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1 Introduction

Public policy decisions have to be made using certain elements which are appropriate in that they provide sufficient information for that type of decision. In most cases, these elements include physical information, for example, the number of cars that will probably use a proposed road. On the other hand, decision makers want to be informed about the costs of the construction of the road. These costs can be calculated between rather well-defined margins. But what are the benefits of the future use of that road? The simple answer is that it is the number of cars that will use the road. But this information is in physical terms, which differ from the monetary terms in which the costs of the road are expressed and must therefore be ‘translated’ into monetary terms. 

These procedures are common practice in cost-benefit analysis (CBA). The crucial question is, however, whether we really know all the costs and benefits of the road project including the environmental aspects, as they are an integral part of the project and thus connected with economic costs and benefits. In that case, we are faced with a number of questions such as: What are the costs of acid rain resulting from the emissions of acidifying substances by motor cars when they use the road? What are the costs of the global climate change resulting from the increased emissions of CO2 by these cars?  Do we know the costs of the depletion of the stocks of fossil fuel resulting from the increased use of gasoline? 

From this example, we may conclude that crucial theoretical and practical question arise as soon as environmental issues are a substantial part of the project in question. As long as environmental questions and problems were not considered more than an insignificant side-effect of economic activities as was the case many decades ago, these problems could be ignored without it seriously effecting the outcome of traditional CBA. Currently, however, environmental problems are no longer be seen as a marginal part of the decision-making process. On the contrary,  many authorities argue that they are in urgent need of sufficient information regarding the societal costs and benefits in all decisions in which environmental issues are at stake, which is quite often the case. 

This implies that there is a great pressure to expand CBA in the field of environmental problems. In this paper, the extent to which such an expansion is possible will be investigated. In other words, what are the possibilities and pitfalls of the application of CBA in environmental issues? In the second section, attention will be given to the concept of ‘the environment’. What do we mean by this term? We will discuss in detail the extent to which the concept of the environment can influence the outcome of CBAs. In the third section, we will concentrate on the possibility of finding a market price based on the discussion of the environmental concept in the previous section. Finally, conclusions will be presented, indicating in which situations CBA can contribute to the decision-making process when environmental problems are at issue. Finally, some methods and concepts will be suggested which can be used in the decision-making process in cases when CBA is not the most appropriate instrument.

2 The ‘environment’

In most economics textbooks, it is argued in the first chapter that labour, capital, and natural resources are the three production factors necessary for the production of economic goods consumers want. Most of these textbooks, however, provide more information about labour and capital than about these natural resources. What labour and capital are or how they can be  used in the economic process is relatively clear, something which cannot be said of the concept of natural resources.

Therefore, we need to clearly define these environmental production factors. In our view, we have to come to conclusions in all cases where natural resources are used in the production or consumption process, regardless of whether or not they have a price. The crucial point is whether or not they are scarce, as this places them in the realm of economics. Scarcity can influence prices, as is the case, for example, with agricultural products or fossil fuels. In many cases, however, there is no price, not because these products are not scarce but owing to the absence of markets for these scarce goods. This is true of landscapes, wilderness areas, clean water, and clean air. They are scarce, but do not have, in many cases, a real price. Therefore, attention must be given to all scarce environmental inputs in the production and consumption process regardless of whether or not they have a price.

Strictly speaking, the environment is restricted to all situations in which abiotic elements can be defined. When biotic elements are dominant, we define it as nature. This implies that when we are dealing with tropical rain forests to be cut by international timber companies, we will define this as a destruction of nature. However, if acid rain, which is abiotic, destroys the same forest, this is defined as an environmental problem. Such a division can be arbitrary and somewhat confusing. Nevertheless, we need this distinction to avoid semantic discussions which are detrimental to the understanding of environmental problems.

Here the lines of Hueting (1980) and De Groot (1992) are followed, who argued that it is the functions of nature and the environment to be used by mankind in the production and consumption processes. These functions, therefore, have an economic value. The following distinction can be made.

