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Prologue: Environmental Policy for Sustainable Development



In recent years it has become more and more obvious that concepts of economic policy - be they Keynesian or neoclassical - offer no convincing or theoretically founded solutions to today's societal problems. Also the practized environmental policy seems not very impressed by this academic debate.�

The current theoretical debate between neoclassic environmental economists and those who see themselves belonging to more heterodox schools may appear quite esoteric for those who are working on the ground to keep the natural foundations of our life intact. If, however, environmental policy decisions are not to be made in a "theoretical vacuum"� but on the basis of the best available scientific foundations, such a debate is by no means irrelevant�. Nevertheless the debators still care only little about the practical results of their theories.

The literature on environmental economics has been enriched for about a decade by a theoretical branch that tries to integrate adequately ecological issues into economics. This branch has become known as "Ecological Economics".� Ecological Economists are outside the main stream, they discuss mainly in their own journals and conferences and their concepts are not really relevant for environmental policy in practice - not yet. Some authors claim that their research program will deliver only "a contribution to ecological awareness".� Our claim is that especially in this branch the first steps towards a practical economic theory of sustainable development are to be expected. Ecological Economics tries to represent the environment in a more realistic way than traditional environmental and resource economics, which maps environmental problems only as a distorted allocation problem. In order to describe and explain how our economic development can be moved away from destroying its own natural basis, it is, for example, necessary to address the question of the scale of the human sphere (the “anthroposphere") relative to its environment.�

Ecological economics is a very heterogeneous branch of research which unites diverse approaches from ecology and economics. What they have in common is an especially critical view of economic growth and a better understanding of the economy-ecology relationship in which the economy is seen as being integrated in, rather than separate from, the natural environment. Therefore, our considerations in this paper are part of the ecological economics discourse, in that we focus on the need for a new description of the economy-ecology relationship. We discuss a coevolutionary view of the economy (as part of the society) and the environment, and discuss its implication for an, as we call it, “ecological economic policy".

Sustainable development has become a generally accepted goal of environmental policy. Since the publication of the Brundtland Report in 1987 much scientific effort has been used to discuss how “sustainable development" should be understood. In the economic discussion which has surrounded that attempt the concept of “strong sustainability" has been discussed. This criterion postulates the necessity to keep "natural capital" intact as a condition for sustainable development. This discussion has not brought us further: What "natural capital" really is, however, and how its size can be measured is still unclear.� In the center of the debate of operationalising sustainability we have the "golden rules" of sustainability on how to use different kinds of natural resources.� In this context, Complexity gives rise to two problems which have been overlooked:

1.	From view of the natural science it is impossible to measure if, or to what extent these rules are observed and

2.	from view of social sciences it is impossible to implement, accomplish and control the observance of those rules.



The first point is due to the complexity of nature, the second is due to the complexity of societies. Sustainability, therefore, is a political term�. But the economic debate has avoided this aspect. Nevertheless, the debate on how to operationalise sustainability can give us important hints. The information on environmental problems, their size and the "calculation" of the "need to reduce''� are necessary contributions to the societal discourse on how a society can react to environmental problems. This should not lead to a "dictatorship" of natural science, such as: "natural scientists tell us what to do and on that basis politics will have to implement certain measures accordingly". In other words: the necessary impulse from natural science can not substitute for societal discourse.�

In this sense Funtowicz and Ravetz plead for a "post normal science": “Scientists now tackle problems introduced through policy issues where, typically, facts are uncertain, values in dispute, stakes high, and decisions urgent. (...) On the basis of such uncertain inputs, decisions must be made, under somewhat urgent conditions. Therefore, science cannot proceed on the basis of factual predictions, but only on policy forecasts.''�

