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This paper proposes an auction of postage discounts.  The auction is a descending clock auction that uses successive bids to construct customized nonlinear outlay schedules (aka expenditure functions) for each bidder.
  The outlay schedules represent declining block tariffs.  Each bidder is bidding for a portion of a fixed quantity of mail pieces.  The auction ends when all available volume has been allocated, when all bidders cease bidding, or when price reaches marginal cost.  Winners are determined by the average revenue per piece associated with their bids, but each winner pays the average revenue per piece associated with the next highest bidder.  Bidders would sign a contract agreeing not to mail more than they win and not to transfer any of their winnings to other mailers (no speculators, no arbitrage).
  Although I developed this auction design for postage discounts, it is applicable to any monopolist seeking to offer nonlinear pricing to its customers.
BACKGROUND


This auction is proposed as a replacement for the Postal Service’s current practice of offering discounts on mail sent during low-volume times of the year.  This summer the Postal Service will offer discounts of 30 percent on mail volume in excess of a threshold.
  Each mailer has a different threshold, which is calculated as 105 percent of mailings in the same period last year.
  The problem with this threshold is that some mailers may be planning to mail more than 105 percent of last year’s volume without the incentive of a discount.  The Postal Service will thus give discounts on some unknown volume that would have been mailed anyhow—losing revenue on that volume.

A second problem with the current discount programs is a minimum volume requirement.  The Postal Service estimates that it incurs costs of almost a million dollars to monitor a discount program.
  It therefore does not wish to offer discounts to small mailers whose incremental contribution to profit would be small relative to administrative costs.  My auction can avoid this kind of discrimination.
  An auction would have set-up costs, but these costs would not vary much with the number of bidders.  Thus, there would be no need to exclude small bidders, and administrative costs could be spread over more bidders.  

A third problem is that mailer response to discounts seems to be inconsistent with estimated market demand elasticities.  Market demand is highly inelastic, but the response of individual mailers suggests more elastic demand.  It seems unlikely that large mailers could all have demand that is more elastic than market demand.
  The elasticities of large mailers should dominate the market elasticity, since it is a volume-weighted measure.
  It seems more likely that individual mailer elasticities are distorted by counting “anyhow” volume as a response to the discount.  My auction imposes restrictions on incremental bids that make them conform to market elasticities.

A fourth problem with the current discounts is adverse selection.  The extra five-percent volume threshold discourages mailers who might be able to increase their mailings by three or four percent while giving discounts to mailers who might have been planning to mail above the threshold without discounts.
  The rules of my auction are designed to attract any mailer who can respond to a price reduction.
CLOCK AUCTION


A descending clock auction is also known as a Dutch auction.  The “clock” displays a price rather than time.
  In a simple Dutch auction, a single item (e.g., a lot of tulips) is offered for sale.  The clock displays a price, and the first bidder to respond wins the item at the displayed price.  If no one responds, the price displayed on the clock is lowered.  The process continues until a bidder responds.  That bidder wins the item at the displayed price.

An auction for mail volume is an auction of many identical items.  The bids are not simple signals of acceptance of a price.  Rather, a bid is a quantity of pieces of mail that the bidder is willing to buy at the currently displayed price.  The first displayed price is the tariff price.  After bidders submit their quantities at the tariff price, the price on the clock is lowered.  Bidders then submit bids for additional (incremental) volume.  The process is repeated until quantity available is exhausted, no bidder increases its bid, or price reaches marginal cost.  At the end of each round, the outlay schedule for each bidder is reconstructed.  The additional quantity bid in a round is multiplied by the clock price, and a new segment of the outlay schedule is constructed by drawing a straight line from the previous quantity/expenditure pair to the new quantity/expenditure pair.
A BETTER MOUSETRAP?


How does this auction address the problems with the current discount programs?  At first blush, it would appear that a bidder could still get discounts on anyhow volume by bidding low at the tariff price and higher later on when the price has come down.  The disincentive for adopting such a strategy is the possibility of being outbid.  In order to further discourage such a low/high strategy, I impose five additional rules in my auction.
Rule number one:  a bid from any round except the first may be accepted.  One expects a clock auction to go through several rounds before ending.  When the auction ends, a bidder will have bid in one or more rounds.  Suppose a bidder has bid in three rounds beyond the first round.  Rule one says that any one, but only one, of those three bids can be accepted.  This encourages truthful bidding—underbidding runs the risk that a low bid is accepted.


Rule number two:  a winning bidder may not mail more than it wins.  This rule encourages honest bidding in early rounds.  There is always a chance that the auction ends after the second round (i.e., no bidders in the third round).  If so, any bidder who has bid low runs a risk of nevertheless being a “winner.”  That is, if the auction ended sooner than expected, a low (volume) bidder could find itself stuck with a less-than-desired quantity.  Rule number two would then limit the quantity the bidder could mail.  Bidders would presumably wish to avoid this situation and would bid more honestly.