2.1 Nature

The economic value of nature is quite complex. Nature is used in the economic process in may ways. Tourists prefer to visit unspoiled landscapes; mountain climbers enjoy mountains which are not overloaded with human infrastructure such as parking places, ski lifts, and cable cars. Furthermore, environmental groups such as Greenpeace argue that nature has a value in it-self, regardless of its use in economic processes. Pearce (1993, p. 17) argues that the total economic value of nature is identical to the direct value + the indirect value + the option value + the existence value. The sum of direct, indirect, and optional values seen as the use value, while the existence value can be regarded as the non-use value. The sum of use value and non-use value is the total economic value. Pearce gives the example of a tropical rain forest, where the direct value includes sustainable timber products, plant genetics, medicine, non-timber products, education, human habitat, and recreation. The indirect value is based on elements such as watershed protection, air pollution reduction, nutrient recycling, and microclimate. The option value is based on the idea that, even in the absence of current direct and indirect value, the asset can be relevant in the future. The existence value includes intrinsic values and heritage and cultural values. The concept of biodiversity, which has been used recently in documents of the United Nations Conference in Rio de Janeiro of 1992, deals with use values as well as non-use values. Biodiversity is relevant in agriculture and forestry, so it has a direct use value which is to a certain extent articulated in the price of the product on the market. On the other hand, biodiversity is related to the rich variety of ecosystems all over the world, regardless of their use in market processes (Pearce and Moran, 1994; Barbier, et al., 1994. 

Some of these values can be measured on a market and others not. A tropical rain forest will only have a recreational value if the forest is visited, which is not the case for many very important, isolated rain forests of high ecological value. Nature areas located in the vicinity of significant human settlements in Western countries will have a higher number of visitors living in the neighbourhood than Arctic destinations in the North of Russia. 

The ecosystem, which is in principle the same concept as nature, is used in economic processes in many different ways. The agricultural sector, fisheries, and forestry all use the yields of the ecosystem as a product which can be sold on a market. However, the main parts of the value of the ecosystem such as the availability of sufficient water, the level of sunlight,  and the fertility of the soil do not have a price. This use of the ecosystem is based on the ability of the ecosystem to create new life.

Furthermore, fossil parts of ecosystems that functioned in the past can be used in current economic processes. This holds for the use of fossil fuels, which consist of the cumulations of carbons in the geological past, and minerals which are taken from the earth’s crust for construction purposes. The use of these materials will lead to the depletion of fossil stocks, and additionally, when its rests are emitted, result in serious environmental problems. 

2.2 Environment
As argued previously, the concept of the environment is based on abiotic elements. Air pollution, water pollution, and pollution of the soil are the main factors. It is not pollution alone which connects nature and the environment; it is also the so-called cleaning capacity of nature. Pollution can to a certain extent be absorbed by the ecocycles in the ecosystem. As far as pollution can be absorbed or neutralised, the capacity can be regarded as ‘a free gift of nature’,  which has no price. 

As soon as the level of discharge exceeds the amount that can be absorbed and neutralised by the ecosystem, the current ecocycles will be damaged with materials which are normally not found in the ecocycles. Pollution with organic materials is different from that with anorganic (in most cases fossil) materials. Non-organic elements are seldom found in ecocycles, which implies that the emission of these materials are alien to the ecosystem and therefore will cause serious damage with which the ecosystem cannot cope. These environmental types of pollution are summarised in Figure 1.

[image: image1.png]socletal aspects

scalaglcal aspects

Productlan -
consumptlan
system

Ecologlcal systam

wasts

mattar

active
bart of the
scosystem)

e | [rergantz | [crame
ncrgants | v | [orinet
e | foanar | e
mator | {amatas | foom st
from e | {ciamiti | qosranis
ahies

leleaning
lcapacty|

PR
(PR

eycles

flow quantitiss





Figure 1: Interactions between the economic system and the ecological system (Dietz and Van der Straaten, 1992)

The previous discussion leads to the conclusion that nature and the environment interfere strongly with the process of  production and consumption in many, and often complex, ways. We can also conclude that when CBA is being applied in the case of damage to nature and the environment, we often do not have sufficient information regarding costs and benefits. That means that we have to look for alternative methods and instruments to solve the problem. However, before we can do that, we need to pay attention to fundamental and principal problems occurring in the event of damage to nature and the environment.

3 Barriers and Pitfalls

Pitfalls and barriers in the application of CBA are quite diverse. Some of  them can be found in the functioning of the ecosystem itself; others have to do with difficulties in economic theory. Furthermore, the way in which institutions in society work has a significant effect on the outcome of estimations of costs and benefits in environmental policy. A short overview of these frictions are given. We will only mention those problems and frictions which will or can hinder the appropriate functioning of CBA in the field of nature and the environment.

3.1  Problems in the Ecosystem

The way in which CBA functions is based on the characteristics of the market process. However, the ecosystem has its own characteristics and its own way of functioning. It is necessary to determine to what extent these two systems can work in combination when CBA is applied in the field of nature and the environment. In this section, we will discuss the frictions which may occur as a result of the characteristics of the ecosystem itself.

