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Chapter 11 
Outline responses to Discussion Questions
1. Should decisions about environmental policy be made on the basis of cost benefit analysis?

At the level of principle this is an ethical question. An ethical position which is consequentialist and subjectivist and takes only humans as having standing would lead to an affirmative answer. One could, however, take such a position but object to using CBA as it is actually practised on the grounds that it takes no account of distributional issues, or that the methods used to place values on things that do not get traded in markets are inherently incapable of producing results of sufficient reliability for use in policy decisions. The basis for the first objection was considered in Chapter 5; the second will be considered in the next chapter.

2. In the context of a proposed hydroelectric development in a wilderness area, has the Krutilla-Fisher argument about the relative price movements that should be assumed in ECBA  been affected by recent concerns about the implications for climate change of carbon dioxide emissions in fossil fuel combustion and about nuclear power stations?

The Krutilla-Fisher argument that one should assume an increasing relative price for wilderness amenity services was based on arguments about supply and demand. In regard to the former, amenity services are fixed in supply and those based on any particular site may well have no substitutes, while hydroelectricity has many potential substitutes and technical progress will shift the supply function based on such substitutes outwards. As regards demand, they argued that the income elasticity of demand is higher for amenity services than for energy ( the implied context was a developed economy ), and that continuing economic growth should be assumed.

Climate change considerations affect mainly the supply side arguments - it is not generally thought that climate change will significantly affect growth rates in the developed economies, or preferences as between produced commodities and wilderness recreation. However, significantly higher fossil fuel prices consequent upon internalising the external costs of fossil fuel use could affect the demand for wilderness recreation via the costs of travel. Internalising the external costs of fossil fuel combustion, or doing ECBA with the externality accounted for, would, other things equal, increase the NPV of a proposed hydro facility. It would also make other non-fossil fuel electricity supply systems - such as solar, wind, wave and nuclear - look better, other things equal. The general expectation is that technical progress in renewable energy supply will lower costs over time. There does not appear to be a general expectation that the real costs of handling the wastes arising from fission based electricity supply will fall over time, and the feasibility of fusion based supply has yet to be demonstrated. 

Clearly, these sorts of considerations complicate the argument. The outcome likely depends on the rate of technical progress and cost reduction in non-hydro renewable electricity supply systems which will determine the rate at which they are substituted for fossil fuel and nuclear based electricity supply.

Answers to Problems

1. Derive the optimality conditions for the model specified in Appendix 11.1.

The problem to be considered is

Max  
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The Lagrangian is

L = 
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giving the first order conditions
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(1.a)
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(1.b)
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(1.c)
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(1.d)
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(1.e)
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(1.f)
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(1.g)
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(1.h)
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(1.i)


[image: image20.wmf]0

λ

Y

λ

λ

K

L

4

K1

4

3

Y

1

=

+

+

-

=

¶

¶







(1.j)

where 
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From 1.a and 1.c and from 1.e and 1.g:
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(2.a)

From 1.b and 1.d and from 1.f and 1.h:
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(2.b)

From 1.a and 1.b and from 1.e and 1.f:
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(2.c)

From 1.a and 1.d and from 1.e and 1.h:
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(2.d)

From 1.c and 1.d and from 1.g and 1.h:
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(2.e)

From 1.c and 1.b and from 1.g and 1.f:
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(2.f)

Using the definitions of marginal rates of utility substitution, 2.a to 2.f here can be written as
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which are the same as the efficiency conditions 11.37.a to 11.37.f stated in Appendix 11.1.2.

From 1.i and 1.j
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(3.a)

and
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(3.b)

Comparing 3.a and 3.b with 2.c and 2.e and using the definitions for marginal rates of utility substitution and marginal rates of transformation gives 
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which are the same as the efficiency conditions 11.39.a and 11.39.b given in Appendix 11.1.2. As usual, optimality conditions include efficiency conditions. All of the other statements of efficiency conditions given in Appendix 11.1.2 follow from the above statements and so can be derived as optimality conditions as well as efficiency conditions.

Optimality involves the efficiency conditions plus some others. From 1.a through to 1.h we get
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(4.a)
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(4.b)
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(4.c)
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From 4.a
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and proceeding in the same way for 4.b 4.c and 4.d we get the optimality condition
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2. Consider the two social welfare functions
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where Ui = ln(Xi) is the utility enjoyed by the ith generation from the consumption Xi, i = 1, 2. 

Consider two projects:

PROJECT A: Generation 1 reduces consumption by 10 units. The investment yields 20 additional units of consumption for Generation 2.

PROJECT B: Generation 1 reduces consumption by 15 units. The investment yields 15 additional units of consumption for Generation 2.

