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SUGGESTED ANSWERS

Answers to Questions in Chapter 10
Discussion questions

1. Discuss the proposition that marketable emissions permits are more appropriate than emissions taxes for controlling regional and global pollutants because of the much lower transfer costs associated with the former instrument.

By “transfer costs” we mean here the income transfers between countries that would take place attendant on the use of a particular international pollution control instrument. We shall answer this question having in mind uniformly mixing pollutants, such as carbon dioxide. Matters are more complicated than we describe here for other cases. 

Suppose that an emissions tax were imposed at a globally uniform rate (and it is difficult to see how or why it should be at non-uniform rates for uniformly mixing pollutants), and that tax revenues were collected by an international institution, such as the United Nations Organisation. If such a tax were set at a level that would achieve significant total reductions, one would expect extremely large financial transfers to the tax authority from the high-income, highly industrialised countries, which typically emit large volumes of emission per capita. Substantial tax costs would also be incurred by economies with a large energy-intensive heavy manufacturing sector (such as Russia). It is not difficult to see that there are substantial political difficulties in gaining adoption of global or regional emissions taxes where tax burdens are either very high for some countries, or vary considerably between countries, or both.

The current attractiveness of marketable permits seems to stem from the fact that permit systems avoid some of these difficulties. As we saw in Chapter 7, a permit system can achieve an efficient allocation of abatement effort (for any desired total level of abatement). Most importantly, the same final abatement effect can, in principle, be attained however the permits are initially allocated. This separability of distributional from efficiency properties means that, with some imagination, it should be possible to devise an initial allocation scheme that penalises no country (or set of countries) so excessively that it (they) will have massive disincentives to participate. (Does the Kyoto scheme constitute an example of this?).

Having said this, it must be remembered that in a world of imperfect information and uncertainty, permit prices could fluctuate considerably, particularly in the early years in which participants are learning how the permits market operates. (See Clunies Ross, 1990, for more on this). This may discourage some countries from participation in such a scheme.

2. Consider the following extracts from an article in the Independent newspaper (28 March 1995) by the economist Frances Cairncross:

Work by William Cline, a scrupulous and scientifically literate American economist, suggests that the benefits of taking action do not overtake the costs until about 2150. And Mr Cline sees global warming largely in terms of costs. Yet it is inconceivable that a change of such complexity will not bring gains...as well as losses.

Given the difficulties of doing something about climate change, should we try? Some measures are certainly worth taking because they make sense in their own right. ... Removing such [energy] subsidies would make the economy work more efficiently and benefit the environment, too.

Indeed, wise governments should go further, and deliberately shift the tax burden away from earning and saving...towards energy consumption. 

Beyond that, governments should do little. The most rational course is to adapt to climate change, when it happens.... Adaptation is especially appropriate for poor countries once they have taken all the low-cost and no-cost measures they can find. Given the scarcity of capital, it makes good sense for them to delay investing in expensive ways to curb carbon dioxide output. Future economic growth is likely to make them rich enough to offset those effects of climate change that cannot be prevented.

Provide a critical assessment of these arguments.

There is much for discussion here. Partly this quote is about the relative costs of prevention and adaptation. Whether Cairncross is right in implying that adaptation costs are relatively low is, however, a moot point (and one which presumably depends to a large extent on how far and fast average temperatures, or the variability of climate, changes).

But the more important point here may well be about the appropriate way of deciding policy in the face of risk and uncertainty. It is surely correct that there are many low cost, or even negative cost, projects that we could and should do now. But whether this is sufficient is the main point. Given irreversibilities (and risk aversion) one may well attach a high weight to some form of precautionary principle (which probably favours preventative action now).  Of relevance is the whole options theory literature, a part of which we examine in Chapter 13.  Note that acting now, rather than waiting and observing also entails some options being closed off. So it is not clear which direction options theory pushes us in. There is a vast literature in economics dealing with decision making under risk and uncertainty, and all of this is potentially relevant to this issue. 

3. Compare and contrast the cost-effectiveness of 

(a)
a sulphur dioxide emission tax;

(b)
a sulphur dioxide emission tax levied at the same rate as in (a), together with an arrangement by which emissions tax revenues are used to subsidise capital equipment designed to ‘scrub’ sulphur from industrial and power generation emissions.

This question is concerned with the validity of the argument, often advocated by environmentalists, that revenues from environmental taxes should be earmarked for environmental protection or clean up purposes. Conventional public finance theory has typically been used to argue against such earmarking. The idea here is that revenue and expenditure decisions should be made on different criteria. If $x million are derived from a new environmental tax, there is no reason to suppose that using it for some environmental project will necessarily give the greatest rate of return on those funds. Of course, if it does provide the highest rate of return, then the funds should be used in that way. But that is something which has to be established in the particular set of circumstances surrounding the decision.