- A major problem is the difficulty of predicting the effects of human actions on ecosystems. Monetary costs and benefits have to be related to certain levels of damage or pollution. In other words, in economic modelling, we need to define a strict dose-effect relationship, which means that we know ex ante that a certain level of emission or the use of the ecosystem will lead to a certain level of damage which can be translated into monetary costs and/or benefits. However, this is often not the case. We do not know what the effect is of certain emissions on the ecosystem. A striking example is the dying off of  forests in Northern and Central Europe, as a result of the emissions of acidifying substances leading to acid rain. These problems were first noticed in Western Germany at the beginning of the 1980s. At that time, however, nobody could explain what the causes of these problems were. It took some years of discussion and research before it became clear that acid rain was the cause.

These unexpected effects of human activities on the ecosystem means that we are often not able to quantify the damage in physical terms ex ante. Translation into monetary terms is blocked in that situation. 

- A difficult factor is the problem of accumulation, thresholds, and synergetic effects. When there is already a certain level of pollution in the water of a lake and other sources of pollution enter this ecosystem, the effect is often more serious than could be expected on the basis of the separate levels of all the polluting substances. In particular, when ecological damage is the result of a mix of polluting substances, the effect can be very substantial. For example, laboratory experiments made it clear that the combined effect of acid rain components SO2, NOx, and NH3 on plant vegetation is much more serious than would have been expected on the basis of the linear addition of the impact of each of these components alone. (Tonneijck, 1981). This implies that we are not able to define a clear dose-effect relationship between the levels of the emissions and the level of ecological damage in physical terms. This means that we do not have the physical basis which is necessary to translate the ecological damage into monetary terms.

The same problem arises when thresholds are apparent. The Dutch government, for example, took the critical load of 2,400 acid equivalents to be reached in the short term as a guiding principle in Dutch environmental policies (Minister of Housing, Physical Planning and the  Environment, 1989). At that moment, the emissions were considerably higher. Polluting sectors were ordered to reduce their emissions in such a way that the combined efforts would lead to the desired emission level. The most significant sectors in this type of pollution are oil refineries, motor cars, electric power plants, and intensive cattle breeding. All of them recently reduced their emissions considerably with the exception of the intensive cattle breeding sector (Rijksinstituut voor Volksgezondheid en Milieuhygiëne, 1993). The result is that the intensive cattle breeding sector is currently using more than 100 per cent of the ‘free’ situation of 2,400 acid equivalents. The crucial question, of course, is which sector is allowed to use the ‘free’ environmental space (Opschoor, 1994). In such a situation, it is impossible to relate the level of the societal costs resulting from acid rain to any level of emission by any sector. The translation from physical terms into monetary terms proved to be impossible in this case.

- An additional problem can be found in the concept of nature. In many parts of the world, the quality and quantity of nature is deteriorating rapidly. Tropical rain forests are cut for timber; wetlands are used for housing, industry, agriculture, and recreation; mountain slopes are often used for skiing, resulting in erosion; intensive agriculture, particularly in western countries is having a detrimental effect on ecosystems, etc. 

Based on these experiences, many organisations and citizens are trying to protect the remaining parts of nature. But they are dependent on the policies of states and such international bodies as the European Union. Many countries want to protect parts of the nature areas of their territory. Plans are developed for that purpose (Stanners and Bourdeau, 1995; European Commission, 1992). But the crucial question is to what extent should nature be protected. There is no scientific answer possible to that question. That means that economic sectors such as agriculture, which benefit considerably from the use of nature free of charge, put pressure on the decision-making process, arguing that the use of the environment is essential for their own sector and thus for the economy of the country. This means that the societal benefits resulting from the protection of  nature cannot be balanced against the costs resulting from the use of nature. Again, a situation where costs and benefits cannot be defined.

3.2 Problems in Economic Theory

- The protection of nature and the environment is strongly related to intrinsic values as defined previously. It is often argued that conservation and protection is necessary for the sake of future generations. However, this concept cannot be translated into economic theory. Market prices do not reflect the opinions of future generations regarding problems in the field of nature and the environment, which implies that, in traditional economic theory, no categories are defined which can cope with these problems. 

