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Chapter 14

Compliance Costs, Uncertainty, and Information
The last three chapters have introduced direct regulation and incentive-based policies: standards, taxes and subsidies, and transferable emission permits. This chapter takes the analysis a step further by contrasting the policies in a number of ways. First, using a numerical example and simple algebra similar to that of the previous three chapters, the cost-effective solutions for all the policies are contrasted in terms of their private and social costs of compliance, incentives to invest in new pollution abatement technology, and information requirements to implement the policy. This analysis sets the stage for Section 5, by stimulating you to think about which policy would work best for specific environmental problems. The second section introduces uncertainty about the shape and location of the marginal abatement cost and marginal damage function into the model. Uncertainty can prevent the attainment of a socially efficient equilibrium. Another criterion for choosing among policies is introduced—minimizing the social costs of being at an inefficient level of emissions. We conclude with a discussion of the incentives created by each policy to reveal information about the shape of the MAC curve.

Contrasting Policy Instruments

The Basic Model Revisited: Costs of Compliance

Suppose there are two firms, L and H, with different marginal costs of abatement. As always, emissions are denoted by Ei, where i = L and H. Assume firm L has lower marginal costs of abatement than firm H. Both operate in a perfectly competitive market. There are no distortions in the economy except for pollution from these firms. We also assume that the pollutant in question is uniformly mixed.

MACL = 900 – 15EL
MACH = 2000 – 25EH
Figure 14-1: Cost-Effective Emissions

[image: image2.jpg]Uniform standerd [ $52515 o taxpe it and
equityium pce of sach

pormi

e —
andard and s omssions.
it pornitadng

5 tommesa s ndvidal
Sandard ad 1 cmsions.
e’ permitadng

Emissions (tonnes)




The cost-effective equilibrium for two polluters with different MACs is shown where the MACs are equated. The high-cost polluter (H) reduces emissions from 80 to 59 tonnes, while the low-cost polluter’s emissions fall from 60 to 25 tonnes. Both face MAC = $525. The tax, TEP policies, and individual standards are cost-effective. A uniform standard set at 42 tonnes is not cost-effective because the MACs are not equal at that emission level.

If there is no regulation against pollution, each firm will incur zero costs of abatement. Emissions from the low-cost firm will equal 60 tonnes, those from the high-cost firm 80 tonnes. These emission levels are found by setting each of these equations equal to zero and solving for E. Total emissions without regulation are thus 140 tonnes. Figure 14-1 illustrates the MACs for each polluter.

Suppose the regulator wants to achieve a 40-percent reduction in emissions. The target level of emissions is therefore 84 tonnes. This target level could represent the socially efficient equilibrium, or be the regulator’s best guess at such a point. In the discussion that follows, social efficiency is not crucial to any arguments. Each policy can reach 84 tonnes of emissions. If that target is socially efficient, so is each policy. What will differ among the policies is whether or not they are cost-effective; that is, do they minimize the social costs of obtaining the target level of pollution. We focus on cost-effectiveness in this chapter.

Let’s review the two ways to measure costs of compliance with a policy. Private compliance costs measure the total costs of abatement incurred by the polluter. This is the polluter’s total abatement costs (TAC) plus any taxes paid or transferable discharge permits (TEPs) purchased (a cost) or sold (a revenue). The social compliance costs are defined as the private compliance costs borne by the polluter net of any redistribution back to polluters of tax or discharge permit revenues collected by the government. These revenues will not influence any decisions on the margin, if they are given back to polluters in lump sums (that is, not dependent on the amount of abatement/emissions).

From society’s viewpoint, the social compliance costs are what matters. We calculate private compliance costs because they illustrate quite clearly some political economy features of the policies. When private costs of a policy are high, we can expect a lot of resistance by polluters to the implementation of that policy. The identification of two polluters with different MACs allows us to show that policies can have a different impact on firms operating within the same industry.

