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Abstract

A type of auction is explored for the dispersal of tradable emissions permits in which the number of permits sold depends on the going price at the auction. Instead of bidding a single price, polluters bid quantity vs price curves. Rational polluters are shown to bid their marginal abatement cost curves. These curves are aggregated by the auction process and intersected with marginal damages. The price and quantity of the auction are the price and quantity of the intersection. Unlike flat emissions taxes, tradable emissions permit grants, or fixed-quantity auctions, the efficiency of this scheme does not rely on regulators accurately estimating the aggregate marginal abatement cost curve. Extensions, including allowing mitigators in the auction, and ways to tackle monopsony of permits, are discussed.

1. Introduction
I have discovered that the ideas in this paper are not new – see for example footnote 9 on page 10 of Kaplow, Louis & Steven Shavell, On the Superiority of Corrective Taxes to Quantity Regulation, http://www.law.harvard.edu/faculty/shavell/pdf/4_Amer_Law_Econ_Rev_1.pdf. (American Law and Economics Review, Volume 4, Number 1, Spring 2002, pages 1-17). I still think it is a good idea, but from an academic point of view an old unused idea is not as interesting.
The pollution tolerance of the environment is a common good, and is frequently overused by entities maximizing private gains. Internalizing this externality in an efficient and practical manner is a critical step towards improving environmental quality at minimal cost. The author develops a novel type of auction to distribute an efficient number of permits without requiring an estimate of aggregate marginal abatement costs. The analysis is based on the marginal damages/marginal abatement costs model of pollution. The following two paragraphs, which are based on Barry Field's environmental economics textbook [1], describe that model and use it to analyze several pollution control policies.

Efficient pollution control schemes typically work by requiring polluters to acquire permits proportional to the emissions rate. These permits can be distributed in a variety of ways [1, Ch 12-13] They are typically either sold at a fixed price (effluent taxes) or a fixed quantity is auctioned or given away.

Pollution permits (for a particular pollutant) can be modeled using the laws of supply and demand. Polluters demand pollution permits only to the extent that buying permits is cheaper than cleaning up, so the demand of permits by polluters is called marginal abatement costs (MAC). The supply of permits is provided by society as a whole, through the marginal damages (MD) that emissions have on the rest of society. The damages plus aggregate abatement costs are minimized when aggregate MAC equals MD [Figure 1]. Every polluters' MAC must also equal every others' for efficiency. Many pollution control techniques, such as technology controls [1 ch 11], fail to achieve these basic criterion for efficiency and will not be discussed further. 

Fixed-price and fixed-quantity schemes require regulators to determine in advance the price or quantity of permits to be sold. Efficiency is guaranteed if regulators correctly estimate aggregate marginal abatement cost (AMAC) and marginal damages (MD), and choose the price (for fixed-price schemes) or quantity (fixed-quantity schemes) of the intersection of AMAC and MD. [Figure 1] This method has a significant drawback: polluters have an incentive to lie about abatement costs. If the quantity is fixed, industry has an incentive to exaggerate abatement costs to increase the number of permits. Figure 2 shows this, where AMACE is the regulators estimate of AMAC. The incentive for the polluter and the dead weight loss for society are colored. When regulators use an excessive estimate for AMAC, regulators issue q permits, more than the optimum q*. If price is fixed (instead of quantity), industry can be expected to understate abatement costs to reduce the tax rate [Figure 3]. Either way, society as a whole is worse off than if the regulators used a correct MAC estimate. The core problem is that these schemes present a supply curve for emissions permits of the wrong shape: a horizontal or vertical line.

An auction with a minimum bid has a staircase supply curve. [Figure 4]. If demand at quantity zero is less than the minimum bid, no units are sold. The supply curve is then perfectly elastic, as any number of units, up to the number that are auctioned, will be sold for the minimum bid. After the number to be auctioned is exceeded, supply is perfectly inelastic. Bids are square.

I propose a type of multiple-unit auction that replaces the stair-step supply and demand in a traditional auction with many stair-steps, approximating smooth curves. Polluters bid demand curves, instead of a single price point. This type of auction allows the supply and demand to be any non-decreasing function of quantity. The optimal quantity of permits are sold, without requiring an explicit AMAC estimate.

2. The Variable-Quantity Auction

I describe the steps required to run this type of auction. Several steps, indicated with an asterisk (*), are necessary only when mitigators are included in the auction. I recommend skipping those steps until you understand the basic auction with government and polluters only.

1) The political process, expressed through regulators, determines the marginal damages function for each pollutant. This function is sampled at each whole number of emissions permits to make a non-decreasing list.

2) Polluters submit bids, which are quantized non-decreasing demand curves. That is, an ordered list of marginal prices, one price per quantized value of quantity. As will be shown later, a rational polluter will bid its MAC curve.

3) (*) Mitigators submit a quantized supply of mitigation services. This is represented as a non-decreasing list of marginal prices.

4) The lists of bids are concatenated and sorted in non-increasing order. If polluters bid their MAC curves, the combined list is the aggregate marginal abatement costs curve.

5) (*) The government's estimate of society's MD is combined with mitigators' supply in a similar manner, but is sorted in non-decreasing order.