It is often claimed that these problems are, in principle, dealt with by the use of  the discount rate. However, as early as 1928, Ramsey argued that the use of a discount rate in these cases could be considered as “ethically wrong”; furthermore, Harrod (1948) said that the use of a discount rate could be seen as “a polite expression of rapacity”. Since then, many arguments have been used to express the use of the ‘right’ level of a discount rate. Baier (1984), for example, asserted that current generations can have more than a vague idea about the biological and social needs of future generations. Consequently, current generations are able to incorporate these ideas in their current behaviour in such a way that they can secure these basic future needs. For a sound overview of this discussion, see inter alia Parfit, 1983; Norton, 1982, Mäler, 1974, Norgaard and Howarth, 1990; Hanley and Spash, 1993).

- Another theoretical problem is strongly related to the uncertainty issues discussed in the previous paragraphs  dealing with problems in the ecosystem itself. It is not correct to say that economic theory cannot deal with uncertainty. However, the type of uncertainty which is normal to ecosystems is different from those in normal market processes. In the latter, it is possible to make calculations resulting in a certain level of uncertainty which can be expressed in a probability figure. These types of uncertainties can, therefore, be used in traditional economic models. However, when ecosystems are at stake, the type of uncertainty is different. The examples in the section on ecosystems makes it clear that our knowledge of ecosystems is  insufficient to predict a change in the ecosystem with a certain degree of probability, of, let us say, 30 per cent. 

Additionally, we need to pay attention to the problem of irreversibility, which is a phenomenon not known in market processes and which is not found in traditional economic theories. However, ecosystems can be damaged in such a way that an irreversible change takes place. Krutilla and Fisher (1975) were the first authors to recognise the difficulties in this field. They developed a model in which the main point is that asymmetric growth rates are recognised in development and conservation benefits of a certain project to be developed as not being beneficial to nature and the environment. The model has been used in the case of mineral extraction and the building of hydroelectric power dams (Krutilla and Fischer, 1985). An overview of the possibilities and problems of this model is given by Porter (1982) and Hanley and Spash (1993).

Arrow and Fisher (1974) brought an additional element in the debate on irreversibility by introducing the  concept of quasi-option value.  In this line of reasoning it is recognised that, in the future, new information can become available regarding the irreversible damage of a certain project. Henry (1974) argued that such a quasi-option value could be seen as a type of insurance premium and thus as an extra cost of the project.  In fact, such reasoning would, in many cases, lead to repeatedly postponing the project as there will  always be the possibility of new and relevant information in the future. It can be concluded that the concept of quasi-option value is quite similar to the idea of protecting natural capital as an important source for mankind now and in the future (Spash and Clayton, 1992).

Nonetheless, one should not ignore the empirical problem of  making an estimation of this quasi-option value in monetary terms. To make a CBA, we need monetary values for the most relevant cost and benefits items in the project in question.

- A crucial problem in this field is the use of market prices when there is a societal problem is at stake. Traditional neoclassical theory is based on individual methodologism. It is the consumer and the producer who are the relevant actors in the market process. Of course, it has been accepted since Pigou (1920) that the government has the task of correcting market failures leading to societal costs, but this does not neutralise the problem of private prices to be used in a societal problem. Can we aggregate the individual wants expressed in the market to come to a societally acceptable decision? This is a complex problem which we cannot discuss here in detail. An overview of these problems is given by Dietz  and Van der Straaten (1992).

Related to this issue is the problem of the definition of the property right of common properties which is quite often found in the field of nature and the environment. The problem is that the monetary damage to nature and the environment resulting from human activities is closely related to the definition of property right. This damage is easier to calculate in the case of private property than of a common property. The property right issue led Hardin (1968) to wrote his article ‘The Tragedy of the Commons’ in which he argued that common properties would always suffer from overuse and overexploitation. It is common property, in his view, which will lead to environmental damage. Bromley (1991) made it clear that common property right is not the problem, but uncontrolled open access which is different from common property to which access is, by definition, regulated. For an overview of this discussion, see Nelissen, Van der Straaten, and Klinkers, 1997.

- Perhaps the main problem is the lack of prices resulting from the fact that nature and the environment are only traded to a limited degree. This issue is, of course, related to previous ones such as individual methodologism and the common property issue, as only private needs and wants can be articulated on markets. This implies that societal needs do not, in principle, have a price which can be derived from a market transaction. The only way out is the ‘construction’, in one way or another, of values which are taken from market transactions.

3.3 Problems in Environmental Policy

Although we are dealing with conceptual and theoretical problems, we cannot overlook the problems Stemming from the policy process. They are often related to theoretical starting points and, additionally, they have strong connections with the role of modern states. Some of these issues will be discussed.