A cost-effective equilibrium is found where two conditions are met:

EL + EH = 84

MACL = MACH

This ensures that total emissions equal the pollution target and that marginal abatement costs are equal across polluters at the equilibrium level of emissions; that is, the equimarginal principle is satisfied. Solving using the MAC equations above, we find that EL = 25, EH = 59, and MACL = MACH = $525 at the cost-effective level of emissions for each polluter. Because initial emissions were 60 for L and 80 for H, this means that total abatement is equal to 35 units for L and 21 units for H.

The tax will be set at $525 per unit of emissions. Individual standards will be set at the cost-effective emissions levels of 25 and 59. We assume that the uniform standard is set at 42 units per polluter; that is, each polluter is required to reach the same emission level regardless of its marginal abatement costs. Two TEP policies are examined. First, we assume that TEPs are given to polluters without charge by the regulator. Suppose the regulator does not know the polluters’ initial emission levels. It simply divides total permits by the number of polluters, and issues 42 permits to each polluter. After the initial distribution, polluters can trade the permits. TEPs can also be auctioned. With this policy, the regulator simply offers to sell 84 permits and lets the polluters bid for them. Assume that enough time has passed to allow each policy to reach an equilibrium.

Which of the policies can obtain this cost-effective equilibrium? The only policy that fails to achieve cost-effectiveness is the uniform standard, as noted in Chapter 11. At emission levels of 42 units each, MACL is $270 and MACH = $950. This cannot be cost-effective, because the marginal abatement costs of the two firms are not equal at this equilibrium. An individual standard set at the efficient levels of emissions, a tax set at the efficient price, and both TEP systems are all cost-effective.

Table 14-1 shows the private and social compliance costs for each policy (the other columns are discussed below). As is illustrated, the social costs of compliance are identical for all policies except for the uniform standard. The cost-effective total social costs are $14,700.

The table clearly shows that the uniform standard achieves the emission target at total costs in excess of all other policies. Next, note the differences in private control costs among the policies and between the two types of firms. The policies can be ranked from lowest to highest private costs for each type of polluter. For the low-cost polluter, the preferred policies in order from lowest to highest cost are (a) TEP that is initially allocated without any charge, (b) the uniform standard, (c) the individual standard, and (d) a tie for the uniform tax and TEP that is auctioned by the government. For the high-cost polluter, the ranking is the individual standard, then the TEP that is not auctioned, followed by the uniform standard, then the tax and auctioned TEP. The standards thus have a different impact depending on whether the polluter is high- or low-cost, but they are clearly lower than the tax or auctioned TEP system. The TEP that is initially allocated without charge is the policy that is either first or second on the list.1 This may help to explain why there is growing support for the implementation of TEPs among polluters. It is clearly preferred to taxes by all polluters and dominates at least one form of standards for all polluters. The asymmetry of the impact of the standards is also interesting and may help explain support for different policies. The high-cost polluter clearly favours individual standards. If the high-cost polluter also represents the existing firms in the industry, it is obvious that they will oppose any policies that have uniform standards. If new firms can enter the industry and have lower MACs, a uniform standard will clearly disadvantage the old firms. Thus, when we see standards in practice, they are frequently one standard for existing firms and a tougher standard for new firms that enter the industry. The table also clearly shows that polluters will resist the implementation of taxes and TEPs that are auctioned because of their high private costs relative to the other policies.

1. The ranking of the TEP that is given away without auctioning will be a function of the initial distribution of permits. If, for example, the polluters receive permits in proportion to their initial emissions, L would get 36 and H would get 48. This would change the private control costs to $3,412.50 for L and $11,287.50 for H. This allocation makes the permits the second lowest-cost policy for L. Thus, permits are always preferred to taxes and are always preferred by one of the parties to any form of standard. There will be strong incentives for polluters to lobby for an initial distribution of permits that most favours them.