Rule number three:  bids after the first round are for increments.  Each time the price drops, bidders respond with the new volume they want to mail at the new price.  This procedure amounts to price discrimination.  Combined with rules four and five, rule three extracts some, but not all, surplus from bidders.  This can be seen by comparing a willingness-to-pay function with the outlay schedule created by the clock auction.
A willingness-to-pay function is derived from a net revenue function (excluding postage expense).  Figure 1 shows how an individual bidder chooses the quantity it wants to mail, given a price for mail service.  The curve represents revenue net of all expenses except postage.  The straight line shows expenditures on postage, the slope of the line being the price of postage.  The distance between the curve and the line represents profit (revenue minus all expenses).  Profit is maximized by equating the slopes of the curve and the line.
Figure 2 shows construction of a willingness-to-pay function.  This function is essentially an indifference curve.  It shows quantity/expenditure pairs that preserve the profit earned at tariff prices as price is reduced.  Figure 3 adds a hypothetical outlay schedule implied by the clock auction.  Each time the price on the clock drops, the slope of the outlay schedule becomes flatter.  One might expect a bidder to stop bidding when the slope of the willingness-to-pay curve becomes flatter than the slope of the outlay schedule.  (Incremental profit would then be decreasing.)  However, a bidder might bid in this region of decreasing profit in order to increase the probability of winning (incremental profit is still positive).  A fourth figure would add a price line parallel to the outlay schedule where the bidder quit bidding.  This is the marginal price that the bidder would like to have paid for all increments of volume.  From such a line one can calculate the surplus appropriated by the Postal Service.

Rule number four:  a prescribed elasticity places an upper bound on increments.
  This rule encourages honest bids on the first round (tariff price).  The larger the bid at the tariff price, the larger each successive volume increment (at a reduced price) can be.  Choosing the elasticity is a matter of judgment.  It should be inelastic, but just how inelastic is a matter of some contention at the Postal Regulatory Commission.
  The chosen elasticity should be high enough (in absolute value) to recognize that individual mailer elasticities can vary widely around an estimate of market elasticity.  Suppose that the elasticity chosen is -0.5 and that a mailer bid one million pieces at the tariff rate.  If the price reduction for the second round was 10 percent, the incremental volume limit for this mailer in the second round would be 50,000 pieces.
  The limit would grow by five percent in each successive round.


Rule number five (participation rule):  in order to be eligible to bid in round n, a bidder must bid its maximum in round n​ – 1.  This rule is similar to the operation of a multipart (block) tariff; a lower price for marginal volume does not kick in until a customer purchases a given amount (the block) at a higher price.  In my auction, the sizes of the “blocks” are determined by the quantity bid at the opening (tariff) price and the elasticity chosen for rule four.  If each bidder bids a different quantity in the opening round, then each bidder has a different sized block.
  If a bidder does not bid his maximum, his last bid is still eligible to win if there is sufficient quantity to allocate.
QUANTITY AVAILABLE

To this point I have implicitly assumed that the Postal Service has chosen a quantity to auction that is sufficiently large to satisfy demand at the tariff price plus some quantity to be auctioned at reduced prices in one or more additional rounds.
  In order to choose this quantity, the Postal Service needs to know who the bidders will be, so that it can estimate total demand of bidders at tariff prices.  Bidders will need to preregister so the Postal Service can inspect bidders’ historical volumes.  Using historical volumes the Postal Service can project demand using demand equations and market research already in its possession.  Demand at the tariff price places a lower bound on volume to be auctioned.  The Postal Service can also project what demand would be if price equaled marginal cost.  This places an upper bound on the volume the Postal Service should offer at auction.  The closer quantity is set to demand at tariff prices, the stiffer the competition for discounted volume, but the less opportunity for profit for the Postal Service.  Judgment must be used to balance these effects.

Why choose a quantity at all?  Why not have open-ended quantity available and accept all bids?  The answer is creation of artificial scarcity.  By choosing a fixed quantity available, the Postal Service forces bidders to compete against each other for the available quantity.  Bidders have an incentive to bid closer to their true values, lest they be outbid.
INFORMATION FOR BIDDERS


All auctioneers inform potential bidders of the rules and procedures of the auction.  For my auction, bidders would be informed before the auction takes place of total quantity up for bid, the number of registered bidders, and the prices that would appear on the clock as it winds down.  Some multi-round auctions report information to bidders between rounds.  Such information can include the identities of provisional winners, the quantities the provisional winners have won, and prices that would be paid if the auction ended at that round.  Such information aids bidders in estimating the market value of the objects they are bidding for.
My auction is a private-value auction.  (There can be no market for quantities won at auction because such quantities are non-transferable.)  Nevertheless, it would be useful for a bidder to know whether it was a provisional winner and, if so, how much it was winning.  Such information would allow provisional winners and losers to adjust their bidding strategies between rounds.  Bidders would only be identified by a code number so as to deter collusion.


