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We develop a methodology for analyzing the revenue and efficiency performance of auctions when
buyers have private information about their willingness to pay and ability to pay. We then apply
the framework to scenarios involving standard auction mechanisms. In the simplest case, where
bidders face absolute spending limits, first-price auctions yield higher expected revenue and social
surplus than second-price auctions. The revenue dominance of first-price auctions over second-
price auctions carries over to the case where bidders have access to credit. These rankings are
explained by differences in the extent to which financial constraints bind in different auction
formats.

1. INTRODUCTION

Auctions are used to sell goods ranging from real estate and works of art to mineral
extraction rights and timber harvesting rights. Recently, the U.S. Federal Communications
Commission (FCC) sold the rights to offer a range of products known as ‘“‘Personal
Communications Services” (PCS), raising revenue of 9 billion dollars in the process (Cram-
ton (1995b)). Auctions also occur frequently in the market for corporate control, in the
market for the services of professional athletes, in the privatization of government-
controlled firms, and as part of bankruptcy proceedings.

In this paper, we study the performance of auctions when bidders face an increasing
marginal cost of expenditure. This feature is present in a number of settings. First, a buyer
may be liquidity constrained. In government auctions, for example, sale prices are often
high relative to buyers’ liquid assets, so buyers must rely on external financing. With
capital market imperfections, the marginal cost of financing is increasing.' (The cost of
financing could simply take the form of interest payments, but it could also involve

1. Capital market imperfections have been the subject of many theoretical and empirical studies. Reasons
why internal financing may be less costly than external financing range from transaction costs, tax advantages,
agency problems, and costs of financial distress, to asymmetric information. The presence of financial constraints
and their heterogeneity across individuals have been documented empirically in individuals’ investment decisions
(Fazzari, Hubbard, and Petersen (19884, b) and Gertler and Gilchrist (1994)), in their consumption decisions
(Zeldes (1989)), and in their decisions to become entrepreneurs (Holtz-Eakin, Joulfaian, and Rosen (199%4aq, b)).
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increased creditor control over the borrower’s activities, or downgrading of his debt.”)
Second, a buyer may incur a rising opportunity cost of diverting resources away from
other productive activities when increasing his expenditure. Third, a budget constraint
may result from an agent’s moral hazard problem. Many organizations delegate acquisition
decisions to purchasing units, and budgets are often imposed to control their spending.’
Finally, budget constraints may be a device to relax competition, as in the case of salary
caps in professional sports leagues in the U.S.

The practical importance of buyers’ limited purchasing power is highlighted by a
range of empirical and anecdotal evidence. In business downturns, the prices of many
illiquid assets drop significantly.* Financial constraints can explain some bidders’ exit
decisions in the PCS auctions (see Cramton (1995a)) as well as the end-of-day drop in
prices at used car auctions (see Genesove (1993), p. 661). The existence of financial con-
straints is also reflected in auction design. The U.S. government often limits the length
and size of mineral leases, and sets some leases aside for sale to small firms.” In the
PCS auctions, for example, preferences granted to small bidders (installment payments at
favourable interest rates and a 40% bidding credit) may have increased the government’s
revenue by more than 15% (see Ayres and Cramton (1996)). Joint bidding, which is
permitted for small firms in the OCS auctions, alleviates their capital constraints (see
Hendricks and Porter (1992)). Royalty payments and rental payments, which spread
bidders’ constraints across periods, are common in mineral rights auctions. These observa-
tions motivate our study of the impact of financial constraints in auctions.

Buyers’ limited ability to pay presents a qualitatively different problem for a seller.
Suppose that a buyer’s budget constitutes an absolute spending limit. It might appear that
one can simply relabel the buyer’s willingness to pay as the minimum of his valuation and
budget. An example demonstrates that this is incorrect, however. Suppose that a seller
has an object to sell to two buyers. In the first scenario, each buyer has a budget of 2 and
a valuation drawn uniformly from [0, 1]. In this case, the budget constraint never binds,
and the first- and second-price auctions both yield expected revenue of 1/3, confirming
revenue equivalence. In the second scenario, each buyer has a valuation of 2 and a budget
drawn uniformly from [0, 1]. Although the minimum of the valuation and the budget is
distributed the same as in the first scenario, revenue equivalence does not hold here. In
this latter case, it is an equilibrium strategy for a bidder to bid his budget in both the
first- and second-price auctions (i.e. the budget constraint always binds),® so the expected
revenues are 2/3 and 1/3 in the respective auction forms.’

2. Several cable TV companies that won PCS licences were reviewed by Moody’s Investors Service for
possible downgrading of their unsecured debt. See “Moody’s—PCS Auction Hazardous To Financial Health,”
Newsbytes News Network, December 19, 1994.

3. Hart (1991) suggests that investors create long-term debt overhang to control borrowers’ incentives to
invest in bad projects when cash flows are high, which constrains their ability to invest in good projects when
cash flows are low.

4. Shleifer and Vishny (1992) cite many examples of the illiquidity costs of distress: the sale of the Campeau
retail empire brought about 68% of what an orderly sale would have brought; the rapid sale discount of the
Trump Shuttle may have been as much as 50%; and the liquidation sale discount of a typical machine tool
manufacturer’s assets is estimated to be 50 to 70% off normal prices.