The double problem of uncertainty and necessity to act has important implications for the relationship of knowledge and action.� Waiting for enough knowledge can be dangerous as environmental problems are ever increasing. The central principle of post normal science is, therefore, "that uncertainty and ignorance can no longer be expected to be conquered; instead they must be managed for the common good."� This leaves the question if and how environmental economic policy is possible. To answer this question in the first section of this paper we will discuss practical and theoretical approaches which take ecological policy as possible and desirable, but which are too optimistic regarding the capacity to steer complex systems; they do not consider the two problems of complexity as presented above. As an example we will deal with environmental economics as inspired by neoclassical theory and its relevance for (environmental) policy. After that we will, in a second section, deal with positions that take (ecological) policy as impossible and/or as having too many negative side effects. While the optimists certainly have exaggerated expectations of our ability to steer complex social and environmental systems, the pessimists certainly underestimate the need of such attempts. From these considerations we will sketch in our third section a co-evolutionary way out of these traps.





1. Thesis: "Ecological steering is possible"



Practical environmental policy as well as standard environmental economics are based on an optimism regarding the capacity of state intervention to steer complex systems. Today's environmental policy believes that ecological problems can be solved by administrative measures reacting to specific environmental problems. Environmental and resource economists such as Siebert or Tietenberg - usually ignored in environmental policy - protest and claim that politics should use their theoretical and empirical findings.� But if one looks at their theoretical basis we find a belief in the possibility to internalise external effects at least partially - an optimism regarding the possibility to "push" a system which is distorted by external effects back into a general equilibrium, the best of all possible worlds. We argue that such optimism for environmental policy and environmental economics is based on a reduction of ecological and societal complexity and, therefore, it is unable to help in solving current or future ecological problems. Policy and environmental economics leave feedback effects and side effects out of consideration. That this line of criticism does not lead to pessimism regarding the possibilities of ecological policy will be shown in section three.



1.1 On practical environmental policy



1.1.1 The economic criticism: inefficient command and control



The criticism of most economists to today's environmental policy, which is dominated by command and control measures and deals almost exclusively with emissions, is mostly justified. It is inflexible and, in most cases, no provision is made for the differences in the marginal costs of avoiding emissions. Market solutions are more efficient, at least in theory, but have little influence on political practice. In the centre of the criticism is the lack of dynamic incentives: There are no incentives for improvement, nor is there provision for changes in technology or other factors.

Although it has been noted that this criticism "has been a bit misleading and perhaps, unfair" (Cropper/ Oates 1992, 699) and "policy structure and analysis is a good deal more complicated than the usual textbooks would suggest" (ibid, 700), the theoretical possibilities to make these measures more flexible have not been utilised so far. For example no attempts have been undertaken to combine standards with certificates or to tax the amount of emissions that goes beyond the standard. Dynamic incentives can be observed only in certain specific cases.� Equally important are the additional costs arising from “end-of-pipe" measures; at this point economic criticism meets ecological criticism.



1.1.2 The ecological criticism: environmental "protection" at the end of pipe.



Today's environmental policy mostly reacts� - at least for the most part: only if newly discovered problems are perceived as having a particular magnitude which makes them unavoidable, do the political institutions start to think about possible solutions. These strategies are often centered around certain systems which are seen as most important, hence measures often lead to a shift of problems into other environmental media.� A long term preventive environmental policy (Simonis 1988, Bartmann 1992) is often difficult to implement because of the short time horizon of politicians who are looking for policy “successes" within their term of office (Jänicke 1988, 19). The problems of the future, the support of ecological equilibria, are therefore often beyond the scope of this kind of ad hoc environmental policy. The idea that an adequate environmental policy will result from simple reactions to the publication of the "toxic of the week" or the "accident of the month" is an illusion. It is based on linear thinking which does not adequately take into account the complexity that arises from the dynamic nature of the ecological systems.

Today's environmental policy is based on a political decision process more than on ecological necessities. The dominating standards pretend a certainty about unknown ecological relationships and risks and do not show that these standards are always the result of societal cost-benefit considerations (Bartmann/ Borchers 1993, 45-6). Such a trust in simple political capacity to steer complex systems through ad hoc reactions or end-of-pipe technologies is not only typical for today's environmental policy but also for a great part of the environmental economics community.