- Environmental and economic policies are, or should be, based on economic theories. Economic theories reflect to a certain extent societal developments. This means that problems in the field of nature and the environment are only incorporated in economic theories in so far as they are recognised in society. One could argue that these problems have been recognised as serious ones only in the last few decades. One of the main challenges of current economic theories is to incorporate these issues. This has not been done so far. In the opinion of many economists and political leaders, economics deals with market transactions, labour and capital, the growth rate of ‘the economy’, and public deficits, but not with the extinction of species, the destruction of tropical rain forests, the global climate change, or the hole in the ozone layer. It is insufficiently recognised that these problems can result in very high future societal costs. This type of development has significant effects on CBA. If costs in the field of nature and the environment are insufficiently recognised, and if the costs of environmental policies are given a high profile because they are detrimental to ‘the economy’, it will become clear there is a strong bias in society regarding a lack of knowledge about the monetary costs and benefits of problems in the field of nature and the environment. Costs which affect ‘the economy’ in a negative way will be calculated rapidly, while the benefits of environmental policies are viewed as a soft issue. The reaction of the society in the field of nature and environmental policies cannot be seen as separated from standard economic thinking.

- The previous argument is connected with the role of vested economic interests in societal plans and decisions. Polluting industries and sectors have used nature and the environment for a long period without paying for it. This means that they have been able to build up a strong competitive position  in the course of time. When new policies are formulated to protect nature and the environment better than before, they will not give up their favourable position without any discussion. This position is, in many cases, exacerbated by the fact that many of these industries have a strong position in national states. For example, the intensive agriculture in the Netherlands is not only a significant contributor to surpluses in the balance of trade and the balance of payment, it is  also one of the main polluters. The position of  the motor car industry in Germany, Britain and France is similar to that of agriculture in the Netherlands. None of them have ever been a great advocate of  reducing the mileage of private motor cars to reduce the global climate change problem. Furthermore, the low price of energy in the USA has given a comfortable international competitive position to American producers using a lot of energy. This situation is certainly connected with the position of the USA regarding the use of energy in the global climate change debate, in which they indicate a reluctance to cooperate.  

These issues are not only interesting in the field of nature and environment policies, they have a significant influence on CBA issues. The crucial point is that nearly all policies in this field have a great influence on the costs and benefits of polluting and non-polluting industries. Furthermore, some policies will hurt certain countries more (intensive agriculture or restrictions in the use of motor cars) than others. This implies that environmental policies have strong distributional effects. This has had, and will have, the effect that the costs of measures to be taken to protect nature and the environment are very well known, even when many difficulties have to be overcome. On the other hand, the benefits of these policy measures are nearly always underestimated owing to the fact that these benefits are not so well concentrated in society. Furthermore, these benefits are very often related to future situations: there are no economically powerful groups in society who will make these calculations of future benefits known, leading to the situation that, in many cases, insufficient knowledge about these costs is available. If a CBA is made in this situation, there is a strong bias to give the costs a higher practical relevance than the benefits.

- The role of the state has been an important issue for discussion recently. It is often said that modern states should not interfere with the functioning of market processes. However, the state will be held responsible for the results of the market process. When governments are confronted with decreases in the growth of the GNP and with rising unemployment figures, it is the government that will be blamed. In particular, when elections are nearby, the voters and the government are quite keen on the development of these issues. When strict environmental policies with detrimental effects on traditional economic parameters have to be implemented, governments are in a weak position. Therefore, governments are not much inclined to develop plans that include strict environmental norms. Generally speaking, plans for the expansion of the Dutch airport Schiphol are more quickly and more accurately made than plans to decrease the number of pigs and cows in intensive livestock breeding. This implies that more figures related to traditional economic parameters are available than figures concerning nature and the environment. If CBAs have to be made, the government has, in most cases, more data about the traditional economic parameters available than about nature and the environment. Here again we see a bias in the use of cost and benefits regarding the conflict between traditional economic parameters and those in the field of nature and the environment.

4 Attempts to Overcome the Problems

From the previous sections, it can be concluded that the problems and barriers regarding the use and application of CBA in the field of nature and the environment have attracted significant attention and have been widely discussed. Several methods and refinements of existing methods have been proposed. The validity and the applicability differs widely regarding the problem in question. The  main ones will be discussed.

