eBay uses is the reputation
of its bidders. Whenever a bidder wins an item, if it sends its payment in quickly it can
request the sdler to give it positive feedback. Alternatively, if the bidder did not send its
payment in quickly, the sdler may give the bidder negative feedback. Feedback, both
postive and negative, is kept track of and is made avalable by eBay, so that a bidder
without a sufficiently high rating may be prevented from bidding for a paticular item.
Snce a bidder’s raing in one auction house is not given & a competing auction house, a
bidder may choose to paticipate only a one auction house. And though we have no
evidence of whether or not buyers actudly choose to paticipate only a one auction house,
Goolshee and Chevdier (2002) show that buyers do not arbitrage when buying books
online from Amazon and Barnes and Noble



more than the efficiency gains, thereby leaving the buyers worse off. We use this
result to show that if buyer participation is endogenous, then upon the merger,
buyer participation may decrease by enough so that the merger is not profitable for
the sdllers after all.

The industrial organization literature treats mergers of firms differently than
we do. A common story in the industrial organization literature has a group of
Cournot oligopolists merging. The key difference in this literature is that the
oligopolists, even before the merger, share the same set of buyersin the market. In
contrast, our model assumes each auction house has a separate set of buyers before
the merger. It is ill interesting to compare our results. Salant, Switzer, and
Reynolds (1983) find that if an exogenous merger is imposed on a subset of
Cournot olipopoligts, those oligopolists can actudly be worse off than before the
merger. The firms left out of the merger respond to the merger by increasing
output, so that through reduced output or reduced price the merged firms may
suffer reduced profit. Nevertheless, if al of the firms in the oligopoly were to
merge into a monopoly, they would unambiguously earn higher profit. In our
paper, our results imply that whenever a group of separate auction houses merge—
whether they be some subset or indeed al of the auction houses—their profit will
increase, given there is no loss of buyers. On the other hand, we show with an
example, that even if al of the auction houses merge, the sellers can be worse off if
the buyers choice to participate is endogenous. Another key difference in our
study of auction house mergers and the mergers of Cournot digopolists is our
assumption on the strategic behavior of firms. Cournot oligopolists restrict supply
in order to achieve higher prices and profits; we assume, however, that selers use
efficient auctions, not restricting supply. That is, upon the merger, al of the units
from both auction houses will be sold. We make this assumption to stack the deck
against a merger being profitable. Nevertheless, we ill find that increased
competition of the buyers more than offsets the increased competition of the
sellers.

As far as we know, nothing in the auction literature treats mergers of auction
houses. Rather, the literature in auctions on mergers addresses what happens when
a group of bidders merges or forms a bidding ring. In a merger in a private vaue
auction of a single unit, the merged group of bidders acts on the highest value or
first-order datistic of the bidders in the merger, while each bidder outside the
merger acts only on its private value draw. This creates an asymmetry between the
merged bidders and the remaining bidders that makes solving for the equilibrium
in a first-price auction chalenging (for example, see Marshall, Meurer, Richard,
and Stromquist, 1994). Some of the work on these types of mergers studies how
the reduced competition may affect the auction revenues (for example, see
Weaehrer and Perry, 2001). In a merger in a common value setting, there is aso the
issue of how merged bidders can use dl of their relevant pieces of information (see



Mares, 2000). The difference between a bidding ring and a merger isin how easlly
the bidders can share their private information. With a merger it is assumed that
bidders have no problems sharing their private information, but work on bidding
rings has recognized the bidders incentives to share information (see McAfee and
McMillan, 1992).

