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1.0 Introduction

As the industrialization of global societies proceeds into the 21st century, we find ourselves at a cross-roads, where the decisions we make today will have a very profound impact on the destination at which we will eventually arrive. These decisions will reverberate through society in many frequencies, impacting economic growth, sustainability, the health of the human populations, and the health of ecosystems. In addition, there may be differential impacts across countries, across geographic regions of countries and across socio-economic groups within countries. The potential for these differential impacts raise very important equity questions, both within and across countries.

Materials policy can have a very important impact on our ultimate destination, by providing additional options when we make our important decisions.  More importantly, appropriately defined materials policy can help reduce the conflict between the pursuit of policy goals. For example, if material policy is sound (along with other social and industrial policies) it can allow us to more easily pursue the joint (and sometimes conflicting) goals of economic efficiency and sustainability. 


At first examination, the reader might question the need for materials policy, as materials are bought and sold in markets. If this is the case, shouldn’t the free market system assure that new materials are developed and produced in an optimal fashion? There are two basic answers to this question. First, a perfectly functioning market produces an optimal distribution of resources, but optimality, in this case is only defined by economic efficiency. It does not address other social goals such as sustainability, equity or environmental stewardship. Therefore, if these other social goals are important, they must be attained through policy. Second, markets do not function perfectly, and there is a problem of market failure. Of particular note are market failures associated with pollution externalities and with the public good properties of research and development effort.

The paper is structured as follows. Section 2 begins by illustrating how markets work, and under what circumstances we have market failure, with a particular emphasis on issues of pollution, environmental degradation and the problems of insufficient incentives for research and development. Section 3 discusses a set of decision-making criteria. Section  4 focuses on a particular type of criterion, economic efficiency, and examines methods for measuring economic efficiency. Section 5 then discusses the use of decision-making criterion, first focusing on cost-benefit analysis and then on the simultaneous use of multiple criteria, which is followed by the concluding section.

2.0 Markets and Market Failure

The current political climate in most democratic countries focuses on the importance of market forces in allocating resources and economic decision-making. This perspective is well over two centuries old, and dates back to Adam Smith’s discussion of the “Invisible Hand” of the market. This section of the paper looks at the forces governing economic markets and examines whether these market forces are capable of generating an appropriate level of environmental protection, an efficient use of materials, and sufficient incentive for research and development activities in terms of the generation of new and innovative materials.


The discussion will begin with Adam Smith’s famous quotation:

“and by directing industry in such a manner as its produce may be of the greatest value, he intends only his own gain and he is in this, as in many other cases, led by an invisible hand to promote an end which was no part of his intention. Nor is it always the worse for society that it was no part of it. By pursuing his own interest, he frequently promotes that of society more effectually than he really intends to promote it.”

Adam Smith’s argument is very simple, under certain circumstances, people acting in their own best interest tend to promote the social interest. When people allocate resources under their control in a fashion that maximizes their well being, they also tend to maximize society’s well being. This argument is based on social welfare being defined by the level of net benefits, where net benefits are equal to the total social benefit of an activity, less then total social costs of producing this activity. An activity for which net benefits are maximized is said to be economically efficient. We will show later in this paper that economic efficiency should be only one of a full suite of decision-making criteria, but for now, we will focus on whether the market maximizes social welfare in the sense of maximizing economic efficiency.

Analytically, this argument can be examined by looking at a simple economic construct of a market, using supply and demand analysis (see Figure 1). In this model of the market, the demand curve can also be thought of as a marginal private benefit function, in that it shows how much a person values a unit of the good. The supply curve can also be viewed as a marginal private cost function, in that supply is based on the marginal cost of production.
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The importance of the market as an efficient allocator of resources is immediately apparent, as the same market forces which cause markets to clear (quantity demand = quantity supplied) at a price of P1, also cause marginal private benefit to equal marginal private cost. The underlying reason for this is that consumers continue to buy until the benefit they receive is equal to market price and suppliers continue to sell as long as the price is greater than the cost of production. Thus, price adjusts to clear the market, but at the same time equates marginal private cost and marginal private benefit, which is the criterion for maximizing the social welfare of the market participants.

It is also true that if marginal private cost is equal to marginal social cost, and if marginal private benefit is equal to marginal social benefit, then the market mechanism will equate marginal social benefit and marginal social cost. This is the condition for maximizing social welfare and is the underlying rational for the invisible hand of the market as an efficient allocator of resources.

In a somewhat tautological line of reasoning, if private values (benefits and costs) are equal to the corresponding social values, then people pursuing their individual well-being will maximize the social well-being. In the world in which Adam Smith lived (England in the late 18th century), the assumptions that private cost is equal to social cost and private benefit is equal to social benefit were reasonable assumptions. However, in modern times, the scale of economic activity has increased dramatically, causing the wastes from economic activity to overwhelm nature’s capacity to deal with these wastes, and dramatically reducing natural environments which provide ecological services. The harmful affects of this environmental degradation generates social costs in addition to private costs, and is a good example of the type of market failure known as an “externality.”


The term “market failure” is used to describe a set of circumstances, which cause a disparity to develop between either private cost and social cost, or private benefit and social benefit, thus causing the market to cease to be an efficient allocator of resources. In other words, if a market failure exists, the invisible hand of the market does not work and people, maximizing their own self-interest do not promote the social welfare.

Market failures include the following:

(1) The existence of any type of concentration of market power such as a monopoly or oligopoly.

(2) An absence of perfect information about any facet of the market.

(3) The existence of public goods

(4) The presence of externalities.

This report will focus on three of these market failures These are

· externalities, which are the most important class of market failure from the perspective of the environment and environmental policy,

· imperfect information, which has importance both on the environmental side, and for technological innovation

· public goods, which are very important because research and development has public good properties.

For a general discussion of of market failure, see any microeconomics textbook, or textbook in the area of environmental economics (see Kahn, 1998, for example).

2.1 Externalities

The classic definition of an externality is contained in Baumol and Oates (1988), and says that an externality occurs when one economic agent (such as a firm, household or government agent) chooses the level of a real economic variable that influences the ability of people to produce output or utility.
 Thus, pollution is an example of an externality, as a farmer cannot choose the level of air pollution affecting his farm (this is chosen by the decisions of all the factories, electric power producers, people operating cars, etc.) and the pollution lessens the farmer’s ability to produce output. For example, tropospheric ozone has been shown to reduce the yield per hectare of many crops (see NAPAP, 1993). Note that the externality need not impact production to be considered an externality. If water pollution lessens the enjoyment that a person experiences at the beach, this constitutes an externality as well. 

The important point is that the generator of an externality generates a cost that is borne by somebody else, and the generator of the externality does not take this cost in consideration when choosing the level of the externality.  For example, consider the steel producer in Figure 2, who generates air pollution in addition to the production of steel. The supply curve still represents private costs, but now there are the externality costs, which are represented by the distance between the marginal social cost curve and the marginal private cost curve. For the purposes of this example, we will assume that there are no differences between the private and social benefits of steel, so the demand curve represents both the marginal private benefit function and the marginal social benefit function, which are identical in this example. Note that the invisible hand of the market brings the market to the equilibrium level (Q1) where demand equals supply, or marginal  private benefit equals marginal private cost. 



In sharp contrast, the optimal level of steel production is Q2, which is the point at which marginal social cost is equal to marginal social benefit. Pigou was the first to suggest that the problem of the externality could be fixed by charging a tax, equal to the disparity between marginal social cost and marginal private cost ((P1+t) - P1 in Figure 2). Since this tax is paid by the generator of the externality, it serves to make his marginal private cost equal to marginal social cost. Since this solves the problem by forcing all social costs on the producer, it has come to be known as “internalizing the externality.” Pigou formulated his solution to the externality problem in terms of a tax on the economic output, in the case of the example above, a tax on the production of steel. However, more modern thought has recognized that it is not steel production that is bad for society, rather it is the production of sulfur dioxide and other externalities. Therefore, Baumol and Oates and others have emphasized the importance of taxing the externality itself (i.e. a tax on kilograms of sulfur dioxide or nitrogen oxide which is produced), rather than taxing the economic output. Of course, if there is an invariant relationship between the production of economic output and the production of pollution, it does not matter whether you tax the output or pollution. This would certainly not be the case for the production of electricity, where choice of production technology, choice of fuel, and other choices will affect the amount of pollution that is generated per kilowatt-hour of electricity that is 


produced. It is also not the case in the production of many materials, where factors such as the heat at which the reaction takes place influence the relative amounts of economic output and waste output.

One can focus directly on the pollution externality itself by looking at the two social costs that are associated with the emissions of pollution. These two costs are the 

costs of reducing pollution (abatement cost) and the damages that are generated by the pollution. Figure 3 illustrates these costs for society as a whole. The first thing to note is that E1 is defined as the level of pollution emissions that natural occur in an unregulated market. In order to reduce pollution below that level, resources must be expended on abatement, which are reflected in the marginal abatement cost function (MAC). This cost function is likely to be increasing at an increasing rate as one moves towards a lower and lower level of emissions (higher and higher level of abatement). The reason for this increasing cost is that firms quite naturally will use the methods that are cheapest to reduce pollution first, and then after they have exhausted the inexpensive opportunities, 

further reductions will be at a higher cost. 

Total costs can be defined by the area underneath the marginal abatement cost function. In other words, the total abatement costs of reducing pollution from E1 to E2 can be measured as the area underneath the marginal abatement cost function between E1 and E2, or the integral of MAC evaluated between E1 and E2. Similarly, if emissions are reduced to E2, the total damages from this level of pollution are equal to the area under the marginal damage function (MDF) between 0 and E2. 

The damage function is also depicted as increasing with emissions at an increasing rate. This implies that the more pollution that is emitted, the greater the damages from one unit of pollution. Much evidence about the non-linearity of damage functions has been developed. See Kahn and O’Neill (1999) for a discussion of these non-linearities.

Figure 3 also illustrates the optimal level of emissions, which would be the level of emissions which minimizes the sum of abatement costs and damages.  This occurs at E*, where the abatement costs are equal to the area under the MAC between E* and E1, and where the damages are equal to the area under the marginal damage function between 0 and E*. Note that the sum of total abatement costs and total damages are minimized when marginal abatement costs are equal to marginal damages. The objective of environmental policy should be to achieve the optimal level of emissions, but in most instances the MAC and MDF are not known. Other methods must be utilized to determine a “target” level of environmental quality if the optimal level can not be computed. See Baumol and Oates (1975) and Kahn (1998) for a discussion of other methods for determining a goal for the level of the emissions of a pollutant. An externality tax (pollution tax) or other methods can be used to reduce the pollution from the amount that the market generates to the “target” level.

The important point of Pigou and subsequent authors in this area is that the presence of an externality lowers social welfare, but social welfare can be increased by a government intervention to correct the market failure. The externality tax is an example of this type of intervention, and other types of policies are discussed in Section 2 of this report. Although this perspective has been widely accepted by economists and policy scientists, there was an important paper, which argued that Pigou was wrong. In his famous (for which he won the Nobel prize) paper, “The Problem of Social Cost,” Ronald Coase argues that a government intervention is not necessary, because a market for the externality will automatically develop and correct the market failure. In other words, the generators and victims of the externality have an economic incentive to generate an agreement that produces the optimal level of the externality. For example, the victims could pay the generators to reduce the level of the externality. As long as the benefits of reducing the externality are greater than the costs, there exists space for an agreement, which will improve the situation of both the victims and the generators of the externality. 

While a complete discussion of “The Coase Theorem” is beyond the scope of this paper (see Kahn, 1998 or Baumol and Oates, 1988), there are several logical problems with the Coase theorem. The most important of these is that the Coase theorem is predicated upon an assumption of zero transactions costs. Zero transactions costs imply that the there are no costs associated with the negotiation of the agreement between the victims of the externality and the generators of the externality. Two specific circumstances argue that transactions costs are likely to be high. First, there are large numbers of polluters and large numbers of victims of pollution externalities. For example, in a country such as Brazil, there are almost two hundred million people, millions of vehicles, hundreds of thousands of firms, and so on. Transactions costs associated with negotiating an agreement among all these economic agents are prohibitively high, so a negotiated agreement could never take place. The second factor is that the law of mass balance implies that the mass of the inputs to any activity must equal the mass of the outputs. This means that all production and consumption activities generate waste, so environmental externalities are ubiquitous. Again, this implies that transactions costs will be prohibitively high.

For this reason, as well as other reasons discussed by Baumol and Oates, Kahn, and others, the Coase theorem must be rejected. Market failures associated with externalities will not be self-correcting and will result in a loss of social welfare. This loss can only be recaptured through a well-constructed series of environmental policies. While the discussion of the functioning of markets, of externalities, and of Pigou and Coase may have seemed both esoteric and extraneous, it is crucially important because it establishes the concept that the invisible hand of the market will not adequately account for the environment, and give the optimal amount of pollution. 

2.1.1 Market Failure, Environmental Externalities and Materials Policy


When environmental externalities are present, it creates a situation where the amount of pollution is greater than economically efficient. There is an important indirect affect on research and development of new materials, and the adoption of new materials by industry and households.


This problem can be illustrated by example of superconductors. Superconductors can lower the amount of electric energy that is needed, because they reduce the loss of electric energy in transmission and in use. However, development of superconductors remains retarded, partially because of the lack of will and/or ability to correct environmental market failure.  The reason for this is that the price of electricity does not include the full social cost, since environmental externalities associated with fuel production and electric power generation are not fully internalized into market price. This lower than optimal market price means that the market price of superconductors will not reflect the social benefit they create by reducing electric power generation and associated environmental costs. If the price of electricity increased to incorporate the associated environmental costs, then superconductors would be potentially more profitable, and there would be increased incentives for firms to conduct research that generated innovation in superconductor technology.