1.2 The illusions of neoclassical environmental economics



At first glance, it might be astonishing that we put environmental economists who are constantly criticising the optimism shown by some regarding the capacity of practical environmental policy to steer systems in the same boat with those they critisise. Many environmental economists rightly criticise the inefficiency of today's environmental policy for disregarding economic considerations (Weck-Hannemann 1994, 101). These concepts, however, are usually based on similar illusions: their proponents believe that ecologically problems and systems can be handled quite easily. Their concepts are based on an inadequate reduction of the complex reality of both ecological and societal systems which in turn leads us to question the whole theoretical basis of the predominant neoclassical concepts of environmental economics. Hence we can not only speak of market and policy failure but also of theory failure regarding environmental policy.



1.2.1 Internalisation - a way to the best of all possible worlds ?



Environmental problems are usually discussed in neoclassical economic theory as external effects. Missing environmental property rights, full accessibility and consumption indivisibilities are usually seen as reasons for tackling nature as a (partly impure) public good. These properties of public goods lead to external effects when using natural resources. Pigou was the first to deal with the possibility to integrate external effects into the individual economic calculation. He suggested that the difference between social and private costs be taxed in order to internalise external effects (Pigou 1920, 193). Coase showed that under certain assumptions including the possibility to define and impose environmental property rights negotiations can lead to a full internalisation (Coase 1960). Later, Dales showed the possibilities for tradable property rights (Dales 1968, quoted in Cansier 1993, 192). Today the discussion as to the best instruments for internalisation is not finished. Again and again the idea that, by choosing the right instruments, a distorted Pareto optimum can be achieved, is in the center of most suggestions (Külp 1976, 27-8). In every case the goal is to re-install the distorted market equilibrium and then let the economy function as before, only more “ecologically", since the "price" of the environment is included in the economic calculations.

The theoretical basis on which all these considerations are founded is the theory of general equilibria. A comprehensive critique of the premises of such a theory and a discussion on the relevance and doubts and the ability to describe the complex dynamics of a market economy, with its ever-changing disequilibria, cannot be done here (see, for example, Kaldor 1973, Streissler 1993). Even if we accept the anthropocentric point of view defining the environment as a "good" and reducing its value to its capacity to provide utility to us humans, the phenomena of environmental disruption cannot be adequately described within the theoretical framework of neoclassical economics. Our thesis is that such monocausal reasoning (missing property rights) is too simple; it overlooks the interdependencies of a society, societal organisation, lifestyles, technology and the natural environment.



1.2.2 Why "optimism" is inadequate - ecologically and economically



If we accept that we will never be able to internalise a major part, let alone all, external effects we need to consider. The results of Lipsey/Lancaster (1956/57) showed that any measure to internalise external effects does not necessarily bring us closer to a macro-economic optimum. From this, we can see that it cannot be concluded that taxing emissions, for example, will not lead to an improvement of the overall condition of a society. However, this cannot be checked by the Pareto criterion. This presents the concept of internalisation in a different light

The New Political Economy (Downs, Niskanen et al.) has pointed out that political institutions are equipped with humans who possess limited competence, abilities and their own interests. This is often forgotten in the neoclassical debate on environmental issues; the same is true for many insufficiencies of markets with regard to the environment. Therefore, the list of criticism of internalisation is long. Coase himself, for example, developed a major critique on his own theory, when two decades earlier - he stressed the importance of transaction costs for institutions to come into existence (Coase 1937)�. Additionally, a comprehensive critique on the unrealistic assumptions of this model includes the problem of prevailing preferences and the growing impossibility to get results from negotiation with an increasing population (John 1990, 143).