The paper that is most closdly related to ours is Ellison and Fudenberg (2002).
They consder a smple model where buyers and sellers smultaneoudly decide
which auction house to go to, and then with their location fixed, participate in an
efficient auction. They ask whether or not two auction houses can coexist in
equilibrium, without individual buyers or sdllers having an incentive to defect to
the other auction house. They find that there cannot exist two auction houses of
dragticaly different sizes, but that there can exist two auction houses of
approximately the same size, where the difference in sizes that can coexist depends
on the distribution of the buyers values. In our paper, we take the locations of
sellers and buyers as given, but then ask whether as a group the sdllers in one
auction house wish to merge with the sellers of the other auction house, bringing
the buyers aong with them. We find that the sellers always want to merge for a
broad class of dstributions of buyers values whenever no buyers are lost upon the
merger. But there is a problem if no buyers are lost: the gains to trade increase, but
the sdlers profit increases by more than the gains to trade, leaving the buyers
worse off. This means with endogenous buyer participation, so many buyers might
be lost that sellers would be worse off and would choose not to merge. This has the
same flavor as in trade theory: even though free trade between two countries
generates gains to trade, without transfers from one country to another or without
transfers to a country’s sectors that suffer from free trade, trade agreements may
never go through.

The outline of our paper is as follows. In section 2, we introduce our model
and show that both total efficiency and total seller revenue rises if no buyers are
lost. We dso show with an example that individua sdlers in one auction house
may be worse off after the merger if the sellers in the other auction house do not
compensate them. In section 3, we consider the buyers' incentives to participate in
these auctions. We show that if no buyers are lost upon the merger, then the buyers
are worse off after the merger. We also show with an example that if a buyer's
entry decision is endogenous, then enough buyers may be lost upon the merger that
sellers may actually be worse off after a merger. We conclude in section 4.

2 The Merging of Auction Houses Increases Total Efficiency and
Seller Revenue if No Buyers Are L ost

There are two auction houses, j = A and B. Each auction house has a separate
clientele of buyers and sdlers. Sellers in auction house j supply a tota of M;



identical units. We can view auction house j as being composed of one sdller with
M; units or M; sellers each with one unit. Either way, we assume that sellers value
unitsat 0. Auction house j has N; bidders, each of whom demands a single unit. We
assume that N, > M;. As illustrated in Figure 1 below, in this section we will

consider what happens when auction house A merges with auction house B,
assuming that the merged house sdls al of the units and al of the bidders
participate.

Auction House A Auction House B Merged Auction House
M, Units + Mg Units = M, + Mg Units
N, Bidders Ng Bidders N, + Ng Bidders

Figure1: Auction House Merger

Throughout the paper we maintain an independent private values modd:
bidder n has aprivate value of v, for a unit and each v, is independently and
identically digtributed on an interval [0, U] according to distribution function F.
We assume that F is continuoudy differentisble with density f, which is
everywhere positive on its support. Bidder n is risk neutra, seeking to maximize
the expected difference between its value and the price it pays.

In this paper, we do not distinguish between auction houses and sdllers. We
view an auction house as the collection of sellers who sdll their unitsin the auction
house. Our assumption that auction houses and sdllers are identica is valid if
auction houses extract their payment from sellers, either charging entry fees to
sellers for using their auctioning services or taking some percentage of the selling
price.

We aso assume that each auction house uses an efficient auction, where if
there are M units sold those bidders who have the M highest values will each win
one unit. For concreteness, we suppose that the auction house uses an ascending
(English) auction with no reserve price, where efficiency obtains in equilibrium.?
For simplicity, we do not mode an optimal auction, though we note that al of

2 |n the asxcending (English) auction of M units, the auctioneer will continuoudy raise the
price beginning a price 0. Each bidder will depress a single button. A bidder can rdease its
button a any price, and once a button is released it cannot be depressed again. The auction
will stop a the first price p such that M or fewer buttons are depressed. Each bidder
depressng a button a this price will win one unit and will pay the auctioneer p. It is a
weskly dominant Stretegy for esch bidder to depress its button at al prices below its value
and to rlease its button if price exceedsitsvaue.



proofs remain vaid if we allow the auctioneer to use a positive reserve price (and
the optimal auction in our symmetric, independent private values mode is an
ascending auction with an appropriately chosen reserve price). Our first result
stems from the efficiency assumption:

Proposition 1: The tota gains from trade increase if auction house A merges with
auction house B.

