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1  Introduction





The long-standing concern and warnings of biologists and ecologists that the environment was being seriously threatened by human production and consump�tion, were increasingly heeded by society in the second part of the sixties and the first part of the seventies. These signs of interest in society stimulated economists to pay more attention to the environmental problem itself. They established that free goods such as clean air, clean surface water, un�spoiled soil, silence and natural beauty had become scarce goods. This problem of the new scarcity (Mishan, 1967; Hueting, 1970; 1974/1980) was analyzed by economists. 


	However, in the second part of the seven�ties environmental problems were pushed to the background again. Other problems such as the profitibality of companies, the dramatic high unemployment and the deficit of the budgets of the national states, dominated the discussion in society as well as in science. At the end of the eighties the ever growing environmental problems attracted full attention again; firstly, in national politics and in the media, after which also the attention of economists consider�ably increased. The general impression is, that this renewed attention of economists will be more permanent than before.


	This renewed attention gives rise to a number of questions. One of the most important questions is to what extent attention can be given to ecological issues in existing economic theories. In other words, are there in established economic theories categories with which environmental issues can be described and analyzed? Answering this question is of great importance, as it can give insights into the possibilities and impossibilities to find solutions for environmen�tal problems with the help of economic theories.


	We try to answer this question by reviewing the development of economic thought about the use of natural resources. In doing this, we come to the conclusion that current economic theories can be used to analyze environmental problems only to a limited extent. This is related to the period in which these theories have been developed as well as to contempo�rary opinions in society concerning the use of natural resources at that time. We conclude this paper with a sketch of a theoretical economic framework, in which ecological insights can be shown more to full advantage than in established economic theories.


	We understand natural resources as the accumulation of functions nature can have for mankind. Following Opschoor (1990), we define natural resources as "the materials which can be taken from nature by reaping a part of the population of plants and animals, by mining for ores and fossil fuels and by draining flow resources like water and wind". Besides, various buffers present in nature neutralize the pressure of human activities on the environment. If the pressure on the environment resulting from human activities exceeds the buffering capacity, a substantial change in the environment occurs. This is a loss of environmental quality when the change is evaluated negatively. This buffering capacity can also be defined as a stock of environmental goods, which are a part of natural resources.


	In the past other terms than nowadays were used to define the possibilities which nature has to realise human production and consumption. Classical authors often use the term "land" to indicate the production possibilities of arable land. Using this term authors explicitly meant the total ecological complex making agricultural production possible. Nowadays we use the term ecocycles, ecosystems and natural resources indicating the same issue. In principle it is possible to give here a clear definition of all these phenomena. However, we did not do this, as we are of the opinion that this would have taken much space, not bringing us to a better understanding of this complex issue. We preferred to use the terms which are normal in literature and in common parlance. Besides, when using terms such as nature, environment, natural resources, ecosystems, ecocycles, etc. we are dealing with the possibilities "nature" has for human production and consumption. We regard this as the third production factor, similar from a theoretical point of view to labour and capital.








2  Classical Economic Thought





Classical authors had different ways to deal with natural resources. There are authors who were of the opinion that there is no limitation in the availability of natural resources. Adam Smith is the most well-known author in this group. He had an optimistic view about the possibilities of production and consumption in future. This opinion was strengthened by the development of society in time he lived. The rapid advancements in science and technology, as well as the econom�ic and military subjection of the New World, became a confirmation of human capabilities. In this view, the relative scarcity of natural resources would be transformed into a relative affluence. The Struggle with Nature would be solved in favour of mankind.


	According to Smith, economic development, that is growth of production, originates both the increasing division of labour and the free play of markets. Division of labour increases the productivety of labour, subsequently increasing total production and the need for (international) trade. This process should be stimulated by pulling down the social and political barriers people built to stop this development (aversion to the concentration of production in factories, mercantillistic trade policy).	


	Smith illustrated the huge economic growth potential with the well-known example of the production of pins, where the division of labour increases the productivity of labour and subsequently total production. At that time, however, England was much more an agrarian than an industrial country. The possibility to increase production in the agricultural sector was considerable lower than in the industrial sector. Dean and Cole (1968) estimat�ed that the production of corn in the United Kingdom and Wales increased in the first half of the nineteenth century with 11% and in the second half with 28% (Dean and Cole, 1967, p. 65). In the same periods population increased with  5% and 49% respectively (Dean and Cole, 1967, p. 6 and 288). The increasing tension between supply and demand of corn in the second half of the eighteenth century caused a consid�erable increase in corn prices. For instance, from 1700 to 1750 there was a decrease in the price of corn of 16%, but between 1751 and 1800 corn prices rose with 133% (Dean and Cole, 1967, p. 91)�.


	The continuous tension on the corn market and the resulting upward pressure on corn prices influenced the landed nobility to look for possibilities to increase their surface of arable land (Turner, 1984, pp. 47-51). The English landed nobility succeeded by appropriating common fields. English law gave the possibility to the landlord to appropriate cultivated common fields and to cultivate and to parcel out non-cultivated common fields. This process has been known as the Enclosure Movement (Turner, 1984, p. 11). In spite of the cultivation of 'waste land', realising an increase in arable land, the rise of agricultural production was lower than the increase of population.


	The discrepancy between the growth of agricultural production and the increase of population influenced classical economists around 1800: they had a less optimistic world view than Adam Smith. It came up for discussion whether the quantity and the quality of the available arable land would be sufficient to meet the demand on food of the population (Malthus 1798/1982, pp. 71 and 75-76). Economists were looking for an explanation of the slackening increase of agricultural production. The result was the simultaneous and the coherent development of the differential rent theory, to which the name of Ricardo was connected in a later period, and the Law of the Diminishing Returns (Blaug, 1978, pp. 79-80).


	The Law of Diminishing Returns indicates that agricultural production increases less than proportional when more production factors are used. This 'Law' was derived by classical economists from the phenomenon that the physical yield of the arable land just cultivated was lower than of the arable land cultivated longer ago. This was caused by the lower fertility of the marginal land.


	The diminishing returns were worrying to economists, as population increased in this period in a pace never be seen before. Given the low fertility of waste land to be cultivated in the future, they predicted structural shortage of food supplies in the long run. It is remarkable that classical economists in the beginning of the nineteenth century hardly paid attention to the possibilities of technological development to increase production. Of course, there was some technological development, but apparently this could not change the opinions of economists regarding the Law of Diminishing Returns (see e.g. Ricardo, 1823/1975, pp. 42-45). With other words: one did not see a possibility to withdraw considerably more agricultural products from the ecocycles than was realised in this period.


	We conclude that classical economists in the first half of the nineteenth century gave the production factor natural resources a central place in their theories. The starting-point for their theories was the Enclosure Movement, which considerably hampered technical development in the agricultural sector. Implicitly, classical economists had an integrated view on economic and ecologi�cal processes. The limits to production and consumption were found in the possibilities to withdraw matter from ecological cycles without damaging them. Nature and economy were seen as a closed system. The rise of the Industrial Revolution did not change this notion. This only changed in the second half of the nineteenth century when economists focused on the market mechanism and used the utility concept as the basis of value. 