- One reaction is to abandon the CBA approach when issues in the field of nature and the environment are at stake. This option should be selected in cases where CBA cannot give a correct solution to the problem. Ciriacy-Wantrup (1952) suggested implementing a policy in which certain limits would be taken as the starting point in environmental and economic policies. In that case, the carrying capacity of the ecosystem is taken as the starting point for policies. The same option is given by Baumol and Oates (1988) who argued that, in all cases where a principal lack of information of environmental costs and benefits can be recognised, a limit proposed by the natural sciences has to be taken as a second-best solution in economic policies.

This approach was used by the Dutch government in their acid-rain policies (Minister of Housing, Physical Planning and the Environment, 1983-1984), in which they propagated the use of  a critical load regarding the deposits of acidifying substances of 1,800 acid equivalents per ha per year as a guiding principle for their policies. They argued in this document that the costs and benefits of acid rain and acid rain policies could not be provided. However, they had to define a certain level of pollution as acceptable. They took the correct functioning of the ecosystem as the starting point in acid rain policies and, based on scientific research, came to the conclusion that 1,800 acid equivalents would meet these aims. Later on, in the National Environmental Policy Plan (Minister of Housing, Physical Planning and the Environment, 1989), they refined the acceptable level to 1,400 acid equivalents in the long run and 2,400 in the short run. In the latter document, they said that they would take the principle of sustainable development, as defined by the World Commission on Environment and Development (1987), as a guiding principle for all their policies. In fact, the European Union did the same when they accepted a new policy plan entitled Towards Sustainability (1992).

- This does not mean that CBA is not an appropriate instrument in the field of nature and the environment when a critical load is taken as a starting point for policy implementation. Even in that case, there is still the question of how this political aim can be met in the most efficient way, and CBA is particularly relevant in that matter. A good example can be found in the negotiations about acid rain reductions. Sweden put the acid rain problem on the international agenda at the United Nations meeting in Stockholm in 1972 (Royal Ministry of Foreign Affairs and Royal Ministry of Agriculture, 1971). Generally speaking, the other countries did not recognise this issue as a pressing problem. They claimed that additional research had to be done. 

In 1977, the OECD published a report making it clear acid rain was, indeed, an international problem, which implied that international measures had to be taken. As the costs and benefits of acid rain and of acid rain abatement policies are unevenly distributed in Europe, different countries had different interests in this field. Therefore, it took eight years before an international agreement could be reached (United Nations, 1985). The disputes and debates about these costs and benefits were so intensive that only a flat rate reduction of 30 per cent of SO 2 emission could be agreed upon. Of course, this was a solution, far removed from efficiency, as the efficiency argument could not be used because of the high controversies. As this reduction was seen as insufficient, further reductions became necessary. New negotiations started in which the so-called RAINS model (Alcamo, Shaw and Hordijk, 1990) was taken as a starting point. In this model, sub-models were included describing the level of emissions, the dispersion process of emissions, the level of deposits, the costs of bringing down emissions in different production processes, and the environmental costs of acid rain in certain areas. Using this model, made it possible to define the industries in which countries had to reduce their emissions to guarantee the most beneficial effects on the reduction of deposits in vulnerable areas at the lowest costs. In fact, this approach made it possible to apply CBA intentions, namely,  the efficiency criterion, in the complex field of acid rain abatement. Finally, the different countries accepted the general outcome of this model, with some modifications, as it could realise acid rain abatement at the lowest costs.

This positive example of the use of CBA in a complex policy field should not lead us to conclude that the problems of CBA can be overcome in all cases. The Nordhaus articles on global climate change (1991 a and b) can make this clear. In these articles, calculations of the costs and benefits of global climate change are made. The result of the study is rather positive. Global climate change will not create high costs in the future. However, in these articles, the most relevant elements in the whole debate, such as the ecological effects on the world ecosystem, are included as PM. The effects on the ecosystem of the world are unknown and can, therefore, not be calculated. This means that these CBA calculations cannot give the desired and needed information. It is better to take the precautionary principle as the starting point. This approach is mainly based on the application of the quasi-option value mentioned in one of the previous sections.

- In cases where insufficient knowledge about the value of nature and the environment is available, it can make sense to construct values using some type of market behaviour. The hedonic pricing method was developed in the 1960s and 1970s (Lancaster, 1966; Grilliches, 1971; Rosen (1974). In this method, it is assumed that the prices of houses reflect in one way or another the characteristics of the location. A house located in a national park will have a higher value and price than the same house  located near a garbage belt. The difference in price is caused by the value people give to nature. The method can be applied in situations where the values of houses and amenities plays a role. These types of study have been realised in fields such as noise pollution in the neighbourhood of airports (O’Byrne et al., 1985), urban air quality (Brookshire et al., 1982), earthquake risks (Brookshire et al., 1985), and amenity values of woodlands (Willis and Garrod, 1991). The method is quite limited in scope: the application is only possible when consumers have made a decision, so there is no possibility of predicting the specific damage that would occur if a particular project would be realised. Additionally, it can only be used when houses or other amenities are at stake. It cannot answer questions related to such matters as the decrease in biodiversity and global climate change. An overview of this method is given by Hanly and Spash (1993).