Proof: An auction which sels M unitsto N bidders generates a total surplus of:

v e
TS(M, N) = E%é vy
m=1

bidders vaues. The propostion followsif the following inequdity holds:

, where v™ is the mi" highest (order statistic) of the N

M, . 3 Mg 3 MMy
E_|[_ é v”‘NAy+ E} é vaBy< E}_ é va“NBy.
T m=1 p T m=1 p T m=1 p

To see that this inequality holds, the following argument is instructive. One way to
generate random samples of Na and Ng draws of bidder vaues from the
digribution F is to first generate a random sample of N, + Ng draws from F and
then randomly partition this sample, putting N, values into subsample A and
putting the remaining values into subsample B. Now consider a sample of N + Ng
draws, where the redlizations are al different (any other sample does not occur
with positive probability). With the merger, the highest M, + Mg valued buyers
will be awarded units. This is the maximum surplus obtainable given these redlized
values. The only way the same surplus would arise if each auction house ran its
own auction among the bidders in its subsample is if exactly M, of the M + Mg
highest valued bidders were selected into subsample A. Any other partition would
yield drictly less surplus since at least one bidder who does not have one of the
highest My + Mg highest values would obtain a unit. Since the probability that
exactly M, of the My + Mg highest vaued bidders would be sdlected into
subsample A is less than one, the above inequality holds. Q.E.D.

Whether the auction houses wish to nerge will depend not on whether the
total surplus rises, but on whether the sellers expected revenue rises. To address
this, we first need to introduce a key function that we will use in our analysis: the
1- F(Vn)

f(va)
with the auction literature will recognize this as Myerson’s (1981) “virtua utility,”
but we prefer the Bulow and Roberts' (1989) interpretation that thisis the margina

marginal revenue of bidder n isdefined as MR(v,) =V, - . Those familiar



revenue a seller receives from bidder n. A sdller cannot extract the full value from
a buyer because the buyer has private information. An assumption that is common
in the auction literature and that our anadysis dependson is:

Assumption 1 (regularity condition): F issuch that MR (¥ is dtrictly increasing.

This assumption, which we maintain throughout the paper, will alow us to
express the sellers’ expected revenue in a convenient way for our analysis.

Revenue Equivalence Theorem (Myerson (1981), Engelbrecht-Wiggans
(1988)): Consder any sdling game with M units and N bidders. Then in any
equilibrium such that the units are awarded efficiently and such that a bidder with
value 0 has an expected payoff of zero, the expected sdllers’ revenueis:

SS(M, N) = |\/|E{vM +l:N} o)

And if F(¥ sdtisfies the regularity condition, then we can also express sdllers
expected revenue as.

SS(M, N) = Eg MR(V™) . )

m=1
Proof: See appendix.

Equation (1) is smply the revenue from an ascending (English) auction. In
this auction each bidder has a weskly dominant strategy of bidding sincerely
(depressing the button until the price reaches its value and then releasing the
button). In this equilibrium, the units will be awarded efficiently and the price will
be the value of the M + 1% order statistic. A stronger version of revenue
equivalence for single unit auctions was shown by Myerson (1981).> Engelbrecht-
Wiggans (1988) extended revenue equivalence to multiple-unit auctions. Bulow
and Roberts (1986) expressed revenue equivalence for a single-unit auctionsin
terms of margina revenue, and Bulow and Klemperer (1996) used the regularity

3 In sronger versions of revenue eguivaence, the assumption of private vaues is not
cucid nor are the assumptions of identicd and regular digtributions, but independence of
the dgnds is crucid. Further, revenue equivaence across auction formats does not reguire
an dfficient dlocation. More generd versons of revenue equivdence say that each buyer's
expected payment is a function solely of that buyer's probability of winning a good and the
expected payment it makes when its vaue is a the lower end of its support. See Klemperer
(2999) for more discussion on revenue equivaence.



condition to derive the formula for seller revenue given in equation (2). Bulow and
Klemperer (1996) do not explicitly state the expression in (2) for M > 1 units, but
certainly recognize it (see pages 592-593). Because our paper hinges on this resullt,
we provide a proof, but we relegate it to the appendix since thisis a standard resuilt.
The only innovation—and innovation is too strong a word—that we provide in our
proof is expressing the formula for revenue in equation (2) using order statistics.
By the Revenue Equivaence Theorem, the sdller revenue is pinned down by the
efficient assgnment, so the seller revenue will be identical whether the efficient
assignment results from an ascending (English) auction, a pay-your-bid auction, an
M + 1% price auction, or individud sdlers smultaneously running English
auctions.*
We now state our main resullt.