3  The Industrial Revolution





The starting Industrial Revolution increased the importance of the quantitative aspects of the market. The production of goods got an increasingly industrial character, by which the necessity to trade these goods on international markets also increased. Due to this a shift of interest occured into the actual observ�able economic and technical progress of that very moment, as well as the application of 'positive' science as a tool and as a measur�ing instrument of that progress ('science as measurement') (Goudzwaard, 1978, p.101).


	In the same period the concept of value in economic theory changed. The classical economists were still of the opinion that the exchange value of a good is determined in an objective way by the number of labour hours necessary to produce the good. More or less simultaneous but independant publications of Menger (1871/1968), Jevons (1871/1924) and Walras (1874/1954) heralded, however, a paradigm shift. The satisfaction of individual needs, derived from goods and services available, were in their view decisive for the exchange value.�


	In the Golden Age of neoclassical theory (1870-1920) sophistications of the marginal analysis, the elaboration of the concept of subjective value and the extension of the general equilibrium analysis, clamoured for attention. The problem of the restricted availibility of natural resources, which was an important issue for classical economists, was no langer relevant for neoclassical economists. Marshall (1890/1925, p. 180), for instance, stated quite explicitly that technical development proved that Malthus was wrong. No attention has been paid, however, to the fact that this so often applauded technical develop�ment has been based on the large scale use of natural resources with a stock character, such as iron ore and coal. Before the Industrial Revolution the actual use of natural re�sources was nearly exclusively based on resources with a flow character  (muscle power, wind energy, wood, wool). Since the Industrial Revolution the wealth of mankind is more and more based on the use of natural re�sources with a stock character. This has had two effects, closely connect�ed to each other. Firstly, ores and fossil fuels are only available in the earth's crust in limited quanti�ties. Sooner or later these stocks will be run out. Secondly, after their use in human production and consump�tion processes, these materials will be discharged in the ecological cycles, as is the case with metallic joints, fumes and synthetics. By nature these materials are not a part of ecological cycles, or, anyhow, not in these large quantities. The result is disruption and, in the worst case, destruction of ecological cycles. In other words: the Industri�al Revolution marks the transition of a more or less closed system of production and consumption - as it was rather common before the Industrial Revolution - to an open economic system, which is characterized by an increasing use of natural resources with a stock character, which are discharged after produc�tion and consumption as strange and therefore poisonous materials into the ecological cycles.


	As stated before, Marshall paid little attention to natural resources. Indeed, he analysed the price making forces of land. But, ecological processes were only dealt with as far as they are expressed, in some way or another, on the market. For example, he discussed the fertility of soil regarding agricultural production processes (Mar�shall, 1890/1925, p. 166). Remarkable is, moreover, Marshall's view that there is "a growing difficulty of getting fresh air and light, and in some cases fresh water, in densely populated areas". In addition, he concluded that "the natural beauties of a place of fashionable resort have a direct money value which cannot be overlooked" (Marshall, 1890/1925, p. 166). However, Marshall did not elaborate on these ideas. In the context of the price mechanism as he described it, this was hardly possible.


	More as a perfection of his theory than as an issue of empirical interest, Marshall introduced the concept of the external economy. As suggested by the name, external economies concern the effects of actions of individ�ual economic agents on the production possibilities of other economic agents, being realized beyond the market. As an example, Marshall describes the effects of an expanding company on the production possibilities of other companies. The last also benefit from the presence of this growing firm, for example, by the increased level of training and education of the labour force available in the concerned region, the growing supply of labour force, or the location of additional supplying firms. The vested companies did not made any costs for this improvement of the investment climate (Marshall, 1890/1925, p. 314). It is striking that Marshall did not take external diseconomies into account. Appar�ently, Marshall had no reason to assume that the continuing process of indus�trializa�tion also raises economic disadvantag�es, such as depletion of natural resources and disruption of the environment.








4  Neoclassical Environmental Economics�





During the 'marginal revolution' in the last thirty years of the nineteenth century the concept of subjective value won ground dramatically at the expense of the classical concept of objective value. Scarcity as an individual experience got in neoclassical theory a more prominent place than in classical theory.� In economic analyses a central place was given to the question how relations in scarcity are expressed on the market in price relations. Choices to be made by economic subjects as a result of relative scarcity are described in economic theories as a problem of optimalization. The assumption is made that producers and consumers will realise an optimal position under limiting factors relevant to them (such as a limited income or limited production possibilities). This assumption made the advent of the rational choice theory possible.


	These developments in economic theories have had important effects on the possibility to describe and analyse relative scarcity of natural resources. In the first place putting market processes in the core of the theoretical system, it became difficult to pay attention to unpriced outlines of scarcity. Many natural resources are not traded on a market, they have no price and they are not scarce in a world in which the market gives the ultimate relevant information.� In the second place it should be stressed that in neoclassical theories the valuation made by economic subjects is the base for the value of available production factors (priced and unpriced). In an early stage economists, nowadays having the name of ecological economistst, were of the opinion that important ecological risks were taken if the value of nature was regarded as dependant from (short term) wants of people. Already hundred years ago they argue to use the needed energy streams as an indicator of the value of economic goods in stead of the subjective wants of people (Martinez-Alier, 1991). These critical remarks on the concept of subjective value passed into oblivion in our century. Scarcity of natural resources, such as clean air, pure water and a well functioning soil are analysed in neoclassical theory, according to the concept of subjective value, as a loss of welfare for economic subjects. The base for this approach is found by Pigou and is part and parcel of current mainstream environmental economics. We will discuss this in the following sections. At the same time we will pay attention to a third consequense of the shift of paradigms taking place at the end of the last century, namely that in a situation of scarcity of natural resources the rational choice theory is as useful to realise an optimal allocation of the limited available natural resources, as is the case with the optimal use of other limited available goods and services.








4.1 The negative external effect





Pigou was the first neoclassical economist who paid serious attention to environmental problems, introducing the concept of the external diseconomy. In order to indicate the significance of this concept, Pigou distinguished the social from the private product. Between these two a diver�gence may occur "out of a service or disservice rendered to persons other than the contracting parties" (Pigou, 1920/1952, p. 192). In other words, the actions of market parties influence the welfare of non-market parties. This influence may be positive or negative. The examples given by Pigou of "uncom�pensated services and disservices" partly concern environ�mental problems, which are rather common nowadays. He mentions, for example, the emission of smoke by factories causing external diseconomies "for this smoke in large towns inflicts a heavy uncharged loss on the community, in injury to buildings and vegetables, expenses for washing clothes and cleaning rooms, expenses for the provision of artificial light, and in many other ways" (Pigou, 1920/1952, p. 184).


	In Pigou's view externalities create a difference between the social and the private cost price of goods and services. For example, in the case a firm discharges processing water containing heavy metals in a river, the dis�charg�ing producer transfers a part of his production costs to society (in this case, the costs of restoring the quality of the river water). Under sufficient compe�titive pressure the consumer price will be too low, that is the costs of the purifica�tion of the river water are not incorpo�rated in the market price of the produced goods and services. In such a situation the market prices do not reflect the actual relations of scarcity, as the increased scarcity of clean river water is kept outside consumer decissions. In other words, the factors of production are not optimally allocated. 


