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Chapter 19 
Outline responses to Discussion Questions

1.Five European countries have access to the water resources of the River Rhine, which are intensively used for commercial and industrial purposes. Discuss (a) methods of valuation of Rhine water quality degradation caused by human use, and (b) the allocation of these costs between the countries affected. 

1. All of the valuation methods discussed in Chapter 14 would be relevant. Allocation of the costs arising would require a model of the river system so that damages at locations could be tied to emissions at locations, as discussed in Chapter 12.      

2.Discuss the arguments for and against the exclusion, or deduction, of defensive or preventive environmental expenditure from GDP. Identify other components of GDP which, it could be argued, should be excluded for identical or similar reasons.

2. The standard argument for is that the expenditures are not welfare enhancing but are intended to offset, or remedy, changes which would otherwise reduce welfare. The arguments against are the difficulties of identifying defensive environmental expenditures with any precision, and that there are many other forms of expenditure currently included in GDP which are also defensive - accepting the case for excluding environmental defensive expenditures could raise fundamental questions about any welfare interpretation of GDP type measures, and about economic growth as welfare enhancing.

3.Discuss the distinction between 'economic' and 'non-economic' environmental assets. Compile a short list of three or four specific non-economic environmental assets, and identify the costs and benefits associated with those assets, and how these might be valued for national accounts purposes.

3. See chapters 6 (Mexico) and 7 (Papua New Guinea) in Lutz (1993) for pilot studies in the construction of environmental balance sheet accounts and their use for adjusting national income measures. Chapter 4 discusses many of the issues in the context of an illustrative numerical example.

4. There is lot more coal remaining than there is oil, in the world as a whole. The combustion of coal releases more CO2, and other pollutants, per unit energy released, than is the case with natural gas. Which should have the higher shadow price for the purposes of environmental accounting.

4. An answer would emerge from a suitably specified constrained optimisation model. Note 'an answer' rather than 'the answer'. Answers would vary with model specification and parameterisation, in terms of the objective function and the constraint set. 

5. Devise a checklist for the qualitative and quantitative information which a university should be asked to furnish as a basis for an environmental audit of its functional activities.

5. A starting point could be a comprehensive listing of  purchased inputs, with the question asked what happens to those inputs, where and how do they end up? What are the environmental impacts of the production of the inputs to the university system? How does the university dispose of its wastes? 

6.Given the valuation problems inherent in assessing many forms of environmental damage or degradation, is it better to concentrate efforts on developing a comprehensive system of physical environmental accounts, rather than attempt to incorporate environmental costs and benefits into the conventional system of national accounts?

6. This is a matter of judgement. To what extent, and for what purpose, are environmentally adjusted national income accounts useful, given that the adjustments are necessarily inaccurate? It should also be noted that physical accounts are a necessary input to exercises involving valuation, so that adjusting national income accounts requires physical accounts, and in that respect the choice posed by the question is somewhat unreal. 

Answers to Problems

1.A mineral resource is extracted and sold yielding £20m annual gross revenue to the owners. Purchases of goods and services used for extraction are £4m, labour costs are £2m and capital equipment is valued at £30m. The average rate of return on capital in the mineral extraction sector is 4.5%. At current extraction rates, reserves will be economically exhausted in 5 years. Assume a constant rate of extraction, a fixed extraction technology, and  constant relative prices . Calculate a depletion rate for this mineral resource and hence the contribution of this extraction activity to gross and net national product, stating any necessary additional assumptions.

 Using the same notation as in the chapter, we have PR = £20x106. Capital costs are given by applying the 4.5% return to capital employed, to get £1.35x 106 and summing across intermediates, labour and capital gives total costs, CR, as £7.35x106. Ignoring new discoveries, Equation 19.26 for the Net Price I method is

D = (P - C)R = PR - CR = (20 - 7.35)x106 = £12.65x106.

The GDP contribution is PR less intermediate purchases, which is £16x106. The contribution to properly measured net national product, EDP, is the GDP contribution less D, ie £3.35x106. This assumes that the capital employed in mining does not depreciate.

2. At the start of 1998 oil reserves in country X were 504 x 109 barrels. During 1998 country X produced 8 x 109 barrels, and there were no new discoveries of oil there. The world price of oil was constant at £3.125 per barrel throughout 1998, and the interest rate in X was also constant, at 5%. Total oil production costs in X , including a normal return on capital employed were £20 x 109.

a. Calculate the depreciation of country X's oil stock using 

the net present value method

El Serafy's user cost rule

b. Repeat a using an interest rate of 10%

c. Repeat the calculation for a 5% interest rate, but with the world price of oil being £3.00 at the start of the year and £5.00 at the end of the year.

d. Comment on your results.