Proposition 2: The total expected revenue increases if auction house A merges
with auction house B.

Proof: Using equation (2), we need to show

.\[ 9" i i e il iMAgMB i
Eia MRV™)y+Ei @ MRV™e)y<Ei q MRV™™Me)y.
T m=1 b Tm b T ma b

This inequality can be demonstrated by applying the same argument used in the
proof to proposition 1 to the random variables MR(v,, ) rather than v, noting from
the regularity condition that MR(v,) is gtrictly increasing. Q.E.D.

Using proposition 2, we next state the following corollary, so that this result
can be more easily interpreted in comparison to the Bulow and Klemperer (1996)
result that a seller gets less expected revenue with an optimal auction among only
N bidders than it does with an efficient auction among N + 1 bidders.

* In a pay-your-bid auction for M; units, dso known &s a discriminatory auction, each
bidder submits a seded-bid. If a bidder submitted one of the highest M; bids, it wins an
object and pays its bid. If M; = 1, then this is known as a firg-price. In an M; + 1% price
auction, each bidder submits a seded-bid. If a bidder submitted one of the highest M; bids,
it wins an object and pays the M; + T highest bid. This type of auction is known as a
Vickrey auction. Peters and Severinov (2001) and Bansa and Garg (2001) show that an
efficient equilibrium is gpproximately obtained if each sdler in the auction house
smultaneoudy runsits own English auction and the bidders can bid across these auctions.



Corollary 1: If | isaninteger with | > 1, then

SS(M, N) < SS(I M, | N).

The corallary indicates that the seller does better by increasing its supply if by
doing so there is a proportiona increase in bidders. The corollary results from
proposition 2 by setting Ma =M, Na =N, Mg=1 M-M, and Nz =1 N-N.

The result that a merger will take place relies on two key assumptions. The
first assumption is that upon merging, the sets of buyers are merged as well: no
buyers are lost after the merger. We relax this assumption in the next section. The
second assumption is that sellers in the separate auction houses are able to share
their gains to make al of the sdlers in both auction houses better off. If, on the
other hand, we view each auction house as a separate collection of sdllers, and if
each sdler in an auction house with M units is only entitled to receive 1/M of
revenue for each unit that it sells, then sellers in one auction house may be worse
off after the merger even though total revenue increases. Thus, if sellers are unable
to share the gains from merging, the merger will not be feasible. The following
exampleillustrates this.

Example 1: Let the buyers values be uniformly distributed on [0, 1] so that F(v) =
v and f(v) = L Wewill say that an auction house with M units uses a proportional
payment rule if each seller receives 1/M ™ of the revenue for each unit it supplies.
Using equation (1), under the proportiona payment rule each seller expects a price
of EvV" " "N per unit it supplies. With the uniform distribution, it can be shown that

M+]_'N=N'M

Ev . It follows that sellers in auction house A gain by the merger if
and only if: Na- My oNa#Ng-Ma-Me s congition can be expressed as:
Ny +1 Ny +Ng +1

Ng . Na+1 . . . . , .
—=3 2= Likewise, the sdlers in B gain by the merger if and only if:
Mg M, +1

Ny ., Ng+1 . L .
—=3 == |f wethink of N/M as a measure of the competition in an auction
M, Mg+l

of M unitsto N bidders, then we can say that sellersin one auction house want the
merger if and only if the competition in the other auction house is sufficiently high.
If, for instance, My =1 and Mg =2, and N, = Ng , thenthe sdller in A will not want
to merge with the sellersin B under the proportiona payment rule. We summarize
this example with the following remark:



Remark: Assuming that auction houses use a proportiona payment rule, a merger
may make some sellers worse off. If any seller can block the merger, it is possible
that the two auction houses will not merge.