	According to Pigou (1920/1952, p. 192) it is the task of the government to realize a pass-on of external diseconomies to the buyers of polluting products. He proposes imposing a levy on activities causing external diseconomies, such as a levy on the dis�charge of polluted waste water, and subsidizing activites producing external economies. The installation of purification equipement can, for example, be subsidized. The externality will therefore get a shad�ow price, which economic agents take into account. External diseconomies are no longer transferred to society; the optimal allocation of production factors has been restored.


	The discussion about the problem of externalities took place in the periphery of economic science as a result of the character of the social problems in the first half of the twentieth century. Two World Wars, the stagnation of production and large numbers of unemployed was the focus of attention in this period. In literature externalities were regarded as a theoretical sophistication without any practical significance. Blaug (1978, p. 404) states that there is "a  common tendency in the interwar literature to regard external economies as economic curiosa". Aside from Pigou, King was the most important exception. King analysed the already by Marshall used concept 'social income', which has been called 'national income' since the Second World War. King concluded that a high level of national income does not correspond in all cases to a high level of wealth, because high income in an indus�trialized society is accompanied by rising scarcity of environmental goods, which were free available before. He gives examples such as game, fruits, a nice landscape, a decreased availibility of natural resources like ores and coal, and the disap�pearance of complete ecosystems caused, for instance, by cutting of a wood (King, 1919, p. 5-49).


	After the Second World War, Fabricant (1947, pp. 50ff) brought forward again King's ideas, when a discussion started about the issue how the concept of national income should be put into practice. In his opinion the depletion of fossil and non-fossil natural resources should be included as a cost factor, by which the level of national income would be lowered. Denison (1947) and Kuznets (1947), on the other hand, were of the opninion that such a correction is unnecessary. They saw nature as an infinite entity, the yields of which could be used without any restriction. This discussion between Denison and Kuznets on the one hand and Fabricant on the other hand ended in accord with the dominant opinion in society at that time: Nature is such an infinite entity that depletion of natural resources is not an issue to make a big fuss about. 


	After the Second World War attention in society was focused on the recovery of the production capacity, which was largely destroyed during the war in Europe. Furthermore, the prevention of mass unemployment, which was still fresh in memory from the economic crisis of the thirties, was given a high priority. Growth of production was thought to be the natural mean to achieve these goals. As a matter of fact, environmental issues were consciously and unconsciously put into the periphery of social and scientific debates. The acceleration of industrial production which took place in the course of the sixties, combined with a rapidly changing social climate, fundamentally changed opinions in society. The increasing environmental problems that accompanied the continuous production growth were experienced in large sections of the popula�tion.  As a consequence, scientific interest in environmental problems increased at the end of the sixties.


	Economists with a neoclassical background found their point of depar�ture by Pigou. Situations of inconvenience could be described in a satisfactory way with the concept of externalities. However, this concept is less useful for analys�ing problems of depletion of fossil natural resources, because the inconve�nience is not restricted to some individuals. Depletion affect everyone and thus is a public evil, or, when prevention of depletion is the starting-point, a public good. This does not diminish the importance of the concept of the negative external effect as a tool of analysis. Besides, it strengthens the argument of Pigou to realise an intervention of authorities. But the collective character creates important problems regarding the valuation of external effects. In the next subsection we will discuss this problem.


	More important is that the depletion of nearly all fossil natural re�sources is not an acute phenomenon. Especially future generations will be the victim of the present excessive use of fossil natural resources. And as we are not familiar with the preferences of future generations, the concept of the externality loses its analytical meaning. Actually, according to the definition of externalities, all effects in future of current produc�tive and consump�tive activities should be regarded as external�ities�, as future genera�tions are not involved in any of the present market transac�tions, although enjoying or suffering the effects of these transactions on their possibil�ities of produc�tion and consumption. Initially, neoclas�sical economists were inclined to interpret environmental problems only as issues of pollution, leaving out more encom�passing problems like depletion of fossil natural re�sources.


	In the second half of the sixties there was an increasing number of publications by economists examining environmen�tal problems. These publications were dominated by what is often called the Pigovian tradition. One of the most remarkable publica�tions was Mishan's very polemic book 'The Costs of Economic Growth' (1967). Mishan wanted to demon�strate that the continuously increasing industrial produc�tion is accompanied by a decrease of welfare caused by the more than propor�tional increasing number of external diseconom�ies. In his opinion too much attention is given to quantifiable economic vari�ables, such as export growth, growth of the national product and the level of gold reserves. Explain�ing the overvalua�tion of quantifiable economic variables in an earlier publica�tion, Mishan points to the social pressure to increase production more and more: "For as we become richer, surely we shall remedy all social evil" (Mishan, 1960). In this context he stated that it is really ridiculous that in our society the right to pollute is put above the right to live in a sound environment. He proposes to protect amenity rights by private law arrangement. Under this arrangement a potentially polluting producer has to buy pollution rights. In the case that the costs of the needed pollution rights are so high that the planned production would not be profitable, one may conclude that society gives priority to the environmental quality that would be sacrificed for the polluting products. In this way externalities can completely be internalized according to the Pigovian tradition. By that the optimal allocation of production factors is again restored.


	There is, however, an inconsistency in Mishan's approach which is characteristic for neoclassical analyses of environmental problems. Manifold Mishan argues for a re-allocation of production factors, for which he, according to the Pigovian style, thinks of creating incentives to adjust individ�ual behaviour via the price mechanism. Elswhere in the book he explains, however, that in most cases it is hardly possible to quantify external diseconomies, that is, to find an expression in money terms. This is caused, to begin with, by the diffuse character of many external disecono�mies. They are often generated by economic activities taking place a long time ago and geographically far away. Moreover, many external diseconom�ies are generated by more than one activity. Because of this it is very difficult and, in many cases, impossible to ascribe external diseconomies to specific economic activities. Finally, Mishan has the idea that external diseconomies which cannot be quantified are far more important than the quantifiable external diseconomies (Mishan, 1967, pp. 97-98). From direct observation of social reality Mishan comes to the conclusion that quantification of external diseconomies is seldom possible. However, when he tries to bring this reality to economic theory, he uses the traditional fictitious and strongly formalized arithmatic examples of welfare economics, which he argues elswhere are hardly useful in reality.


	Mishan's doubts concerning the possibility to internalize externalities can also be found elswhere in literature. Hueting, for example, concludes after a thorough� attempt to quantify the national effects of environ�mental deteriora�tion that "the crucial question 'What is nature worth to us?' cannot be answered by means of the instruments available to us. But in my opinion the study has shown that at the same time another question remains unanswered, namely 'What is the worth of goods that are produced and consumed at the expense of the environ�ment?' For when the value of the environment cannot be determined in the conflict between production and environment, the market price of produced goods may no longer be accepted as an indicator of the economic value of these goods" (Hueting, 1980). Hueting touches upon a fundamental shortcoming of the neoclassical approach. The fixation on priced forms of scarcity, that is scarcity which is manifested in the tension between supply and demand on markets, more or less keeps out the unpriced forms of scarcity.


