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Answers to Questions in Chapter 15

Discussion questions
1. Discuss the merits of a proposal that the government should impose a tax or subsidy where an non-renewable resource is supplied monopolistically in order to increase the social net benefit.

As the text explains, under the conditions specified in this chapter,  an increase in extraction costs has an effect on the optimal extraction path qualitatively equivalent to a change from conditions of perfect competition to monopoly, other things being equal (compare Figures 15.4 and 15.12 to confirm this). We also established (on page 525) that a revenue subsidy (or negative revenue tax) is equivalent to a decrease in extraction costs. Therefore a revenue subsidy, which in effect reduces (post-subsidy) extraction costs, could be set at a rate consistent with inducing a monopolistic extractor to extract at the socially-efficient rate through time. Note that a subsidy (or tax) on royalties will not have this effect (see page 525). 

2. ’An examination of natural resource matters ought to recognise technical/scientific, economic, and socio-political considerations.’ Explain.

This quotation suggests that to obtain a complete and coherent account of natural resource matters, one should be willing to adopt a multi-disciplinary approach. That is very much the line we take in this text, even though our interest is very much that of the environmental economist. 

However, in studying environmental issues, the economist will soon find that the interactions between the economic and environmental systems necessitate taking on board some of the content and approaches of the physical, earth and life sciences. Moreover, questions of distribution of income and wealth within and between nations, and over time, and issues of policy design and implementation, ensure that socio-political considerations will always be significant. 

3. ’The exploitation of resources is not necessarily destructive ....need not imply the impoverishment of posterity .... It is the diversion of national income from its usual channels to an increased preservation of natural wealth that will harm posterity.’ (Anthony Scott). Explain and discuss.

Scott contends here our choices cannot be simply represented as between different uses of a perpetually fixed-size cake of “resources”. Natural resources can be exploited to increase our future productive potential, and so the quality of life of posterity. In some circumstances, it is important to raise living standards beyond poverty levels before there is to be any realistic chance of achieving sustainable resource use. These choices are most stark in the case of non-renewable resources. Unexploited, they are of little or no value to anyone. Out choice really is about when to use them. If the rents from exploitation can be used to fund research and promote technological progress, or to accumulate human and human-made capital, that should benefit later generations more than the bequest of unexploited non-renewables. Of course, this view is somewhat partial (and other issues arise when we deal with renewable resources); but it is useful to bring it into consideration whenever decisions are to be made about resource conservation.

4. The notion of sustainability is used differently in economics than in the natural sciences.  Explain the meaning of sustainability in these two frameworks, and discuss the attempts that have been made by economists to make the concept operational.

We will leave you to do this without any extra help from us. Relevant material can be found in Chapters 2, 4 and 19.

Problems

1. Consider two consecutive years, labelled 0 and 1. You are currently at the start of year 0. The following information is available. There is a single fixed stock of a non-renewable resource; the magnitude of this stock at the start of year 0 is 224 (million tonnes). The inverse resource demand functions for this resource in each of the years are 





P0 = a – bR0    and    P1 = a – bR1





in which    a = 107 and b = 1. The constant marginal cost of resource extraction is 5. All (non-physical) units are in European units of utility. The social welfare function is discounted utilitarian in form, with a social utility discount rate of 0.1. Given that the objective is to maximise social welfare over periods 0 and 1, calculate the amounts of resource that should be extracted in each period, subject to the restriction that at least 104 units of the resource should be left (unextracted) for the future at the end of period 1. What is the resource price in each period


(a) in utility units;

(b) in Euros, given that U = log(C), where U is utility units, log is the natural logarithm operator, and C is consumption (or income), measured in Euros? 

Relevant data for the problem is:

( = 0.1 eq \O(), 
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= 224,   S* = 104,   P0 = a – b R0     ,   P1 = a – b R1
a = 107,  b = 1,   c = 5

Question: Find R0 and R1, P0 and P1

Solution: 
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(15.2)

First-order necessary conditions (FONC) include:
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(15.3)
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(15.4)    

Since the right-hand side terms of Equations 15.3 and 15.4 are both equal to zero, this 

implies that


[image: image6.wmf]r

+

-

-

=

-

-

1

c

bR

a

c

bR

a

1

0


Using the demand function Pt = a - bRt, the last equation can be written as
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where P0 and P1 are gross prices and P0 - c and P1 - c are net prices. Rearranging this expression, we obtain
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Four equations in four unknowns: 
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This will uniquely define the two prices that are required for welfare maximisation. Using Maple we obtain:

> start;
[image: image10.wmf]start


> eq1 := P0 =a-b*R0;
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> eq2 := P1 =a -b*R1;
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> eq3 := R0 + R1 + SSTAR = SBAR;
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> eq4 := P1 -c =(1+rho)*(P0 - c);
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> eqns :=(eq1,eq2,eq3,eq4);
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> sys :=solve ({eqns},{P0,P1,R0,R1});
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> subs ({rho=0.1,a=107,b=1,c=5,SBAR=224,SSTAR=104},sys);
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We could also solve this problem directly from Hotelling’s rule noting that this requires
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and by substituting for the prices from the demand equations, and using the resource stock constraint to express R1 in terms of R0. Try this now. 

