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SUGGESTED ANSWERS

Answers to Questions in Chapter 7

Discussion questions

1. Suppose that the EPA obtains damages from polluting firms in recompense for the damage caused by the pollution. Should the EPA distribute the monies recovered from such damage settlements to the pollution victims? (Hint: consider, among other things, possible changes in victim behaviour in anticipation of such compensation.)

An answer to this question will be provided shortly. 

2.  Consider a good whose production generates pollution damage. In what way will the effects of a tax on the output of the good differ from that of a tax on the pollutant emissions themselves? Which of the two is likely to be economically efficient? (Hint: think about substitution effects on the demand and on the supply side.)

If the emissions to output ratio is a fixed coefficient relationship, say M =(Q, then  a tax of t per unit emissions is identical in its effects to a tax of (t per unit output. Apart from the scaling factor (, the two forms of tax are identical, even though one creates an incentive to reduce emissions and the other an incentive to reduce output.

But when emissions and output are not related in a fixed coefficient relationship, the equivalence of the two forms of tax is lost. An emissions tax will have a larger proportionate impact on emissions than on output if a firm finds it more profitable to reduce emissions by reducing its emissions to output ratio than by keeping that ratio constant and just reducing output. For example, a firm might change its fuel mix, or alter its production technology, or install scrubbing equipment to capture particulate matter, to lower emissions. Its profit maximising response to the tax using one or more of these options may involve significantly less loss of profit than if it responded simply by producing less of the damaging output. 

If the policy target is a reduction in emissions, then in this second set of circumstances, the emissions tax will generally be more cost-effective than an output tax (as it will achieve the target at lower real resource cost).
Consider the following hypothetical example (drawn largely verbatim from one given as the answer to an examination question by Charles Perrings at York University Environment Department). A tax levied on emissions (rather than on output) encourages appropriate substitution effects to take place. Suppose that fuels sell at a common price per unit of thermal energy; one generates a higher amount of pollutant per unit of produced energy than the other.  For example, coal and natural gas may have similar prices per unit of energy, but in terms of CO2 emissions, coal produces 1.8 times as much emission as gas per unit of produced energy. Suppose that a tax is applied on each fuel proportional to their relative emissions per unit of energy. The relative price of the more polluting fuel will then rise and so consumers will substitute towards the cleaner fuel. Further substitution effects will take place if relative prices of consumer goods alter in response to changes in energy prices. Substitution effects may also take place on the supply side as the pattern of exploration for new reserves changes in response to changing royalties.  

3. Evaluate the arguments for the use of market or incentive-based instruments versus ‘command-and-control’ instruments in the regulation of environmental externalities under conditions of certainty. 

An answer to this question will be provided shortly. 

4. Discuss the scope for the allocation of private property rights to bring the privately and socially optimal levels of soil pollution into line. 

An answer to this question will be provided shortly. 

5.  Discuss the distributional implications of different possible methods by which marketable permits may be initially allocated.

We have discussed this at some length on pages 223-228. 

6.  Distinguish between private and public goods externalities. Discuss the likelihood of bargaining leading to an efficient allocation of resources in each case.

A private good externality affects only a particular set of individuals in a particular community; the emitter can control who is affected by the externality. A public good externality affects all persons in that community; once ‘made available’ to one person, it is made available to all. 

Bargaining solutions to public goods externalities are much less likely to occur; and even where bargaining takes place, its outcome is likely to be less efficient. Reasons for this are partly to do with the relatively large numbers of people that are likely to be affected by public goods externalities. Identifying, communicating among, and organising bargaining will tend to be costly and difficult. It also arises from the free-rider problem; individuals will tend to not reveal their true subjective valuations of the external effect, or will try to escape the burdens that will tend to fall on those overtly taking place in the bargaining process.

7. Use diagrams to contrast pollution tax instruments with marketable emission permit systems, paying particular attention to the distributional consequences of the two forms of instrument. (Assume a given, target level of pollution abatement, and that permits are initially distributed through sale in a competitive market.) 

An answer to this question will be provided shortly. 

8.  Discuss the efficiency properties of a pollution tax where the tax revenues are earmarked in advance for the provision of subsidies for the installation of pollution abatement equipment.

An answer to this question will be provided shortly. 

9.  Suppose that a municipal authority hires a firm to collect and dispose of household waste. The firm is paid a variable fee, proportional to the quantity of waste it collects, and is charged a fee per unit of waste disposed at a municipal waste landfill site. Households are not charged a variable fee for the amount of waste they leave for collection, instead paying an annual fixed charge. Comment on the economic efficiency of these arrangements and suggest how efficiency gains might be obtained.

An answer to this question will be provided shortly. 

10. (This question is drawn from a past examination paper at York University Environment Department.)