Compare our example with Ellison and Fudenberg (2002), who find that
under the proportiona payment rule, two auction houses cannot coexist if the ratio
of buyers to unitsis too different. In contrast, our example shows that auction sites
do not want to merge (so that they will coexist) if their ratio of bidders to units is
too different. The difference in our models is that we ask whether as a group, the
sdlers in one auction house want to merge with the sellers in another auction
house; whereas, Ellison and Fudenberg (2002) ask if any individua seller would
defect from his auction house to sell his unit at the other auction house.

3 Bidder Participation

In the prior section, we have found that auction houses aways have an incentive to
merge if by doing so no buyers are lost and if the greater surpluses redlized after
the merger can be redistributed in such away that no individual seller is worse off.
In this section, we will show that under a stronger assumption than the regularity
condition the buyers will be worse off after the merger, assuming no buyers are
lost. We then will alow for bidders to choose whether to bid or not, where bidding
will cost ¢.° In this environment, we will show with an example that enough
bidders might be lost so that a merger is not profitable for the sdllers. First, we
make the following assumption:

Assumption 2 (Monotone Hazard Rate): Assume that f(v)/[1— F(V)] is strictly
increesng in v.

Remark: Any digribution F(3¥ that has the monotone hazard rate necessarily
satisfies the regularity condition. As examples, the uniform distribution has the
monctone hazard rate, while the exponentia distribution does not have the
monotone hazard rate, but does satisfy the regularity condition.

We next show that buyers do not favor the merger.
Proposition 3: If F satisfies the monotone hazard rate and if no buyers are lost if

auction house A merges with auction house B, then the buyer surplus decreases
upon the merger.

® Levin and Smith (1994) modd entry in the same way we do here: before bidding, a bidder
must pay c to learn its private information.



Proof: Define buyer surplus in an auction with M unitsand N bidders as BS(M, N)
=TSM, N) — SS(M, N). From propositions 1 and 2, we have:

¥ M

BS(M, N) = E}:é v - MR(vm:N)g

& 1- F(V)d:,‘l m:N
V- ¢V- ) _muf (V)av

1- F(v)

where F (v) = is the inverse of the hazard rate. The last equality follows

because the hazard rate is monotone. In other words, BS(M, N) is the expected
value of the sum of the M lowest of the F (v)’s. By the same logic used in the
proof of propogition 1, BS(Ma, Na) + BS(Mg, Ng) > BS(Ma + Mg, N4 + Ng) since the
merged auction selects out the M, + Mg lowest F(v)'s, while the separated

auctions sometimes selects higher F (v)’s. Q.E.D.

The gist of propostion 3 is hat upon the merger if al the buyers reman
active, then the total buyer's surplus decresses. If buyer participation is
endogenous, it then stands to reason that after the merger there may be less bidders
than Na + Ng. In the following example, we show that the loss of bidders may be
severe enough that the merger will not take place.

Example 2. Again, let the buyers vaues be uniformly distributed on [0, 1]. Let ¢
> 0 be the cost a potential bidder must pay to draw its value from F. For an auction
that sdls M units efficiently, denote by N(M, c) the number of bidders which
participate in the auction. This can be calculated as the largest value of N such that
buyers earn nonnegative profit:

BS(M,N) , o> BS(M, N +1)
N N+1

10



Note that BS(M,N)=TS(M,N)- S(M,N)=E}geé N MVM+IMH. Using
Tem=1 o

N-M

that BN = N1 for the uniform distribution, it can be shown that

BS(M,N) _ MMM *1) \pether the sellers will benefit by a merger will depend
N 2N(N +1)

on the number of bidders that choose to participate. Below we consider two
scenarios.