	This problem has also been noticed by other authors. Goudzwaard, for example, raised the question whether economists should deal with unpriced scarcity. His answer is affirmative, since economic theory would lose its predictive power if the connection between priced and unpriced scarcity were excluded (Goud�zwaard, 1970, p. 106). He proposes to classify the problem of unpriced scarcity in economic policy, where some subjective ele�ments can already be found. Consequently, the production factor natural resources is excluded from economic theory. In our view, this can hardly be defended, given the long tradition among economists to distinguish three factors of production: labour, capital and natural resources. In some way or another natural resourc�es has to be a full-fledged factor of production in economic theory. 








4.2  Fundamental Obstacles to Internalization of Externalities





To abate environmental problems neoclassical economists recommend inter�nalizing externalities. After internalization the preferences for all goods and services, including those that cannot be produced on the market, are made knowable again. However, internalization meets with fundamental obstacles. The most important will be passed in review in this and the next section in order to evaluate the strengths and weaknesses of neoclassical analyses of, as well as abatement recommendations for environmental problems. 


	The first problem concerns the benefits of avoided environmental damage. These benefits should be weighed against the costs of avoiding environmental damage. In monetary terms, estimates for the latter can be made easily and quite accurately. For example, the costs of decreasing the pollution level of a river which contains heavy metals from the effluent of a firm along that river, equal the purification costs of the polluted river plus the costs of adapting the polluting production process. Problems arise when the benefits of a clean river have to be estimated. Some benefits can be expressed in market prices, such as the lower costs of producing drinking water and the higher proceeds from fishing. Many benefits, however, cannot be expressed in market prices, simply because there are no markets for collective goods like ecosys�tems and landscapes. What is, for example, the price of a square mile of wetlands? Weighing the known costs against the partly unknown benefits we run the large risk that the costs of environmental measures will be overesti�mated. 


	In the absence of markets, other evaluation methods are needed to estimate the benefits economic agents experience when particular environmen�tal damage decreases or is avoided. In the last decade much research has been done on alternative evaluation methods, including 'hedonic pricing methods' and 'contingent valuation methods'(CVM). Surveys of these methods can be found in Mäler (1985), Freeman (1985) as well as Anderson and Bishop (1986). Although some progress has been made, these methods only indicate individual preferences for a particular environmental quality. It is, for example, not clear whether CVM underestimates the willingness to pay for a particular environ�mental quality (Hoehn and Randall, 1987) or overestimates this willingness to pay (Crocker and Shogren, 1991). Moreover, the crucial problem how to aggre�gate individual preferences into a collective statement on the value of specific natural resourc�es cannot be solved satisfac�torily. Aggregation attempts meet with problems of cardinal measuring of utility and of interpersonal comparisons of utility. Hence, unless individual preferenc�es can be aggregated, it is impossible to weigh the value society puts on goods and services whose production and consumption pollute the environment, against the value society puts on a sound environment. 


	Another fundamental problem is the fact that the preferences of future generations for natural resources are unknown. The depletion of nonrenewable natural resources - such as fossil fuels and minerals -, the overexploitation of renewable natural resources - such as the cutting down of tropical forests - and the irreversible pollution of ecosystems - by, for example, chemical and nuclear waste - unmistakably reduce the 'stock' of natural resources available for future generations. It is not possible to deal with this problem satisfactori�ly by following currently known evaluation methods. Consequent�ly, the evaluation of natural resources on the basis of the preferences of individual economic agents is myopic.


	When the preferences of individual economic agents are not or only partly known, the preferences of chosen policy-makers are often used to evaluate the environment and natural resources available�. This will, indeed, give politicians the opportunity, according to their own opinions and preferences, to sharpen or to reduce environmental standards. This wilfulness could bring them electoral losses in a later period, in case these environmental standards deviate considerably from the opinion of citizens. Publications on public choice demonstrate, however, that several circumstances can occur (voters having a weak memory, information is far from complete, forming of a coalition after the elections, etc.) which can give the politicians different degrees of freedom to take their 'own responsibility' (see e.g. Van den Doel en Van Velthoven, 1990, pp. 99-163 and Mueller, 1989, pp. 277-286, 344-347).


	On the basis of the assessed preferences of citizens for the environment (or on the basis of their own preferences) politicians could design an environmental policy consisting of charges on polluting activities and subsidies on 'environment kind' activities. These artificial changes in relative prices should tempt economic agents into adapted and less polluting behavior. 


	However, the desired adaption of behavior is not guaranteed, because politicians are still not familiar with the real preferences of the economic agents for environmental improvements as well as their real interests in environmental degradation. A levy on e.g. gas oil, imposed with the aim to decrease car use substantially, will hardly have the desired effect if politicians underrate the willingness to pay for car use. A chance for wrongly assessed preferences, and so for ineffective environmental policy measures, seems rather high.


	In principle, this problem could be removed with the help of econometric research. When price fluctuations in preceding years are combined with the generated changes in demand and supply, one can calculate demand and supply elasticities for goods and services that cause pollution in production or consump�tion. The pollution decrease desired by politicians can be translated into necessary changes of particular production and consumption processes. After that the needed increases and decreases of prices could be calculated to be realised with the help of subsidies and levies. 


	In theory this strategy is more attractive than it is in reality. The problem is that for instance in a country as the Netherlands the emission reductions required for a more or less sustainable develop�ment, vary from 70% to 90% (Langeweg, 1988). If such large adaptions in production and consumption must be accomplished with charges alone, prices of relative polluting goods and services have to increase dramatically, sometimes many times their actual prices. No doubt price fluctuations of this magnitude will change the preferences of economic agents and so change the demand and supply elasticities of goods and services. If elasticities are subject to substantial changes, politicians lack essential information concern�ing the behavioral adaptation that may be expected after the imposition of charges.


	Since Pigou several versions have been developed, aiming to influence with price incentives, as is the case when using levies and subsidies, individual behaviour in


a more ecologically sound direction, such as a system of deposits and marketable pollution rights. Marketable pollution rights in particular are increasingly popular in economic literature. One of the advantages mentioned is that the environmental effects of marketable pollution rights are not as uncertain as when using levies (Baumol and Oates, 1988, pp.178-180; Pearce and Turner, 1990, p. 115; Nentjes, 1990, pp. 159-165). The pollution level politicians regard as the limit, according to their opinions about environmental quality, are sold in small well defined quantities to the highest bidder. When realising a practice of good maintenance total emissions in the 'bubble' will never be higher than is permitted by the limits defined previously.


	The environmental effects of marketable pollution rights, predictable on the first sight, are on reflection, however, subject to considerable suspense. Regional concentration of emissions, not wanted by authorities, are hardly to prevent (Baumol and Oates, 1988, p. 184; Pearce and Turner, 1990, p. 116) Besides, it is difficult to understand why marketable pollution rights aiming a reduction of emissions with 70-90% which are necessary to realise a more or less ecologically sustainable development of production and consumption processes, could be realised easier, which means with less social resistance as in the case of regulating levies.�





	To summarize, the preferences of economic agents are not (future generations) or only partly (current generation) known. This knowledge is indispensible for the design of an effective environmental policy based on the Pigovian internalization method.�








4.3  Ecological Uncertainties





Internalization of externalities appears to be difficult, because we lack suffi�cient knowledge concerning individual preferences. But even in the imagi�nary case we would be familiar with all individual preferences and, subse�quently, be able to aggregate them into a collective judgement on the environmen�tal quality that is desired, this does not exclude ecological disasters. This is connected with the shortcomings of the philosophy of optimalisation common in neoclassical analysis. Optimalisation includes that the allocation of available production factors - in most cases labour and capital are implicitly meant - will have the effect that the relative scarcity of goods and services which could be produced by means of these production factors, is seen as low as possible. This implies that by means of these limited available production factors the highest quantity of needs will be fulfilled. The same reasoning can be used when the limited available natural resources are at stake. But the optimal allocation of these resources is not optimal as is demonstrated by important current environmental problems. The neoclassical strategy is to restore the optimal allocation which implies to look for ways aiming a rational use of natural resources. However, there is great doubt whether this optimalisation philosophy regarding the use of 'ecological action space' (Opschoor, 1987), can be but into practice. Indeed, there is a lack of information about the effects human action will have on the environment.