There are arguments which can justify earmarking, however. Some of these concern the conditions for acceptability of a new tax; perhaps it will be easier to implement as a part of an environmental package deal. And there may be scope advantages. The information gained from researching, monitoring, and implementing of an environmental tax may be useful in applying the proceeds in that sector. 

However, once the earmarking becomes more and more tightly circumscribed (as seems to be the case in this question), the potential for efficiency losses becomes very large. For example, even if right now the use of sulphur scrubbers is the environmentally best way of using environmental tax revenues (even ignoring non-environmental uses), it seems to be unlikely that this will always be the best way, or is the best in all circumstances and for all scales. Is it not best to give polluters an incentive to reduce emissions, but let them select the method which is least costly for themselves?

4. The text mentions that forests, agricultural lands and other terrestrial ecosystems offer significant carbon-reduction potential. Choose one country, and consider ways in which this potential might be realized. What are the limits to the extent to which these methods could be used?

Problems

1. The world consists of two countries, X which is poor and Y which is rich. The total benefits (B) and total costs (C) of emissions abatement (A) are given by the functions 

BX = 8(AX + AY),
BY = 5(AX + AY),
CX = 10 + 2AX + 0.5AX2   and CY = 10 + 2AY + 0.5AY2
where the subscripts are used in the same way as in Box 10.2. 

a) Obtain the non-cooperative equilibrium levels of abatement for X and Y.

b) Obtain the cooperative equilibrium levels of abatement for X and Y.

c) Calculate the utility levels enjoyed by X and by Y in the non-cooperative and cooperative solutions. Does the cooperative solution deliver Pareto improvements for each country, or would one have to give a side-payment to the other to obtain Pareto improvements for each with cooperation?

d) Obtain the privately optimising level of abatement for X, given that Y decides to emit at the level of emissions that Y would emit in the cooperative equilibrium. (You should find that the answer to d) is that X does the same amount of abatement that she would have done in the non-cooperative case. What property or properties of the cost and benefit function used in this example cause this particular result?)
e) Suppose that Y acts as a ‘swing abater’, doing whatever (non-negative) amount of abatement is required to make the combined world abatement equal to the combined total under a full cooperative solution. How much abatement is undertaken in the two countries?
We define “utility” (or, more precisely, the net benefit of abatement) as B - C (similarly to what was done in Box 10.2).

(a) The non-cooperative solution is found where each country independently maximises its utility (that is, each ignores the behaviour of the other in its utility maximising choices).

The utility functions for X and Y are:
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The first order necessary conditions for a maximum are 
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Checking second-order conditions we find that each of the second derivatives is equal to -1 at the stationary values, confirming that AX* = 6 and AY*=3 are maximum utility values. 

(b) The cooperative equilibrium is found where U = UX + UY is maximised through a joint selection of AX and AY. Hence 
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and
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which are again confirmed as maximising values through checking second-order conditions.

(c) Substitution of solution values into the respective utility functions yields:

In non-cooperative case:

UX* = 32 , UY* =24.5 
( U*=56.5

In cooperative case:

UX** = 83.5, UY** = 17.5
( U**=101

The change is not a Pareto improvement, as the utility level of Y drops in the (uncompensated) cooperative solution. However, there is a potential Pareto improvement as combined utility rises by 44.5 with cooperation. Side-payments strictly between 7 and 51.5from X to Y would secure a utility rise by each party after (compensated) cooperation. 

(d) We have established that AY = 11 is Y’s “cooperative” abatement choice. If X expects that Y will set AY = 11 irrespective of what X does, then X will choose AX  to maximise
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which gives the first order condition
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(e) There is no change in AX
between the non-cooperative case and the case where X ‘free-rides’ on Y (the situation examined in (d)). The reason for this is that AX and AY enters X’s utility function separably, so that the derivative of UX with respect to AX is independent of AY. (Note how matters would differ if X’s utility function included an interactive term such as AX multiplied by AY.) Intuitively, this separability means that X’s best choice of AX is always the same, irrespective of AY, and so can be obtained without any reference to AY. Note, however that X’s utility (rather than marginal utility) does depend on AY, and so there is a sense in which the free-riding description is correct.

(f) We have established that if X operates as a ‘free rider’, she will undertake 6 units of abatement. As the cooperative level of abatement is 22, Y acting as a swing abater would need to undertake 22-6=16 units of abatement. Would she be likely to adopt such a role? As Y’s utility (net benefits of abatement) would fall to negative 60, this seems most unlikely.

2. Refer to Figure 10.10. Show how the relative slopes of the MB and MC functions, and the number of countries, N, determine
(a) the magnitude of the efficiency gains from full cooperation, and

(b) the amount by which the cooperative level of abatement exceeds the non-cooperative (Nash) abatement level.

What conclusions can be drawn from your results? 
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