An interesting example of a regulatory failure relates to electricity generating stations in the UK. Several thermal power stations in the UK were required to install flue gas desulphurisation (FGD) plant in order to meet a national standard for sulphur emissions. The power stations fitted with FGD plant are not compensated for sulphur abatement. Electricity is purchased for the national grid on a competitive bidding system. The stations fitted with FGD are unable to compete on cost with other stations without that equipment, and as a result are withdrawn entirely from the grid at some times and operate below capacity at others. 

Explain why this situation is socially inefficient, and suggest a means by which this inefficiency could be avoided. 

An answer to this question will be provided shortly. 

Problems

1. Suppose that an EPA must select one instrument from two available. Two criteria matter: (a) P, the probability of the instrument attaining its target (b) C, the proportionate saving in abatement cost incurred in using that instrument (relative to the cost using the highest-cost instrument). The EPA calculates a weighted sum (score)  for each instrument, and chooses that with the highest score. Assume that the instruments have the following values for P and C:

Instrument 1: P = 0.9, C = 0.0

Instrument 2: P = 0.7, C = 0.2

(i) Write an Excel spreadsheet to illustrate how the instrument choice varies with changes in the relative weights (between zero and one) attached to the two criteria. Also explore how instrument choice varies as the magnitudes of P and C for each instrument vary.

(ii) Use an algebraic formulation of this problem to obtain expressions that allow these results to be shown analytically.

2. Using the Excel workbook Leastcost.xls , demonstrate that the cost penalty from sharing abatement equally between the two firms rather than using the least cost distribution of abatement is larger the greater is the difference in the firms’ abatement cost functions (as measured by the value of the slope parameter in the abatement cost functions). 

3. The Coase Theorem claims that a unique and efficient allocation of resources would follow from rational bargaining, irrespective of how property rights were initially allocated. Demonstrate that the distribution of net gains between bargaining parties will, in general, depend upon the initial distribution of property rights.

4. Show that a pollution tax on emissions and a subsidy to output producers for each unit of pollution reduction would, if the rates of subsidy were identical to the pollution tax rate, lead to identical outcomes in terms of the levels of output and pollution for a given sized industry. Explain why the distribution of gains and losses will usually differ, and why the long-run level of pollution abatement may differ when the industry size may change. 

5. In all discussions of pollution abatement costs in this chapter, the fixed costs of pollution abatement were implicitly taken to be zero. Do any conclusions change if fixed costs are non-zero? 

6. Demonstrate that in the simple special case of a uniformly mixing flow pollutant, in which the value of the damage created by the emission is independent of the location of the emission source or the time of the emission, the tax rate should be uniform over all polluters for the tax to be an efficient instrument (that is, it will be applied at the same rate per unit of pollution on all units of the pollutant).

7. Our discussion in this chapter has shown that if the control authority does not know the marginal damage function, it will not be able to identify the economically efficient level of pollution abatement, nor the efficient tax or subsidy level. Demonstrate that 

(a) knowledge of the pollution abatement schedule alone means that it can calculate the required rate of tax to achieve any target level it wishes,

(b) if it knew neither the marginal damage nor the marginal abatement cost schedules, then it could arbitrarily set a tax rate, confident in the knowledge that whatever level of abatement this would generate would be attained at minimum feasible cost. 

8. You are given the following information:

(a) A programme of air pollution control would reduce deaths from cancer from 1 in 8,000 to 1 in 10,000 of the population.

(b) The cost of the programme is expected to lie in the interval £2 billion (£2,000 million) to £3 billion annually.

(c) The size of the relevant population is 50 million persons.

(d) The ‘statistical value’ of a human life is agreed to lie in the interval £300,000 to £5 million.

If the only benefit from the programme is the reduced risk of death from cancer, can the adoption of the programme be justified using an economic efficiency criterion?

9. In controlling emissions, there is an important difference between a command-and-control instrument and a tax instrument. Both require that the polluter pays the cost of attaining the emission reduction target. However, the tax instrument imposes an additional charge (on the emissions which remain at the target level of pollutions); this is not paid under a command-and-control regime. The failure to incorporate damage costs into the price of the product can generate distortions or inefficiencies in the economy. Kolstad (2000), from whom this problem is drawn, gives an example in the paper manufacturing industry. Suppose that paper can be produced using pulp either from recycled paper (which is non-polluting) or from virgin timber (which is polluting). Compare the operation of a C-and-C instrument with a tax instrument applied to the manufacture of pulp from virgin timber, and show how this distorts (creates an inefficiency) in paper production. 

10. This exercise involves using an Excel file to undertake some simulations regarding the relative costs of alternative instruments, and to interpret and comment on your results. Instructions for the exercise are given in Pollution2.doc; the Excel file is Pollution 2.xls. Both of these can be found in the Additional Materials for Chapter 7. 
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