Going beyond these problems, another central critique is for any instrument of internalisation, be it a negotiated solution, a Pigou tax, a tradable permit or liability rules: human knowledge is limited. The world we live in, our social and natural environment is much too complex for it to be handled by such “linear thinking", that is to integrate environmental problems into an economic system which is based on money values alone. Neither do we have all necessary information on ecological causal chains, nor can we estimate synergy effects and allocate them exactly to certain environmental damages, nor can we calculate time lags or the possibility of irreversibilities. More than that, any attempt to evaluate or monetarise leads into insoluble problems (Dietz/van der Straaten 1992, Bartmann/Borchers 1993). The central idea of all neoclassical "solutions" is that individual agents or the state should do exactly this when developing their strategy to negotiate or implement a Pigouian tax scheme or tradable permits (Wegner 1994, Hinterberger/Wegner 1994).

Trying to implement the concept of internalising external effects (which are scientifically uncertain as regards their type, intensity, place and timing) comes close to the efforts of control planning: the aim is to implement a hypothetical market result given certain assumed technologies and preferences. Baumol and Oates, after discussing certain attempts to calculate a Pigou tax, come to the result that such attempts have amount to Herculean tasks (Baumol/Oates 1988, 160) similar to those of a centrally planned economy.

While the economic criticism to environmental policy differs from that on neoclassical theory, the criticism focusing on the ignorance towards what ecology really means is quite similar. A complex ecological system ignores whether a certain situation is seen as Pareto-optimal or not. It reacts in its own way, including irreversibilities by slowly increasing environmental damage (Leipert 1989, 13-4). The method of ceteris paribus leads to simple linear thinking which is inadequate for analysing the complex ecological reality.

That a full internalisation will always be an illusion is now being accepted by more and more environmental economists (see Streissler 1993, 88). Hence, an overview of new developments in environmental economics (Gawel 1994, 38) makes the point "total internalisation seems to be put into the realm of Utopia" (our translation). As a consequence, a mix of environmental economic instruments is being preferred (Streissler 1993, 107-8). Even if this leads to more differentiated strategies, all these suggestions remain within the neoclassical paradigm, facing the same problems as today's environmental policy: a strategy against ecological externalities is developed only if possible externalities are occurring in reality. Environmental economic instruments can only be implemented ex post. This bias is the reason why prevention of environmental damage, a long-term perspective, considering the dynamics of ecological equilibria, the possibility of irreversibilities and the protection of natural circles are also neglected by the proponents of those concepts.



1.3 A new generation of environmental policy: �from Baumol/Oates to David Pearce



Even if Gawel (1994, 38) finds a certain re-establishing of the idea of internalisation, it seems to be principle of critical loads that has more and more replaced the principle of internalisation. As a rationale for their alternative, Baumol and Oates (1988) point to the unavailability of the information which is necessary for internalisation. In doing these, they also refer to Ludwig von Mieses and Friedrich von Hayek from the Austrian School. Still such an attempt is based on an optimism regarding the ability to steer complex systems. It leaves the double problem of complexity regarding measurement and implementation out of consideration.

When the term of sustainability came into the centre of international environmental debate by the often-quoted Brundtland Report it was defined in a very general sense as the capacity to satisfy today's needs while leaving space for future generations to meet their own demands. At the same time, this notion of sustainability was formulated in a much narrower economic sense by the research group around David Pearce. Again we can interpret this as an insufficient attempt to steer complex systems. Pearce seems wanting to keep "natural capital" intact which he defines as renewable and non-renewable resources as well as the assimilative capacity of the ecosphere (Pearce/Turner 1990). In this context the discussion deals mainly with the possibility or impossibility to substitute between various types of natural capital and between natural capital and man-made capital. Depending on how we answer these questions we can differentiate between “weak" and “strong" sustainability. In the centre of this debate, the so-called golden rules or management rules of sustainability are generally accepted. But again, in trying to operationalise these rules, we are faced with our double problem of complexity (Hinterberger/Luks /Schmidt-Bleek 1995) .