The same argument can be made for all new or potential new materials that are either directly or indirectly (through associated energy use, etc.) less environmentally damaging than the materials that they would replace. Therefore, since the market generates insufficient incentive to conduct this research and development, there is a need for policy to help stimulate research. Obviously, one form of policy would be environmental policy that internalized externalities associated with existing materials use. Another type of policy would be one that directly stimulated (through subsidization or other means) research and development. Before talking about these potential policies and the development of criteria to help formulate policy, we will discuss other types of market failure that generate a similar need to develop materials policy.
2.2 Imperfect Information


The neo-classical model of a perfectly functioning market, upon which the assertion of the “invisible hand” is based, requires an assumption that there is perfect information available to every participant in the market. In other words, all buyers and sellers are assumed to know everything about the good, and also to know everything about related (substitutes and complements) goods. In real world markets, this assumption breaks down in many ways, and generates a sub-optimal allocation of resources. There can be crucial information that is missing to all parties, or there can be the problem of asymmetric information, where some parties have more access to information than other parties.


Imperfect information can also slow the development of innovative technologies, as uncertainties about the physical and economic performance of the new technology can delay its implementation and diffusion.  If uncertainty exists about the performance of new materials, the risk adverse course of action is to continue to use existing materials and wait for more information about the new materials. This delay, however, will reduce the profitability of potential new materials, and therefore reduce incentives for research and development in new material technologies.
2.3 Public Goods

The existence of public goods also causes a market failure. The “publicness” of a public good is not generated by its provision by government, but by the possession of two critical properties by the good. These properties are:

· non-rivalry in consumption

· non-excludability

Non-rivalry in consumption means that one person’s consumption of the good does not diminish the amount of good available for someone else to consume. Non-excludability means that if the good is available for one person, it is available to all people. National defense is the classic example of a pure public good. If the federal government protects some citizens from foreign attack, it protects all citizens, thus satisfying the property of non-excludability. Similarly, one person’s consumption of this protection does not diminish the amount of the protection available to other people, thus satisfying the property of non-rivalry in consumption.


These two properties combine to create a market failure, as they make it impossible for a firm that might provide a public good, to charge a price equal to its marginal social benefit. This implies that the market will provide less than the socially optimal (economically efficient) level of the public good, and is why governments frequently are called upon to supply them.


There are very few examples of a pure public good, but many goods have public good attributes. For example, vaccinations against diseases have both private good properties and public good properties. The vaccination is a private good in the sense that it yields benefits to the person who receives it, and when the person receives it, the same dose of vaccination is not available to give to another person. However, the vaccination has public good properties in the sense that when a person is vaccinated, he or she protects other people, because they no longer are capable of spreading the disease. This indirect protection of other people has the properties of a pure public good.


In a very similar vein, research and development has both private good and public good benefits. When a firm undergoes a research and development process, it does so in the expectation that this research and development will create benefits to the firm in terms of its future profitability. However, the benefits to the firm that conducts the research are not the only benefits associated with this particular research and development activity. There are two types of additional benefits that accrue to the larger society. First, the research and development activity produces general information that can be used by other firms to add to their knowledge base, lead to related discoveries, and so on. Second, the research and development can lead to specific information, that can be copied by other firms. Even in a legal environment that provides enforceable patents, patents can be legally circumvented by making changes in the process or product, that allows the competing firm to make essentially the same product, but the product will not technically violate the patent. Since the research and development of an individual firm provides social benefits that the firm can not capture, the invisible hand of the market does not provide the optimal amount of research and development.


A further problem exists because of risk and uncertainty. Many potentially beneficial directions of research and development are potentially risky. Obviously, when firms attempt to develop something new, they do not know if they will be technically successful, that is if it is possible to do what they hope to do. In addition to this technical uncertainty, there is economic uncertainty. Firms do not know what competing technologies will develop, how markets will respond to new products, whether the economy will speed up or slow down, whether energy will become more or less expensive, or whether foreign competition will develop, and so on.


 A risk neutral firm will base its decisions solely on expected value of profits. Expected value is computed by multiplying the probability of each outcome by the profits associated with each outcome. While firms may be risk neutral with regard to small risks, they are likely to be risk adverse with respect to large risks. For example, there is a great social need for further development of solar energy, including the development of better silicon (or substitute) wafers for photovoltaic cells. If such a technological development occurred, it could be tremendously profitable, elevating the status of the firm that developed the new technology to that of Microsoft or Exxon. However, despite the huge potential economic pay-off if the technology is successful, the probability of the particular technology being explored by a particular company succeeding and being universally adopted is very low. The expected profits are likely to be positive, but there is a greater than 99% probability that the firm will fail in its quest. Will it stake the future existence of the firm on a pathway that has less than a 1% chance of success?


The answer to this question is fairly obvious, in the presence of large risks such as that of the above example, firms will probably be risk adverse, avoiding the research and development project even though it has a positive expected profit. However, society as a whole can be less risk adverse than a particular firm, for several reasons. First, the risk is spread across the millions of members of society, so the risk born by each person is very low. Second, society as a whole will have a diverse portfolio of research and development  projects, so the diversity of the portfolio will reduce the total risk. These factors generate additional reasons why the invisible hand of the market does not produce the optimal level of research and development.


A combination of factors may further reduce the level of research and development below the socially optimal level. Farmer, Kahn, McDonald and O’Neill examine the case of research and development in pollution abatement technologies. They find that strategic behavior by firms can limit their incentives to engage in research and development. A firm that succeeds in the technological development of a new product can earn initial high profits, but if the innovation is easily copied, the profits will fall back to normal levels after a relatively short time. In other words, other firms will always follow an existing firm down a successful path, reducing the innovating firms profits. On the other hand, if the technological development is unsuccessful, the firm will not be followed down the unprofitable path, in fact, it shows competing firms what to avoid. Under this type of strategic behavior, it is most advantageous for a firm to be a follower, rather than a leader with regard to technological innovation. Thus, one more factor that implies that the market generates a sub-optimal level of technological innovation.

2.4 Summary of Market Failure and its Impact on Technological Innovation


The preceding sections have generated a discussion of many factors that lead the market to be inefficient in its incentives for the initiation and implementation of research and development, and in the development of innovative materials and products using those materials. These factors include:

· Environmental externalities that cause the social cost of existing products to be higher than there market prices.

· Imperfect information

· Public good aspects of research and development

· Risk adverse behavior on the part of firms

· Strategic behavior on the part of firms

Therefore, it should be noted that despite the fact that research and development has private good properties and can be provided by firms, a suite of market imperfections imply that the invisible hand of the market will not give us the optimal level of research and development. Public policy is necessary to correct these market failures. Such public policies might take the form of environmental taxes to correct market failure, direct engagement in research and development in national laboratories or universities, direct subsidization of research and development by private firms, and so on. However, government policies must have a goal in order to be effective, so objectives or decision making criterion must be developed. These are discussed in the following section of the paper.

3.0 Decision-Making Criteria


The development of a set of criteria on which to base public policy decisions is very much like selecting the football players for a country’s World Cup competition. Everyone agrees on a few key players, but as one moves past the celebrated stars, there is considerable disagreement on who should fill the spots of the team. This analogy holds for decision-making criteria as well. For example, almost everyone agrees that economic efficiency is an important criterion, and some people think it should be the only criterion, but what of ethical considerations, public participation and environmental stewardship?

Table 1. Decision - Making Criteria

· Economic Efficiency

· Equity

· Sustainability

· Ecological Impact/Environmental Stewardship

· Environmental Justice

· Public Participation

· Ethics

· Advancement of Knowledge




Despite this potential for lack of consensus, this paper suggests a set of criteria, with full knowledge that there will be disagreement and further discussion of the included criteria, as well as the omitted criteria. However, the demarcation that is developed in this paper will accelerate the debate about decision-making criteria, and emphasize the important point that one most include a wide set of criteria in the decision-making process. The following set of criteria are suggested as a first examination, and the intension is to extend this list as this line of research is further developed.

3.1 Economic Efficiency


The criterion of economic efficiency has to do with the maximization of the difference between the social benefit and social cost of an economic activity, policy or project. In theory, all social benefits and all social costs could be incorporated into the measure of economic efficiency, but in practice, only benefits and costs that are readily measured in monetary terms are incorporated into the measure. Hence, the desire to develop additional criteria, since economic efficiency will inadequately incorporate environmental impacts, equity and other important societal consequences.


Economic efficiency is usually measured using one of two different concepts. The first of these is the idea of net economic benefit, which is generally measured as the total willingness to pay for a good or activity, less the costs of providing the good or activity. This is the measure most preferred by economists. The second measure is that of Gross Domestic Product (or Net Domestic Product), which is a measure of the value of market output. This is the measure generally preferred by international development and lending agencies.  It should be noted that these two measures are alternative measures of economic benefit, and as such, should not be added together.

3.1.1 Net economic benefit


Net economic benefit can be measured as the area under a demand curve, and above a supply curve, for a particular good or service.  The demand curve can be interpreted as a marginal willingness to pay function, so the area underneath it  (CBQ0) can be interpreted as the total willingness to pay for the activity, or the total social benefit of the good or activity. The supply curve can be interpreted as the marginal opportunity cost of producing the good or service, so the area underneath it (ABQ0) can be interpreted as total social cost. Hence, the difference between the two, or area ABC in Figure 4, is the measure of net economic benefit. This measure does not include the cost of market failures associated with the good. Section 4 of the paper contains a discussion of different ways to measure the changes in net economic benefits associated with market failure.

3.1.2 Gross Domestic Product


Gross Domestic Product is a measure of the total value of all goods and services produced in an economy. It replaces the old measure of Gross National Product. Since expenditures become income, Gross Domestic Product is also a measure of national income.


Every single principles of economics textbook stresses the fact that GDP is not a measure of social welfare (it is not even truly a measure of economic efficiency), yet many policy makers, especially those with international funding agencies, view it as such and use it as such. 

It is very easy to understand GDP as a potential measure of economic efficiency by looking at Figure 4. The contribution of this particular good to GDP is simply its market value, or price multiplied by quantity. This is equal to the area of rectangle 0PBQ. As can be seen in this diagram, GDP is not based on an integrative concept, but merely multiplies equilibrium marginal benefit (price) times equilibrium quantity. Note that the opportunity costs of producing GDP are not subtracted from the measure.



As mentioned, GDP is not a measure of social welfare. The reason for this is that it does not measure other dimensions of the quality of life, such as health, environmental quality, social justice, freedom from crime, access to education and so on. Moreover, as GDP fails as a measure of social welfare, it also fails as a measure of economic efficiency. The important failure of not taking costs into account has already been mentioned. The importance of this failure can be noted by the following example: increased presence of HIV/AIDS will increase GDP because so much more is being spent on health care. However, net economic benefits will not increase as a result of this expenditure. The other important failure as a measure of economic efficiency is that since GDP is based on market goods, it does not include production in the subsistence or informal sector. This can lead policy that is based on the performance of GDP to favor formal economic activity over informal activity, leading to the displacement of small subsistence farms by commercial export oriented agriculture, but actually reducing total output, even though the formal measure of GDP increases. Blindly pursuing growth in GDP can actually lead to the impoverishment of large segments of the population.


Although GDP is not an adequate measure of either economic efficiency or social welfare, it is often incorrectly used to measure both. It should be noted that GDP measures the income associated with output, not the net benefit of the output. When using the criterion of economic efficiency, it should be measured using the methodology described by Figure 4. Decision-makers must resist the temptation and political pressure to base decisions on a GDP criterion.

3.2 Equity

The level of net benefits is not the only criterion associated with benefits and costs. Another important aspect is the fashion in which the costs and benefits are distributed among the members of society. The equity criterion relates to these distributional criteria, and is multi-dimensional. One has to be concerned about the distribution of costs and benefits across various components of contemporary society, including socio-economic groups within a country, regions of a country, gender and age.   As the recent collapse of the Hague round of negotiations on the Kyoto Protocol suggests, an extremely important aspect of equity is the fairness of the distribution across countries. Of particular note is the impact of decisions on the distribution of costs and benefits between developing and developed countries. One additional dimension of equity merits consideration and that is equity across generations. This is an important impetus behind the development of an increasing concern with the sustainability of our actions.


Although income is only one component of the equity issue, decisions related to both materials policy and environmental policy can have important impacts on the distribution of income.  The distribution of income has received much attention in the economics literature, and a set of measures has been developed to measure the inequality of the distribution of income. The primary measures for this are the Lorenz Curve, and the Gini Coefficient.


Figure 5 contains a illustrative example of a Lorenz curve. The curve shows the percentage of income received by a given percentage of the society. In this example, the poorest 50% of the population receives only 20% of the nation’s income. The diagonal line, where the two percentages are equal, represents a perfectly equitable distribution of income. The further the Lorenz Curve is skewed away from the diagonal line, the more inequitable is the distribution of income. The curve can be  transformed into a single variable called the Gini Coefficient. The Ginni Coefficient is equal to A/(A+B), where A is the area between the diagonal and the curve, and B is the area underneath the curve. With a perfectly equitable distribution of income, A is equal to the zero and the Gini Coefficient is equal to zero. With a perfectly inequitable distribution of zero, B is equal to zero and the Gini Coefficient is equal to one. Gini coefficients can be used to describe the distribution of wealth as well.


Of course, as already indicated, income and wealth are not the only aspects of equity of fairness. Equal access to the law, education, opportunity, education and health are among the many dimensions of the quality of life that are important. Of particular importance to both mining and materials policy is equal access to environmental quality. This issue has become to be known as the environmental justice issue, and forms one of the criteria that are suggested for this paper as important to policy-making.

