NATURAL RESOURCE AND ENVIRONMENTAL ECONOMICS (3rd Edition)

Perman, Ma, McGilvray and Common

SUGGESTED ANSWERS

Answers to Questions in Chapter 6

Discussion questions
1 ‘Only the highest standards of environmental purity will do.’ Discuss.

The opinion expressed here is not regarded by economists as being valid in general. It suggests that resources should be devoted without limit to cleaning up (or preventing) environmental pollution or degradation, irrespective of the magnitude of the benefits that this would bring. Economic efficiency requires a balancing of benefits and costs at the margin. However, the statement would be consistent with economic efficiency if clean up/prevention costs were always zero, or damages were always infinitely large, or more generally if long run marginal benefits of abatement were greater than the long run marginal costs of abatement over all levels of abatement up to the point where pollution is entirely eliminated.

2 ‘A clean environment is a public good whose benefits cannot be privately appropriated. Therefore private industry which is run for private gain will always be the enemy of a clean environment.’ Examine this proposition.

We just provide a few points for an answer here. If a public good possesses the characteristics of being both non-rivalrous and non-excludable (so that it is a pure public good, see textbook section 5.9 page 126) then markets cannot provide them in the amounts that go with allocative efficiency (page 131). This suggests that if a clean environment is a pure public good it will be underprovided by a market economy with supply decisions taken by profit-maximising firms. Indeed, consideration of the free-rider problem suggests that there may be gross under-provision. 

However, it is not clear that ‘a clean environment’ is properly described as a pure public good. Nor is it impossible to imagine that schemes could be devised – albeit imperfect ones – whereby private firms are compensated for provision of public goods at socially efficient levels. These schemes might involve, among other things, changing the form of property rights. 

We might also conjecture that profits might be available from some forms of environmentally-friendly business behaviour. However, all in all, a sensible presumption seems to be that unregulated market behaviour is likely to be inimical to a clean environment.

3 Discuss the relevance and application of the concept of externalities in environmental economics.

It should be clear from this text that the theory of externalities provides one of the key foundations of much of environmental economics. For example, much of the economic theory of pollution targets is built around an externalities framework. The notion of internalizing externalities is also a powerful principle for organising thinking about pollution control instruments. As other chapters of the text demonstrate, the relevance of externalities theory is by no means restricted to pollution policy alone. 

Problems

1 Under which circumstances will the economically optimal level of pollution be zero? Under which circumstances will it be optimal to undertake zero pollution abatement? 

As the answer to Discussion question 6.1 implies, the economically optimal level of pollution will be zero if clean up/prevention costs were always zero, or damages were always infinitely large. And zero abatement would be efficient if abatement costs were always zero, or damages were always infinitely large. But there are other relevant circumstances too.

More generally, consider two functions - the marginal cost of pollution abatement (MCA) and the marginal benefit of pollution abatement  (MBA)- defined over the interval from zero abatement (i.e. the unregulated level of pollution) to the level of abatement at which pollution is zero. Then:

· If MCA is everywhere greater than MBA zero abatement is optimal

· If MCA is everywhere less than MBA complete abatement (zero pollution) is optimal

The above is correct for flow pollution, and is valid for stock pollution provided the marginal functions are appropriately defined in terms of present values of all current and future implied stock and flow effects. It is also appropriate that the marginal functions referred to above are the long-run variants, so that fixed costs or benefits do not complicate matters. (Can you spot what those complications might be?)

2 We have seen that the efficient level of pollution is the one that minimises the sum of total abatement costs plus total damage costs. Refer now to Figure 6.5. Show that if pollution abatement takes place to the extent eq \O() 
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 the sum of total damage costs and total abatement costs  is C1 + C2 + C3. Prove that  ‘too little’ abatement  (relative to the optimal quantity) results in higher costs than C1 + C2  .

If pollution abatement of 

takes place then MA will be the resulting level of pollution. Then abatement costs are given by the area below the marginal abatement cost function from 

to

, and so are represented by the areas labelled C1, C3 and that part of C2 to the right of MA. Marginal damage costs amount to that part of the area C2 that lies to the left of MA. Summing up these costs, we find that total damage and abatement costs are equal to the sum of the areas C1, C2 and  C3.

