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Reduction in soil contamination: econornic incentives and potenlial benefits effects of usual economic incentives such as taxes are well known in a certainty world. Their impact is questionable where risk considerations also affect producer's input choices {due to the dependence of current agriculcural production on crop protection). Ad valorem tax would have a limited effect on pesticide use in the short run. ln the long run, this tax may increase farmer's information on pest exposure valuation. Therefore, ad va/orem tax could improve farmers crop protection and decrease pesticide use in the long run.

The benefits of decreased soil contamination are the resulting improvements in health and in a number of environmental effects {including effects on plants and animais, ecologica! disruption, effects on habitats and endangered species). The major objective of economic valuation is to transform estimates of changes in physical or biological effects into monetary estimates of benefits. Basic methods for valuing environmental effects (direct cost, travel cost, property value and contingent valuation) are discussed in connection with a reduction in soil contamination.

A third issue is also considered. lt is concerned with the possible impacts of the common agricultural policy reform and of the accompanying measures. What are the possible impacts of the reduce in price and of the impiementation of environrnental schemes on agricultural output? Can we exper,t drastir. modification in land use leading to a reduction in soil contamination?

Introduction

During the past three decades increasing attention has been given to the management of flows of pollution. At the opening of the decade of the 1960s, public debate of pollution was launched within the context of the post war expansions of the economies of developed countries. lndustrial expansion during this period was typically accompanied by intensification in the use of limited labor. This intensification was often accomplished through expanded use of chemicals and processes that generated readily observable increases in soil, air, and water pollution. Economists quickly responded to the debate by painting out that social welfare would not, in general, be maximized by policies which attempted to fully eliminate pollution. At the same time, the development of an extensive menu of economic policy approaches was initiated in bath the theoretical and empirical literature. Somewhat later, public attention was di"awri to the accumulation of pollution in the form of site specific stocks. Chemical processing, urban, nclear, biomedical, and other forms of wastes were readily observable as polluted stocks. lmportantly, the pollution of soil, water, and air by these stocks was recognized as an associated problem of significant gravity. Given the capacity of soils to chemically bond with pollutants, soil contamination emerged as a recognized form of accumulated pollution that constitutes a stock.

While the management of flow of pollution has been extensively studied from both theoretical and empirical perspectives, little attention has been given to the economics of the creation of stocks of pollution such as soil contamination. Clearly, the accumulation process involves combination of dynamic processes of diffusion of pollution through emission, transport, and disposition processes, as well as evolution of depositions of pollution through chemical processes. ln contrast to this complication, the policy options for stocks of pollution are expanded by the fact that stocks are typically more readily identifiable than nonpoint sources of pollution flows. Further, because pollution stocks are typicaily spatially centralized and associai ed with land parcels of finite dimension, private property rights exist over pollution stocks.

The objective of this paper is ta present an overview of the problem, implications, and policy solutions ava!lable for management of stock~ of pollution such as soil contamination.

While the problem of developing policy for soil contamination is inherentiy more cornplicateû than that for pollution flows, the dependence of accumulated stocks on flow processes implies flow pollution must be considered and will be discussed throughout the paper. The paper procE>eds with four sections. ln the next section the basic microeconomics of flow pollution is viewed and its implications for stock pollution such as soil contamination are reconsidered. ln the next section, the question of soil contamination is considered within the case of pesticide use to provide a more detailed consideration of the economics of use of polluting inputs. Further, within the context of pesticides the opportunities for pollution flow policy approaches are assessed. ln the fourth section of the paper, the problem of evaluation of the benP.fits and costs of pollution stocks such as soil contamination is reviewed. While the fundamP.ntal economics of management of pollution stocks is known at a theoretical level, in pracUr.e specification of public policy requires the estimation of social benefits and costs of reduction in stocks. The discussion in section 4 highlights the substantial complications involved in such estimation. The final section considers the economics of public policy ta alter soil c:nnt-:1mination . Here, policies focused on pollution flows are outlined as well as are "3pproaches for prevention of stock accumulation and restoration of polluted sites. Current European polir.y is reviewed.