	A striking example of this is that of Middle European forests which are dying on a large scale as a result of acid rain. One of the most important causes of acid rain is the emission of large quantities of sulphur dioxide. Yet, some 15-20 years ago, in many indus�trialized areas measures were taken to limit the emission of sulphur dioxide, which caused a significant deterioration of public health (complaints about irritation of the eyes and the respiratory tract, evacuation of asthmatics). The measures to abate these complaints concerned the increased use of natural gas and nuclear energy and, especially, the con�struction of tall chimneys. Tall chimneys did indeed decrease air pollution in urban areas, but at the same time they increased the deposition of sulpher dioxide in rural areas. Especially the forests in the middle of Europe and Scandinavia suffered from the increased load of acidify�ing substances, originating from industrial areas and blown there by the dominat�ing south-western winds. The resulting acidification of ecosystems could be foreseen. For many years, warnings against the ecological conse�quences of sulphur dioxide emissions have been given. Because it was impossi�ble to state exact predictions about the effects of the emissions on nature, these warnings could easily be set aside as being exaggerat�ed. Unfortunately, these warnings should have been taken much more seriously.


	Unfortunately, such unpleasant surprises have occurred far too often already. One example is the large ecological damage caused by the use of DDT and other persistent agricultural pesticides. The belch of carbon dioxide can also lead to unpleasant surprises, since the climatological effects of an increase of the CO2 content in the atmosphere are not clear. From these and many other serious and less serious examples, it appears again and again that the effects of human (industrial) actions on nature are underestimated, minimized or even neglected. 


	If the effects of so many interventions in and influences on nature are not sufficiently known or are consistently disregarded, an optimum use of natural resources for human production and consumption, as is the claim of neoclassical analyses and policy recommendations, becomes a problem. The point is that neoclassical optimization requires insight into the effects of alternative actions on nature (or into the availability of natural resources) with a probability bordering on certainty, or, at least with a probability that can be handled with the theory of probabilities. The former is quite familiar as the well-known assumption of completely informed agents by which the problem of flawed ecological knowledge is simply neglected. The latter seems more ad�vanced, but still needs far better ecological knowledge than we generally have, to construct a distribution of chances of possible ecological states as a result of a particular human intervention (cf. Drepper and Manson, 1990). 


	In general, processes in nature, and hence, human interventions in these processes, appear to be hardly predictable for at least three reasons. First, synergetic effects increase the impact on the environment of separate emis�sions. For example, laboratory experiments made clear that the combined impact of the acidifying substances SO2, NOx, NH3 and O3 on plant growth is substan�tially more severe than the (linear) addition of the impacts of each of these substances alone would be (Tonneijck, 1981). 


	This synergetic effect can be demonstrated by the recent discovery that the effect of the emission of ammonia is dramatically worser than thought before. This is caused by the reaction of ammonia with sulphur dioxide in the air which results in a chemical substance much more acid than sulphur dioxide and ammonia separately (Van den Broek, 1990). Second, thresholds are very common in ecosystems. Again acidification serves as an excellent example. The sudden acceleration of the deterioration of forests and subsequent dying off of large parts of European forests in the beginning of the eighties came for most people (there were a lot of scientists among them!) like a bolt from the blue. It appeared that the buffering capacity of the soil had protected trees from serious damage for decades. Once this capacity had been reached, acidify�ing substances could considerably damage trees and 'kill' them within a couple of years. Third, many emissions have a delayed effect on the environment. It takes decades, for example, before nitrogen from manure and chemical fertiliz�ers is washed from the top into deeper layers of the soil, causing severe nitrate pollution of the groundwater, which serves in most countries as drinking water. Even if nitrogen leakages to the groundwater can be prevented from now on, nitrate pollution of groundwater will increase considerably for decades in the next century. 


	In short, thresholds, synergetic effects and delayed reactions make the relations between emissions and immissions rather obscure to us. We have to conclude that, as a result of human actions, ecosystems change much more capriciously than economists normally assume. The neoclassical approach to optimize the use of the natural resources available is without sense as long as we cannot quite accurately assess the quantity of natural resources we have. To put it in another way, we cannot optimize our ecological action space without knowing the concrete limits that cannot be crossed if we want to avoid irreversible effects on nature. 








5 Approaches Oriented on Marx





From the preceding the conclusion can be drawn that neoclassical economists neglected the 'third production factor' for a long time. The question arises whether alternative approaches in economic theory have dealt more adequately with the effects of production and consumption processes on the availibility and quality of natural resources. During the last 100 years Marxist oriented authors have been the strongest critics of neoclassical theory. Therefore we will examen this 'natural' antipole of neoclassical thought on the sensitivity for and the approach of environmental problems�.


	Unfortunately it must be stated that during the last 100 years Marxist authors paid even less attention to environmental problems than neoclas�sical authors did. William Kapp is the most important exception to this rule�. As early as 1950 he pointed out the great economic significance of environmen�tal problems. Kapp stated that the capitalistic mode of production is accompanied by a great number of adverse effects. In addition to phenomena already mentioned in literature, such as unemployment, accidents in factories and the loss of technical knowledge caused by technical development, he also described air pollution, erosion of the soil, the deterioration of flora and fauna, and the waste of energy as negative effects generated by the capitalist mode of produc�tion.� He stated that companies try to transfer as much as possible production costs to other economic agents or the society as a whole (Kapp, 1950/1958, p. 200).


	Hueting (1974/1980) was one of the first who paid comprehensive attention to the work of Kapp. The way he evaluates Kapp's work illustrates the contrast between the neoclassical approach and the view of Kapp. Hueting holds the view that Kapp "gives a simplistic impression of things by stating that the producer is acting as a kind of exploiter, who transfers the environmen�tal disruption on the workers and the society as a whole. It is in my view in the social order of nowadays not thinkable that each of these categories would resign this, if there were no advantages for them in the form of products at a price considerably lower than is the case by internalisation of external effects" (Hueting, 1980). However, Kapp stated: "One may conclude that the social costs of private production will increase in significance and size, the more society will be aware of these effects and the more society will learn to think in non-monetary terms" (Kapp, 1950, p. 200). Instead of learning to think in non-monetary terms, Hueting wants to quantify the costs of environmental disruption in monetary terms.