(i) Fewer bidders and sellers are better off: Let My = Mg =1 and %< cE

% . Inthis case, N(1, c) = 4 so that each auction house has 4 bidders without the

merger, but only N(2, ¢) = 7 bidders after the merger. The merger results in losing
one of the eight bidders, so that with the merger the expected price is 0.625, but
without the merger the expected priceis 0.6.

(i1) Fewer bidders and sellers are worse off: Let My = Mg =1 and 2—3(’)<c£

%. In this case, N(1, ¢) = 2 so that each auction house has 2 bidders without the

merger, but only N(2, ¢) = 3 bidders after the merger. The merger results in losing
one of the four bidders, so that with the merger the expected price is 1/4, but
without the merger, the expected priceis 1/3.°

® In this example, we have exploited the fact that the number of bidders in an auction is an
integer. Now we show that if we drop this integer redtriction, even with endogenous entry,
the sdlers dways prefer a merger. Dropping the integer redtriction, N(M, c) is determined
L M(M +1 .
implicitly by: C:¥. In order for N > M, we assume that ¢ < 05. Taking the
2N(N +1)
N(c,M)- M
N(c,M)+1
-1 M+1 2M+1 M(M +1
+ . Subdtituting in czg
N+1 (N+1)22c(2N +1) 2N(N +1)
-1 1 &&82MN+N©O L e . o
+ =, which is tive snce N >M. That is, the expected price is
N+1 N+1&2MN+M g Pos peced P
increesing in M, o that the sdlers dways want to merge.

derivative of the expected price the sdlers receive with respect to M gives

samplifying  gives

11



It is also easy to derive scenarios where no bidders are lost upon the merger,
so that proposition 2 implies that sellers would favor the merger. It follows that
whether auction houses merge or not is ambiguous. Our conclusion from this
example is that whether the sdllers will want to merge will depend on how many
bidders will be lost upon the merger. This conclusion is based on the buyers
aurplus arisng endogenoudy through the efficient auction—we have allowed for
no transfers from sellers to buyers.

4 Concluson

In this paper, we have shown that sellers in separate auction house with separate
sets of bidders can increase their expected revenue if their auction houses merge,
assuming that no bidders are lost upon the merger. We have aso shown that the
buyers surplus would decrease upon the merger if no bidders are lost. Allowing
for endogenous bidder participation, we showed with an example that whether
seller revenue will increase upon the merger will depend on how many bidders are
lost.

Another result obtained is that a seller who is thinking about increasing the
quantity it sells should aways do so if the increase in quantity attracts a
proportional increase in bidders. But what if the seller faces a constant marginal
cost of supplying additional units? To address this question we borrow a result
from Ellison and Fudenberg (2002); they showed in their propostion 2 that:

TS(M,N) _TS(l M, N)

M | M
digtribution of the buyers vaues follows the monotone hazard rate, our

BS(M,N) _

where | > 1 is an integer. Assuming that the

BS(Il '\I<I/I,I N) . Together, these imply that:

SS(m, N) < SS(II |\I<I/;I N) . This result strengthens our corollary 1. Not only does

seller revenue increase when supply is increased, but the seller revenue per unit
increases as supply is increased. A sdller with a constant marginal cost of
production would want to increase supply as long as the increase results in a
proportiond increase in bidders. This result has some of the flavor of Bulow and
Klemperer's (1996) result that a sdller values competition more than its ability to
commit to an optimal auction.

In our model for this paper, we have considered an efficient auction
mechanism. If we would have alowed an auction house to use an optimal auction
among its bidders, then the conclusion that the auction houses gain by merging
would be trivia, when not alowing for endogenous bidder participation. The
merged auction house can always replicate the separated auction procedures to get

proposition 3 implies that

12



the same revenue. We view the efficient auction as stacking the deck against the
selers as far as possible, and even so, we have shown that additional competition
of bidders brought about by the merger more than outweighs any additional
competition by sellers (through increased supply) brought about by the merger.