3.3 Environmental Justice


The criterion of environmental justice has taken on increasing importance in the last decade, as studies have suggested that certain segments of the population face disproportionate exposure to environmental risk. This is true both in developed and developing countries. For example, it has been found that in the United States, minorities, especially those of low income living in rural areas, face a disproportionate level of exposure to environmental hazards, particularly carcinogenic and mutagenic hazardous chemicals.
  Of course, those living in inner cities face disproportionate exposure to air pollution, as well as hazards from brown fields and from the lead paint in old buildings.

The same pattern holds in developing countries, with the giant cities such as Mexico City, S(o Paulo, Beijing, Cairo and Calcutta having levels of air pollution that surpass those of any city in the developed nations, as well as exposure to toxic waste. In fact, whole cultures have developed in waste sites, where families actually live in the waste dump and generate income by recovering and selling useful material from the waste sites. While this recycling activity may seem environmentally beneficial at one level, it generates incredibly high exposures for the participants, many of whom are children.


Environmental justices is an issue in the rural areas of developing countries as well. Farm workers at industrial agricultural sites such as large banana plantations are exposed to high levels of pesticides, as are the villages downwind and downstream. Informal mining activity exposes workers and nearby populations to mercury, cyanide and other toxic hazards. In addition, there is the issue of contaminated drinking water, perhaps the most significant environmental problem in the world.

3.4 Sustainability

The decision-making criterion of sustainability has received increasing attention since the Brundtland Commission Report.  Although many definitions of sustainability and sustainable development have been offered, the most widely accepted definition of sustainable development is that it a process that improves the well-being of the current generation without constraining the well-being of future generations.


Economists’ discussions of sustainability generally focus around the accumulation of capital.  These early discussions focused primarily on artificial capital and natural capital.  Artificial capital consists of human-made structures and goods that are used to produce other goods and not consumed in the process.  Artificial capital includes factories, the machines in factories, other buildings, highways, bridges, trucks, computers, and so on.  Natural capital consists of renewable and non-renewable natural resources such as oil, wood, coal, minerals, and fish.


Early discussions of sustainability focused around whether sustainability could occur in the presence of a finite amount of natural resources (Pezzey 1997, Hartwick 1993).  In fact, Hartwick derived an axiom known as the Hartwick Rule that suggests that sustainability is possible provided that the economic rents (the difference between revenue and the cost of extraction) are reinvested in artificial capital.  The mathematical model they use to derive the result is based on the assumption of substitutability between artificial capital and human capital in the production of output.  The Hartwick article has been frequently cited as an argument that we do not need to be concerned about sustainability, as if there is sufficient investment in artificial capital that will guarantee sustainability.
Unfortunately, this work neglected two important types of capital, human capital (the quantity and quality of the labor force) and environmental capital.  Environmental capital refers to renewable resource systems that provide a flow of ecological services.  For the purposes of our discussion, environmental capital is the most important, as the importance of environmental capital importance implies that the Hartwick rule cannot be true in the real world.
  The reason for this is that the Hartwick rule (and other neo-classical economic treatments of sustainability) are dependent on the assumption that the different types of capital are complete and perfect substitutes for each other.  This assumption is appropriate when looking at only human capital, artificial capital and natural capital.


The assumption works well in this particular case, because these types of substitutions are possible.  If oil becomes increasingly scarce, other types of capital can be substituted such as developing more energy efficient cars and appliances, developing alternative fuels, and so on.  On the other hand, it is not possible to make this assumption when talking about environmental capital, as it is not possible to produce ecological services on the same scale as provided by ecosystems..


The classic example of this is the provision of flood control services, which are often provided by ecosystems.  Historically, the vast wetlands of the huge floodplain of the upper Mississippi River provided a tremendous amount of flood control services, but these wetlands were largely converted to farmland.  Human capital was substituted for these ecological services, in the form of levees and other flood control structures.  However, the human capital could not duplicate the complexity of the ecologically provided services, in particularly it did not remove the sediments to the river system, allowing the river bed to grow to be above the surrounding land, necessitating  even higher levees in a non-ending cycle.  The inadequacy of the human engineered system was demonstrated in 1994, when a “25 year” rain caused a “100 year” flood.


Similarly, it would be absurd to think that human engineered systems could sequester carbon at the scale of tropical rainforests, produce oxygen at the same scale as the phytoplankton layer and forests, create soil at the same scale as ecosystems, and maintain hydrological cycles at the same scale as forests and other natural ecosystems.


Franceschi and Kahn show that if one drops the assumption of the substitutability of other types of capital for environmental capital, then the Hartwick rule no longer holds.  Sustainable develop then requires the maintenance of a certain stock of environmental capital, plus growth in the stocks of other types of capital.


Indicators of sustainability therefore must focus on the development of indicators of our stocks of capital.  Stocks of artificial capital are measured in the natural income and product accounts, stocks of human capital can be measured by the level of education and productivity of the labor force, and stocks of natural resources can be measured by a variety of techniques, such as stocks of “proven reserves”.  However, the same progress has not been made in the development of indicators of our stocks of environmental capital, either with regard to quality or quantity aspects.  Thus indicators of sustainability require indicators of our stock of environmental capital and their ability to provide ecological services.  Therefore, the development of indicators of scarcity requires developing indicators of environmental capital.  This is discussed more fully in the discussion of ecological criteria.

3.5 Ecological Criteria

At the outset, it should be said that there is no consensus of how to develop measures of the quality or functionability of an ecosystem or ecosystems in aggregate.  In fact, little progress has been made in terms of developing an indicator that can be used to guide policy.  This section discusses several alternatives for assessing the status of ecosystems and their ability to contribute to social welfare.

The first question that needs to be addressed is how to define a desirable state of an ecosystem.  Two primary concepts have been advanced, these are ecosystem health and ecosystem integrity.  Ecosystem health has to do with a system’s ability to provide a flow of ecological services while ecological integrity measures the closeness of the system to a hypothetical reference system that is completely unperturbed by human activity.

Ecosystem health is a controversial topic, because it is can be difficult to define the counterfactual, or what would constitute a healthy ecosystem in terms of the flow of ecological services.  For example, you could get a set of services flowing from a southern pine or eucalyptus plantation, but not the full suite of ecological services that would be found in an Amazonian rainforest or Siberian boreal forest.  This leads to the questions of what level of ecological services is sufficient to conclude that an ecosystem is healthy? 
Schrader-Frechette (1998) addresses this issue, arguing that ecosystem health can be measured with an extension of the traditional ecological risk assessment paradigm.  She finds the original brand of risk assessment, focusing on animal risk assessment, an unproductive avenue to follow.  This paradigm looks at toxicity research, and incorporates this research into an assessment of risks of exposure from human activity.  As Schrader-Frechette notes, this method is particular inappropriate for must types of ecological risk, such as those that involve land use change and other environmental threats unrelated to toxic chemicals.  Although many aspects of materials and mining do involve toxic substances, this is not a promising road for developing an indicator of the effects of ecosystem impacts on social welfare.

Shrader-Frechette also discusses the “wholistic[sic] health approach” to ecosystem management and risk assessment.  She notes that many proponents of the concept of ecosystem health believe it related to at least three ecosystem characteristics:

· An ecosystem’s ability to maintain desirable vital signs

· An ecosystem’s ability to handle stress and 

· An ecosystem’s ability to recover after perturbations.

She notes that the controversy about the use of this method is that there are no non-normative value-free ways to operationalize this concept.  In fact, she notes that in the human medical arena, we do not have a general holistic measure of human health related to the status of the entire being.  In fact, it would be easier to do this for a human than an ecosystem, because we know more about the relation between subsystems and the overall being for humans than we do for ecosystems.  For example, if a person’s arteries become clogged with plaque, we can make predictions about future heart attacks, longevity and related outcomes.  However, if a ecosystem loses 20 of 45 species of freshwater mussels, what does this mean for ecosystem health?

Cairns cites several definitions of ecological integrity that he has previously developed and that have been developed by others.  He advances that of Karr as particularly noteworthy, where biological integrity is defined as 

The capability of supporting and maintaining a balanced, integrated, adaptive biological system having the full range of elements (genes, species, assemblages) and processes (mutation, demography, biotic interactions, nutrient and energy dynamics and metapopulation processes) expected in a natural habitat of a region.


Note the difficulty in any attempt to operational this concept, as the definition has nine components, each of which is multidimensional.  Although some attempts have been made to develop such as index, such as the Index of Biological Integrity, the concept has largely been unoperationalized.


It should also be noted that for many urbanized, industrialized, or highly agricultural area, the concept of ecological integrity may be inappropriate. A good case in point is the Tennessee River Valley, which has over fifty dams on the tributaries and main stem of the river. In an highly engineered system such as this, the concept of ecological integrity may not be applicable, since much of the valley is an engineered ecosystem rather than a naturally occurring ecosystem.  For this reason, the concept of ecosystem health and looking at the flow of services from the human-made reservoirs should be stressed, rather than comparing to the historic ecosystem which no longer exists, except above the most upstream reservoirs.


It is important to understand that any notion of a measure of ecosystem health or ecosystem integrity would involve development of an aggregate measure by building up from measure of components or characteristics.  Aggregation systems take on a life of there own, and have distinct properties associated with the method of aggregation. Different methods for aggregation are discussed below. 


At least four methods have been suggested or employed to develop operational indicators of environmental quality.  These include use of “representative” environmental variables, the development of satellite accounts for the National Income and Product Accounts, green GDP/NDP and indices of sets of environmental variables.

3.5.1 Representative environmental variables


Measures of individual types of pollution have been used in many studies, with the underlying assumption being that the trends associated with these individual pollutants are somehow representative of environmental quality.  For example, sulfur dioxide pollution has been used as an indicator of overall environmental quality in the estimation of “environmental Kuznet’s curves,” which purportedly show a u-shaped  relationship between environmental quality and income (an inverse U-shaped relationship between income and concentrations of pollution).  The use of a particular pollutant to proxy for environmental quality in general is conceptually similar to using output in the steel industry as a proxy for GDP or incidence of lung cancer as a general indicator of the health of the population, and has been criticized by Arrow et. al. (1995) and  O’Neill et. al.(1996), among others.  In particular, the measure is completely unrelated to both land use changes and water quality changes (with the exception of acidification of water bodies).  In addition, sulfur dioxide is a fund or flow pollutant which does not accumulate over time, unlike carbon dioxide, chlorofluorocarbons, or heavy metals.  This method could be applied to biodiversity by using indicator (canary in the coal mine) species as the representative environmental variables.  For example, the spotted owl is suggested as an indicator species for the Pacific old growth forests (US and Canada), and the abundance and biodiversity of mussels in general has been suggested as a biodiversity indicator for some of the rivers in the Tennessee River Valley.  In these two cases, it may be possible to define appropriate indicator species.  However, what would be the appropriate indicator species for an ecosystem as complex and diverse as the rainforests of the Amazon, the coral reefs of the South Pacific or oceanic ecosystems?

3.5.2 Green GDP

One alternative is to subsume the ecological measure into the economic measure.  For example, many economists, including Daly (1991), Peskin (1976), Prince and Gordon (1994),  and Repetto (1989) have argued that disastrous consequences can occur when macroeconomic policy is based on promoting the growth of GDP.  They argue that not only does this ignore other aspects of the quality of life, but that GDP has a serious flaw as a measure of economic progress. 


This flaw has to do with the fact that measures of Net Domestic Product (NDP) subtract the depreciation of human-made capital, but do not subtract the depreciation of natural capital.  Thus, when a machine is worn-out in the production of current income, the loss in income producing ability is subtracted from the measure of current income.  The consumption of human-made capital is subtracted from GDP to give NDP, a more accurate measure of the current economic well-being of a nation.  However, when a forest is clear-cut, soil is degraded, or stocks of minerals are depleted in order to produce current income, a similar debit is not made.


Although one can argue that this is just a definitional issue, and that all definitions are arbitrary in nature, there are serious implications when national economic policy is based on this flawed measure of NDP.  If increasing current NDP is a primary policy goal, then natural capital and its ability to produce future income (or other services) may be expended even if this is detrimental to producing future social welfare.  Although this is a crucial problem in developed countries such as the United States, it is perhaps even more important in developing countries where pressing needs to increase current income have caused catastrophic deforestation, pollution, soil erosion and desertification.


As Repetto indicates, this difference in the treatment of natural capital and human-made capital

...reinforces the false dichotomy between the economy and the "environment" that leads policy makers to ignore or destroy the latter in the name of economic development. It confuses the depletion of valuable assets with the generation of income. Thus, it promotes and seems to validate the idea that rapid rates of growth can be achieved and sustained by exploiting the resource base. The result can be illusory growth and permanent losses in wealth.


Therefore, Repetto and others argue that the depreciation of natural capital should be factored into GDP in a fashion analogous to the depreciation of human-made capital.  Repetto recomputes Indonesia's national income and product accounts making corrections for deforestation, soil erosion and oil reserves. Repetto found that the measured 7.1% annual growth rate of GDP is actually only 4% when these corrections are made.


Although this type of analysis can aid in the formulation of macro-environmental policy, it does not give complete information about the relationship between the health of the environment and social welfare.  This is because this measure only takes into account one pathway for the environment to affect social welfare, and most importantly, it ignores the direct effect of the health of the environment on social welfare.  Although the value of these direct effects or non-pecuniary environmental services could be incorporated into national income and product accounts, this would be difficult, if not impossible to do.  It is much more difficult to monetize these other aspects of environmental quality than it is to monetize environmental effects such as oil depletion and soil erosion.  Thus, the monetary conversion problem associated with willingness-to-pay measures is not eliminated with national income and product accounts, it has simply been transferred to the national income and product accounts. 