2. Antithesis: Ecological Steering is impossible/harmful



What to do if societal complexity destroys the plans of both economic theorists and environmental politicians? Laissez faire is one possible answer to the double complexity of nature and society: for reasons of resignation ("dance on the Titanic"), as a consequence of the human lack of knowledge and the mistrust in any governmental steering, many economists suggest that we trust the steering capacity of free markets�, or in natural and societal evolution. Even if we do not follow this pessimism regarding the capacity of environmental policy to steer, it is necessary to study both these positions seriously. This will help us to see better which critique is right and which is not.



2.1 Austrian economics: against the central planning of socioeconomic structures



It is impossible to plan a structural change. It would have been absurd if someone had tried thirty years ago to invent the automobiles we see in the street today. Throughout his scientific life Friedrich von Hayek fought not only against the failures of economic and societal planning, in "socialist" countries but also against all forms of governmental redistribution (Hayek 1988/1991). His central insight is that economic systems are too complex to be steered by deliberate governmental intervention.

But the argument that the complexity of an economy would destroy any possibility to influence it, needs to be qualified: it was not Hayek's effort to claim that any influence on an economy is impossible. What he criticised was the wish of "human design" to create specific socio-economic structures (Hinterberger 1992). Confronting today's environmental policy with these arguments by Hayek and his followers we get the following argumentation:

Structural change is a decisive feature of any economic order based on free markets. Any policy which trusts in command and control mechanisms limits the space for individual decision-making. Environmental policy often takes a certain "best available technology" as a criterion for what is ecologically possible. A policy of that kind enables the state to implement a given knowledge into the legislative order. This is necessary, especially when we are dealing with specific dangers. But the problem is that such a policy leaves few opportunities for entrepreneurs to make innovative management decisions beyond that. The economic calculation is reduced to searching for possibilities to fulfill the regulations at least-costs. These abatement costs will in most cases increase the overall costs of the enterprises since the regulation is the same for all competitors. Environmental improvement will stop at the point where regulation stops, and not go beyond. Innovations, the really NEW, cannot be foreseen by any policy (Wegner 1995a). Following Hayek we may conclude that planning socio-economic structures is not only impossible but also undesirable because it limits the dynamics of innovation. Such a narrow interpretation overlooks that state activities can also produce incentives for innovative activities (Wegner 1995c, 8, Wegner 1995b). As far as we know Hayek has never related his analysis to ecological problems, but we might argue (and we have done so already) that not only an economy is a complex system, but also the environment (MaierRigaud 1988, 4). We will come back to this argument later.



2.2 A call for laissez faire from Chicago



Arguing against mainstream economics the University of Chicago gathered in the early 50's various economists who were later summarised under the label "Chicago School". Besides their leader of the first days, Milton Friedman, the main representatives of this movement since the early 70's are Gary S. Becker, George J. Stigler, and writers of the new classical macroeconomics. From the insight that assumptions of any economic theory are never realistic, they developed a pragmatic instrumentalism: a theory is a good one if "it yields sufficiently accurate predictions" (Friedman 1993, 15). As with the Austrian School of economics we can find hints for an evolutionary view of economic processes, though their argumentation sticks in a tautological survival argument. A competitive system leads to the survival of the fittest, therefore we can assume that those who survive are rational agents. The assumption of rational behaviour is therefore a practical tool for describing reality (Paque 1985, 418).

What leads us to mention these theories here as distinct from neoclassical environmental economics (except for Coase�)is their extreme pessimism towards regarding the capacity of policy to steer systems. According to the Chicago school market mechanisms always leads to a welfare maximisation for the individuals involved. In their opinion, distortions of long-term equilibria are possible, but either irrelevant in the long term (such as monopolistic concentration) - or can be included into the theory of general equilibria (these include price rigidities, state interventions or influences which come at random)(Paque 1985, 423). A frictionless functioning of these markets, if made possible by appropriate legislative order, including the definition and implementation of appropriate property rights, makes it then unnecessary to impose further state interventions. Nozick's minimal state (Nozick 1974) has become the leitbild of such a radical view that takes all our lives as determined by economic decisions - including our natural environment.�



2.3 Between optimism and pessimism



We are faced with a dilemma. Our socio-economic development leads to well-known environmental problems (as well as to other social and economic problems). It is impossible to minimising the human intervention induced by any economic activity into the complex ecological system without intervening into the complex economical system. If we stick to the usual economic cost-benefit thinking we would have to ask which is worse, impairing our environment by our free economic development or the economic costs of environmental impairments of the economy. Since we know much too little about both, can we not do anything - not intervene into the economy or not into the environment? We find that such a radical pessimism leads us into a political “nowhere".