Table 14-1: Compliance Costs, Incentives, and Information Requirements of Pollution Policies

[CATCH REVISED TABLE 14-1]
The Technological Incentives column summarizes the information presented in Chapters 11 through 13 about the incentive each policy creates to invest in R&D that may lower MACs. We have shown that all standards provide weaker incentives to invest in R&D than do the other policies. Under individual standards, the lower each firm’s costs of abatement the greater the share of total abatement it may have to incur, other things equal. Each polluter even has an incentive to misreport its abatement costs, hoping to convince the regulatory authorities that they are higher than these costs actually are. The regulator interested in cost-effectiveness would then assign the polluter a more lenient standard. In the next section of this chapter, we illustrate graphically the incentives to misreport information under standards versus taxes. For all the other policies, there are strong incentives to invest in abatement equipment, because for each unit of pollution reduced the total private costs of the policy decline. Auctioned TEPs and tax would most likely provide the strongest incentives to seek a lower MAC curve, as the cost savings from reducing one’s tax bill or TEP payment is potentially very large.

The Information Required column gives an indication of the amount of information regulators need to determine the target level of emissions. We do not consider information required for enforcement of each policy. Two policies are ranked “low.” Uniform standards and auctioned TEPs require the least amount of information. In the case of the uniform standard as defined above (equal distribution of the allowed emissions among the polluters),2 the regulator does not need to know anything about individual firms. The same is true for TEPs that are auctioned. The regulator simply announces an auction and the market takes care of the rest. Transactions in the permit market will reveal a polluter’s MAC curves (as a permit supply or demand curve). The allocated TEPs are rated low to medium. This is because some means of initially distributing the permits must be established. For example, regulators may use each polluter’s share of total pollution or, as we have shown, simply divide the permits by the number of polluters (as with the simple uniform standard). We rate the uniform tax at medium to high. To compute the cost-effective tax, the regulator has to solve for the cost-effective solution. This means it must know the MACs for all polluters. If there are many polluters, the information costs would be quite high. The reason we’ve given it a rating of medium is that the regulator may iterate to an efficient tax by setting the tax rate, observing total emissions, then raising or lowering the rate until the target level of emissions is reached. This is illustrated graphically in the next section of this chapter, on uncertainty and information. The individual standard requires a large amount of information. Like the cost-effective tax (that isn’t set by iteration), the MACs of all polluters must be known to determine each polluter’s individual standard. Unlike the tax, there is no way to iterate to the cost-effective solution. Once the polluters comply with a given standard, the regulator will get no information about their MAC curves.

2. The same principle would hold if the uniform standard required each polluter to meet the same percentage reduction in emissions.

Uncertainty and Information

Uncertainty about the MD and MAC Curves

We have assumed that regulators know precisely the equations for the MAC and MD curves. This information enables them to determine the socially efficient policy. But, in practice, it is likely that information about these curves will not be known with certainty. Policy options regulators have when there is uncertainty about the MD and MAC curves are examined. The policies considered are a uniform tax, uniform standard, and transferable discharge permits.3 When there is uncertainty about the MAC or MD curve, it is generally impossible to achieve a socially efficient equilibrium. This is called a second-best situation. There will typically be some social loss associated with the use of any policy. We assume the objective of regulators is to choose the policy that minimizes the social loss obtained as a result of the uncertainty. The social loss is defined as the loss of real resources devoted to too much or too little pollution control relative to the socially efficient level. It is measured as the area between the MD and MAC curves from the actual pollution level to the socially efficient pollution level. Of course, regulators do not know the socially efficient level of pollution. The theoretical model developed below allows them under certain circumstances to predict the relative size of social losses without this information. To summarize,

3. The seminal article that stimulated much of the work on this topic is by Martin Weitzman, “Prices versus Quantities,” Review of Economic Studies 41 (1974): 477–491.

a second-best decision rule for regulators when there is uncertainty about the MAC or MD curve is to minimize the social loss associated with the choice of policy. Social loss is the area between the MD and MAC curves from the actual pollution level to the socially efficient level.