An additional problem with these macroeconomic approaches is that there is a tendency to focus on environmental resources that are part of the economic production process and focus less on environmental resources that contribute more basic life support services or amenity benefits.  More importantly, GDP and NDP are measures of the health of the economy, not the health of the environment.  Separate measures of the health of the environment must be developed to better understand the relationship between environmental quality and social welfare.  This is particularly true for the measurement of the value of ecological services such as biodiversity, since the path by which ecological services contribute to GDP is indirect.  The contributions and potential contributions of ecosystem services to GDP would represent only a small subset of the impacts of ecosystem services on social welfare.


Even though the “greening” of the National Income and Product accounts cannot create an operational indicator of the health of the environment and would add little to the understanding of the value of ecosystem services, this effort should be pursued to give a more accurate indication of the health of the economy.  Prince and Gordon provide a detailed discussion of this type of modification of the U.S. National Income and Product Accounts.  

3.5.3 Satellite Accounts


In addition to the types of modifications of GDP discussed above, the United Nations  Statistical Division recommends the development of a system of environmental satellite accounts, to monitor environmental change


Satellite Accounts try to integrate environmental data sets with existing national accounts information, while maintaining SNA  [System of National Accounts] concepts and principles as far as possible. Environmental costs, benefits and natural resource assets, as well as expenditures for environmental protection, are presented in flow accounts and balance sheets in a consistent manner. That way, the accounting identities of the SNA are maintained. One of the values of the SEEA [System of Integrated Economic and Environmental Accounts] framework compared to more partial approaches is that it permits balancing, so that rough monetary estimates can be made for residual categories (Hamilton and Lutz, 5).


However, satellite accounts (by intent) represent a disaggregation of measures of environmental change, rather than an aggregation.  They could serve as inputs for developing operational indicators of environmental change, but as an independent set of indicators they would suffer from the same problem as the indicators that USEPA  Environmental Monitoring and Assessment Program (EMAP) collects.  This problem revolves around the large number of measures which make the examination of trade-offs and overall trends more difficult.  This is particularly true for biodiversity, as the number of individual species totals in the tens of millions.  However, these satellite accounts could serve as a basis of an aggregate measure, in which the individual variables categorized in the satellite accounts are aggregate into a more general index.

3.5.4 Aggregate Indices


The Environmental Monitoring and Assessment Program (EMAP) of the US Environmental Protection Agency represents an effort to develop indicators of environmental quality. EMAP attempts to develop overall indicators for individual ecosystems (such as forests, wetlands or estuaries).  In the case of estuaries, EMAP develops a series of over twenty indicators, but creates an aggregate index by summing the indicators based on water clarity, the benthic index, and the presence of trash (Schimmel, et al, 1994).  This is indicative of a general procedure employed by natural scientists to create aggregate indicators by summing all individual environmental indicators and dividing by the number of indicators to create an unweighted index.  This unweighted index is virtually meaningless, because it implicitly and arbitrarily uses equal weights for each individual indicator.  For instance, why should a 10% increase in the benthic index and a ten percent increase in the presence of trash receive the same weight in the index?  Additionally,  there is a potential problem of the level of the index being a function of the choice of the unit for measurement of each of the individual variables.  For example, if one variable is measured in parts per million and another is measured in parts per billion, they will have very different impacts on the index.  One way to get around this measurement problem is to normalize each variable by dividing by its maximum level, so that all the variables are then numbers between zero and one. 


While normalization solves the unit of measurement problem, it does not solve the problem associated with an arbitrary choice of equal weights for each variable.  One way of developing more meaningful weights is to base them on expert opinion.  This could be done through a Delphi process or through averaging the weights that each expert has assigned.  While this is certainly an improvement over the arbitrary choice of equal weights, the following section outlines a more formal procedure for defining weights that is consistent with the way decisions are made with respect to private goods, by examining individuals’ willingness to make trade-offs.

3.6 Ethics


Ethical dimensions of decision-making are particularly important to include in decision-making, but particularly difficult to quantify into indicators. In fact, each method used to develop indicators has ethical implications associated with it. Even the idea of using social welfare as the primary objective decision makers has ethical implications. For example, “deep ecologists” would argue that it is simply unethical to manage ecosystems for human benefit, as ecosystems have inherent rights that do not originate from human  concession. 


A firm or government agency may find itself confronted with certain ethical decisions regarding the environment. For example, if the opening of a mine were to threaten to cause the extinction of a species, but the species seems relatively unimportant to social welfare due to various types of redundancies, should the mining company go ahead and allow the species to become extinct? While this decision is obviously going to be influenced by the provisions of national environmental codes involving endangered species, it represents the type of ethical choice that firms or agencies may face. This is a very interesting issue, are there some cases where it would be unethical to cause an environmental impact that in all other facets seems to improve social welfare? In other words, does the firm or agency have an ethical obligation for environmental stewardship independent of the impact of the environment on social welfare? This is obviously a decision that cannot be made by analysts, but must be decided by society and the entity itself. 

Ethical considerations are not conducive to the development of indicators. Rather than developing indicators related to ethics, we recommend that ethics be treated as constraints to the decision-making process.
3.7 Public Participation


Public participation is a very different type of decision making criterion than the six criterion discussed above, as it relates more to process than outcome.  This is not incongruous, however, as experience has shown that some people are willing to accept an inferior outcome if they have been actively involved in the process of developing the outcome.  In other words, the fairness and appropriateness of the process of arriving at the outcome is also considered to be important and people don’t focus exclusively on the desirability of the outcome.

Public participation is more of an ex ante than ex post criterion.  Before the decision-making process even begins, decision-makes must make sure that they have appropriate levels of public participation.  Of course, public participation is a ubiquitous concept, difficult to define and difficult to measure.

There are four major techniques for incorporating public participation into the decision making process.  These include techniques which

· Incorporate information about stakeholder preferences in decision-making process

· Allow stakeholders to negotiate a solution amongst themselves

· Allow stakeholders to arrive at a solution through role playing

· Empower a representative group of stakeholders to hear the evidence and make a decision, jury style

There are serious ethical issues associated with the last three methods, as the stakeholders must be chosen in some fashion, and all citizens might not approve of the fashion in which stakeholders are fashioned, or they might not feel that these stakeholders are entitled to represent them.  For this reason, the first method, of incorporating information about stakeholder preferences may be better.  Of course, this information may be incorporated in variety ways, including survey research, focus groups, public meetings and web-based interchanges.

Because public participation is more related to a process than an outcome, it is  recommended that firms and agencies focus on the development of indicators of the success of this process. This is likely to be more successful and more meaningful than trying to include indicators of public participation success as an indicator of the impact of a firm or agency’s action on social welfare.  Of course, information derived in the public participation process will help decision-makers understand how changes in the indicators of other criteria impact social welfare.

3.8 Advancement of Knowledge


The advancement of knowledge contributes indirectly to social welfare by advancing future direct impacts on social welfare.  For example, research that contributes to the basic understanding of the properties of a material will result in future products and applications that contribute to social welfare. Greater understanding of the process of nutrient cycling in tropical rainforests can lead to the development of more effective sustainable forestry management methods. An increased knowledge of the human genome will lead to future cures and treatments of disease. 


These three examples have been chosen to show this criterion of the advancement of knowledge is extremely diverse and has multiple attributes. All the arguments that were made in Section 3.5 about how difficult it is to develop an indicator for ecological criteria is even more difficult with respect to the advancement of knowledge.  Nonetheless, the advancement of knowledge is an important criterion and care must be taken in the decision-making process to include this criterion. This is best done in a qualitative fashion, as experts in the field and related fields of knowledge qualitative evaluate the importance of potential gains in knowledge associated with a project or decision

4.0  The Measurement of Economic Efficiency


Although it is vitally important to focus on many decision-making criteria in the process of decision making, often the criterion of economic efficiency takes on a special role, due to the importance of this criterion to politicians and other decision-makers and due to its central contribution to social welfare. Although this report advocates the use of a full suite of decision making criterion, it includes a special discussion of how to measure economic efficiency. This section focuses on methods for the valuation of non-market goods, as Section 2.0 focused on how markets work, and touched on the value of market goods. This section builds on that discussion, and discusses methods for developing corresponding measures of net benefits for environmental goods and other non-market goods. This discussion is not directly focused on materials policy, but instead draws examples to illustrate each method that are most appropriate to the particular method.

4.1 Categorizing the Benefits of Environmental Improvement

There are many different types of values associated with environmental improvement, and they can generally be categorized into three groups. First, there are direct-use values which occur when environmental resources are directly used in production and consumption activities. The use of clean water to produce beer, the pollution-free environment required to produce microchips, or high water quality for beach recreation are examples of direct uses of environmental quality. Second, there are indirect-use values, where the environmental resources are not directly used in a consumption or production activity, but still provide value. 


Indirect use values include altruistic values, bequest values, and existence values. Altruistic values exist when a person values environmental quality, because of concern for the welfare of other people and the belief that increasing environmental quality increases the welfare of others. Bequest values arise from a person’s desire to pass on environmental quality to his or her descendants. Finally, existence values arise when a person’s welfare increases simply through the knowledge of the existence of environmental resources. For example, a person may never plan to go “whale watching,” but still derives utility from the knowledge that whales are present in the oceans. The third general category of environmental values is the value of ecological services. Ecological services are the functions that ecosystems perform that provide the basis for all ecological and economic activity, and include carbon sequestration, nitrogen fixation in soil, hydrological cycles, nutrient cycles, biodiversity, production of oxygen, maintenance of global climate, and primary productivity. Although in some circumstances these ecological services fit neatly into either direct-use values and indirect-use values, in the context of valuation and ecological risk assessment, it is important to break them out into a separate category. The reason for this is that even though they are necessary for virtually every human productive and consumptive activity, people do not have to directly seek these ecological services, so there is not as direct a connection as with other direct uses, such as clean water for swimming or fishing. The difficulties associated with measuring the value of ecological services are further discussed below.

4.2 Difficulties in Measuring the Value of Ecological Services:

Ecological services are flows from environmental resources that are beneficial to ecosystems or social systems.  Ecological services include flows such as biodiversity, nutrient cycling, maintenance of atmospheric chemistry, soil formation, habitat, maintenance of hydrological cycles, and so on.  One of the problems of measuring ecological services is the sheer complexity of ecosystems and how one component relates to another.  This complexity is described very elegantly by Yvonne Baskin (1997), as is the importance of this complexity for the maintenance of high levels of ecological services. However, one facet of ecosystem complexity that obfuscates the valuation process is an ecological characteristic known as redundancy.  

Redundancy, or substitutability, abounds in ecosystems, including redundancy of species, redundancy of functions, and redundancy of ecological services.  This redundancy implies a total value function for ecological services, ecological health, or ecological integrity that looks something like the function in Figure 6. 


In the right hand region of the total value function, the slope or marginal value (of a single additional species, for example) is close to zero, because of the redundancy of the ecological services.  As one moves further to the left (i.e., removing species), the marginal value becomes larger because the redundancy dissipates and we begin to lose what now becomes a relatively scarce resource.  Eventually, a collapse point is reached, and the total value falls quickly to zero, as a positive (but small) level of ecological services may be incapable of supporting the social systems.  If ecological services are characterized as in Figure 6, this complicates the process of valuation because marginal value changes dramatically as one moves along the total value function.  This also greatly complicates the process of conducting benefits transfer, as not only does one have to develop the typical types of correspondence for benefit transfer (similar type of resource, similar scale, similar societal values, etc.) but one must make sure that in both the reference region and the study region the levels of ecological services imply being on congruent sections of the total value function. Section 4.3.3 discusses benefit transfer in more detail.

4.3 Methods for Measuring the Benefits of Environmental Improvements


Two different types of approaches are generally used by economists to measure the benefits of environmental improvement or the damages associated with degradation. The first category of approaches consists of revealed preference approaches that are based on observing actual behavior and inferring the value of environmental quality from this behavior. The second category of approaches consists of stated preference approaches that are based on survey techniques that ask people to state their values for potential changes in environmental quality.

4.3.1 Revealed Preference Approaches:


Revealed preference approaches look at people’s decisions to use environmental resources, and from this infer the value. For example, if a person is observed driving to a more distant beach to obtain better water quality, then the travel cost incurred can provide a measure of the person’s willingness to pay to obtain better water quality. There are four major types of  revealed preference approaches including demand and supply analysis, the travel cost method, the hedonic wage method, and the hedonic housing price method.


Demand and supply analysis is based on estimating demand and supply equations for a market good, in a fashion which relates environmental change to either the demand function, the supply function, or both. The environmental change will therefore generate a new market equilibrium and the change in net social benefits can then be estimated, by computing the change in the area between the demand and supply functions (the change in consumers’ surplus plus the change in producers’ surplus).


For example, one of the most important effects of air pollution, such as tropospheric ozone, is its impacts on agricultural yields. With the same amount of land, water, fertilizer, pesticides, labor and other inputs, an agricultural area will have a lower yield per acre in an area with more air pollution. Let’s say that a national government or international agency was interested in assessing the benefits of a new material for superconductors, which could dramatically reduce electricity consumption in a variety of applications, including electric motors and the transmission of electricity. One of the benefits of the superconductor will be the reduced pollution associated with the reduced electrical use, and one of the benefits of the reduced pollution will be its impacts on agricultural.


Figure 7 shows how these benefits could be estimated. S1 represents the supply function for soy beans in the more polluted, pre-innovation environment. The development of the superconducter would reduce pollution, and shift the supply function to the right (to S2). Net economic benefits would then increase by the area of trapezoid ABCD. A similar type of analysis could be conducted with shifts of the demand curve, for example, the demand for oysters will shift as water quality changes. 