3. Synthesis: Coevolution. A possible escape?



The idea of coevolution sees both the economy and nature as complex selforganising systems. The ecology-economy relationship is then also seen as a complex selforganising system. Many economists, even those of the evolutionary school of economics, think that the interaction of economic and ecological variables can not be mastered by the spontaneous mechanisms of self-regulation (Röpke 1981, 271; see also Kanitscheider 1992). In the following we will present a co-evolutionary perspective, which seems to us more appropriate than the models presented earlier, using an approach developed by Richard Norgaard who stresses that "economics, whether neoclassical or Marxist, addresses the accumulation of material things rather than the inter-connectedness of people in human communities and nature" (Norgaard 1994, 182)�.



3.1 Richard Norgaard's approach - a coevolutionary perspective



A central characteristic of the coevolutionary perspective is that it stresses interdependence of various "variables" in the societal process of development. A "linear view" assumes that knowledge leads to new techniques and new forms of societal organisation which by use of natural resources lead to an economic output. Norms and the environment are exogenous, that is independent of the economic development (Norgaard 1994, 33). 



























Figure 1: Development as Coevolution (Source: Norgaard 1994. 27)



The coevolutionary view presents a different picture: values, knowledge, social organisation, technologies, and the natural environment are influencing each other; development is coevolution. This is shown in Figure 1. From this perspective "everything is symmetrically related to everything else . Nothing is exogenous." (Norgaard 1994, 35). For environmental policy this means that human interventions not only transform nature, but a change of nature has consequences for further possibilities of societal reaction. In such a perspective, sustainable development cannot be operationalised (Norgaard 1994, 20). "The challenge of sustainable development is to derive a viable image of the future - to change the vocabulary of our political discourse, and thereby the decisions we make so that a patchwork of coevolutions of social organisation, knowledge, technology, values, and equal systems is sustainable." (Norgaard 1994, 180). We see that - as stated above - we face two fundamental problems; first, there is an urgent need for a policy that secures sustainable development; secondly, there is no foundation for optimism regarding the capacity to steer ecological and economic complex systems. The complex relationships between the economy, the society and nature - their coevolution - ask for a policy that takes the complexity into account and does not try to "steer a machine" while noticing the problems only if it is already "too late".

What follows from this perspective for an ecological economic policy? The coevolutionary approach tells us to be careful with a naive optimism regarding the possibilities of environmental policy; but it does not imply any hopelessness. Ecological economic policy is possible as long as it takes the interdependencies of values, technologies, etc., into account when conceptualising specific measures. In the following we present the concept of dematerialisation as a leitbild of an ecological and economic policy and a "guard-rail" for a sustainable development. The idea of dematerialisation can influence the coevolution of socio-economic and ecological systems. "If the newly introduced value, way of thinking, technology, way of organising, or a species proves fit, it will subsequently affect the fitness of the other components of the system and thereby change the coevolutionary parts of the system, cultural and biological" (Norgaard 1994, 176).



3.2 Dematerialisation: leitbild and guard-rails



In recent years, in the discussion on an implementation of sustainability it is more and more agreed that besides a necessary reduction of dangerous materials, more than everything else, a reduction of material flows as a whole is necessary when considering the production of our wealth (Weterings/Opschoor 1992; Ekins 1993; Schmidt-Bleek 1994). The need for such a "dematerialisation", that is a dramatic reduction in material flows, can also be derived from a coevolutionary understanding of economic processes, as it has two advantages against the traditional approaches; it is not based on an exact operationalisation of ecological "necessities", and it provides a starting point for political instruments (Hinterberger/Welfens et al., 1995; Hinterberger/Luks/Schmidt-Bleek 19995).