Microecor!omi~$ of ~oil contamination

This uection introduces the basic concepts of pollution economics which are releva:1t ta deal with soil contamination issues. The conflict between private and public interests is made clear in the first paragraph. This is a centra! theme in ail analyses addressing environmentai problems. The discussion of the concept of efficient contamination is based on a static analysis. This is relevant to deal wlth fiow pollutants and most cumulative pollutants as far as stocks decay at a regularly rate. The second paragraph considers the relationship between economics and important concepts such as liability, compensation and property rights. The trade-off between eff1ciency and equity is also addressed. ln dealing with hazardous release and major disruptions of the ecosystems, the third paragraph considers a different perspective since the static analysis is no longer relevant, uncertainty and irreversibility are then discussed in a dynamic framework.

Efficient pollution

We begin by considering a very simple mode! that lays out the basic concepts relevant for consideration of the economics of pollution in general. lt consists of a simple trade-off situation that characterizes all pollution-control activities : (i) reduction of emissions reduces the damages that people suffer from soil contamination (ii) reduction of emissions takes resources that could have been used in some other way.

To illustrate this trade-off consider a single farm (the emitter) which is contaminating soil leading to residuals into a river. These residuals have a negative impact on the activity of an aquacultural farm (the receptor) which is located downstream. This impact is expressed in monetary terms with a damage function. Upstream, the offending farmer could reduce the amount of effluent put in the river by abating pollution (or controlling pollution). Abatement includes all the many ways there are of reducing emissions : diminution in output, changes in production technology, input switching, residuals recycling, treatment, abandonment of a land. This act of abatement will require resources of some amount, the cost of which will affect the costs of production of the emitter. Because damage and its associated costs are externalities which are net borne by the emitter, it is optimal for the offending farmer net to abate emissions. Assuming marginal cost of abatement is incurred only by the polluter, Figure 1 a illustrates why a profit maximizing polluter will choose the level of emissions Eo. This private choice leads to an excessive contamination relative to that which is optimal for society. A marginal decrease in emissions from Eo leads to an increase in abatement costs which is compensated for by a decrease in damage costs because MD is greater than MAC. As illustrated in panel (a) of Figure 1, the optimal level of abatement from society's perspective may be positive, e.g. at E*. However, in many cases, as illustrated in panel b of figure 1, that optimal level may be zero. ln both cases, the level of pollution that is optimal for society (E•) is always less than that which is optimal for the profit maximising producer. Zero pollution is not generally required to achieve an efficient allocation for the whole society. The sum B + C is a measure of the total social costs from E •.

Marginal abatement costs (MAC

The difference between the private optimum Eo and the social optimum E. illustrates a failure of the market mechanism. This misallocation is not surprising as far as natural assets are treated as common-property resources in our legal system. The general conclusion is that soil is over exploited as waste repositories.

Liability, property rights and equity

One approach to environmental issues and more specifically to soil contamination is to rely on liability laws. The purpose of these laws is twofold (i) to compensate people after they have been injured (ii) to get emitters to make careful decisions. Consider again figure 1 a and suppose that the actual emission level is Eo above the efficient level E •. Suppose further that a liability law requires the emitter to compensate the receptor in an amount equal to the damage caused. At Eo the amount of the compensation would be B + C + O. The emitter would be better off by abating emission up to E• and then paying a smaller compensation amount equal to B. ln theory then , a liability system could lead to efficient contamination . But its implementation requires a system of courts and transaction costs are a severe limitation to this approach. ln general terms, transaction costs are the costs of reaching and enforcing agreements. They cover ail the legal costs associated with gathering evidence, presenting a case, collecting damages ... An alternative approach is to clearly define who has the property right over the environmental asset and then to allow bargaining among owners and prospective users. R.

Coase (1960) held that, as long as negociation costs and income effects are negligible, decentralized bargaining achieves the efficient level of emission. lt must be emphasized that this outcome does not depend upon who has the right. lnstead, the entitlement of property rights affects the distribution of costs and benefit among the involved parties. To make this point clear consider again figure 1 a (i) if the emitter holds the right over the environment, a compensation is paid by the receptor in order to reach E. (ii) if the receptor holds the rights the emitter has to pay to achieve the same outcome. The distribution of wealth is therefore conditioned by the allocation of property rights. Furthermore significant income effects or negociation costs would lead to a shift in marginal abatement costs and marginal damage costs. This implies that the outcome of the bargaining process depends on the initial allocation of property rights. As we see this property rights approach may not work well when faced with the complexities of the real word. The economic costs of a one-time hazardous substance release are of two types (i)

the costs associated with foregone or lost service flows and (ii) the costs associated with restoration (rehabilitation) or replacement of the resource. Because there is a trade-off between restoration costs and reducing lost service flows, the question arises as to the efficient level of restoration in a given case.