Obviously, it is only possible to use this technique for a set of market goods for which either the demand curve or supply curve is affected by changes in the level of environmental quality. However, for many non-market goods, it is still possible to estimate value based on observing actual behavior. An example of this is the travel cost model, which can be used to measure the value of environmental resources that are important to outdoor recreational activities. In the travel cost model, surveys of



recreationists are conducted and the data are used to estimate a functional relationship with the number of trips as the dependent variable and travel costs and environmental quality (among other variables) as the independent variables.
  This functional relationship actually constitutes a demand curve for access to the environmental resource and can be used in an analogous fashion to estimate changes in social benefits. This is generally done by surveying recreationists, obtaining information on their access costs (including travel costs), the number of trips they take, the environmental quality of the recreational site, and socio-economic characteristics of the individual. The number of trips, as a function of the travel costs, environmental quality and socio-economic variables can then be estimated using regression analysis, in a fashion corresponding to Equation (1).
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The function can be graphed in two dimensional space, as in Figure 8 below, where an increase in environmental quality is represented by an upward shift in the travel cost demand curve. The increase in environmental quality would increase net economic benefits by the area of trapezoid ABCD, for a recreationist who had travel cost of TC1.  Note that this benefit comes from two sources, and increase in the number of trips (from T1 to T2) and an increase in benefit per trip. For example, continuing to use the example of  fossil fuel usage and superconductor innovation, the reduction in pollution could also have an impact on the acidity of lakes and streams in North America and Europe. Increasing the pH of these lakes would improve recreational fishing quality, and shift the demand curve to the right in a fashion analogous to Figure 8. 


Of course, these first two methods that have been discussed (travel cost demand curves and market analysis) can only be applied in a limited number of circumstances, and do not provide help in answering many important questions, particularly those related to materials policy. For example, as we develop materials that are less toxic (and are associated with less hazardous waste in production, consumption and disposal processes) what are the net economic benefits?



An alternative and more general method that has the potential to answer some of these questions is the hedonic pricing method,  which can be applied to either housing prices or wages. The applicability of this technique can best be illustrated by an example. Assume that there is a community of identical homes, with people with identical incomes, who work in their homes. Further assume that the community is a featureless plane with no attractive features (such as parks, beaches or rivers) and no unattractive features (such as power plants or waste sites). Under these conditions, everyone is indifferent across locations in the community and all the houses will have the same price. Now imagine that a waste disposal site is built along the western edge of the community. People will no longer be indifferent about their residential location, because it will be better to live in the more eastern parts of the community, further away from the potential health hazards and the diminished aesthetics associated with the waste disposal facility. As people try to leave the western part of the community and move to the east, the price of houses will fall in the west and increase in the east. This gap in prices will continue to grow until people are once again indifferent among locations in the community. The gap can be interpreted as the willingness to pay to avoid the disamenities associated with the waste disposal facility.


Of course, the real world does not conform to the assumptions of this example, but other influences on the price of houses can be controlled for in the statistical analysis. For example, the price of houses can be regressed on the characteristics of the houses and the characteristics of the neighborhood, where the characteristics of the neighborhood can include environmental quality variables. The price function can then be differentiated with respect to the level of a particular characteristic to yield the marginal willingness to pay for a change in the level of the characteristic. 

Equation 2 contains what is often referred to as the hedonic price function, which can be estimated using regression analysis. In this equation, Ph refers to the price of the house, C a vector of characteristics of the house, and A a vector of amenities, or characteristics of the area in which the house is located (such as distance to the toxic waste site, concentrations of air pollution, or non-environmental variables such as the level of violent crime.  The derivative of Ph with respect to an individual characteristic gives a marginal value or marginal price of the characteristic, which can be used to estimate an implicit demand function and a measure of net economic benefits analogous to that of market goods.
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Data for estimating such a function is readily available. Real estate transactions or government property records can provide data on the location of the house, its price, and the characteristics of the house. Once the location of the house is known, other data sources (such as from the environmental agency monitoring agency) can be used to develop the variables that describe the important characteristics of the location.

A similar type of analysis can be conducted by looking at inter-city variation in wages.
 The rational behind this technique, is that people choose among alternative city locations based on the bundle of wages and amenities in the alternative cities. If people find one city to have a better bundle, they will move in that direction, which will bid down wages in that location and cause increases in the wages of cities that are no experience shortages of labor due to the migration of labor to the more attractive cities. This process will continue  until people are indifferent among their choice of cities.

The hedonic wage equation is presented in Equation (3), with right hand side variables that include the characteristics of the city (C), the characteristics of the job (J), and the characteristics of the person (e.g. education, profession, etc.) (H). Environmental variables constitute some of the characteristics of the city. Data used to estimate hedonic wage equations generally come from detailed sub-samples of a country’s census of population. Again, the hedonic function can be differentiated with respect to the level of a particular characteristic to find the marginal price or marginal value of that characteristic.
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It should be noted that the use of the hedonic wage approach is predicated on the complete mobility of the labor force. While this is an appropriate assumption for some countries, in societies where people cannot (or will not, for cultural reasons) consider leaving the city in which they were born, the technique can not produce unbiased estimates of marginal value.

The hedonic wage approach belongs to a class of approaches called compensating wage differential approaches, which examine how wages change in response to education, gender, race, intelligence and other characteristics. One very important application of the compensating wage differential approach from the perspective of materials policy, is how wages adjust to compensate workers for additional exposure to risk. For example, if the on-the-job risk of accidental death is included as one of the characteristics of the job in Equation (3), than this can isolate the willingness to accept compensation to be exposed to an incremental risk of death, and can shed some insight on the value of human life.

This can best be illustrated by example. Suppose that construction workers that work on steel I-beams 50 stories above the ground face an extra one in one thousand risk of accidental death in comparison to construction workers who work on the ground. Assume that the workers have identical skills, experience, etc., and the workers on the I-beams receive $1000 more per year. One can view this $1000 per year premium as their willingness to be compensated to accept this risk. In a population of 1000 workers, the statistical expectation would be one death per year in the more dangerous job. In the same population of 1000 workers, the collective willingness to be compensated to accept this expected loss of life is $1,000,000 (one thousand workers multiplied by $1000 divided by one expected death). This type of analysis can be used to measure the value of reducing the risk of death and can be used to measure the value of policies that result in a reduction in premature deaths. A variety of studies show this value to be at about $6,000,000 in developed countries. However, the method is only appropriate for valuing statistical life and not the life of a specific person. If a coal miner was trapped underground, and the cost of saving his life exceeded $6 million, we would not expect the mining firm or the government to leave him there.


Hedonic housing price studies have been used to estimate the willingness to pay for reducing exposure to air pollution, water pollution (both water bodies and drinking water), and toxic waste sites. Hedonic wage studies have been used to look at these issues as well as the value of recreation, and of course, the value of reducing risk to life.


Although revealed preference techniques are generally capable of estimating the direct-use values of environmental change, they are generally not well-suited for ecological risk assessment as they are not well-suited to measure either indirect-use values or the value of ecological services. In particular, it is very difficult for revealed preference approaches to measure the value of indirect uses, since indirect uses are by definition not associated with an activity that can be measured and then statistically analyzed to infer a value. Also, it is very difficult to use them to measure the benefits of ecological services. For example, to the extent that increased ecological services increase the quality of recreational fishing, it would be possible to measure the value of the ecological services. However, all other types of value arising from the ecological services could not be measured with this method. For example, it would be exceedingly difficult to use a revealed preference method to measure the value associated with the loss of rainforest area associated with the opening, operation and closure of a mine.

4.3.2 Stated Preference Approaches:


Stated preference approaches are survey methods based on asking people hypothetical questions about how much they are willing to pay to obtain a more desirable level of environmental quality or to avoid a less desirable level of environmental quality. Rather than rely on the indirect method of observing their actions and inferring value, the value is measured by asking people to state their values. An example of a contingent valuation question follows:

Water quality at the beaches in Rio de Janeiro is much worse than the water quality at more distant beaches due to contamination from untreated sewage. This contamination can lead to health problems such as intestinal illnesses and hepatitis among swimmers, and diminishes the presence of aquatic life. 

Improving water quality at Rio beaches would require construction of new sewer systems. Would you be willing to pay an additional X reais per month in property taxes if the money went to build the sewer systems and upgrade the water quality in Rio to the level of the beaches in outlying areas?

Note several important characteristics of the way the question was constructed. First, the question gives information about the nature of the environmental problem and how it affects peoples’ welfare. Second, it provides a realistic method for correcting the environmental problem, that people would think would have a high probability of correcting the problem.


In theory, contingent valuation can measure both direct use values and indirect use values. However, the method is quite controversial because of its hypothetical nature, and a series of potential biases have been identified. One of the reasons that contingent valuation became such a controversial technique is that it figured prominently in the legal case surrounding the Exxon Valdez spill. Since billions of dollars where at stake, Exxon hired a team of environmental economists to attempt to prove that contingent valuation could not provide statistically valid estimates. Similarly, the governments of the state of Alaska and the United States hired environmental economists to estimate these damages with contingent valuation and prove that contingent valuation was a valid technique. Although there is still much controversy over the technique, a consensus has arisen that it is possible to structure a contingent valuation analysis so that it can give reliable estimates of value in certain circumstances.

However, it is still a hypothetical technique, and the hypothetical nature of the technique can lead to two problems. First, the survey respondents have no experience in making decisions like this in the real world. In the real world, people seldom, if ever, confront the problem of deciding how much to pay to improve environmental quality, especially those environmental resources which provide indirect-use values. This lack of experience can lead to either over or under statements of true willingness to pay. Another problem created by the hypothetical nature of the decision framework is that people do not actually make real economic commitments. This has been hypothesized to lead to a systematic overstatement of true willingness to pay, although the empirical evidence on the existence of this bias is mixed.
  


In addition to these problems generated with the hypothetical nature of contingent valuation, there are two other important biases which have been identified. These are part/whole biases and embedding biases. Part/whole biases are used to describe the empirical observation that the willingness to pay for a smaller environmental resource is essentially equal to the willingness to pay for a more encompassing environmental resource. Economic theory suggests that the willingness to pay for the more encompassing good should be larger than the willingness to pay for the good which is encompassed. For example, the willingness to pay for air quality improvements in a system of parks should be larger than the willingness to pay for air quality improvements in one park in the system. However, empirical studies have shown there to be little difference between the two in a variety of applications. Embedding biases occur when the survey respondent includes in his statement of willingness to pay the value of goods other than those which are the subject of the survey. For example, if a survey is about the willingness to pay for improved visibility associated with air quality improvements, the respondent may include his or her willingness to pay to avoid air pollution impacts to ecosystems or human health.


In summary, contingent valuation is quite controversial and many researchers believe it to be subject to systematic biases, especially when applied to the valuation of indirect use values. Contingent valuation models have had a mixed performance when subjected to internal and external validity tests.
 However, for measuring direct use values, and certain types of indirect use values, contingent valuation appears to be an appropriate technique. The converse of this statement is that for most types of indirect use values and for valuing ecological services, contingent valuation is not yet sufficiently well developed to provide valid estimates.

This leads to what can be referred to as the fundamental valuation problem. Revealed preference models tend to pass external and internal validity tests, but by their very nature can not be used to measure indirect use values. Contingent valuation models can be used to measure indirect values, but there are problems with implementation and the techniques are controversial and contentious because of the potential biases associated with contingent valuation and the lack of internal and external validity. In addition, neither revealed preference models nor contingent valuation models have been successfully applied to measure the value of the full range of ecological services. As a result of these shortcomings, indirect-use values and the value of ecological services seldom are included in cost-benefit analysis or other forms of economic or ecological risk assessment. 
An alternative to contingent valuation that reduces some of the weaknesses and builds on some of its strengths is conjoint analysis. Conjoint analysis has several forms, including ratings-based analysis and rankings-based analysis, but this report will focus on discrete choice-based conjoint analysis. Discrete choice-based conjoint analysis is implemented by presenting alternative states of the environment to the individual (See Louviere (1988, 1996) for a general discussion of conjoint analysis) and asking them to choice the one they think is preferable. The alternative states are defined by varying levels of physical characteristics of the environment, including the characteristics of important sub-systems of the environment. Ecosystem characteristics are varied according to actual and potential risks, as well as potential environmental improvements. Additionally, there must be a monetary variable such as the cost of a program, a tax rate or a price level associated with each choice set.

The level of the monetary variable and the levels of the physical environmental characteristics in the choice sets is varied both within the choice sets presented to individuals, and across individuals. This variation in the level of the characteristics of the alternative states of the environment allows the estimation of a preference function, using a discrete choice statistical technique such as logit analysis. Based on a branch of economic called random utility theory, willingness to pay estimates can be obtained from this estimation process.
At first glance, this stated preference method may seem to be a re-cast version of contingent valuation, as both this method and contingent valuation ask the respondent hypothetical questions about willingness to make trade-offs concerning environmental quality. However, the two are based on fundamentally different mental models. Contingent valuation asks people to state a willingness to pay for a non-market good, such as an environmental quality improvement, but people are not accustomed to making such exchanges. This forced employment of an unfamiliar mental model may be what gives rise to the biases that many people argue are associated with contingent valuation. Conjoint analysis asks people to chose among alternative states of the world each having different levels of attributes. Even though these alternative states may involve non-market goods, individuals are accustomed to making this type of choice. For example, the choices of whether to get married or stay single, have children or not have children, vote Republican or Democrat, live downtown versus the suburbs, or go into academics versus consulting, are all alternative states of existence, which are associated with different bundles of non-market goods and different levels of economic well-being . 

Although conjoint analysis remains largely untested with respect to environmental goods, its performance with market goods indicates a high degree of internal and external validity. In particular, in comparisons of hypothetical and actual responses, conjoint analysis has been a good predictor of actual responses 
. In comparison, in many experimental studies, contingent valuation has been a poor predictor of actual responses. (See Cummings, 1996).