To keep our paper smple, we have assumed an independent private values
model. Our intuition is that our results would be even nore pronounced in the
affilialed environment of Milgrom and Weber (1982). In this affiliated
environment Bulow and Klemperer (1996) show that an extra bidder stimulates
revenue even more than in an independent private values model.

In this paper, we have assumed that sdllers and the auction house they sl in
are identical, so that the auction houses wanted to merge whenever this increased
the sellers expected revenue. We leave for future work to study how auction
houses are middlemen between sdllers and buyers, and whether an auction house's
goa should be to maximize sdler revenue (from which they can extract their
payments for auctioning services).

5 Appendix

Proof of Revenue Equivalence Theorem The following proof uses the techniques
Myerson (1981) used in showing revenue equivalence in single-unit auctions. A
nice textbook treatment of revenue equivalence for single-unit auctions is in
Krishna (2002), and we follow that treatment somewhat. Consider any auction.
Denote bidder n’s equilibrium srategy by s.(v,). Define the bidder’s probability of
aunit as g,(s,(v,)) and define the bidder’s expected payment as X, (s,(v,)) given
each player uses its equilibrium strategy. Then the bidder’s expected payoff in
eqilibrium is @, (s, (v,)) v, X,(s,(v,) . Now define gq,(v,) =,(s,(v,)) and
X, (V) =X, (s,(v,)), SO that the bidder's expected payoff in equilibrium is
U, (v,) ° 0, (V)V, - %,(V,) - Since no player wants to deviate in an equilibrium, it
is necessary that U, (v,) =max q,(2)V, - X,(2) . Because q,(2)v, - x,(z) isan
affine function of v,, U,(v,) is convex and absolutely continuous. Using an
envelope theorem, we have Un¢(vn) =0q,(v,) (Milgrom and Segd, 2002, provide
such an envelope theorem). Since U, (v,) is asolutely continuous, we may apply

the Fundamental Theorem of Calculus to get: U (v.) :Un(0)+(‘gvn q,(t)at.
Equating our two expressons for Un(Vn), we have

a, (v, )V, - x,(v,)=U_(0)+ d"qn(t)dt. What we have shown is that for any
equilibrium to any auction, each buyer’'s expected payment is a function only of
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the payoff the lowest type of that buyer obtains and the function that determines
the probability that bidder gets the good. But under the hypothesis of the theorem,
an efficient allocation determines the probability that the bidder obtain a good. In

paticular: q,(v,) = Q Q,(v,,v. ) f(v.)dv_,, where Q, (Vi V.,) is afunction that

equals 1 if v, is among the M highest values of v ° (v,, v.,) = (v, ..., vy) and O
otherwise. Setting U,(0) = 0 which means that the expected payment is zero for a

buyer who does not value a good at al, we have: x.(v,)=q,(v,)Vv, + QV q,t)dt.
The seller’ s expected revenue from bidder n is.

ED% ()] =) Gl Vo T4, - ) ) O)F (4 )dlch,

U
\

= Q G ()Y, = () O GO F (),
=Q GV, f (W)Y, - Q) a(O(L- FO Xt
= MROV) ()9 (% ),

where we have switched the order of integration to get the second equality.
Summing over each bidder’ s expected payment we have:

N

SS(M,N) =§ Q MR, )&, () (v, ),

n

N
Qo=

OMR(, R, 0)f (V) o

S
IR

B8 MRV, 1R, 0)f (1)
- Qg“;{ MR(V™) f(v) dv

=1

o

)
:E’}a MRV™)

where the second to last equality uses the regularity assumption that says that a
person with the mi" highest value has the m" highest margina revenue. This

establishes equality (2) stated in the theorem. Equality (1) results by noting that
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one auction that satisfies the assumptions of the theorem (efficiency and that the a
bidder with value 0 has an expected payoff of Q) is the ascending auction. In this
auction each bidder will bid up to his value, and the auction will end as soon as the
M +1% bidder drops out. Each of the M remaining bidders will win a unit and pay
the auctioneer thisprice, V' . Q.E.D.
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