My auction is a private value auction.  Winners may not transfer quantities won to other mailers.  The only thing that matters to mailers is how they would use quantities won.  The only decision at each round is whether to bid the maximum allowable quantity and remain eligible to bid in the next round or to bid some lesser amount and let that be the final bid.  One piece of information could be substituted for rules three and four—the quantity not provisionally allocated at the end of each round.  Such information would allow bidders to assess their likelihood of winning if they held off bidding until later rounds (at lower prices).
WINNER DETERMINATION

My auction is a type known as a combinatorial auction.  In such an auction many items (not necessarily identical) are put up for bid simultaneously.  Bidders construct “packages” (i.e., groups) of items and submit bids for the packages.  The job of the auctioneer is to find the combination of bids that maximizes profit for the seller—in my case, the Postal Service.  This job is not a calculus problem like finding the maximum of a function.  Rather, the auctioneer’s computer must compare every possible combination of bids to find an allocation that maximizes revenue without exceeding the quantity available.  If there are ten bidders in an auction that lasts three rounds, there are 230-1, or more than a billion, combinations to compare.  Because there can be more than one winner, it is not sufficient to look for the revenue-maximizing bid.  It could turn out that two (or several) smaller bidders collectively generate more revenue than a single high bidder.

In computer science, this maximization problem is known as the “Knapsack Problem.”  As the name implies, the problem is to load a knapsack with the most valuable items without exceeding the capacity of the knapsack.  In my auction, the capacity of the knapsack is the quantity available, the items are the bids, and the value of a bid is the revenue generated by the bid.  The problem can be solved with dynamic programming.
  A quick and dirty (not necessarily optimal) solution is to rank bids by revenue per piece and choose the highest ranking bids that do not exhaust the quantity available.
  This method could be used to provide estimates of provisional winners between rounds, thus saving computational time, while the full dynamic program could be run at the end of the auction.
PAYMENTS


As indicated at the beginning of this paper, winning bidders do not pay the expenditure associated with their bids.  Rather, their total payment is the average revenue per piece of the next highest bidder times the quantity won.  This is an analog of a Vickrey (or second-price) auction for a single item.  In such an auction, the winning bidder pays the second highest bid.  This mechanism induces truthful bidding.
  In my multiunit auction with multiple winners, the “second highest” bid is found by deleting the winning bid.  For example, if a winning bidder had bid one million, then a new winner would be selected from all but the highest.  The average revenue per piece of this new winner would be applied to the one million pieces to determine the first winner’s total payment.  This process is repeated, with one more bidder being deleted from the calculations, until prices for each winner have been determined.
PRESORT TIERS


Large mailers do not pay the same per-piece price for different mailings.  The average per-piece price depends on the “quality” of a mailing.  Quality refers to depth of presort.  For example, the more of a mailing that can be presorted to five-digit ZIP Code destinations compared to three-digit destinations, the higher the quality and the lower the price.  Each presort tier has a different price, with the price reflecting the costs saved by the Postal Service as a result of mailer presorting.  Different mailers have different “quality” mailings.  The same mailer may send different “quality” mailings.  These differences need to be allowed for in an auction.

One way to conduct an auction that accounts for “quality” differences is to offer a fixed proportion basket.  The proportions could be developed from bidders’ historical volumes in each presort tier.  (Each bidder could have its own basket based on a self-declaration of proportions or on its historical “quality,” or there could be a single basket based on collective “quality.”)  The price displayed on the bidder’s clock would be the weighted average of the basket.  Winners would be allocated quantities in each presort tier according to the proportions in the basket.  If a winner “ran out” of quantity in a particular tier, it would be allowed to buy enough to go with its excess quantity in the other tiers.  The price would be determined from its bid.


A second way to account for quality differences among mailers would be to hold simultaneous auctions for quantities in each tier.  Bidders would construct packages reflecting their projected quantities at each presort tier.  Winners would not be allowed to buy extra quantity if they ran out in a particular tier (to encourage honest bidding), but winners could trade among themselves to “true up” quantities in their final mailings.

CONCLUSION


A declining clock auction offers a means to allocate a fixed quantity of postage discounts in a way that extracts monopoly profits from mailers.  Such an auction provides incentives that militate against under-bidding.  I have added some extra rules also aimed at preventing under-bidding.  The extra rules are intended to reassure regulators that winners will not receive discounts for mail they planned to send anyhow at regular rates.  
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