Conjoint analysis can also be used in a non-monetary process to develop an overall indicator of the health of the environment. A choice, or trade-off, based indicator can be developed by using discrete choice-based conjoint analysis to present alternative states of the environment to the individual. The alternative states are defined by varying levels of physical characteristics of the environment, including the characteristics of important sub-systems of the environment. Ecosystem characteristics are varied according to actual and potential risks, as well as potential environmental improvements. These alternative states of the environment then comprise choice sets; these choice sets can then be evaluated by both experts and stakeholders drawn from the study population.

The level of the physical environmental characteristics in the choice sets is varied both within the choice sets presented to individuals, and across individuals. This variation in the level of the characteristics of the alternative states of the environment allows the estimation of a preference function. In this preference function, the probability of preference is estimated as a function of the levels of the physical characteristics. The partial derivatives (with respect to each physical characteristic) of the preference function can then be used as weights to aggregate the physical characteristics into a single index or set of indices. In other words, if the estimated preference function was of the form,
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where the Ci’s refer to the levels of the environmental characteristics that define the alternative states of the world, the index could be computed as
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Even though the method proposed for deriving indexes is not based on willingness to pay, one of its attractive features is that it is still based on the willingness of individuals to make trade-offs.  In contrast, the Environmental Monitoring and Assessment Program (EMAP) of EPA has developed indices of physical characteristics that are unweighted indices (see section 3.5.4). In addition to the inherent desirability (at least from the point of view of an economist) of basing the indicators on willingness to make trade-offs, the trade-off based foundation of the indicators would make the measures of the health of the environment analogous to the primary measure of the health of the economy (GDP), as GDP is a set of physical quantities which are weighted by people's willingness to make trade-offs, which in the case of GDP are measured by prices. An indicator of the health of the environment which is based on "trade-off weighted" physical quantities would be completely analogous to GDP, except in this case, the trade-offs are measured through a survey process, since market prices do not exist for the physical characteristics of the environment. The same procedures could be used to develop a single indicator variable for the other areas of social concern. For example, this process could be used to aggregate longevity, infant mortality and other health indicators into a single indicator variable of the health of the population.


As indicated above, the key to developing the trade-off weighted index is to appropriately specify the choice sets that provide the survey data used to estimate the preference function.  This can be illustrated with an example of developing an index for biodiversity.  The most general method of developing a biodiversity index is to include biodiversity as a component of overall environmental quality. For example, characteristics of the choice sets could include levels of different types of pollution, quantity and quality measures of characteristics related to major ecosystem types (estuaries, wetlands, forests, etc.) and quantity and quality measures of characteristics related to biodiversity. Then the social consequences of a reduction in biodiversity or a risk of a reduction in biodiversity can be measured as the impact of the change in these biodiversity characteristics on the environmental index.

A difficulty associated with both this method and the measurement of the value of biodiversity in general is that ecosystem health and biodiversity are jointly produced, and both contribute to social welfare. A biodiverse system, ceteris paribus, is a healthier, more stable system that provides a greater flow of ecological services. At the same time, a healthier, more productive and more stable ecosystem provides greater protection of biodiversity. Since both greater environmental quality and greater biodiversity both contribute to social welfare, and since both are functions of each other, it may not be possible to completely attribute changes in social welfare to one factor or the other.

An alternative approach is to develop a set of choice sets describing alternative states of the world, where only biodiversity characteristics change between choice sets. This would allow the measurement of an index of biodiversity. However, it is not clear that such a choice experiment could be successfully implemented within a survey population of ordinary citizens, as the ordinary citizens might not be able to successfully evaluate alternative sets of biodiversity variables. Such a choice experiment and development of a separate index of biodiversity might be better implemented with a survey population consisting solely of experts.
4.3.3 Benefit Transfer Approaches:

The process of estimating values using revealed preference or stated preference approaches can be quite expensive. For example, a relatively simple but technically correct contingent valuation study can easily cost more than $100,000. Very often, these types of resources may not be available, a decision-maker may not have the appropriate staff to conduct such a study, or there is not enough time to conduct the study before the decision needs to be made. An approach called benefit transfer has arisen to deal with these problems, and to avoid the costly approach of conducting original valuation research were it is not necessary. 

Benefit transfer refers to a process of taking values from studies that were previously completed in other areas, and applying them to the area where the new decision must be made. For example, let’s assume that a new mine is planned that threatens to negatively impact nearby streams with acid mine drainage. One of those impacts would be the effect on the trout in these streams and the associated losses in benefits to recreational fisherman. In this case, the analyst need not undertake a new travel cost or contingent valuation study to compute the potential losses to recreational fishermen. Instead, the analyst can look at studies that have looked at the value of recreational fishing in general, trout fishing in particular, and even focus on studies looking at the loss in recreational fishing value from acidification due to acid rain. 

Although benefit transfer is not a “scientific methodology” that is associated with hypothesis testing and formal statistical confidence intervals, there are a set of alternative methodologies that can be employed to maximize the quality of information that is available in the benefit transfer process. These methodologies generally focus on ensuring that the reference study (the previously implemented study whose results are being transferred) is congruous with the problem that is being studied. This congruity most take place in several dimensions, including the socioeconomic and ecological dimensions of the problem.

The importance of using a reference study that is congruous can be best illustrated by extending our example of the trout stream and potential acid mine drainage. Let’s say that the stream that is being threatened by the potential mining activity is the Beaverkill River, an extremely high quality trout stream located only two hours drive from New York City.  Let’s say that the only reference studies that were available were from a high quality trout stream in Northern Canada, and a mediocre trout stream in New Jersey.

At first one might think that since both the Beaverkill River and the Canadian stream are both high quality trout streams, that the Canadian study would make the best reference study. However, one of the salient features of the Beaverkill River is that it available to the large New York City metropolitan area, making it extremely valuable. The Canadian river, in contrast, would be in a remote area not easily accessible, so it would have a much lower value. This might make one think of the New Jersey study as the appropriate reference study. Although, the New Jersey study would have a symmetric set of socioeconomic circumstances (including population density), the quality of the river is much lower than the Beaverkill River, so it would be inappropriate as well.

Neither of these reference studies can be used to provide an estimate of the expected value of the trout fishing on the Beaverkill River, but they could be used to provide a lower bound on the value of the Beaverkill River. In either case, one can make an argument that the value of the Beaverkill River would be higher than the reference studies. This process of developing lower bounds and upper bounds can be used to help understand the value of the environmental resource in question.

If many reference studies are available, the process becomes much easier. The most appropriate reference study can be chosen, or a weighted average of the value estimates of many studies can be employed, with the weights chosen according to the similarity between the reference study and the problem at hand. A way of formalizing this process is to use meta-analysis techniques.

Meta-analysis involves taken a large set of relevant studies and searching for statistical regularities in these studies. For example, if one was interested in measuring the benefit of reducing acid mine drainage to a recreational trout fishery, one could take the value measures from the hundreds of recreational fishing studies that have been completed, and regress the value estimate on a set of variables describing the characteristics of the fishery and the characteristics of the population using the fishery. Then, the characteristics of the application (the Beaverkill River, in our example) could be substituted into the estimated equation to estimate the value of the trout fishery in the Beaverkill River.

Unfortunately, there is little ability to conduct benefit transfer with regard to ecological services. Due to the complexity of ecological services, the redundancy of ecological services and the indirect path by which they affect social welfare, and other factors discussed in Section 3.5, very few studies have been done of the value of ecological services. In fact, so little work has been done that there is not enough breadth of studies to generalize from one application to another. This problem is of such an extent that there has been little replication or verification of estimates, so it is not possible to be scientifically confident in those few studies that have been done.

Not only is there redundancy within the ecosystem, but there is also redundancy in terms of the use of ecological services by social systems. For example, the value of the clean water provided by a particular river is critically dependent on the quantity and quality of other rivers in the vicinity, and the abundance and quality of sub-surface water.  

This can be diagrammed in Figure 9, where the more substitutes for the ecological services from a particular ecosystem (e.g. the more abundant other water resources) the lower the value function, and vice-versa.  In this figure, Total Value Function A would be associated with fewer substitutes than Total Value Function B.
Most of the studies of the value of water have been done in the western US, where water is scarce.  This leads to a critical problem in benefit-transfer of ecosystem services.  We have a series of a few point estimates of the value of water from western rivers, but they are likely to come from a different shaped function, and be at a different point along the function.  To be more concrete in the explanation, if we know a few points along Function B in Figure 9, how do we estimate Function A?  This is a serious dilemma plaguing our ability to do benefit transfers with ecological services.  If we had lots of points along a multiplicity of functions, we could do a meta analysis and distinguish between factors that cause shifts of the function and factors that cause movements along the function, but as we will shortly demonstrate, there are just not enough studies available to do this.

However, we will note one major exception to this pessimistic prescription, and that is the value of carbon sequestration and the social costs of carbon emissions.  These estimates are not subject to many of the problems associated with transfer of the value from one region to another, because the value of carbon sequestration (or cost of carbon emissions) is independent of the location of the sequestration (emission).  Furthermore, there have been extensive studies subject to the peer review process of the Intergovernmental Panel on Climate Change (IPCC).  A summary of these estimates has been published in the second IPCC assessment and the third IPCC assessment (with new estimates) will be available in the coming weeks.  A summary table of carbon values from the second IPCC assessment is reproduced below.

Table 2- IPCC Summary of the Social Costs of CO2 Emissions in Different Decades (1990 $/t C)

Study 
Type
1991-2000
2001-2010
2011-2020
2021-2030

Nordhaus (1991) 
MC

7.3 

(0.3-65.9)



Ayres and Walter (1991)


MC

30-35



Nordhaus (1994)


CBA





       Best guess

5.3
6.8
8.6
10.0

       Expected Value

12
18
26.5
NA

Cline (1992b, 1993d


CBA
5.8-124
7.6-154
9.8-186
11.8-221

Peck and Tiesberg (1992) 
CBA
10-12
12-14
14-18
18-22

Fankhauser (1994)
MC
20.3

(6.2-45.2)
22.8

(7.4-52.9)
25.3

(8.3-58.4)
27.8

(9.2-65.2)

Maddison (1994)
CBA/MC
5.9-6.1
8.1-8.4
11.1-11.5
14.7-15.2

MC=marginal cost study

CBA=shadow value in a cost-benefit study

Figures in parentheses denote 90% confidence interval

Source: Table 6.1 in Bruce, James P., Hoesung Lee and Erik F. Haites, “Climate Change 1995: Economic and Social Dimensions of Climate Change: Summary for Policymakers,” in Climate Change 1995: Economic and Social Dimensions of Climate Change, Cambridge University Press, 1996, p 215.

5.0 The Use of Multiple Criteria in Decision-making 


The preceding sections focus on the development of decision-making criteria and the progress we have made in terms of actually implemented indicators of these criteria. As the discussion indicates, in some areas we have made some progress and in other areas progress remains to be made.


The question we now focus upon is how we take multiple decision-making criteria and jointly employ the criteria in order to inform the actual decision. In some ways, this problem is conceptually similar to the problem of including multiple attributes into a single indictor, but in other senses, it is much more difficult. If too much aggregation is done across criteria, we will lose a lot of the information that is contained in the different criteria.


This section will begin with a discussion of cost-benefit analysis, which has been frequently employed in the decision-making process and is even legally required of government agencies in many countries. One of the reasons this report focuses on cost-benefit analysis is that it often implemented incorrectly. In this section, a set of guidelines and principles is developed. The section then moves to discuss how to simultaneously employ a diverse set of decision-making criteria.

5.1 Cost-Benefit Analysis



Cost-benefit analysis has become an increasing important tool in aiding decision-making in both environmental policy and technology. However, cost-benefit analysis is often implemented incorrectly and interpreted inappropriately in the decision-making process. The purpose of this section of the report is not to make the reader an export in cost-benefit analysis, but to aid the reader in understanding what constitutes a well-implemented study, and how that study can facilitate the decision-making process.


The most important concept to bear in mind when conducting cost-benefit analysis, is that cost-benefit analysis is not a decision-making tool, it is only an information organizing tool. As such, it looks at one particular type of information, that pertaining to economic efficiency. Although many government agencies and private firms mandate the use of cost-benefit analysis, the planner or decision-maker should bear in mind that this tool only provides information on economic efficiency and does not provide information on any of the other decision-making criteria. It is for this reason that cost-benefit analysis should be regarded as an information organizing tool rather than a decision-making tool. 

After realizing the proper role for cost-benefit analysis in decision-making one must be aware of the fundamental principle of cost-benefit analysis, and that is that there is no single correct answer to a cost-benefit analysis exercise. This is an important issue because many policy-makers are anxious to receive a single number upon which to base their decisions. However, this type of thinking is fundamentally flawed. Since different assumptions about future states of the world or key analytical parameters (such as the discount rate or rate of growth of GDP) will have a big impact on the final outcome of the cost benefit analysis, the analysis should produce a suite of numbers reflecting the sensitivity of the cost-benefit analysis to alternative analytical assumptions.

A third important concept related to cost-benefit analysis is that it should be a dynamic analysis, investigating the cost and benefits of a decision far into the future. This somewhat complicates the measurement process since benefits and costs occur at different points in time, and benefits in different time periods must have different weights in the summation process.


The reason that benefits and costs in different periods must have different weights in the summation process is that people, both as individuals and as a society, prefer good things to happen sooner than later and bad things to happen later than sooner. This is referred to in the economics literature as a positive rate of time preference, and is why we are willing to borrow money at interest in order to increase current consumption (it is also why lenders need to be compensated with interest in order to lend money). The discount rate is the rate of interest that measures time preference. For example, if you were willing to loan $100 for one year and receive no less than  $115 in return one year into the future, than your rate of time preference would be 15%, and 15% should be the discount rate that you use to convert future values, be they costs or benefits, into present values.