A number of different cases are examined:

Case 1: The regulator is uncertain about the location of the MD curve, MACs are known with certainty

Assume that pollution is uniformly mixed and that all polluters have identical MACs. Figure 14-2 illustrates. Two MD curves are shown. MDE is the curve estimated by regulators; MDT is the “true” curve that is not observed. The socially efficient equilibrium is at E*; E is the level of emissions the regulators have estimated as the intersection of the MD and MAC curves. The regulator would then set the standard or number of permits at E. The uniform tax would be set at t. The choice of policy instrument will not affect the size of the social loss in this case. Under a standard or TEP, the total emissions are E. Under a tax set at t, the total emissions are also E, because the polluter sets t equal to its true MAC. The social loss is identical for all policies and equal to the shaded area abc.4 The level of emissions is too low relative to the socially efficient equilibrium. Thus, if there is uncertainty about the MD curve, no policy dominates another in terms of minimizing social losses. The economist cannot help the regulator choose a preferred policy.

4. The area abc reflects the loss in terms of excess total abatement costs from being at too low a level of emissions. This is area EabE* minus the incremental marginal benefits from having more damages controlled than is socially efficient, area EcbE*.

Figure 14-2: Uncertainty about the MD Curve
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If the regulator is uncertain about the location of the MD curve, both a standard and tax set where the estimated MD function (MDE) intersects the MAC curve yield an identical social loss, indicated by the shaded area.

Case 2: The regulator is uncertain about the MAC curve, but knows the MD curve with certainty

Figure 14-3 illustrates this case. Assume the regulator knows the actual amount of emissions when no policy is in place. Initial emissions are E0. The regulator is therefore uncertain about the slope of the MAC curve.5 MACT is the true curve; MACE the estimated curve. The socially efficient equilibrium is E* and the estimated equilibrium is E. The standard or number of TEPs is set at E; the tax set at t. The equilibrium under the standard or TEPs is at E, with a social loss equal to the shaded area abc. But now, the use of an emission tax at rate t will lead to a different equilibrium than under the standard or TEPs. The polluter sets t equal to its true MAC. Emissions under the tax are E, which is greater than the socially efficient level of E*. The social loss under a tax is shaded area adf.

5. It is possible that the regulator knows neither the slope of the MAC nor the initial level of emissions. The basic analysis in this section is the same.

The regulator now has the means to compare policies in terms of which ones lead to the lowest social loss, by examining the relative sizes of area abc to area adf. But recall that the regulator doesn’t know where point E* is or where MACT actually lies. So how can areas abc and adf be measured? The regulator cannot measure these areas precisely but can determine their relative size if they have some information about the slopes of the MD and MAC curve. In Figure 14-3, the MD curve is relatively steep. Even though the regulator doesn’t know the exact slope of the MAC, suppose he or she knows the MD is steeper than the MAC. In this case, area abc is less than area adf. A uniform standard or TEP will minimize the social losses. The intuition behind this result is that whenever MDs rise considerably as emissions increase, social losses will be larger the farther away actual emissions are from E*. The equilibrium under a tax is less predictable than with a standard or TEPs. If MACE lies below MACT, the tax will lead to too high a level of emissions and large social damages. If MACE lies above MACT, the tax will overcontrol emissions and will lead to large social losses due to too little production of pollution-generating goods. In the extreme case where the MD curve is vertical, it is obvious that the socially efficient policy is a standard or TEP set at E*.

Figure 14-3: Uncertainty about the MAC Curve: Steep MD Curve
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When the regulator is uncertain about the slope of the MAC curve, a tax policy can lead to a different social loss than a standard when both are set by equating the MACE to MD. In the case illustrated, the social loss under the tax (area adf) exceeds that of the standard (area abc) because the MD curve is relatively steeper than the MAC curves. A second-best standard set at E will get the economy closer to the socially efficient level of emissions, E*.