5. The Outer Continental Shelf (OCS) Land Act explicitly limits the size of leases, while allowing consoli-
dation of leases after the bidding is completed, and it limits leases to five and ten years for producing and non-
producing tracts, respectively. See Bergsten et al. (1987). Setaside sales were used in timber rights auctions and
in the PCS auction (Cramton (1995a4) and McMillan (1994)).

6. Why the bidder bids no more than his budget is justified in Section 3.

7. The same point can be made for the single buyer case. Consider the two scenarios above, but with a
single buyer. In the first scenario (without a binding constraint), the optimal strategy for the seller is to make
a take-it-or-leave-it offer of 1/2. In particular, offering a menu of lotteries does not pay (Riley and Zeckhauser

(1983)). In the second scenario (with a binding constraint), the seller can raise the same expected revenue by
charging 1/2, but she can do better. While keeping the option of buying at 1/2, the seller can offer a lottery
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To see the source of nonequivalence, consider yet another example. Two buyers each
value an object at 1/2 but each has a budget, w, drawn uniformly (and independently)
from [0, 1]. In a second-price auction, it is weakly dominant for an active bidder to bid
the smaller of his budget and 1/2, which yields expected revenue of 0-292. In a first-
price auction, it is equilibrium behavior for a bidder to bid w if we(0, 1/4] and to bid
1/2—1/16w if w)1/4.® This strategy yields expected revenue of 0-385.° In fact, these
standard auctions are not optimal. To see this, consider the all-pay auction in which the
good is awarded to the highest bidder but all bidders pay their bids. In this auction form,
it is equilibrium behaviour for each bidder to bid w/2,'® which yields the maximum possible
expected revenue, 1/2—the value of the object.

In this last example, the extent to which budget constraints bind differs across auction
forms, which leads to different revenue performances. Buyers with w<1/2, buyers with
w<1/4, and no buyers are constrained in the second-price, first-price, and all-pay auctions,
respectively. Absent budget constraints, the bidders bid less in a first-price auction than
in a second-price auction, since the winner pays his bid in the former but typically pays
less than his bid in the latter. Thus, the constraints are less likely to bind in the first-price
auction. The constraints are even less likely to bind in the all-pay auction. Bidders tend
to make smaller bids there since they forfeit their bids even when they lose.

The main body of this paper generalizes these observations to a model with two-
dimensional private information in which buyers are distinguished by one parameter
representing their individual valuations of the object (“‘willingness to pay’’) and another
representing their financial constraints (““ability to pay”). Separating a buyer’s ability to
pay from his willingness to pay has two major benefits. First, it allows us to capture the
role played by the “size” of bidders. While the existing literature is largely silent on this
issue, actual auctions are full of examples where bidders’ financial strength is more impor-
tant than their valuations in determining the winning bidder, as noted above. Second, a
meaningful study of efficiency is possible with our specification. In the existing literature
on symmetric, single-unit auctions, efficiency is not an issue since the good is always
allocated to the bidder who values it the most.'' Here, by contrast, the good may not be
allocated to the highest-valuation user, but may instead go to a better-financed bidder
with a lower valuation. Moreover, the extent to which a bidder’s financial strength affects
his equilibrium bid depends on the auction form used. This latter feature yields strict
rankings of standard auctions in both expected revenue and social surplus.

that awards the good with probability 1/2 for a fee of 1/3. The buyer will still choose to pay 1/2 if his budget
exceeds 1/2. But, if his budget is between 1/3 and 1/2, the buyer will take the lottery. Thus, it is now optimal
for the seller to offer a menu of lotteries. Che and Gale (1996a) identify an optimal selling mechanism when the
single buyer has two-dimensional private information about his valuation and his budget. In sharp contrast to
the Riley and Zeckhauser (1983) result, the optimal mechanism typically involves a menu of lotteries.

8. The minimum of v and w still works as a sufficient statistic for the second-price auction, but it does
not work for the first-price auction. The equilibrium strategy in the latter is explained as follows. If the other
bidder follows the strategy, then the expected payoff is strictly increasing in the bid for bids below 1/4, so it is
optimal to bid one’s budget if w<1/4. A bid of b= 1/4 wins with probability of [16(1/2—5)]"', generating an
expected pay off of (1/2—b)[16(1/2—b)] '=1/16, so the bidder is indifferent to any bid above 1/4. This
indifference means that it does not pay to deviate from the suggested strategy if w>1/4.

9. This example assumes no reserve price, which is indeed optimal for the seller in a first-price auction.
In a second-price auction, however, a reserve price of 1/2 is optimal, and yields expected revenue of 0-375 which
is still less than that in the first-price auction.

10. Suppose that the other bidder follows the strategy. If a bidder bids b, then he wins with probability
2b, so his expected payoff is (1/2)(2b) —b=0. This indifference means that it does not pay to deviate.

11. If there is a binding reserve price, the good may not be sold. The possibility of an inefficient allocation
has been recognized in models of multi-unit auctions. Bundling of goods creates an inefficiency when a buyer
purchases a bundle containing a good that he does not value the most (Palfrey (1983)). Inefficiencies also arise
in sequential auctions (see Black and de Meza (1992) and Gale and Hausch (1994), for example).