- People are willing to spend time and money to visit certain areas of outstanding natural beauty, they are willing to spend travel time and travel costs to visit the area in question. This is evaluated as a revealed preference. The method was introduced by Wood and Trice (1958) and Clawson and Knetsch (1966).  It is often used in cases of outdoor recreation such as hunting, boating, mountain climbing, and visits to beaches and forests. The travel costs are taken as a proxy for the value given by tourists to nature areas. 

One of the main problems of this method is the valuation of the number of hours spent by respondents.  Tourists often like it to drive to a destination they are going to visit. What value should these travel hours be given in the calculation? Cesario (1976) suggested, based on empirical evidence, taking one third of the hourly wage rate. McConnel and Strand (1981) and Common (1973) used a simulation process to make an evaluation possible. Other approaches have been suggested by Chevas et al. (1989) and Hanley and Ruffel (1992).

A serious problem, not often mentioned in the literature, is the bias which can be recognised in the choices made by tourists. Tourists can only visit a certain site when they have adequate information about that site and when there is an infrastructure which can be used by tourists. For example, the tropical rain forests in Costa-Rica are visited by a great number of tourists from abroad, mainly because of the good tourist infrastructure which can be identified in that country. But does this mean that the economic value of rain forests in Columbia, Guatemala, or Amazonia is lower, as they do not receive that number of overseas visitors? Indeed, there is not the same revealed preference to visit these rain forests. When the autonomy of the choices made by tourist is taken as the basis for economic evaluation, one can easily argue that many shortcomings are inherent to this method.

- Nature and the environment can have many functions for human beings. A loss of these functions due to disruption or degradation of nature and the environment can be seen as an economic loss. Hueting (1980) was the first author to focus on this approach. He argued that environmental disruption, accompanied by serious losses in the functions nature can provide to mankind, will result in considerable economic losses and that consequently, prices can no longer be seen as adequate signals indicating economic scarcity. Consumers and producers receive the ‘wrong’ signals; the price signals stimulate them to use the environment free of charge, as they are not confronted with the real social costs. Corrections have to be made. In this study, in which he tried to arrive at the correct price of water pollution with organic materials, he could not achieve the result he wanted, mainly owing to a lack of prices and insufficient information about the preferences of consumers regarding nature and the environment.

Nevertheless, Hueting held firm that market prices include so many elements of pollution and degradation that these prices cannot reflect economic scarcity. Additionally, Hueting argued that the calculation of GNP is based on the same incorrect market prices. So, society also receives the ‘wrong’ signals in the economic process. When the concept of sustainable development was accepted by most countries and international organisations, Hueting concluded that this could be seen as a revealed preference for a certain level of protection (1991). When the standards for sustainable development are taken as a type of revealed preference, we can correct the prices. A CBA on nature and the environment is, in this view, again possible. The main problem in this approach is that there is, in many cases, not a fixed set of Sustainability standards. Sustainable development is a container concept; it has to be filled with certain standards, which are again a result of political debate and decision ( Van den Bergh and Van der Straaten, 1996; Latesteijn et al., 1994).

This concept of functions nature and the environment has for mankind has been elaborated on by authors such as De Groot (1994). He tried to expand the argument in all possible fields. Also a recent publication (Costanza et al., 1997) tried to calculate the total value of the ecosystem Earth. One can ask what the relevance of this information is. What can we do with it? What more do we know after we have read these calculations? The crucial question, of course, is whether we are able to monetarise all the different functions of nature? Or are the assumptions which have to be made so rigid that we may have many doubts regarding the outcome of this calculation process? 

An overview of the pitfalls which can be confronted when functions of nature are used for economic evaluation can be found in Hanley and Spash (1993). They use the concept of averting expenditure and dose-response models which describe the relationship between several levels of environmental pollution and the yield of products dependable on a certain environmental quality.