Figure 14-4 illustrates the case where the MD curve is flat relative to the MAC curves. In this situation, the tax is the policy that minimizes the social losses of failing to be at the socially efficient equilibrium, E*. Area adf is now smaller than area abc. Again the intuition is straightforward. If the MD curve were horizontal, the socially efficient policy would be a tax. Uncertainty about the MAC curve wouldn’t matter, as the tax rate would be set at the level of MD. Therefore, the flatter the MD curve, the closer a tax will be to the socially efficient equilibrium than a standard or TEP program.

Figure 14-4: Uncertainty about the MAC Curve: Flat MD
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The social loss under a standard set where MACE = MD (area abc) exceeds the social loss under the tax (area adf) because the MAC curves are relatively steeper than the MD curve. A second-best tax will be closer to the socially efficient level of emissions, E*.

Information Revelation under Taxes, Standards, and TEPs

Earlier chapters have argued that various policy instruments can reveal to the regulator information about the slope of the MAC curve. As well, the policy chosen affects the polluter’s information revelation incentives. A graphical analysis is used to illustrate both of types of information revelation. Assume in all cases that the regulator and all polluters know the MD curve with certainty. Again, a number of different cases are examined.

Case 1: Information revelation incentives under a standard

In Figure 14-5, the regulator has set the emissions standard at E. First note that the standard reveals no information to the regulator about the polluter’s true MAC. If the polluter complies with the standard, actual emissions are what the regulator expected. But standards create incentives for the polluter to reveal false information to the regulator. The polluter knows the socially efficient level of emissions is at E*, so under the standard set at E it will be incurring very high marginal abatement costs (shown as MAC on Figure 14-5) if it complies with the regulation. The polluter wants to minimize its abatement costs, so it has an incentive to tell the government that its MACs are higher than the regulator estimated at MACE. But what is to prevent the polluter from telling the regulator that its MACs are even higher than MACT? Suppose it tries to convince the regulator that its “true” marginal abatement costs are MACR. If a standard is used, the polluter will then have to control far fewer emissions than under the regulator’s initial estimate of MACE. Under a standard, then, the polluter has an incentive to reveal a MAC that is higher than its true MAC.

Figure 14-5: Incentives to Overstate MACs under a Standard
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A standard reveals no information to regulators about the location of the MAC curve. Polluters will have an incentive to try to convince the regulator that their MAC curve is MACE. This will lead to much less stringent standards than are socially efficient.

Case 2: Information revelation incentives under a tax

Figure 14-6 again presents an estimated MAC that lies below the true MAC. The regulator sets the tax equal to t. The polluter sets t equal to its true MAC and releases emissions equal to E, where E exceeds both the socially efficient level of emissions (E*) and the regulator’s anticipated emission levels of E (which is based on the estimated MACE). Note first that the level of emissions provides the regulator with information. Assuming the regulator can monitor emissions, if e exceeds e the regulator knows the tax rate has been set too low. The regulator now has two points on the polluter’s true MAC curve, found from E0 and E (MAC equal to zero and to t). If the MACs are linear, this is all the information needed to go directly to the socially efficient tax of t*. If the MACs are not linear, and the regulator can adjust tax rates, an iterative process can be followed to reach t*. The regulator adjusts the tax rate, measures emissions, then maps out more of the MAC curve.

Figure 14-6: Iteration to the Socially Efficient Tax Rate
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Regulators obtain information from the polluter’s response to a tax even if that tax is set at the “wrong” level. Polluters set the incorrect tax of t equal to their true MAC and release E pollution. The regulator expects E emissions. If E0 is known, the regulator now has two points on the polluter’s true MAC curve, E0 and E. The regulator can iterate to the socially efficient tax.

Does the tax provide any incentives for the polluter to reveal true or misleading information to the regulator? This case is more complex than that of the standard. To calculate the incentives for the polluter, the total abatement costs plus the tax bill under different tax rates have to be calculated. The polluter has no incentive to reveal an excessively high MAC, as in the case of MACR under the standard. This would result in a very high tax rate and thus tax bill (t times the level of emissions), and more emissions controlled than if the true MAC curve were revealed.