2. The version of Hotelling's rule given in Equation 15.5 requires the net price to grow proportionately at the rate . Under what circumstances would this imply that the gross price also should grow at the rate ?

For convenience we use continuous time notation to answer this question. Hotelling’s rule requires that
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where the dotted expression 
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indicates the time derivative of the whole term within parenthesis, and where we have allowed the marginal cost to be time varying. Rewriting (1) we have


[image: image22.wmf]r

=

-

-

Û

r

=

)

c

P

(

)

c

P

(

p

p

t

t

t

t

t

t

&

&



(2)

The question asks under what circumstances will 
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(3)

It should be clear from inspection of (2) that one circumstance under which (2) collapses to (3) will be if ct = 0 for all t. A second circumstance in which this would occur is if marginal cost is a constant proportion of the gross price so that we have 

ct  = aPt
Then 
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and so 
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Then we have
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So if marginal extraction costs are always zero or if marginal costs are a constant proportion of gross price, then the rate of growths of net and gross prices will be equal (notice that the first condition is in fact a special case of the second where the proportionality factor a = 0).

This does not, by itself, prove that these are the only conditions under which that result is true. However, with some a little maths (which we do not go through here) that result can be established. A proof can be based on the method of contradiction; only if the proportionality referred to above is valid can the two growth rates be equal.

3. In Equation 15.5, if = 0, what are the implications for

(a)
P0 and P1 ?

(b)
R0 and R1 ?

First let period t-1  be period 0, and period t be period 1. Then, if marginal extraction costs are constant over time, with ( = 0, the Hotelling condition can only be satisfied if P0 = P1 , and so gross resource price is unchanging through time. Furthermore, if the resource demand function is unchanging through time, then a constant gross price implies constant extraction and use of the resource (so that R0 = R1). 

Note that with a finite resource stock such a path cannot be sustained indefinitely, unless Pt were so large that Rt = 0 always. 

If marginal extraction costs are not constant over time, then it is the net price (or rent, or royalty) that must be constant over time, rather than the gross price. With rising marginal costs, this may allow a solution in which the gross price rises through time, until demand damps down to zero, even where ( = 0.

(Problems 4, 5 and 6 are based on Table 15.3 in the textbook.)

4. Explain, with diagrams, why a monopolistic non-renewable resource market is biased towards conservation and therefore will increase the ‘life’ of the resource.

There is little point in repeating the answer here; this can be found in the text on pages 519-520.

5. In the case of perfect competition, if the private discount rate is higher than the correct social discount rate, explain, with diagrams, why the market will exhaust the resource too quickly.

The key to this answer lies in recognising that we can exploit Figure 15.6 and the discussion surrounding that for an answer. If the price path with its origin at the point P0 were the one corresponding to the correct social discount rate, then the associated resource depletion path would be socially optimal. However, if private firms are faced with a higher private discount rate, then the price path associated with the initial point P0/ (and its associated resource depletion path) is privately optimal (that is, wealth maximising). Under the conditions discussed in this chapter, the private plan depletes the resource too quickly. 

6. Discuss, with diagrams, the consequences of the discovery of North Sea oil for

(a)
the price and output levels for the oil market;

(b)
the date of exhaustion of oil reserves.

What will be the probable path over time of oil prices if there are frequent discoveries of oil?
The answer to this question is in all essentials that given on pages 521-522 concerning ‘An increase in the size of the known resource stock’. Assuming that the conditions given there are generally valid, then Figure 15.7 demonstrates the main results for a one-off discovery (pushing known stock size from one level to another higher level:

· The price will be lower and the output level higher at all points in time until exhaustion

· The date of exhaustion will be further into the future

Figure 15.8 implies what would happen to the path of oil prices for a sequence of discoveries. 