	Aside from Kapp, Marxists hardly paid attention to environmen�tal problems. This is not surprising, as the work of Marx deals - first of all - with the exploitation of labour by capital. In handbooks accepted by Marxists hardly anything can be found what could be called a theory of the environment or natural re�sources. This fixation upon the exploitation of labour had the effect that environmen�tal problems were seen as irrelevant. In the sixties and seventies most Marxists considered environ�mental problems as artificially constructed by bourgeois economists distracting attention from the class struggle. For this reason Marxists had no appreciation for e.g. the Reports to the Club of Rome.


	This attitude eventually became untenable. All sections of the popula�tion more or less suffer from the increasing environmental problems. Both capital�ists and workers have to deal with problems like acid rain, nuclear waste, holes in the ozone layer, the pollution of ground and surface �water, and so forth. Ultimately, these important social problems could no longer be neglected by Marxist authors. Besides, resistance against the deterioration of nature and environment led to the rise of environmental action groups, which had more or less the character of an autonomous resis�tance from all sections of the popula�tion. Marxists were hardly represented in these groups. Forced by this social develop�ment, Marxists recently started to develop views on environ�men�tal problems.


	Initially, the orthodox approach dominated analyses of environmental problems. This approach is, in a nutshell, based on the idea of Marx that the capitalist mode of production destroys the basis of life, while a socialist mode of production would not have these faults (Marx, 1867/1977, pp. 474-475). Authors in this othodox approach suggest that man's alienation from nature is based on the same cause as man's alienation from labour. The abolition of the alienation of human labour by transfering the control of the means of production to the working class, will, at the same time and more or less automatically, put an end to the alienation from nature and the environment (cf. Heise und Hembold, 1977, pp. 22-38; Romören and Romören, 1978, pp. 35-47; Krusewitz, 1978, pp. 81-108; Gärtner, 1979, p. 70).


	From this literature one gets the impression, that Marx had a comprehen�sive framework in which the analysis of environmental problems and the depletion of natural resources was foreseen. However, this is not the case. An elaborated vision on the relation between nature and society does not fit in the period in which Marx lived and worked. The rise of the Industrial Revolu�tion and the accompanied technical develoment led to a general belief in the potentials of technical progress. This idea can also be found in the work of Marx; the development of the forces of production were, in his view, a neces�sary condition to realize a socialist society. Regarding the relation between nature and society Marx never developed systematic ideas. Sporadic remarks on this matter are scattered unsystematical�ly throughout his work.


	According to Marx, nature is not a constant quantity. In his view, nature is determined by the dialectical relation between man and nature (Marx, 1867/1977 p. 172; Marx 1844/1964, p. 112). Marx held the opinion that nature and labour are two components of a dialectical unity. Marx paid much attention to the value of labour. But what value is derived from nature - the other compo�nent of the dialectical unity - remains in the dark. He only stated that nature has no value in itself. Natural materials only get value if mingled with human labour: "The purely natural material in which human labour is objectified, to the extent that it is merely a material that exists of labour, has no value" (Marx, 1857-1858/1973, p. 366).


	Marx concentrated on the contradictions between labour and capital. Analysing this contradiction he used among others the Labour Theory of Value from Ricardo. The use of the concept of the labour theory of value gave Marx the possibility to demonstrate and criticise the mechanism of the creation of surplus value and the exploitation of labour.It did lead, however, to a split between economy and nature in his theory. Accordingly nature is not seen by Marx, when elaborating his theories, as a source of  value of produced goods. The reason is that in the labour theory of value nature is regarded as a inexhaust�ible resource (Immler 1983a; 1983b). Conse�quently, Marx disregarded nature as a source of value, although this is contrary to his own starting-point, viz. that labour and nature are both sources of value. It is not clear whether Marx was aware of this inconsistency in his own viewpoints. This is surely a consequence of the allmost exclusive attention he paid to the factor labour.


	This separation between man and nature in Marx's theories has strongly influenced the view of Marxist authors concerning environmental problems. Harmsen states that this explains why Marxists have so long refused to recog�nize the social importance of environmental problems. According to Harmsen, socialists kept on believing that, as the class contradictions would lose their meaning in the political and social struggle, man will organize his relationship with nature in a rational way (Harmsen, 1974, p. 15).


	At the end of the seventies the first critical remarks on the orthodox approach could be heard among marxist authors. Several attempts have been made to construct alternative theories about nature and the environment using marxist starting-points (cf. Ullrich, 1979; Ernst-Pörksen, 1984; Govers, 1988). One can imagine that concepts like exchange value and use value are used to describe the overexploitation of the environment. However, these attempts not really convincing, which is mainly caused by the fact that Marx never developed his theories for this kind of application. In fact, his theories lack sufficient categories to analyse the current environmental problems.�


	Summarizing, we may say that there is no marxist orientated theory specificly dealing with the 'ecological question'. But even if such a theory, more or less explaining the actual environmental crisis, would exist, than there is still the issue to what extend the pollution of the environment should be reduced. Untill now, neither neoclassical nor Marxist theories have so far offered a satisfactory solution to this problem. This is partly due to the origin of these theories. Both neoclassical and Marxist theories were founded and elaborated in the second half of the nineteenth century, describing and analyzing the same market proces�ses. Neoclassical economists emphasized the issue of the efficient use of the production factors labour and capital, while Marxist economists put stress on what they considered to be an inequitable distribution of power and income between labour and capital, resulting from the same market processes in which, according to neoclassical economists, an optimal allocation of production factors is realized. The structure and the starting-points of both theories pose fundamental problems, when we want to know how much environmental deterioration is acceptable from a social point of view. Additional�ly, answering this question is hindered by a lack of knowledge about essential ecological relations, as has been discussued in previous sections. 








6  Sustainable Development as a Starting-point





The preceding demonstrates that fresh theoretical paths are needed. In neoclassical theory no special attention is paid to natural resources. Too much relies on the idea that the use of natural resources is a normal optimiza�tion problem. Internalization of externalities is the key to an optimum use of the natural resources available. In (neo)marxist theories there is also too much dependence on ancient doctrines, in which it is assumed that the quantity and quality of natural resources are constant variables. As classical economists obviously considered the availability of natural resources as a variable that has to be explained, twentieth century economists consider the environment as a datum (neoclassics) or as a constant factor (neomarxists). This changed attitude has a lot to do with the already mentioned switch from the use of natural resources with a flow character to the dominating use of natural resources with a stock character since the beginning of the Industrial Revolution. This switch enabled economists, such as Marshall, to push nature as a factor of production to the periphery of economic theory and to focus attention almost exclusively to the analysis of the market mechanism. The current environmental crisis demon�strates that this attitude is untenable.


	Various alternative starting-points for the development of economic theory are suggested in literature. Boulding (1966) has the concept of 'space-ship earth' in mind, Goudzwaard (1974) proposes to economize within the lim�its/bounds of nature, Sachs (1976; 1984) advocated an ecological develop�ment, Söderbaum (1980; 1982) suggests ecological imperatives for governmental policies, Opschoor (1987; 1990) wants to keep economic activities within the ecological space available, and Brundtland (1987), finally, opts for the by now famous concept of sustainable development. All these concepts have in common that the ecologically bounded possibilities to use natural resources, are taken as a starting-point for the development of economic theory. In this respect we have returned to the classical economists of the beginning of the 19th century. 