Let the pre-project level of consumption in Generation 1 be 100 units. Now consider three scenarios:


SCENARIO



PRE-PROJECT LEVEL OF X2
(i) 
NO TECHNOLOGY CHANGE


100

(ii)
TECHNOLOGY IMPROVEMENT


120

(iii)
TECHNOLOGY WORSENING


 80


(OR LOSS OF INPUTS)

Use a tick to denote Do project or a cross to denote Do not do project in each cell of the following table to show whether the project (A or B) should be undertaken under each of the three scenarios, for the two cases of a utilitarian SWF (U) and a Rawlsian SWF (R).

Consider scenario (i), no technology change. The possibilities are

	
	X1
	X2

	No Project
	100
	100

	Project A goes ahead
	90
	120

	Project B goes ahead
	85
	115


With the Utilitarian welfare function

WN = ln(100) + ln(100) = 4.6052 + 4.6052 = 9.2103

WA = ln(90) + ln(120) = 4.4998 + 4.7875 = 9.2873

WB = ln(85) = ln(115) = 4.4427 + 4.7449 = 9.1876

where WN is welfare with no project, WA with project A going ahead and WB with project B going ahead. With this welfare function A should go ahead, but B should not.

Now consider the implications of the Rawlsian welfare function

WN = min{ln(100), ln(100)} = ln(100)

WA = min{ln(90), ln(120)} = ln(90)

WB = min{ln(85), ln(115)} = ln(85)

and neither A nor B should go ahead.

Proceeding in the same way for scenarios (ii) and (iii) gives

	
	Scenario

	
	(i)


	(ii)


	(iii)



	
	U
	R
	U
	R
	U
	R

	Project
	A
	(
	(
	(
	(
	(
	(

	
	B
	(
	(
	(
	(
	(
	(


where a tick indicates go ahead with the project and a cross do not go ahead with the project, and U and R refer to the use of the Utilitarian and Rawlsian welfare functions respectively.

3.  The Safe Water Drinking Act required the United States Environmental Protection Agency to establish action standards for lead in drinking water. The EPA evaluated three options (labelled A, B and C below) using cost-benefit techniques. A selection of the results of this analysis is presented in the following table.

	
	Option

	
	A
	B
	C

	Total benefits
	$68 957
	$63 757
	$24 325

	Total costs
	$6 272
	$4 156
	$3 655

	Benefit to cost ratio
	11.0
	15.3
	6.7

	Marginal benefit (MB)
	$5 192
	$39 440
	$24 325

	Marginal cost (MC)
	$2 117
	$500
	$3 665

	MB to MC ratio
	2.5
	78.8
	6.67


Monetary values in the table are 1988 $ million, based on a 20-year life, discounted to present value at 3%. Option A involves the strictest standard, Option C the least strict, with B intermediate. The marginal cost and benefit figures refer to incremental costs/benefits incurred in moving from no control to Option C, from Option C to Option B, and from Option B to A respectively. 

The US Environmental Protection Agency selected Option B. Is Option B the economically efficient choice?

Given that all figures in the table are in present value terms, the net present value of each option is obtained by subtracting total cost from total benefit. This gives a NPV for each option as:

A: $62,685

B: $59,601

C: $20,670

The economically efficient option is the one that generates the highest NPV; here that is option A. Although B has the highest benefit:cost ratio (and the highest marginal benefit:marginal cost) ratio, it is not the efficient option. 

Note: This question is based on an extensive discussion of using cost-benefit analysis to analyse lead standards in the USA in Goodstein (1995), pages 133-140. The reader might like to consult that reference for further analysis, including the case where uncertainty is present.

4. Solve Equation 11.31 for a with NPV set at 0 to get an expression for a*, the value of a that makes the project marginal, in terms of r, X, P and D. Treat X, P and D as parameters and find (a*/(r. What can be said about its sign? What is its sign for the values used in the chapter when discussing discount rate adjustment - X = 1000, D =75 and P =12.5? Confirm the answer by evaluating a* for r = 0.055 and r = 0.045, and explain it.
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For X = 1000, D = 75, P = 12.5 and r = 0.045 and 0.055
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Here, the breakeven value for the rate of growth of amenity benefits decreases as the rate of interest increases - at the higher rate of interest, amenity benefits have to grow more slowly for the project to pass the NPV test. 

5. Rework the MCA example considered in the chapter:

a. With the following scoring of the qualitative assessment of the wildlife and amenity impacts

	Bad
	Moderate
	Slight

	1
	2
	3


b. With the following scoring of the qualitative assessment of the wildlife and amenity impacts

	Bad
	Moderate
	Slight

	10
	20
	30


Is it possible to find an order preserving scoring that affects the result of the weighted summation MCA?