6) The intersection of the AMAC and MD/mitigators' functions are found by comparing same-quantity bids pair-wise and finding the last permit for which the price in the AMAC list equals or exceeds that in the MD list. The price of all permits is some arbitrary price at least equal to the last winning supply bid and the first losing demand bid, and at most the last winning demand bid and the first losing supply bid.

Example: [Figure 5]

Suppose that entities A,B,C and D want to purchase emissions permits. In the following table text style indicates to which entity each bid belongs. Underline indicates a successful bid. In this example, ties are broken lexicographically.

A: 10,9,8,7,6,5,4,3,2,1,0

B: 10,8,6,4,2,0

C: 2,2,2,1,1,1,0

D: 20,10,0

AMAC: 20, 10, 10, 10, 9, 8, 8, 7, 6, 6, 5, 4, ...

MD: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, …

For 7 dollars per permit, A gets four, B two, C zero, and D two.

3. Efficiency

Here I will eventually prove that the rational polluter in a competitive pollution market bids his/her MAC curve, if said curve is non-decreasing as demand curves usually are. Proof by duh will have to do for now.

4. Implementation Details and Further Study

Some forms of pollution can be combated in ways other than simply reducing emissions. For example, habitat destruction can sometimes be countered by creating new habitats elsewhere. Carbon-dioxide emissions can be mitigated by planting forests to absorb excess carbon dioxide. To facilitate mitigators and emitters finding each other, the auction should allow mitigators to bid as well. Mitigators bid marginal supply in a manner analogous to emitters. Mitigation bids are combined with marginal damages before the intersection is found. (See starred steps in auction description for details).

Variable-quantity auctions only directly handle pollutants which damage a single environment, such as greenhouse gases, or discharges of short half-life into a pond. Pollutants which damage several areas could be handled by requiring polluters to buy permits in each damaged area, but such a scheme could not be relied on to find the optimal distribution of permits. This problem is shared by flat taxes and fixed-quantity auctions, but techniques in the literature for solving this problem may or may not be adaptable to variable-quantity auctions.

A question arises as to how long permits should last, and how often they should be auctioned. If marginal demand shifts, auctions must be frequent enough to capture this variation. Auctions should also be frequent enough that emitters can respond to changes in MAC and market conditions. Infrequent auctions may facilitate long-term planning. Auctions should probably be timed to allow for variations in MD and MAC, leaving the facilitation of long-term planning to the futures markets.

Different pollutants decay in the environment at different rates. For some, the time period involved is short enough that marginal damages can reasonably be approximated to depend only on current emissions. Some pollutants, such as carbon dioxide, take decades or centuries to accumulate and decay. Marginal damages therefore depend not only on past and current emissions, but on future emissions as well, in a potentially nonlinear way. This makes determining marginal damages in advance next to impossible. If aggregate abatement costs and damages stay reasonably constant through time, this problem can probably be safely ignored. This problem also affects fixed-price and fixed-quantity permit dispersal methods.

The variable-quantity auction may provide the government with a significant source of revenue. Part of this money could be used to compensate those damaged by pollution. Portions of the tax that represent market gains, or cannot practically be returned to victims, could be treated as general government revenue.  To prevent revenues from exceeding expenditures
, and to soften public resistance to a new tax, corporate and/or individual income taxes could be lowered to make the imposition of a permitting scheme revenue-neutral.
 Alternatively, market gains could be indirectly returned to polluters by subsidizing abatement research, being careful to avoid affecting the marginal cost of permits for individual polluters.

The auction cannot be efficient if polluters lie to protect private information. Therefore, the functions bid should be protected as proprietary information.

If polluters gain market power in a particular pollution market, marginal price of permits would not equal marginal cost, so polluters would have an incentive to overstate abatement costs to ensure that marginal costs of buying permits equal marginal costs of abatement [figure 6]. One method of avoiding this would be to allow polluters to purchase, after the auction, permits at the then-current marginal damage rate. With this modification, a monopsonist would rationally bid a MAC curve of zero, win few or no permits at auction, and buy the majority of the permits from the government after the auction. The polluter would then pay only total damages, eliminating the perverse incentive. This is a problem unique to this scheme, not shared by a fixed-price or fixed-quantity scheme.

5. Conclusions

A novel type of auction is explored to allocate pollution emission permits efficiently. This scheme is shown to be efficient without an explicit estimate of AMAC by regulators. The only disadvantages of this scheme this author knows of are vulnerability to monopsony, questionable combination with other emissions control innovations, and a little complexity. Variable-quantity auctions should replace flat taxes and traditional auctions, at least when polluters lack market power.

Incidentally, this type of auctions is not specific to environmental goods, but the peculiarities of environmental services make variable-quantity auctions well suited to the task.
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Figure 1 - The MAC/MD Model
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Figure 2 - Incentive to exaggerate MAC when a fixed quantity of permits are sold
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Figure 3 - Incentive to understate MAC if a fixed tax rate is used
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Figure 4 - The implicit supply for a traditional auction
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Figure 5 - Example of a variable-quantity auction
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Figure 6 - Market power and emissions permits

� An epidemic problem at most governments - hah!


� Pure speculation: the economic stimulus of lowering income taxes might exceed the economic harm caused by the price of buying permits, even if aesthetic benefits of environmental quality are not included in the analysis.
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