- The Contingent Valuation Method (TVM) is probably the best known method to estimate the preferences of consumers regarding nature and the environment. The starting point of the approach is that people have a certain preference, but that this preference will often not result in market behaviour. In that case, it can make sense to ask people what their willingness to pay (WTP) or their willingness to accept (WTA) financial compensation for a change in a certain level of the functions nature or the environment can provide. The method was propagated by Davis (1963). In the 1970s and 1980s, the method attracted the attention of many economists. Many pitfalls have since been identified. One of the main problems is the difference between WTA and WTP. In principle, these values measure the same thing. However, a serious difference is often found. Other problems are related to insufficient information regarding the topic in question. A sound overview of many of these shortcomings are given by Hoevenagel (1994) and by Hanley and Spash (1993).

There are some serious problems which do not receive much attention in the literature. The first one is that CVM takes the current distribution of income as a starting point. Of course, this is completely in line with traditional neoclassical assumptions; however, in this case, this has serious effects on the results. This can be demonstrated with the  oil spill of the Exxon Valdez on the coast of Alaska some years ago. CVM played an important role when ESSO was brought to court. The population of the USA was taken as a reference group to calculate the damage to the existence value caused by this incident. Owing to the relatively high income of American citizens and their great number, a considerable amount of monetary damage was calculated. However, if the same ecological damage had been realised by an oil spill on the coast of Denmark, the Gambia, Costa Rica, or El Salvador, the result of the calculation would have been a small segment of the CVM result on the coast of Alaska. This difference is not caused by a difference in ecological damage, but by the low number of inhabitants in these countries or due to the low income level. Of course, one could argue, in line with traditional economic approaches, that these differences in outcome have to be accepted as a result of the definition of the property rights of the ecosystems in question. Nonetheless, it also makes it clear that these approaches cannot result in monetary calculations which will protect nature and the environment adequately.

Another serious point is the type of problem we want to discuss. Small isolated problems in the field of nature and the environment can be recognised by many respondents, and we may assume that the WTP or the WTA can reflect the preferences of individuals quite satisfactorial. However, when serious problems such as the global climate change, the hole in the ozone layer, nuclear pollution, the pollution of the high seas, acid rain, a considerable loss in biodiversity, and the destruction of tropical rain forests come up for discussion, one cannot assume that the vast majority of respondents have the slightest idea about the scale and the seriousness of the problems. Additionally, in many of these cases, experts differ seriously regarding the  relevance of these issues. How is a normal consumer able to give information to express his or her willingness to pay when these issues are at stake? The level of uncertainty is too high. On the other hand, one should not overlook that this uncertainty is particularly high in the case of serious and often global environmental problems.

5 Conclusions

Some conclusions can be drawn: 

* The possibilities regarding the application of CBA in the field of nature and the environment are strongly connected with the definition of the value of these issues. The main point is that the value of nature and the environment cannot be given precisely because many of its elements are not traded on a market. It is sometimes said that, in that case, energy or the ecosystem has to be taken as a proxy for that value. However, as has been made clear by Martinez Allier (1987), this argument is not valid. This is a subjective choice which cannot be made without making many political decisions. This leads to the conclusion that the value of nature and the environment is based on political ideas and decisions.

* This being the case, we cannot overlook the point that CBA is based on the assumption that we know the economic value ex ante, otherwise we cannot calculate the costs and benefits of environmental damage and environmental regulation. This leads us to the conclusion that the concept of CBA is strongly related to political decisions.

* This does not mean, however, that CBA is always value loaded. As soon as political decisions are taken, as has been demonstrated by the RAINS model, CBA can be a good instrument to achieve the political aims in the most efficient way.

* In general, economic theories do not pay sufficient attention to the problems of nature and the environment. Labour and capital issues attract much more attention; choices to be made in economic and environmental policies reflect this situation.

* Many methods to define costs and benefits in nature and environmental issues have been developed. All of them have their limitations. Some of them, such as travel cost method and hedonic pricing, cannot cope with future situations ; others such as CVM can do this, but are quite hypothetical. Additionally, this method can only be used for well-defined and limited problems.

* The use of the discount rate in CBA is, in fact, a problem which has still not been solved. Every choice of any rate is based on ethical and political opinions about the relevance of future generations and the seriousness of the problems in the field of nature and the environment.

* When the choice is made to use a CBA approach, the best attitude is a pragmatic one. Researchers have to realise what the limitations are, given the problem at hand. It is the type of problem which facilitates the choice of the most appropriate instrument, including a CBA approach. Other instruments such an environmental impact assessment or a multi-criteria analysis can give additional and sometimes better information in the decision-making process.
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