	Sustainable Development is a normative concept. Indeed, the core of the argument deals with an equitable distribution of the available natural resources between different generations, as well as between the First, the Second and the Third World during our generation. Though the concept was given massive support in the whole world, the realisation of a sustainable development is accompanied by a 'stubborn' practice (Opschoor, 1990). One of the greatest problems is to make the concept operational. There are many questions, most of them without an answer till this moment. What are for instance, the ecological limits to be met in the production and consumption processes of mankind? Are they related to the actual ecological quality, which is often very poor and degraded, or should we aim at an improved ecological quality? How fast could the stocks of exhaustible natural resources be used in the case of a maximal rate of recycling? It is very difficult to answer these questions with the help of the actual knowledge. The character of the relations between the ecosystem and the economic system should have, in our opinion, a great influence on the direction, in which answers could be sought. In order to find a base for the analysis of these relations, we pay again attention to the period of the Industrial Revolution, where the seeds were sown for environmental problems ocurring nowadays. 	


	During the process of the Industrial Revolution fundamental changes in the use of natural resources ocurred. The most important ones when dealing with the threat on nature and the environment can be summarized as follows:


* There has been a massive shift from resources with a flow character into the direction of resources with a stock character. This made the exhaustion of stock resources possible.


* From this moment on the ecocycles were threatened on a large scale with anorganic and synthetic organic materials, derived from stock resources. Indeed, these materials are emitted as waste into air, water and soil after their manufacturing and use in production and consumption processes. These material are normally not found in ecocycles, or only in very low concentrations, which limits the normal working of the ecocycles.


* Besides, the ecocycles are increasingly threatened with organic material, emitted in production and production processes. This exceeds the cleaning capacity of the ecocycles on a local and regional scale. 


* The increasing use of space effects too the working of the ecocycles.


* Though the effects of the switch to stock resources are felt by the society as a whole, the decisions have been taken in nearly all cases by individual economic subjects.


	We use these changes mentioned above to construct a theoretical model for sustainable development. Moreover we use concepts which are usual in ecological science. By doing this,  we describe the part of the model related to ecological aspects. The other part of the model is related to decisions, taken in society and causing the depletion of nature and the environment, the exhaustion of natural resources and the use of space. The societal aspects and the natural aspects are connected by actual handling in the production and consumption process.


	In ecology, the notion of the 'eco-cycle' is generally used for the description of ecological processes. An examination is made of which course is taken by various substances in the ecological process, at what point they accumulate or decompose and how substances get blocked in the ecocyle. The description of an ecological process is complete only if the information and energy flows in the ecosystem are also indicated. Without energy from the sun the system would not function. Apart from this, some sort of information must be present in the ecosystem on the basis of which events take place in the system. This information leads, for example, to the decomposi�tion of substances or to the generation of new cells. Every economic model which tries to describe how production and consumption could be fitted into the ecological process, should at any rate take these relations into consider�ation, as they concern an ecological problem. In all the models available these relations are mentioned most explicitly, as far as we know, in the model of Kneese c.s. (see among others Kneese and Bower, 1972). But this model does not provide insight into the way economic processes interact with ecocycles.


	This gap can be stopped by making a distinction between flow and stock resources (Dietz and Van der Straaten, 1988; Van der Straaten, 1990, pp. 103-116). These terms do not have the same meaning as is usual in economics. The first term is used to describe materials which are found in the earthcrust. After extraction they are used in the production and consumption process and the rests are emitted in the environment. These emissions affect the ecocycles, which are used too in the economic proces. This affection caused by materials not common in ecocycles is different from the situation where material are emitted which are already part and parcel of the ecosystem. The waste of stock resources is only in extremely low concentrations part of working ecocycles in which flow entities in particular circulate. The affection of ecocycles, vital in human production and consumption processes, will, indeed, take place on two different levels. On the one hand, there are the emissions of materials which are from way back normal to ecocycles. When the emission of these materials is higher than the ecocycles can met, affection of the environment is the result. These kinds of environmental deterioration have always accompanied human activities. On the other hand, the affection of materials which are extracted from stock resources and which are emitted after their use in economic processes, is more severe than in the case of the emission of material from flow resources, as these stock entities are not normal in ecocycles. Besides, this use results in an exhaustion of stock resources. The exhaustion of stock resources and the affection of ecocycles are different sides of the same coin. These relations can be described for raw materials as wel as for energy. Besides, these processes are accompanied by an increasing use of space by which the ecocycles are hampered too. An extreme example of this is the cutting of the tropical rainforest aiming to increase the surface of arable land.


	The box 'Production and consumption system' in Figure 1 represents the human impulse to exploit natural resources. The price mechanism only partly informs individuals about the quality and availability of natural resources. The recom�mendation to remove this information lack by price manipulation using levies and subsidies, to realize again the 'correct' relation of scarcity, proved to be accompanied by fundamental problems (see Section 4). This implies that the information lack regarding the environmental effects of economic activities continues to exist. A (Pareto) optimum exploitation of nature seems to be hardly possible because of the more or less unpredictable effects of human activities on nature (see Section 4). Under these circumstances there is a real danger that the burden of proof for the ecological sustainability of human activities remains at nature. Then, environmen�tal problems will increase rather than decrease.�


	In our view it is not the existing economic theory, but the insights of ecologists, however imperfect and contradictory they may be, should be the starting-point for the devel�opment of economic theories. Within careful formulated ecological limiting condi�tions the use of natural resources can be economized. Next, it is up to the economic agents to prove that their planned activities fit in with a responsible management of nature, derived from ecological insights.








9  Concluding Remarks





If we aim at an ecologically sustainable society, it is prerequisite that we use ecosystems in such a way that their functioning is not damaged irre�versibly. It is not easy to operationalize this starting-point. Anyway, the discharge of materials not naturally or hardly found in eco-cycles and extract�ed from the stocks of fossil natural resources should be minimized, or even better, should be stopped. The discharg�es of waste products from which the component substances originates from eco-cycles (flow quantities) are in principle harmless to ecosystems. However, overloading the carrying capacity of eco-cycles may cause serious (but in principle reversible) local or regional disruption of ecosystems. Besides, it has been firmly established that the use of space by mankind also leads to serious disruptions of ecosystems. 


	The speed in which fossil natural resources are depleted, can be reduced considerably by changing radically to the recycling of minerals and synthet�ics. However, it is impossible to recycle all materials completely. During produc�tion, consumption and recycling processes surely a certain part of the materi�als will be 'lost', that is, end up in the eco-cycles. Technologi�cal develop�ment should be directed to a continuous decrease of the percentage of 'lost' materials. Ultimately, the sustainable solution is to convert completely to renew�able resources. Renewable resources can be extracted from the - to human time scale - ever functioning eco-�cycles (on the condition of careful exploitation), and subsequently, after being used in production and consump�tion processes, they can be disposed of without disturbing eco-cycles (on the condi�tion that the carrying capacity is not exceeded). The same recommendation holds for the extraction and use of energy. Fossil stocks of oil, natural gas and coal will deplete sooner or later. This implies that a complete conversion to the use of energy derived from flow quantities is inevitable in the long run.