The process of discounting, or measuring present values, converts economic values in all time periods into economic values in the present period. The simplest version of a discounting formula is :
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where r represents the discount rate, t represents the time period, FV refers to the known future value, and PV refers to the present value to be calculated This formula is based on discrete discounting, which assumes interest accrual in a period fashion. If interest accrues in a continuous fashion, than the continuous version of this formula should be used, where e represents the mathematical constant for which the natural logarithm is equal to one:
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The above two formulas represent the net present value (NPV) of of a single cost or benefit at a given point in time in the future. However, most decisions are more complicated than this and involve benefits and costs at many points in time in the future. Thus, the present value of a decision represents the sum over time of discounted net benefits in each period:
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when discounting discretely, or
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when discounting continuously.


The objective of cost-benefit analysis is to identify the alternative project, plan or policy that has the greatest net present benefit, which will therefore maximize economic efficiency. Although, as mentioned earlier, this can sometimes be an ambiguous process as different analytical assumptions may identify different alternatives as having the highest net present value. 

Many practitioners of cost-benefit analysis ignorantly pursue other measures such as benefit/cost ratio, the internal rate of return or modified internal rate of return. Especially when examining social decisions, these cost-benefit criteria can promote projects that are not associated with the maximum economic efficiency.

5.1.1 The Choice of the Discount Rate


A critical aspect of cost-benefit analysis is the choice of the discount rate by which to compute the present value of the net benefits of the decision. The first thing that comes to most decision-makers mind is the market rate of interest, but for several reasons the market rate of interest should not be chosen.


In actuality, there are many market rates of interest, each one comprised of three components, a risk component, an inflation component and a real, risk free rate of interest. The inflation component should always be removed from the interest rate because all cost-benefit calculations should be conducted in real (inflation adjusted terms). The risk component reflects a compensation for the variations in the risk of default across different types of borrowers. For example, Exxon borrows with a higher risk premium than does the United States government, but with a lower rate than does the ordinary citizen. Since the risks of a public investment are shared by all the citizens of a society, and since society has a diverse portfolio of projects, many economists argue that in public decision-making, if a market rate of interest is used, it should be the real, risk free rate. Historically, this has been in a range around 3 or 4 percent, with few exceptions.


The choice of discount rate is critically important, as it speaks to the relative importance of the future. Table 3 below shows the present value of one million dollars of net benefits that occurs at different points in time, with different discount rates. This table illustrates the role of the future, especially the distant future, when decisions are based entirely on cost benefit analysis. For example, the cell at the lower right-hand corner of this diagram shows that one million dollars of net benefits that occur in 200 years only has a present value of less than one cent. Table 3 also shows how even small differences in the discount rate become very important as we move further into the future. After ten years, the present value when calculated with a 3% discount rate is 90% of the present value when calculated with a 2% discount rate. However, after two hundred years, the corresponding relationship is 13.5%. This accelerating impact is due to the nonlinearity of the discounting process. With the discounting process, the distant future does not matter and the higher the discount rate, the more quickly the future becomes unimportant. The reduction in the importance of the future that is generated by discounting is often called “the tyranny of discounting” and is a reason why economic efficiency cannot be the only decision making criterion. In fact, this is a primary reason why people began to become concerned with the criterion of sustainability.

Table 3—The power of discounting (present value of one million dollars of net benefits  occurring at different points in the future


10 years
50 years
100 years
200 years

Discount rate:





2%
818730
367879
135335
18315

3%
740818
223130
49787
2479

5%
606530
82084
6737
45

8%
449328
18315
335
0.11

10%
367879
6737
45
0.0021

It should be noted that the market rate of interest is not the only interest rate that has been suggested as a discount rate. In fact, there is considerable controversy over what the appropriate rate should be. Some of the other perspectives are discussed below.


The first theory to be discussed can be termed the displacement theory. It is based on the viewpoint that since public investment tends to “crowd out” private investment, one should look towards the opportunity cost of the government investment as the means for discounting. With this logic, the opportunity cost of a government investment is rate of return on private investment, which is some ways can be likened to a market rate of interest. Another measure of the opportunity cost of a public investment is the interest rate that the government pays on public debt. However, with many developing nations having found themselves in unenviable and untenable debt positions, this would imply a tremendously high discount rate. If developing nations used this choice as their discount rate, it would imply that the only investments that should be undertaken are those with an immediate payout, and that future costs and benefits are completely unimportant. Of course, there is some truth to this argument, as compounding debt levels can seriously interfere with the future economics prospects of a country. However, this type of approach can lead a country into making decisions to obtain short term gains that have  irreversible consequences that can seriously jeopardize the future well-being of the country.

As we entered the 1980s and progressed through the 1990s, and people began to see more explicit evidence of the shortsightedness of projects and policies supported by cost-benefit analysis with high discount rates, economists began to develop insights into why a lower discount rate should be employed when providing guidance for long-term planning. One theory that suggests a lower discount rate is based on the mathematical fact that no individual investment can grow faster than GDP for long periods (hundreds of years) of time. This is based on the compound nature of growth. For example, if current GDP was 1 trillion dollars and grew at a real rate of 2% per year, it would equal 54 trillion dollars after 200 years. However, a relatively small investment of one million dollars, growing at 9% over that same period, would equal 66 trillion dollars after 200 years, exceeding GDP. Therefore, it is not possible for an individual investment to grow faster than GDP for a long period of time, and the argument follows that the discount rate should be the long term real rate of growth of GDP.


Of course, GDP is not a complete measure of economic efficiency (since it is only limited to market goods and services) and is even further off the mark as a measure of social welfare. For this reason and other reasons having to do with a stewardship responsibility of the current generation, many economists argue that the discount rate should be even lower than real rate of growth of GDP. In a recent survey of environmental and policy economists, Martin Weitzmann found that the majority of those surveyed suggested a discount rate of one or two percent when evaluating long-term decision-making.


While the above discussion is enlightened and can serve to prevent reliance on an unjustifiably high discount rate, in some senses the above discussion is superfluous. This is because when a cost-benefit analysis is conducted with the aid of spreadsheet software, the present value calculations can be performed easily with a range of discount rates, and the sensitivity of the present value measures to alternative choices can be easily seen. This explicitly informs as to which decisions favor the present and which favor the future. Even if a government agency has an official discount rate (mandated by legislative or executive authority) that must be employed, the sensitivity of the results to the choice of discount rates should be investigated and reported. This report recommends that one of the discount rates to be employed be equal to zero, which gives equal weight to cost and benefits at every point in time. Additionally, it is recommended that, especially for developing countries, a relatively high discount rate be chosen to represent the urgency of the present situation. This rate could be equal to the rate that the developing country pays to service its external debt. In addition, a spectrum of rates in between, including a non-zero low rate (such as 1 or 2%) should be included. The analysis should be computed using four or five different rates. Then, the decision-makers can explicitly see the impacts of the choice of discount rate, see how the net present value of alternative projects is sensitive to alternative assumptions about the magnitude of the discount rate, and choose the alternative that is most satisfactory given the different views of the discount rate.

5.1.2 Determining project or policy alternatives:


The first step in implementing any cost-benefit analysis is to determine what should be evaluated. At first, the reader might think the answer to this question is simple, just evaluate the project that is being proposed, and see if it has benefits greater than costs. The problem with this approach is that the analyst and decision-maker will never know if there exists a better alternative than the proposed project.


For example, let’s say that a proposal has been advanced to a Ministry of Science and Technology for a project to develop a new ceramic material to be used in high temperature applications. A cost-benefit analysis might reveal that this proposed project has net benefits. However, there might be other projects involving different types of ceramics, metal alloys or other materials that might yield even higher benefits. Maybe the government should consider a larger project to evaluate all of these materials. 


The important point is that the analyst must identify the credible alternatives to the proposed project, and include those in the cost-benefit analysis. In defining the alternatives, the analyst must consider political feasibility, technical feasibility, and economic feasibility, among other characteristics. 


An important example of the importance of considering alternatives can be seen in the area of electric generation. Let’s say that the original question is whether or not to build a hydroelectric plant at a specific location to provide energy for a mining project or some other activity. Alternative projects that could also provide energy for the mining activity would include:

· Alternative locations for hydroelectric plants

· Thermal plants (fossil fuels or nuclear)

· New technology plants (fuel cells, biomass fuels)

Unless all the alternatives are considered, the decision maker could wind up making a sub-optimal decision.

5.1.3 Listing the costs and benefits

The next step in the process of cost-benefit analysis is to list the costs and benefits. We will continue with the example of the hydroelectric facility for this discussion, because there are broad spectrum of costs and benefits associated with the construction and operation of a hydroelectric dam and generation facility. The potential costs associated with a hydroelectric facility include:

· Planning costs

· Maintenance and operation costs

· Construction

· On-site environmental costs 

· Off-site environmental costs 

· Lost river recreation 

· Land acquisition costs

· Displacement of people

· Indirect costs

The potential benefits of the hydroelectric facility include:

· Electrical generation

· Reservoir recreation

· Flood control 
· Creation of jobs (maybe)
· Indirect benefits
The measurement of planning, maintenance, operation and construction costs can be measured in a straightforward fashion, based on the market prices of the labor, energy, materials and other inputs into these processes. Care must be taken, however, to factor in the environmental costs of these actions. For example, soil erosion from the construction site could lead to increased turbidity in the adjacent river. Solvents used in maintenance processes could lead to pollution and environmental degradation.

The measurement of these and other environmental costs is a difficult process. On-site environmental costs refer to changes in environmental quality in the vicinity of the facility. Off-site costs include costs downstream of the facility, and also costs associated with the production of the inputs that are used in the maintenance, operation and construction processes. Different stated preference and revealed preference methods could be used in the process of measuring these environmental costs, but it is very difficult to measure ecological services, as discussed in Section 4. For example, it is relatively easy to measure the loss in value in a recreational fishery for anadramous fish (such as salmon and trout) whose migration to spawning areas is blocked by the dam. Both the contingent valuation and travel cost approaches have been used in this type of application. However, it is much more difficult to measure how the loss of the fish will cause additional changes in the ecosystem through their relationship with other species, and even more difficult to try to measure the willingness to pay to avoid these changes using contingent valuation or other techniques. 

As indicated above, the loss in value associated with impacts on river recreation is more easily measured using either revealed preference or stated preference approaches. River recreation may include fishing, kayaking, canoing, tubing, hunting, hiking, bird watching and wildlife observation, and more casual activities such as picnicking, swimming and sun bathing. Since there have been many studies that have measured the value of these recreational activities in a wide variety of settings, benefit transfer may be a good method of computing the value of these activities that would be lost from the construction of the reservoir.

The cost of the land acquisition that is required to build the dam and the reservoir is a little more complicated. In theory, this value is equal to the present value of the time stream of net benefits from the activities that take place on the land. In many cases, such as industrial farming, the value is equal to the market value of the land. However, for the family farmer, for whom the farming lifestyle is a significant component of his or her well-being, and who has a significant emotional bond to the particular land holding, this will not be the case. This will also be true for families who have lived in their particular houses for significant periods of time. Also, if the land has significant cultural, religious or historical significance, this will not be captured in the market price of the land.  One can attempt to measure the religious, cultural and historical significance of the land through stated preference approaches or through benefit transfer from studies of these values  at other locations. However, it would be exceedingly difficult to measure the value that individual landowners place on their land, above its market value. One of the important reasons for this is that in any survey approach, the landowners are likely to behave strategically for two reasons. First, if they want to remain on their land they have an incentive to overstate their willingness to be compensated in order to make the project fail the cost-benefit analysis. Second, if they are willing to vacate their land, they still will overstate the value in order to try to increase the payment they would receive to sell their land to the government or electric utility company. 


Related to the land acquisition cost is the cost of displacing people from their homes. This cost not only includes the cost of the actual relocation, but the psychic or emotional cost that is incurred as relationships are broken and people leave the setting in which they are comfortable and in which they know how to function. This problem as not as significant in a highly mobile society such as the United States, but can be quite traumatic in developing countries, especially when indigenous people are displaced. Of course, the second part of this dislocation cost is difficult to measure. 


Indirect costs are costs brought about by an activity that exists because of the project, but that is not part of the project.  For example, if a new hydroelectric facility is built in a remote region of the Amazon, it would require the building of a new road to service the facility. Settlers are likely to follow the road, penetrate the rainforest, and cause deforestation with their farming activities. The social cost of this deforestation would be considered an indirect cost of building the hydroelectric facility.


In general, benefits are easier to measure than the costs, however the benefits are often measured incorrectly. For example, many people would view the benefit of the electricity that is generated as the quantity of electricity multiplied by its market price. However, the benefit is simple the difference between the cost of producing it in the proposed hydroelectric facility, and the cost of producing it via the next best alternative, such as a fossil fuel plant. In many areas, the next best alternative may simply be buying the electricity from another power plant on the gird. However, in areas such as California or Rio de Janeiro where there is now insufficient capacity, the value must be determined more broadly, including the willingness to pay to avoid blackouts and other interruptions.


Flood control is also relatively easily measured. If hydrologists can predict the probabilities of different types of flood events with and without the dam, these probabilities can then be multiplied by the expected damages from property loss, and the difference between the two regimes can be calculated.


Reservoir recreation can be an important benefit associated with a new hydroelectric reservoir, but it is also often measured incorrectly. It could easily be measured through revealed preference methods such as travel costs, stated preference methods such as contingent valuation, or benefit transfer. It is in the benefits transfer process that the errors often occur, as analysts will compute transfer value estimates that are inappropriate, such as using the values for a reservoir in a populous area as estimates for the values of recreational fishing in a remote area.