 With total costs for the extraction of 8x109 barrels at £20x109, we have C = 2.5.

a)i  At a constant rate of extraction, resource lifetime is 63 years at the start of 1998, denoted with sub 0, and 62 years at the start of 1999, denoted with sub 1. Then, with constant price and cost

D = (NPV  = NPV0 - NPV1

         = (P - C)R[(631/(1+r)t - (621/(1+r)t] 


        = (P - C)R[1/(1+r)63]

                    = (3.125 - 2.5)(8x109)0.046246


         = £231, 229, 991

 for a 5% interest rate.

a)ii From Equation 19. 57

  D = (P - C)R/(1+r)T
where T is resource lifetime, so here by El Serafy's rule

D = (3.125 - 2.5)(8x109)/1.0563 = £231, 229, 991

Given the specialising assumptions,  the change in NPV method leads to the same formula, D = (P - C)R/(1+r)T , and result as the El Serafy rule.

b) i £12, 337, 604

b)ii £12, 337, 604

c) The El Serafy rule cannot handle price changes.

For the NPV change method

NPV0 = (63(3 - 2.5)(8x109)/1.05t = (4x109)(631/1.05t
NPV1 = (62(5 - 2.5)(8x109)1.05t = (20x109)(621/1.05t
so

(NPV = (4x109)[(631/1.05t  - 5(621/1.05t]

Writing the term in square brackets as

(63dt  - 5(62dt
this is

d + d2 + d3 + ....+ d63 -5d - 5d2 - 5d3 -.....- 5d62
or

- 4d - 4d2 - 4d3 -....-4d62 + d63
which can be written as

-4{d + d2 + ....+ d62} + d63
Let the term in  brackets here be Q so that

Q = d + d2 +.....d62
and 

dQ = d2 + d3 +....+ d63
then

Q - dQ = d - d63
and 

Q = (d - d63)/(1 - d)

so that

(63dt  - 5(62dt = -4[(d - d63)/(1-d)] + d63
and doing the arithmetic here gives

D = (NPV = -304.65x109
which is negative depreciation on account of the rise in the price of the extracted oil.

d) If  the assumptions employed in the El Serafy rule are used with the NPV change method, both produce the same result. In both cases, depreciation falls as the interest rate increases.

NOTE. In the literature, the El Serafy rule is, following El  Serafy's original formulation, often stated as 

D = R(P - C)/(1 + R)T+1 
rather than as

D = R(P - C)/(1 + R)T
as here.  You get the first of these if you work through the algebra as in Appendix 19.4, starting with
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which amounts to assuming that receipts arise at the beginning of each period. The numerical difference as between the two formulations decreases as T increases, but is non-trivial for small T, as experimentation will show.  The results in Tables 19.3 and 19.4 in the chapter use El Serafy's original formulation of his rule.

3. In the chapter we showed that the owner of an oil deposit in a fully competitive economy would keep his or her wealth constant and achieve the highest consistent level of constant consumption by following the Hartwick rule. Show that this would also be the case for the sole owner of a fishery, given sustainable yield harvesting. Show that it would also be the case for someone owning an oil deposit and a fishery.

For the sole owner of a fishery use the same notation as in the chapter, with h now as the price of a permit to take fish, R the sales of permits, and V the value of the fishery. Given sustainable harvesting, h, R and V are constant over time. Then corresponding to Equation 19.1 we have now

Bt = (1+r)Bt-1  + (1+r)hR - Ct
and 

Bt - Bt-1 = rBt-1 + (1+r)hR - Ct
so that

Wt - Wt-1 = (Bt - Bt-1) + (Vt - Vt-1)


      = (Bt - Bt-1) + 0


      = rBt-1 + (1+r)hR - Ct
and for Wt - Wt-1 = 0

Ct = rBt-1 + (1+r)hR

Now, hR is a constant perpetual stream accruing at the start of each period, the present value of which is {(1+r)hR}/r, while it is also the case that the present value of the stream of receipts is the value of the fishery, V. Hence,

V =  {(1+r)hR}/r

or

(1+r)hR = rV

and we can write

Ct = rBt-1 + rV = rWt
and C = rW0 is the highest sustainable consumption level.

In this case, income is 

Yt = rBt-1 + (1+r)hR

and given that the consumption that keeps wealth constant is

Ct = rBt-1 + (1+r)hR

keeping wealth constant implies St = Yt - Ct = 0. Given that we are considering sustainable harvesting, so that depletion of the resource is zero, this is Hartwick's rule.

For the owner of a mine and a fishery, it is now obvious that if she follows Hartwick in respect of both, her wealth will be constant and consumption will be constant at the highest level consistent with constant wealth.
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