It is interesting to note what has actually happened to oil prices over a very long horizon. This can be seen in the chart below, showing the world price of crude oil from 1861 to 1991. The line which generally lies below the other is the nominal price of crude oil; in the dollars of the year in question; the upper line, more variable in magnitude on the chart, is the real price of oil, expressed in terms of $ US 1993. The real price is the one we should really look at in considering oil price movements, as it abstracts from changes in price which are attributable merely to changes in the general level of prices. It is evident that the real price of crude oil fluctuated around a more-or-less constant level over a large part of the last 100 years. Although demand has been growing over this period, continual new discoveries and falling extraction costs have resulted in a price path not too dissimilar from that shown in Figure 15.8.  
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		1868.0		3.63		39.28

		1869.0		3.64		39.38

		1870.0		3.86		43.96

		1871.0		4.34		52.18

		1872.0		3.64		43.76

		1873.0		1.83		22.00

		1874.0		1.17		14.89

		1875.0		1.35		17.71

		1876.0		2.56		34.62

		1877.0		2.42		32.73

		1878.0		1.19		17.76

		1879.0		0.86		13.29

		1880.0		0.95		14.18

		1881.0		0.86		12.83

		1882.0		0.78		11.64

		1883.0		1.00		15.46

		1884.0		0.84		13.46

		1885.0		0.88		14.11

		1886.0		0.71		11.38

		1887.0		0.67		10.74

		1888.0		0.88		14.11

		1889.0		0.94		15.07

		1890.0		0.87		13.95

		1891.0		0.67		10.74

		1892.0		0.56		8.98

		1893.0		0.64		10.26

		1894.0		0.84		13.98

		1895.0		1.36		23.54

		1896.0		1.18		20.43

		1897.0		0.79		13.68

		1898.0		0.91		15.75

		1899.0		1.29		22.33

		1900.0		1.19		20.60

		1901.0		0.96		16.62

		1902.0		0.80		13.32

		1903.0		0.94		15.07

		1904.0		0.86		13.79

		1905.0		0.62		9.94

		1906.0		0.73		11.70

		1907.0		0.72		11.13

		1908.0		0.72		11.54

		1909.0		0.70		11.22

		1910.0		0.61		9.43

		1911.0		0.61		9.43

		1912.0		0.74		11.04

		1913.0		0.95		13.84

		1914.0		0.81		11.65

		1915.0		0.64		9.11

		1916.0		1.10		14.56

		1917.0		1.56		17.58

		1918.0		1.98		19.00

		1919.0		2.01		16.79

		1920.0		3.07		22.14

		1921.0		1.73		13.97

		1922.0		1.61		13.88

		1923.0		1.34		11.35

		1924.0		1.43		12.09

		1925.0		1.68		13.85

		1926.0		1.88		15.35

		1927.0		1.30		10.82

		1928.0		1.17		9.87

		1929.0		1.27		10.71

		1930.0		1.19		10.30

		1931.0		0.65		6.17

		1932.0		0.87		9.21

		1933.0		0.67		7.47

		1934.0		1.00		10.79

		1935.0		0.97		10.21

		1936.0		1.09		11.37

		1937.0		1.18		11.88

		1938.0		1.13		11.59

		1939.0		1.02		10.61

		1940.0		1.02		10.51

		1941.0		1.14		11.19

		1942.0		1.19		10.55

		1943.0		1.20		10.03

		1944.0		1.21		9.94

		1945.0		1.05		8.43

		1946.0		1.05		7.77

		1947.0		1.90		12.29

		1948.0		1.99		11.95

		1949.0		1.78		10.79

		1950.0		1.71		10.26

		1951.0		1.71		9.51

		1952.0		1.71		9.31

		1953.0		1.93		10.43

		1954.0		1.93		10.38

		1955.0		1.93		10.42

		1956.0		1.93		10.26

		1957.0		2.08		10.68

		1958.0		2.08		10.40

		1959.0		1.90		9.42

		1960.0		1.78		8.69

		1961.0		1.80		8.69

		1962.0		1.80		8.60

		1963.0		1.80		8.50

		1964.0		1.80		8.39

		1965.0		1.80		8.24

		1966.0		1.80		8.01

		1967.0		1.80		7.79

		1968.0		1.80		7.48

		1969.0		1.80		7.10

		1970.0		1.80		6.70

		1971.0		2.24		7.99

		1972.0		2.48		8.57

		1973.0		2.75		8.94

		1974.0		10.84		31.76

		1975.0		10.46		28.08

		1976.0		11.51		29.22

		1977.0		12.40		29.55

		1978.0		12.70		28.10

		1979.0		15.67		31.15

		1980.0		27.00		47.29

		1981.0		32.00		50.77

		1982.0		34.00		50.85

		1983.0		31.50		45.64

		1984.0		29.00		40.29

		1985.0		28.50		38.26

		1986.0		14.38		18.92

		1987.0		18.43		23.63

		1988.0		14.96		18.25

		1989.0		18.20		21.10

		1990.0		23.81		26.34

		1991.0		20.05		21.27

		1992.0		19.37		19.95

		1993.0		17.07		17.07

		1994		15.98

		1994		17.18

		1996		20.81

		1997		19.30

		1998		13.11
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