One category of benefits that is very misunderstood is the category of job creation. When ordinary citizens and politicians cite the benefits of a big project such as the hydropower plant in our example, they most frequently talk about the jobs that are being created, but is the creation of jobs a benefit?


The answer to this question is somewhat complicated. In the first place, most of the jobs associated with the hydroelectric facility will be temporary construction jobs, filled by workers from outside the region, so the benefits are likely to be small and short-lived. This leads to the question of whether the small amount of jobs in the to operation and maintenance of the facility are benefits. 

Another question would arise for the jobs created by firms that locate in the region to take advantage of the electricity. For the jobs created at the facility, they can be considered a social benefit if the country or region does not have full employment. Therefore, in a country such as the United States, these jobs can not be considered benefits, unless it is a better job (higher wages, better benefits, safer conditions) than the jobs the people will be leaving. In countries such as the United States, creating minimum wage jobs does not generate any social benefits, as minimum wage jobs remain unfilled, as there is not an adequate supply of labor to fill these jobs. In developing countries that typically experience high unemployment rates, these jobs can be considered social benefits, but again if they are not above minimum wage they may not create social benefits. The reason for this is that in many developing countries, people can make more money in the informal sector (selling oranges on street corners, working as informal laborers, producing goods for informal markets, etc.) than they would in a minimum wage job.


An important misunderstanding about the social benefits of jobs is associated with the jobs that are indirect impacts of the project, such as the jobs in new factories that locate in the region due to the presence of the hydroelectricity. These jobs are seldom social benefits, because they are jobs that would have occurred elsewhere in the economy. For example, if a hydroelectric facility was built in Northeast Brazil and an automobile factory located in the Northeast, one must be careful concerning counting the jobs in the automobile factory as social benefits. The reason for this if the facility was not built, the factory would have probably located in Southern Brazil (e.g. Sao Paulo or Curitiba, or maybe a factory in Southern Brazil is closing and moving to the Northeast. In short, one must be careful in distinguishing between a transfer of benefits from another region and the creation of new benefits. This is an important issue because in many countries, significant amounts of federal tax dollars are spent by local governments in competition with other local governments to attract firms and jobs to locate in their regions.


The above discussion illustrates how to estimate the benefits of a particular project. The same types of analysis must be repeated with the alternatives to proposed project. Of course, there may be different benefit and cost categories associated with the alternative. For example, if the alternative is an oil-burning power plant, one must estimate the social costs of both air pollution and contributions to global warming.

5.1.4 Scenario Analysis


In the introductory remarks to the discussion of cost-benefit analysis, the importance of producing more than one number was emphasized. This will now be discussed in further detail, by following through on the hydroelectric facility example, by raising the rather obvious point that the benefits associated with the hydroelectric facility are likely to be a function of the price of oil. The higher the price of oil, the greater the cost savings associated with producing electricity by hydropower. Hydropower plants have long operating lives of thirty years of more. In computing the present value of the net benefits of the facility, what value of oil should be assumed for each year of the life of the project?


There are many different things that could happen in the future. Oil could become drastically more scarce, or a carbon tax could be imposed, both of which would increase the future cost of oil. Alternatively, more oil discoveries could take place or technological innovation could occur, both of which would lower the price of oil.


Just as it is important to use different discount rates in conducting the cost analysis, one should use different energy prices. The sensitivity of the desirability of the project, or sensitivity of the choice of which alternative is best can then be computed. 


In addition to the price of energy, the cost-benefit analysis will often be forced to make other assumptions or predictions about future states of the world. Among the variables that would be relevant for many cost benefit analyses are the following:

· The rate of population growth

· The rate of growth of Gross Domestic Product

· The level of global climate change

· The rate of technological innovation
It is important to note that we have recommended that scenario analysis be done with different discount rates, and a set of other variables such as the future price of energy, future population growth, and so on. This can greatly complicate an analysis, but it can also really contribute to a better understanding of the social benefits of alternative projects. For example, if one chose four different discount rates, three different paths for future energy prices, three different paths of population growth and three different paths for the rate of growth of the economy, this would mean that there would be 108 different scenarios. Once the alternative values for each variable are chosen, the production of 108 scenarios will only take minutes in a spreadsheet calculation. The difficult part is comparing all these numbers and arriving at a conclusion. 

For each scenario, each project can be rated as being the preferred project (or among a group which are similar, and preferred to the rest), being in a group or projects that are good, but not the best, being in a group of projects that are satisfactory, being in a group of projects that are unsatisfactory and being in a groups of projects that would be disastrous. A matrix where each row is a project, and each column is a different scenario (permutation of the variables for which the sensitivity analysis is conducted). The cells can be color-coded on a green to red spectrum with bright green at the good end of the scale, and bright red at the bad end of the scale.  The pattern of desirability of each project across all the alternative scenarios can then be compared.  Although it may be difficult to compare all project simultaneously in a quantitative sense, various decision rules can be made to allow qualitative comparison and determination of which projects are best from the point of view of economic efficiency. These decision rules each imply a different attitude towards risk. These decision-rules could include some combination of the following rules.
· Choose the project that is in the top category in the most states of the world.

· Choose the project that is in the top two categories in the most future states of the world.

· Choose the project that is in the top three categories (satisfactory or better) in the most future states of the world.

· Choose the project that performs best in the most likely future states of the world and don’t worry about the least likely states.

· Eliminate all projects from consideration that have some probability of disastrous results, no matter how unlikely.

Many people would argue that this type of qualitative analysis is unnecessary and even counterproductive, as expected value analysis can be used to provide a quantitative assessment of the desirability of each project across all possible future states of the world. However, this implies risk neutrality for society as a whole, which may not be the case for important policy decisions. Moreover, the aggregation process causes information to be lost. 

As can be seen from this discussion, once different future states of the world are considered, it becomes very difficult to develop quantitative decision rules, and decision-making becomes more of a qualitative process. This process is even further complicated when the decision-making process is extended to include multiple decision-making criteria in addition to economic efficiency. Decision-making in this context is discussed in Section  5.2.

5.1.5 How to deal with missing values


One of the major problems facing cost-benefit analysts is how to deal with missing values. In particular, it may not be possible to estimate the value of certain types of environmental changes. These missing values should not enter the analysis as a zero value, as just because they are difficult to measure, it doesn’t mean that they do not exist. A variety of techniques exist to help evaluate the projects in the absence of information on all benefit and cost categories.


Since environmental costs are often the missing value, one of the best things to do when evaluating a single project is to do the cost/benefit analysis without the environmental costs. If the present value of the non-environmental costs is greater than the present value of the economic benefits, the project can simply be rejected, as the addition of environmental costs would only prejudice the analysis further in favor of the project being rejected.

If multiple projects are being compared, then this is a more difficult process as the environmental cost estimates may be missing from all the alternatives. However, one way of constructing the analysis is to use the dominance method. The way the dominance method works is that one constructs logical arguments about which project has the greatest environmental costs, and then try to decide which project would be best. This is the method that Krutilla and Fisher use in their analysis of the alternative choices of the pipelines with which to move Alaskan North Slope petroleum to the market. One alternative was the trans-Alaskan Pipeline, which runs south from the North Slope to the ice-free port of Valdez, where the oil is loaded onto tankers. The other alternative was the Trans-Canadian Pipeline, where a pipeline would be built from the North Slope southeast to Winnepeg, Canada, where it would connect to the existing North American pipeline network. In their analysis, the found the Trans-Canadian Pipeline had greater economic benefits. They also argued that since the Trans-Alaskan Pipeline crossed an area of great seismic activity (and the Trans-Canadian Pipeline would not) and since the Trans-Alaskan plan involved the dangerous shipping through treacherous Alaskan waters, that the Trans-Canadian Pipeline had lower environmental cost. Thus, in their analysis, the Trans-Canadian Pipeline dominated the Trans-Alaskan Pipeline both in terms of the measured present value of net economic benefits and the unmeasured environmental impacts. In this case, it is not necessary to estimate dollar measures of the environmental damages, because the ranking of the alternative projects is clear.


A second method would be to see how big the missing values must be to sway the balance towards one alternative or the other. Then, benefit transfer techniques and other types of information can be examined to determine if it is reasonable that the missing value exceeds these critical values.

5.2 Incorporating multiple criteria within a public participation process


One way to incorporate multiple criteria within a decision-making process is to utilize a public participation process. All the alternatives can be scored based on all the criteria, and then a public participation process can be used to choose an alternative. While this may at first seem to be a very democratic process, the problems that were discussed in Section 3.7 concerning who is chosen to participate in the process is a serious issue. More importantly, the democratic tradition in most countries is a representative democracy, where elected decision-makers make decisions on behalf of their constituents. To completely turn this process over to a selected groups of citizens is to abrogate this responsibility.


This does not mean that the public participation process can not facilitate the process of comparison of alternatives. In fact, the public participation process can provide information about how citizens attach importance to progress with respect to the various criteria. The same methods that were discussed in Section 3.7 can be applied to this type of process.

5.2.1 Utilizing Weights for Multiple Decision-Making Criteria

If there is more than one decision-making criterion, then the decision-makers must assign weights to the different criteria in order to make a decision.  This can be done implicitly and qualitatively, or explicitly and quantitatively.  Before discussing methods for doing this, we will show how the decision-set can be narrowed in an objective fashion. 


For the sake of simplicity, the discussion will be kept in two dimensional space, which is easier to visualize the n-dimensional space.  Figure 10 shows hypothetical values of indicators of these two criteria.  These values are associated with alternative decisions or strategies.


A quick inspection of Figure 10 shows that points to the interior of the frontier are inferior to points on the frontier, because it is possible to move from an interior point to an exterior point and get more of both criteria.  This process of identifying technically inferior decisions can be extended to multiple criteria. Additionally, constraints associated with ethical behavior, environmental justice, or other criteria can rule out certain decisions that may be associated with a point along the exterior.  Of course, the process described by this discussion and graph does not show which of the remaining frontier policies is best.  In order to do this, weights must be given to the alternative criteria. 

One way to do this is by informal discussion.  Decision-makers, experts, and/or stakeholders can discuss the merits of each of the exterior points and arrive at a consensus of which is best.  Alternatively, formal weights can be assigned to each criterion.  As mentioned in the discussion of ecological indexes, the decision to weight each criterion equally is a decision to assign weights.  Again, in a formal process, weights could be assigned through a consensus among decision makers, experts, and/or stakeholders.


A more quantitative method for assigning weights is to use conjoint analysis. Instead of limiting the characteristics of the choice sets to environmental and economic variables, as described in the valuation section, the characteristics could include variables or indicators related to the other criteria, such as sustainability, environmental justice, or equity. Then, as discussed previously, the derivatives of the estimated probability function can be used as weights to aggregate the indicators of all the criteria into a single index. Although this method can give a single number based on peoples’ willingness to make trade-offs among the criteria, it should still be regarded as an information producing tool and not a tool to generate the decision for the decision-makers.

6.0 Conclusions

The science in support of environmental and technology policy decisions has made important strides in recent years, but is still not capable of converting every potential decision into a testable hypothesis. In fact, this level of precision may never be reached. Nonetheless, we can use various research and analytical tools to help narrow the decision set, and further guide the decision process.

The most important needs are to develop better indicators related to the non-economic decision criteria. In addition, there has been little progress made in terms of measuring the economic value of the full suite of ecosystem services. Finally, we need to develop both quantitative and qualitative methods for evaluating alternative decisions across the full suite of decision-making criteria.
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Figure 1. The invisible hand of the of the market
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Figure 2. External cost of production
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Figure 3.  The optimal level of pollution
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Figure 4. Net Economic Benefits
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Figure 10. Ranking alternative decisions
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Figure 6.  Redundancy and total value of ecological services
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Figure 9.  Substitutes and total value of ecological services
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Figure 5. Equity and the Lorenz Curve





Figure 7. Increase in net economic benefits from reduction in pollution





Figure 8. Increase in recreational fishing benefits from a reduction in pollution
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�  This section of the paper draws from Rivas, Kahn, Barreto and Vieira, 2000, Regulação, Instrumentos Econômicos E CustosDa Conformidade Ambiental Do Setor Elétrico Na Amazônia, Final Report to  Agência Nacional de Energia Elétrica, Rede de Centros de Excelência em Regulação de Mercados





� Utility is a term used by economists to reflect the level of total satisfaction or well-being of an individual or household.


�  see Bullard


� See Franceschi and Kahn (2001) for a discussion of this point


� The non-substitutability of other types of capital for natural capital is discussed by Pearce and Warford (1993), Franceschi and Kahn (2001), and Kahn and O’Neill (1999).


� Cairns,  1995, p 314.


�  The graph would have the same basic shape with either ecological services in general, an individual ecological service, ecosystem health or ecological integrity on the horizontal axis.


� See Kahn (1998), Freeman (1993), or Cropper and Oates (1992)  for a more detailed discussion of the travel cost model.


� See Freeman (1994) and Kahn (1998) for more comprehensive discussions of hedonic price methods.


� See the Diamond and Hauseman (1994), Portney (1994) and  Bjornstad and Kahn (1996).


� See Neill et. al. (1994), Kealy et. al. (1990), Duffield and Patterson (1992), Cummings and Harrison (1992).


� See Bjornstad and Kahn (1996) , Portney(1994), Diamond and Hauseman(1994 ), and Hanneman (1994).


� See Louviere and Hensher 1982; Levin, Louviere, Schepanski and Norman 1983; Louviere and Woodworth 1983; Louviere 1988b; Horowitz and Louviere 1990; Elrod, Louviere, and Davey 1992; Louviere, Fox, and Moore 1993; Adamowicz, Louviere, Williams 1994


� An interesting sidebar is that the Trans-Alaskan Pipeline was the one that was eventually built, and the environmental impacts where realized in the infamous Exxon Valdez oil spill.
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