An important point in any quantification of damage to the environment is the resource recoverability as measured in reference to baseline level services, i.e. the conditions existing before the release. lt corresponds to the amount of time needed for an injured resource to recover and reach its initial level. The ecosystem recovers at a natural recovery rate which depends on the magnitude and the toxicity of the release. This rate can be accelerated by human operations, however, the crucial issue is concerned with the choice of level of restoration [START_REF]Natural resource damages : law and economics[END_REF].

Figure 2 illustrates a simple time profile which describes the loss of natural resource services after a release. The baseline service could be reached after a timespan which depends on the natural recovery rate and human action. Because clean-up activities represent the largest component of social costs of any large hazardous release, these activities raise a major question for decision -makers : how many goods and services have to be used to restore the environment ? This topic has been discussed at length in the case of oil spills [START_REF] Bonnieux | Learning from the Amoco-Cadiz oil spill : damage valuation and court's ruling[END_REF]Rainelli 1993a, OECD, 1982). Basically, there are three different positions taken in any debate of the optimal level of cleanup effort::

. the laissez-faire (the position of people who are responsible for the injury),

. the full restoration (the position of conservations and of people who suffer damages) .

. the rational clean-up effort (the position of economists).

Laissez-faire and full restoration are corner solutions to the restoration problem.

Since there is a trade-off between increasing clean-up costs and reducing losses in service of natural resources, the problem is to determine the efficient level of clean-up effort, in order to achieve rational clean-up effort. The design of public policy to address the problem of hazardous substance releases has both distributive and efficiency implications. The goal of providing the injured party with an equitable compensation may conflict with the goal of efficient use of resources.

The static analysis was presented in figure 1 adressed pollution in general. The problem of cleanup is complicated by dynamic and uncertainty dimensions. (Bonnieux and Rainelli, 1993b). Basically, in a major emergency it is not possible to state with certainty the consequences of a particular measure of restoration. Will a given set of measures actually achieve their goal ? On the demand side, is it certain that the services from an injured resource will actually be desired in the future? Uncertainty on demand side and supply side poses the problem of option value. Furthermore the risk that the action taken may be too much rather than too little since public decision makers are risk averse and fear public discontent can lead to economic inefficiencies. This topic is of major concern where there are sensitive areas and where public health can be affected. Three issues must be taken unto account :

(i) decisions are taken under uncertainty, (ii) the decision process is sequential (iii) some choices can have irreversible consequence.

The concept of quasi-option value is instrumental to rationalize this situation (Henry, 1974). lt refers to the increase in expected net benefits of not undertaking a project which could have irreversible consequences. ln emergency response to a major contamination it is the opposite, since the laisser-faire or a limited clean-up effort could lead to irreversible consequences. ln this case the emergency response is always more costly than it would have been with perfect information, but it induces a better protection of public health and a better saving of natural resources. This point is made clear with figure 3. Due to an increase in information there is a shift to the left of marginal abatement cost curve (or marginal cost of restoration) from MAC 0 to MAC 1 . ln a two-period analysis, this leads to a decrease in the optimum level of restoration , from R 0 to R 1 towards more cleanness. The area between MAC 0 and MAC 1 can be interpreted as a monetary equivalent of the information gained between the two periods (quasi-option value). 

Agricultural Pesticide Use as a Case of Study

Pesticide use has dramatically increased post World War Il in the EU. For example, the monetary value of pesticide sales in France doubled during the sixties as well as the seventies and further increased by another 75% in the eighties (Brouwer et al, 1994). Exact

data of the sales of pesticides for use by sectors are usually not available. This section focuses on the use pesticides by farmers. The case of the agricultural sector is interesting in the context of soil contamination for at least three reasons.

i -This sector likely uses the most part of the pesticides sold in the EU.

ii -lt uses a large part of the EU members' surface.

The combined effect of these first two points is that the EU agricultural sector can be considered as one of the main contributor of soil contamination by pesticides. This provides valuable arguments to the EU public decision makers for the reduction of agricultural pesticide use.

iiilt is of peculiar interest because the agricultural sector pesticide use is essentially motivated by economic incentives.