To prove that ‘too little’ abatement is sub-optimal, select a point on the M axis lying strictly between M* and 

. Then, following a procedure similar to that above, obtain the geometrical areas representing total costs, and demonstrate that these exceed the sum of the areas C1 and C2. We will leave you to do that.

3. Explain the concept of the ‘economically optimal level of pollution’.  What information is required in order to identify such an optimal quantity? 

Giving an answer here would largely be repetitive.  Relevant information is to be found in Chapter 6. However, Chapters 8, and 10 also contain relevant information (particularly for the final part of the question.) You should, therefore, return to this question after you have finished reading up to and including Chapter 10.

4. Using Equation 6.20 or 6.21, deduce the effect of (i) a decrease in ( and (ii) an increase in r (ceteris paribus) on:

(a)  M*

(b) A*
(c) (*

(i) A decrease in (
Equation 6.21 can be written as




An decrease in ( increases the value of the left-hand side term. For the equality to be maintained, the right-hand side term must also rise. This requires a decrease in dB/dM and an increase in dD/dM. Assuming that the marginal functions are of conventional shape (that is, dD/dM > 0 and dB/dM < 0), this requires that the magnitude of emissions, M, rises. 

Given that in steady state A = M/(, and that M has risen whilst ( has fallen, it follows that A must rise in magnitude.

The emissions outcome is shown in Figure 1 below (with movements from D0 to D1 along the marginal damage function and B0 to B1 along the marginal benefit function). Note that the shadow price of emissions, (, has also risen.

Figure 1


 

(ii) An increase in r.

An increase in r (say from r0 to r1 ) has a similar effect to that described above as it also increases the value of the left-hand side term. For the equality to be maintained, the right-hand side term must also rise. This requires a decrease in dB/dM and an increase in dD/dM. Assuming that the marginal functions are of conventional shape (that is, dD/dM > 0 and dB/dM < 0), this requires that the magnitude of emissions, M, rises. Given that in steady state A = M/(, and that M has risen, it follows that A must rise in magnitude.

The emissions outcome is shown in Figure 2 below (with movements from D0 to D1 along the marginal damage function and B0 to B1 along the marginal benefit function). Note that the shadow price of emissions, (, has also risen again

.

Figure 2


 

Problem 5

This problem illustrates how marginal analysis might give misleading results in the presence of non-convexity. It is based on an example from Goodstein (1995). Nitrogen oxides (NOx), in combination with some volatile organic compounds and sunlight, can produce damaging lower atmosphere ozone smog.  Initially, the damage rises at an increasing rate with NOx emissions.  However, high levels of NOx act as ozone inhibitors, and so beyond some critical level of emissions, higher levels of NOx reduce ozone damage.

(i) Sketch a marginal damage (MD) function that is consistent with these properties. 

(ii) Add to your diagram a conventionally shaped marginal benefits function (or marginal abatement cost function) that intersects the MD function in more than one place.

(iii) By an appropriate choice of some initial level of emissions, demonstrate that the following rule may give misleading results.  Rule: emissions should be increased (decreased) if a small increase in emissions increases (decreases) net benefits

Answer:

Consider Figure 6.14. Suppose the economy was at the point M3.  A cost-benefit analysis of small changes in NOx emissions would suggest that the pollutant flow should be increased, as this will both reduce abatement expenditures (or, in the terminology used in the figure below, increase the benefits of emissions by moving rightwards along the Marginal Benefits function) and result in lower total damage (because the marginal damage function is negative in this neighbourhood).  But this would be a misleading conclusion.  Inspection of the areas a, b, c and d shows that the economically optimal pollution level (over the whole range of possible pollution levels) is in fact M1.  The cost-benefit analysis prescription would lead the economy further away from the optimal allocation of resources.

Figure 6.14 is given below.
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Figure 6.14 A non-convex damage function arising from pollutants harmful at low concentrations but beneficial at higher concentrations.
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