The goal of dematerialisation is based on an estimation that a reduction of global material flows by about 50 percent is a necessary condition for a sustainable development. Given today's distribution of the “environmental space"�, this means for highly industrialised countries that a reduction of material flows by a factor of ten (which means 90 percent) over the next fifty years is necessary (Factor Ten Club 1994). This goal is not based on exact calculations but on plausible assumptions (Schmidt-Bleek 1993a, 1993b, 1994). It might well be that a reduction by a factor of 18 or only seven is necessary for a sustainable development. We do not, and for sure cannot know. Factor ten as a political goal gives a plausible direction in which both economic and societal change should go to reach sustainability.

As mentioned earlier, structural change is a central element of every socioeconomic development. It is the problem of environmental policy is to give development a sustainable direction. Dematerialisation is in this sense one important point of orientation in a societal discourse on sustainable development. If market processes by themselves cannot lead to an ecologically sound structural change, and if such change cannot be "artificially" introduced (by human design; Hayek 19...) the idea of dematerialisation points to a way out of this vicious circle. It is based on the realisation of our limited knowledge and reduces interventions into nature to a relatively small amount while at the same time minimising the necessity to intervene politically (for ecological reasons). This is possible as all agents, individual and collective, are limited in their decision in a long-term foreseeable way.

This is not the place to describe the concept of dematerialisation in more detail (Schmidt-Bleek 1994; Hinterberger/Welfens, et al., 1995). What is important here is that: dematerialisation will take place on the market or it will not take place at all (Schmidt-Bleek 1994, 215). Market signals set by the state are necessary elements; an ecological tax reform (Görres et al, 1995) will be a central part of such a strategy which increases the price of energy intensive and (mostly) thereby material intensive products and production processes�. As a single instrument it would be insufficient, if value orientations, organisations/institutions, technologies and our knowledge in permanent interaction with our environment are not changed at the same time (Figure 1). These changes cannot be prescribed.

But changes can be induced. Regarding values, those who try to save our environment need to convince others of this. However, changes of values are insufficient if any knowledge is missing on what is ecologically sound and what not. Only if this knowledge is available, including that of what can not be known, then this state of knowledge can be translated into individual actions. The main advantage of dematerialisation as opposed to other strategies is that it allows us to derive suggestions for individual decisions. Examples are an ecological design or systems of an ecological management (see Tischner/Schmidt-Bleek 1995, Liedtke, et al., 1994). This is interrelated with the development of appropriate technologies. Finally, on such a way towards an ecological economy the organisation of our lives will change on many levels (which it does anyway, without ecology-oriented interventions). The result of such a process cannot be foreseen or planned. But this is unnecessary, since what is important is the direction and not the final shape economic development takes. Transportation distances need to be shorter on average, products need to be used more intensively, that is by more people, so that material flows induced in their production can be reduced; cascades of utilisation and product durability need to become central elements of our economy�.

Once again, all this cannot be prescribed. Only a good interplay between all five elements of Norgaards's pentagon, the necessary interaction between all collective and individual agents, can be achieved. The more consumers and producers realise the advantages of dematerialisation for themselves and for the society, for humans and nature, the more policy will have a chance that sets a legislative framework which enables further changes in the desired direction. The success of state interventions on the other hand depends on how far societal interdependencies and feedbacks are considered�.

With increasing complexity room for creative entrepreneurs and households to maneuver increases. But maybe the world of markets has become so widespread that good chances for innovation are not visible any more. This might be seen as an economic crisis or a post-materialistic tendency of decreasing marginal utility (Falkinger 1986; Scherhorn 1993.). For an ecologically sound structural change, the introduction of totally new production processes and products is crucial. To stimulate these innovations visible chances are needed. A reduction of the room for opportunities of entrepreneurs and households, due to "creative destruction" (Schumpeter) or due to "ecological guard-rails" as set by an environmental policy, can provide incentives for innovation which might be overlooked without these limitations (see Wegner 1995c).