Does the polluter have an incentive to try to convince the government that its MACs are what the regulator estimated (that is, MACE)? The answer here is possibly, yes. Suppose the polluter does not equate the estimated tax of t to its true MAC, but to the regulator’s estimated MACE. This is shown in Figure 14-7. The question is whether the polluter is better off by following this strategy rather than equating t to MACT. At t and E, the polluter pays a tax bill equal to the area 0taE. If the polluter sets t equal to MACT, its tax bill is higher and equal to area 0tbE. The difference between the two tax bills is area abEE, which represents the gain from “pretending” that MACE is the true MAC. However at E emissions, the polluter will incur total abatement costs equal to area EE0c. If it sets t equal to its true MAC, total abatement costs equal area EE0b. The difference between the total abatement costs is area EEbc, which represents the savings in total abatement costs if the polluter sets t equal to MACT. We can now compare the net costs to the polluter under the two options shown. If it sets the estimated tax equal to its true MAC, the savings in abatement costs exceed the savings in the tax bill if it sets t equal to MACE. Area abc is the net gain by setting t equal to MACT.

Figure 14-7: Incentives to Reveal the True MAC under a Tax
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Polluters will set their emissions where t = MACT because it saves them area abc compared to setting MACE = t. However, if polluters think that regulators will use their emissions level to calculate true MACs (and thus could raise tax rates), polluters may have an incentive to mislead regulators into thinking that MACE is the true MAC curve. If lying lowers the polluter’s tax bill by more than it increases its total abatement costs, the polluter will pretend to have MACE and emit E pollution rather than set t equal to its true MAC curve, MACT. This occurs because area tt*da exceeds area cdf. This need not always be the case.

Recall that eventually the regulator will iterate to the socially efficient tax rate of t*. Does it still pay for the polluter to reveal its true MAC, knowing that the tax rate won’t stay at t? Following the same type of analysis, we now compare total abatement costs and tax bills under t to those with t*, the socially efficient tax rate. We can no longer predict without knowing the exact slopes of the MAC curves whether or not the polluter will reveal its true MAC. Refer again to Figure 14-7. The net gain to polluters from being at the inefficient tax of t relative to the efficient tax of t* is derived as follows. The polluter will calculate the difference between any saving in the tax bill (area 0t*fE* minus area 0taE) and the difference in the total abatement costs (area EE0c minus E*E0f). Whether the polluter reveals its true MAC then depends on the size of area cdf to area tt*da, which in turn depends on the tax rate set by the regulator and the polluter’s true MAC. In the case illustrated, the polluter will gain by pretending its MAC is MACE.

Case 3: Information revelation incentives under TEPs

To keep the analysis simple, assume that only one MAC represents the entire industry. Figure 14-8 illustrates this case. Suppose the regulator sets the number of permits at E, which is too low a level relative to the socially efficient number. This is analogous to the cases examined above. Assume the regulator attempts to auction the permits. It would expect the permit market to clear at a price equal to P if the efficient number of permits had been distributed. If there are too few permits, their market-clearing price will be P, which is above P.6 Like the tax, permit prices give information about the true MACs. The regulator could then adjust the number of permits to iterate to the socially efficient equilibrium. Will individual polluters have incentives to reveal false information about their MACs to the regulator for the initial trades and to other polluters for other trades? Analogous to the tax, there is no incentive to reveal a MAC that is higher than the true MAC, for this would simply raise the permit price the polluter would have to pay. If one polluter pretends its MAC is lower than the true one and others don’t, the one that revealed false information won’t be able to buy sufficient permits in the market to cover its emissions. With our simple analysis, it appears that TEPs, if used in perfectly competitive markets, are likely to reveal information that results over time in the attainment of a socially efficient equilibrium. However, we caution that what is required in a full analysis of TEPs is a game theoretic framework. This is a subject for a more advanced course.