	Such a process of conversion to an ecologically sustainable way of produc�tion will have considerable effects on various social relations. Anyway, sustain�able development will attack historically vested interests. Partly due to the market process a situation has grown which is far removed from sustainability. This situation has not been created by, nor can it be resolved into specific actions of one or a limited number of individuals. The environmen�tal crisis has more or less developed spontaneously. Unfortunately, one cannot expect that driving back the deterioration of the environment and the safeguarding of a sustainable develop�ment will also be a spontane�ous process. The creation of a sustainable society very much needs collective strategies and decisions, resulting in an strict environmental policy. Policies that effectively stimu�late a sustainable devel�opment will not be received with great acclaim by those who privately benefit from the present degradation of the environment. Well-organ�ised groups of polluting producers like the petrochemi�cal industry, the transport sector and agricul�ture will surely oppose strict environ�mental mea�sures. In general, these interest groups do not contest the aim of sustainabil�ity, but the pace in which sustainability should be realised. (See for an elabora�tion on this issue of opposition of interest groups Dietz and Van der Straaten, 1991).


	In principle, one cannot exclude any instrument to attain sustainable development. In our view the price mechanism can play an impor�tant role, although in another way than is the case in neoclassical theories. The aim of sustain�able devel�opment implies that limiting conditions for produc�tion and con�sumption processes have to be formulated. Such limiting conditions cannot be derived from the quantification and internalization of external diseconomies, as was demonstrat�ed in previous sections. We had better derive them from public debates and democratic collective decisions on the basis of both ecological and ethical insights. Subsequently, both legal and economic instuments have to be used to adapt all activities in society into a sustainable direction. 


	Labour and capital will offer fierce resistance to the determination of ecological limiting conditions, especially when their short run interests are one-sidedly jeopardized. In fact a social struggle concerning the division of the ecologi�cal space available over the various production and consumption processes will be the result. In this social struggle national and local govern�ment will play a central role, being the institute in which all decisions concern�ing the use of the natural resources available have to be formalized. 


	This picture, roughly sketched in the preceding paragraphs, deviates from the ideas of economists such as Goudzwaard, reasoning back from econom�ic policy to economic theory. In this line of thought the subjective element is placed in economic policy, in an attempt to keep economic theory objective and value-free. Doing this, however, a fundamental shortcoming of neoclas�sical theory is passed over. The price mechanism is the central subject of neoclassi�cal theo�ries, putting environmental deterioration in the periphery of economic thought, which is demonstrated by the label 'externality' for effects on produc�tion and consump�tion possibilities not to be reflected in price fluctua�tions. One should be aware of this one-sided orientation in neoclassical theory, as well as its consequences for envi�ronmental analyses based on this approach. The market process is the success story behind the highly industrialized (western) society. But the market cannot generate sufficient incen�tives for behavioural adjustment regarding the need for sustainability. The most important shortcoming in neoclassical analysis is the lack of an adequate stickyard of economic value as soon as nature and the environment is at stake. A 'green' economic theory can only exist if the economic value of nature and the environment is given full attention. In classical theories this is tried using the energy concept as a startingpoint�.The challenge is to make sustainability part and parcel of economic theory. Unfortunately, this is not (yet) the case in mainstream economic theory, in which the issue of the long run availability of natural resources is systematically shed insufficient light on. In our view ecological insights should be the starting-point for a 'green' economic theory and economic activities, supplemented by ethical choices if neces�sary. 
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� The continuous rise of the cornprices in the second half of the eighteenth century were always higher than the rise of the general price level (Dean and Cole, 1967, p. 91). The Napoleonic wars had again an effect on the rise of cornprices in England (Dean and Cole, 1967, p. 91; Turner 1984, p. 48).


�  Later, Marshall (1890/1925) connected the concept of value based on the production costs principle with the concept of value based on the principle of marginal utility. According to Marshall goods have value because, on the one hand, they satisfy human needs. On the other hand, the production of goods and services needs sacrifices in the form of the used quantities of labour, capital and natural resources.


� In this section only a brief review of the relevant environmental economic publications based on  neoclassical starting-points can be discussed. Thus we do not pay attention to the problem of the optimal exploitation of non-renewable resources. Most of these studies fit in the traditional neoclassical starting-points, which are dealt with in this section. (See for recent neoclassical studies on non-renewable natural resources Neher, 1990). We do not pay attention too to the discussion about the revision of GNP, caused by environmental degradation and started already by Hueting (1980). After the weakening of this debate at the end of the seventies and the beginning of the eighties, recently the importance of this discussion increased considerably (see among others Ahmed, Serafy and Lutz, 1989), or has been given new dimensions (see among others Kuik and Verbruggen, 1991). Neither we discuss the opinions of the New Institutionalists, who consider the lacking and eventually the transmission and division of property rights of the environment and natural resources. We do not deal with modells, with which the relation between the economic system and the ecosustem are described quantitively (see for a recent overview of this discussion Hafkamp, 1991). We do not have sufficient space here to discuss all these problems.


� Influenced by Lionel Robbins' An Assay on the Nature and Significance of Economic Science (1935) the concept of relative scarcity developed to the cornerstone of recent mainstream economics.


� It must be said, however, that in mainstream economics unpriced forms of scarcity are not excluded (Robbins, 1935; Hennipman, 1945). Nevertheless, before the sixties only a few economists have tried to analyse the unpriced scarcity of natural resources in a neoclassical framework.


�  In welfare economic literature this is called the Bergsonian approach. Because of the above mentioned problems with interpersonal comparison of utility, social welfare is assumed to be dependent on the intrapersonal valuations of utility by policy-makers (Boadway and Bruce, 1984).


� It is not possible to elaborate here the discussion about instru�ments. See among others Baumoll and Oates, 1988, pp. 155-296; Pearce and Turner, 1990, pp. 84-119; Nentjes 1990. Peeters (1991) gives a contribution in which legal arguments play a role.


� Although the debate regarding the question which instrument is the most efficient one, is not unimportant and attracts much attention in economic literature, we will not discuss this issue here. In this contribution the central point is the integration of ecological insights in economic theories, which implies that our most important question is how far current economic theories give a possibility to analyse environmental problems.


� We dot not discuss here institutional approaches. See among others for a discussion of these approaches Opschoor and Van der Straaten, 1991.


� One may argue that Kapp is an institutional and not a Marxist author, as he dealt with a lot of institutional problems. We consider Kapp , when discussing environmental problems, more as a Marxist author, as he gave his critics on the neoclassical approach of environmental problems in a broad scope of criticism on the capitalistic system in which the controversy between labour and capital plays an important role.


�  Kapp calls all these negative effects social costs. It is clear that Kapp's definition of social costs is much broader than the concept of external (dis)economy. Not only the effects of economic activities on third parties who are not involved in the market transactions, but all faults of the capitalistic mode of production are incorpora�ted in this concept.


�  Elswhere (1990a) we presented a more comprehensive review of Marxist analyses of environmental problems.


�  This is one of the explanations for the lack of, in our opinion, necessary linkages between mainstream environmental economic theory and current environmental policy. (See Dietz and Van der Straaten, 1990b.)


� This point is elaborated claerly by Martinez Alier (1990).








