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· We study the problem of a regulator who must control the emissions of a given pollutant from a series of industries. 

· He wants firms to produce the optimal amount of pollution

· Fundamental problem: he does not know the exact nature of the pollution abatement technology of firms

· He must therefore rely on whatever it can learn about firms' costs from the information they are willing to provide.

· Our model

· regulator asks firms to declare what their cost functions are to set an emissions standard for each industry

· after receiving the reports, he inspects any of the firms in each industry which declared the cost structure consistent with the most stringent emissions standard (the firms most likely to be telling the truth). 

· with an arbitrarily small probability, he discovers whether the report was true or not. 

· if the report was true, the firms in the industry that lied are fined, and if it was false, the firm is fined.

· This mechanism has several important features. 

· it implements truth telling by the firms, resulting in the regulator setting the efficient standard in each industry.

· it is very simple, and therefore applicable in practice. 

· it is very similar to the US National Pollutant Discharge Elimination System, and 

· the Uruguayan Industrial Discharge Authorization System

· it is budget balanced: it implies no costs for the regulator.

· There are other studies that have proposed mechanisms that both implement truth telling by the firms and result in an efficient level of pollution. Kwerel (1977) and Dasgupta, Hammond and Maskin (1980) and Spulber (1988).

· The problem with these prior studies is that one does not observe the proposed mechanisms in practice.

· Why? One possibility: because based on incentive based instruments

· Implementation problems of incentive-based instruments well documented in the literature (see for example Bohm and Russell, 1985¸ Russell and Powel, 1996, Lewis, 1996, Keohane, Revesz and Stavins, 1998)

· The Model

· m industries, ni, for i=1,...,m, firms in each industry. 

· Firms in  I1={1,...,n1} are those in industry 1, firms in I2={n1+1,...,n1+n2} are those in industry 2 and so on. 

· Each industry has at least 2 firms. 

· Potential pollution level: 
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· Each firm in industry i has an abatement cost function 
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cost of firm j of industry i of reducing its pollution level from 
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· Cost function 
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is unknown to the regulator. He only knows that 
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· 
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 : set of functions on [0, 
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· The regulator asks firms to report their cost functions. 

· It can inspect one firm per industry. With probability 
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>0 he finds out whether the report was truthful or not. If not true, he does not find out the true 
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, but only that the report was false.

· Total pollution damages given by D(X), with  
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· We assume that regulator knows or is able to estimate D(X), a standard assumption (Kwerel (1977), Dasgupta et al., (1980) and Spulber (1988)).

· Let 
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· In this context, a social choice function is a function f : C →
[image: image15.wmf]C

 that specifies for each possible profile of cost functions (one for each industry) the pollution level that each firm must produce.

· The regulator wishes to implement the social choice function that minimizes the net cost of pollution.
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The Mechanism and the Theorem

· Firms must announce their cost functions, and thereby, the cost function of the industry. 

· For each profile of announcements
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· Let
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 for all j = 1, …, ni
· x1j is the emissions standard that would result for industry 1 if the regulator believed the announcement of firm j in this industry, and chose the announcement of each firm in each of the remaining industries which would result in the most stringent of standards for industry 1. 

· Note that a firm with a low x1j is most likely telling the truth

· Similarly, define xij  for i = 2,...,m and j = 1, …, ni 

· Also, define 
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 : the most stringent standard announced consistent with the announcements of firms in industry i.

· After the firms have announced their types, the regulator identifies in each industry i the firms which announced the cost functions which are consistent with x i*
· Implements the emissions standards (x 1*, …, x i*)
· samples in industry i, with equal probability, one of the firms that has announced a cost function which yields x i*. 

· If the report is found to be true, the firms in industry i which announced something different from the sampled firm are fined. The fine can be as small as one wants. 

· If the report is found to be false, all firms which declared as the inspected firm are fined. 

· If the sample is inconclusive (which happens with probability 1-
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) no firms are fined.

· Theorem. The efficient social choice function f of equation (1) is strongly implementable. That is, the unique equilibrium of the direct revelation mechanism, is truth telling.

· Proof. 

· We first show that truth telling is an equilibrium.

· Without loss of generality, consider the situation of firm 1 when all other firms in all industries are reporting the true costs (c1,c2,...,cm).

· If firm 1 reports a 
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· x11 > x1j for all j > 1, the regulator will sample one of firms 2,...,n1, and if (with probability 
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) he finds out the true c1, he will fine firm 1. Therefore, firm 1 is strictly better off declaring the true c1.

· x11 = x1j , firm 1 is strictly better off declaring the true c1, lying may result in a fine (if sampled), and yields the same standard as reporting the truth.

· x11 < x1j, the regulator will sample firm 1. Whether the regulator finds out the lie or not, he would have been better off reporting the truth, since a higher standard would have been implemented, and there would be no risk of a fine. 

· We conclude that reporting the truth is a best response when all other firms in all industries are reporting the true costs

· Now we show that the equilibrium is unique

· take any profile of announcements C = (C1,C2,...,Cm) in which not all firms are telling the truth and suppose it is an equilibrium.

· Without loss of generality, suppose that a firm in industry 1 is lying and let 
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 be the standard to be implemented, that is, it is the least standard consistent with the announcements in (C1,C2,...,Cm).

· First, notice that not all the announcements consistent with 
[image: image25.wmf]*

1

x

 can be true. 

· If they were, consider the situation of a firm which is lying. 

· By lying it won't change the outcome 
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 and it risks being fined if the regulator finds out that the reports consistent with 
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· Therefore, if there is a firm in industry 1 that is lying, it is declaring a 
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· Second, there must be at least two firms declaring costs consistent with 
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· If the lying firm were alone, it would be strictly better off by declaring a 
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· We conclude that there must be at least two firms declaring costs consistent with 
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, and that at least one is lying.

· Now, back to uniqueness: If the x1 corresponding to the true cost is:

· different from 
[image: image35.wmf]*

1

x

, any of the lying firms is strictly better off declaring a cost that yields a larger x1: 

· So that can't be an equilibrium.

· equal to 
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, any of the lying firms is strictly better off declaring the truth: 

· So that can't be an equilibrium. qed
· Remark 1. The social choice function f is not implementable in dominant strategies. 

· Remark 2. Our mechanism could also be used with taxes instead of emissions standards. In that case, the regulator would sample the firms declaring cost structures yielding the highest tax rates.

· Remark 3. The mechanism also strongly implements f when the regulator does not know D(X) and f is 
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