6. If the regulator initially distributes the permits without charge, it will have to monitor subsequent permit prices in the TEP market to obtain information about whether there is an excess supply of or excess demand for permits.

Figure 14-8: Information Revealed about MACs under a TEP
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Regulators can examine market prices under a TEP system to estimate true MAC curves. If E permits are issued, the regulator will expect a market price of P. When the market clears at price P, the regulator knows that MACT is the true MAC curve for polluters. Market forces also prevent polluters from lying about the true MAC. Lying will either lead them to pay more for permits than necessary or not be able to buy any at the prevailing price.

Summary

Regulatory policies are compared using a simple algebraic model of two polluters with different MACs. All policies have the potential to achieve a socially efficient equilibrium, and all are cost-effective except for the uniform standard. Policies differ in terms of the private costs of compliance. These differences help explain polluters’ support for or opposition to the implementation of policies. We also discussed the incentives created by each policy to invest in pollution abatement equipment, and the information required by regulators to implement the policy. These criteria can help regulators choose a policy for each particular pollution problem. No single policy is appropriate for all types of pollution.

When uncertainty exists about the MAC and MD curves, regulators may no longer be able to reach a socially efficient level of emissions, but can enact policies that minimize the social losses of having a level of emissions that is too high or too low. If there is uncertainty about the MD curve, all regulatory policies lead to equal social losses and some other criteria must be used to choose among them. If the uncertainty is about the MAC curve, taxes will minimize the social losses when the MD curve is relatively flat compared to the MAC curve and standards or TEPs will minimize social losses when the MD curve is relatively steep.

Incentive-based policies reveal information about the MAC curve of the polluter, while standards do not. Under a tax, a socially efficient policy can be reached by iteration of the tax rate. Under a TEP, social efficiency can be reached by adjusting the number of permits. Standards create an incentive for polluters to reveal a MAC curve that is steeper (higher) than their true marginal abatement costs. Taxes and TEPs do not create this incentive. Taxes may, however, induce polluters to reveal to regulators a MAC that is lower than their true curve. It is unlikely that this will occur with TEPs.
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Analytical Problems

1.
Suppose you are a government regulator that is trying to design a pollution-control policy for a non-degradable water pollutant such as dioxin. Your objective is to get an immediate reduction in emissions plus provide an incentive to firms to switch to production technologies that yield fewer emissions of these compounds. Which one of the following three policies would you recommend, and why? The policies are uniform standard, uniform tax, or individual standard. Support your answer graphically and/or algebraically.

2.
Suppose there are two polluters with different MAC curves. Show how the regulator would aggregate these MAC curves and then use them to determine the socially efficient equilibrium level of emissions, E*. Once E* is determined, how would the regulator ensure that the sum of emissions from each polluter totals E*? (Hint: Aggregation should reflect the equimarginal principle.)

3.
You are a polluter with a steep MAC curve that is positively sloped and linear. You would prefer to be allowed to freely dump your wastes, but recognize that the government will impose environmental regulation of some sort. Rank, from best to worst, the policies you would like to see imposed, and explain the reasons for your ranking.

4.
Suppose the government cannot accurately measure and monitor the pollution emissions from each polluter, but it knows the marginal damages per unit pollution and these are relatively constant. What policy or policies would you recommend that the government implement? Explain why.

5.
Assume that the government does not know the location of the polluter’s MAC curve. The government plans to impose an emissions tax. Would the polluter have an incentive to reveal its MAC curve to the government? Could an efficient equilibrium be reached? Explain why or why not.

Discussion Questions

1.
How do market-based policies differ from command-and-control policies with regard to incentives created by the policy to reveal information about the polluter’s MAC curve to the regulator?

2.
Why is cost-effectiveness a desirable goal of environmental policy? How is it achieved?

3.
Why do pollution taxes have a more uncertain impact on the level of pollution than does a standard?
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