Supporting, for example, a certain type of catalytic converter (the given state of technology) is certainly not appropriate here. Looking at single substances as today's environmental policy does, brings about limitations which constrain the single firm or the single consumer. With every decision, firms and consumers would need to ask whether several hundred criteria were being met. This is also true for tax schemes or tradable permits if they are applied to narrow groups of dangerous materials. Technical innovations will then only relate to an avoidance of these substances; totally new products and processes can not be expected. The rule of dematerialisation, stated by the study "Sustainable Europe" (Friends of the Earth Europe 1994) or in the form of state interventions (from eco-auditing legislation to an ecological tax reform), leaves many more degrees of freedom to this single decision even if the amount of reduction (factor of ten) is much greater.

The postulate of dematerialisation certainly means limitations to the opportunities of individuals. An ongoing 'business as usual' environmental policy involves many more of limitations. Dematerialisation as a way of thinking can therefore contribute to a co-evolution of the society, the economy and the environment, moving them towards a sustainable path of development. The belief that it is possible to "steer" complex systems like moving a screw in a machine is an illusion.
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�	Gawel 1994, 42.

�	This is the title of a book recently published by Metropolis Verlag, Marburg, see Eicker-Wolf et al. 1996. 

�	Hinterberger 1994b, Epilogue.

�	Costanza 1991; Jannsson et al. 1994; van den Berg / van der Straaten 1994; Segura / Costanza 1995; see also the journal “Ecological Economics".

�	Kappel 1994, 74.

�	Daly 1991. 

�	It is therefore in doubt if the concept of natural capital does make sense at all; see Hinterberger/ Luks/ Schmidt-Bleek 1995. 

�	See for example Daly 1990.

�	See Luks 1995 

�	See IPCC 1991, Friends of the Earth 1994. 

�	Luks 1995a.

�	Funtowicz/Ravetz 1991, 138f.

�	Luks 1995b. 

�	Funtowicz/ Ravetz 1991, 146.

�	See Siebert 1992, Titenberg 1992.

�	See for example the German “TA Luft".

�	For Jänicke (1988, 19) this reactive type of policy is typical for European institutions.

�	Jänicke (1988, 16); an example is the shift of toxic wastes from the air into the filters of the plants that formerly emitted toxics, which shifts the problem into the soil where the filters are eventually put.

�	Transaction costs are a major barrier to put bargaining solutions into practice.

�	Adam Smith.'s invisible hand" is an often-cited metaphor to argue for the trust in the steering capacity. To reduce Smith's philosophy on that is a very misleading manner, not at least refering to his ethical framework (see Stewen 1994).

�	In such a view Ronald Coase ,who taught for many years in Chicago, is also a pessimist as regards steering capacity. His optimism relates to the possibility to define appropriate property rights which as we said earlier faces also a problem of complexity (see Hinterberger/Wegner 1994).

�	For a critical assessment see John 1990.

�	It is necessary to stress that these considerations need certainly to be developed further. The following should be a contribution on such a development. It presents first ideas on the implication of the coevolutionary idea for economic policy.

�	see Opschoor / Weterings 1992; Friends of the Earth: Sustainable Europe 1994; Sustainable Netherlands 1993; Zukunftsfähiges Deutschland 1995.

�	A material input added tax would lead more directly to that goal since energy carriers are inducing only a part of global material flows; see Stewen 1995. From the point of view of political implementation, a quick introduction of an energy tax should have priority.

�	With dematerialisation, development that favours technologies with a high damage potential is not zwangsläufig but depends crucially on societal values and organisational structure.

�	This argument stresses the necessity to smooth social and distributional consequences of a dematerialisation strategy. In order to realise the possibility to cut there must be capacites to cut (Pritzwitz 1990, 103).
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