The basic raw data are: 

	
	A. Highway
	B. Highway

and Buses
	C. Railway

	Cost 

106£
	250
	300
	500

	Time Saving

106 hours per year
	10000
	8000
	6000

	CO2 Emissions

103 tonnes per year
	1000
	800
	200

	Wildlife and Amenity

Qualitative
	Bad
	Bad
	Moderate


In the chapter text, Wildlife and Amenity ratings were quantified using

	Bad
	Moderate
	Slight

	3
	2
	1


in which case the data for the three options on the four criteria are:

	
	A. Highway
	B. Highway

and Buses
	C. Railway

	Cost 

106£
	250
	300
	500

	Time Saving

106 hours per year
	10000
	8000
	6000

	CO2 Emissions

103 tonnes per year
	1000
	800
	200

	Wildlife and Amenity

Qualitative
	3
	3
	2


Making the numbers dimensionless gives

	
	Highway
	Highway

and Buses
	Railway

	Cost
	1.0000
	0.8333
	0.5000

	Time Saving
	1.0000
	0.8000
	0.6000

	CO2 Emissions
	0.2000
	0.2500
	1.0000

	Wildlife and Amenity
	0.6667
	0.6667
	1.0000


and aggregating using weights

	Costs
	0.3

	Time Saving
	0.3

	CO2 Emissions
	0.2

	Wildlife and Amenity
	0.2


gives

	
	Highway
	Highway

and Buses
	Railway

	Cost
	0.3000
	0.2500
	0.1500

	Time Saving
	0.3000
	0.2400
	0.1800

	CO2 Emissions
	0.0400
	0.0500
	0.2000

	Wildlife and Amenity
	0.1333
	0.1333
	0.2000

	Sum
	0.7733
	0.6733
	0.7300


so that the options are ranked

 Highway

 Railway

 Highway and Buses.

a. Using

	Bad
	Moderate
	Slight

	1
	2
	3


the dimensionless numbers are

	
	Highway
	Highway

and Buses
	Railway

	Cost
	1.0000
	0.8333
	0.5000

	Time Saving
	1.0000
	0.8000
	0.6000

	CO2 Emissions
	0.2000
	0.2500
	1.0000

	Wildlife and Amenity
	0.5
	0.5
	1.0000


so that with the weights given above, we get

	
	Highway
	Highway

and Buses
	Railway

	Cost
	0.3000
	0.2500
	0.1500

	Time Saving
	0.3000
	0.2400
	0.1800

	CO2 Emissions
	0.0400
	0.0500
	0.2000

	Wildlife and Amenity
	0.1000
	0.1000
	0.2000

	Sum
	0.7400
	0.6400
	0.7300


and the ranking is

Highway

Railway

Highway and Buses

as in the chapter.

b. Using

	Bad
	Moderate
	Slight

	10
	20
	30


the dimensionless numbers are

	
	Highway
	Highway

and Buses
	Railway

	Cost
	1.0000
	0.8333
	0.5000

	Time Saving
	1.0000
	0.8000
	0.6000

	CO2 Emissions
	0.2000
	0.2500
	1.0000

	Wildlife and Amenity
	0.5000
	0.5000
	1.0000


the same as in part b - given the way of achieving dimensionless numbers, multiplying all the Wildlife and Amenity scores by the same constant does not change anything.

However, it is not the case that any set of order preserving scores will give the same outcome. Consider

	Bad
	Moderate
	Slight

	1
	5
	25


in which case the dimensionless numbers are

	
	Highway
	Highway

and Buses
	Railway

	Cost
	1.0000
	0.8333
	0.5000

	Time Saving
	1.0000
	0.8000
	0.6000

	CO2 Emissions
	0.2000
	0.2500
	1.0000

	Wildlife and Amenity
	0.2000
	0.2000
	1.0000


and using the same weights we get

	
	Highway
	Highway

and Buses
	Railway

	Cost
	0.3000
	0.2500
	0.1500

	Time Saving
	0.3000
	0.2400
	0.1800

	CO2 Emissions
	0.0400
	0.0500
	0.2000

	Wildlife and Amenity
	0.0400
	0.0400
	0.2000

	Sum
	0.6800
	0.5800
	0.7300


with the ranking

Railway

Highway

Highway and Buses

The way in which qualitative data is transformed into quantitative data does matter.

Suggested additional Problems

At page 393 the reader was invited to derive the optimality conditions for an aggregation such that the optimality problem is:

Max 
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It was left to the reader to confirm that the necessary conditions here are the efficiency conditions stated as equations 11.45 plus
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(11.46)

where 
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The Lagrangian for this problem is
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with necessary conditions
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(1.a)
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(1.b)
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(1.c)


[image: image63.wmf]0

λ

U

W

C

L

2

B

C1

B

B

1

=

-

=

¶

¶

  






(1.d)
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(1.e)

From 1.a through to 1.d
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and from 1.e
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so that
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which is 

MRUSA = MRUSB = MRT

which is

rA = rB = (
the efficiency condition 11.45.

From 1.a through to 1.d, we also have
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so that there is the additional condition
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which is 11.46.
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