This last point is at the core of the pesticide pollution regulation problem. While it is socially valuable to reduce pesticide use, farmers treat their crops because they find pesticide use privately profitable. ln this context, public decision makers must evaluate the trade-off between the social costs and social benefits of pesticide use. The social costs benefits of pesticide use are supported by the entire society through environmental quality depletion and by the potentially polluted agricultural product consumers. The social costs benefits of pesticide use are shared by bath farmers and agricultural product consumers.

Farmers treat their crops because it increases their revenue. Moreover, pesticide use increases the agricultural production efficiency and, as a consequence, lowers the agricultural products market prices. This price effects are obviously favorable to consumers.

Another important aspect is linked to this last point. Pesticides are used by many farmers on large areas. ln this case, a restoration policy is impossible from a concrete perspective.

However, the economic aspects of farmers' pesticide use provide valuable arguments in favor of the implementation of a regulation policy using economic incentives.

Within the context of agricultural use of pesticides, it is of interest to consider what kind of policy instrument should be implemented to reduce pesticide use to a given level? To begin, motivation for farmers' pesticide use must be understood. Four aspects of pesticide use microeconomics are important to note and relate to potential economic instruments.

Basic microeconomics of pesticide use and price policies

Pesticides are usually defined as damage contrai agents [START_REF] Lichtenberg | The Econometrics of Damage control : Why Specification Matters[END_REF]. They are used by farmers to protect crops against pest and disease damage. Their use increases agricultural output. However, it also can improve agricultural production quality. For example, fungicides are sometimes applied on fruits for esthetic purposes.

These products must achieve visual standards to be sold on fresh markets. ln this context, farmers apply pesticides if treatment cost remain below the value of the eliminated damage.

This emphasizes the key raie of relative treatment cost in the farmers' pesticide use decision process.

A simple way to reduce farmers' pesticide use is to increase the cost of treatment by imposing ad valorem taxes on the price of this input. Taxes on input prices are easily implemented by public decision makers. Moreover, collected taxes can be redistributed to farmers in order to overcome their revenue lasses, at least partially. The required tax level depends on the responsiveness of farmers' pesticide demand with respect to pesticide price changes. ln the case of French crop production, a 1% increase in pesticide price is estimated to lead to a decrease in pesticide demand lying around 1.4% in the short run [START_REF] Carpentier | La gestion du risque phytosanitaire par les agriculteurs dans les systèmes de production intensive : une approche économétrique[END_REF].

Relative prices of agricultural outputs are also essential determinants of farmers' pesticide use decision. An increase in output relative price tends to augment the value of pest damage and, as a consequence, pesticide productivity. ln the case of the French crop sector, a 1% decrease in agricultural product relative price is estimated to lead to a decrease in pesticide demand of about 1.3% in the short run [START_REF] Carpentier | La gestion du risque phytosanitaire par les agriculteurs dans les systèmes de production intensive : une approche économétrique[END_REF]. ln the EU context, this output price effect has played a major raie, at least in the crop sector. The main instrument of the Common Agricultural Policy (CAP) implemented at the beginning of the sixties was a high price support for farmers. The combined effects of high output prices and arable land constraint led to the use of large amounts of industrial inputs such as pesticides and fertilizers. The recent CAP reform, although implemented to contrai the EU agricultural production increase, should lead to a decrease in pesticide use. The set-aside programs reduce planted areas, the most treated surfaces, and, as a consequence, global pesticide use. Price reductions, as shown above, should also decrease pesticide use.

The description of the above price effects assumes that the implementation of various policies does net affect market equilibrium prices. Observations of the pesticide price evolution induced by the CAP reform show that the pesticide demand decrease results in some pesticide market price decline. This last effect has substantially compensated the agricultural price reduction effect on pesticide demand. Moreover, the results presented in this paragraph assume that the economic context changes induced by price policies do not affect farmers' technology choices. The following paragraph shows that this assumption may lead to an underestimation of price effects on pesticide use.

Technological changes and pesticide policies

To illustrate the relationships existing between the economic context. technology adoption and pesticide use we develop the example of the effects on the CAP on the EU crop sector.

The output price support led to an increase of the real cost of land for which there is a physical constraint. This provided incentives to adopt techniques allowing high land productivity, namely intensive cropping technology. ln case of winter wheat, this technology is characterized by large seed density, high yield seed variety, early sowing, ... [START_REF]Pesticides et intinéraires techniques[END_REF]. ln this context, pest and disease damage control becomes a crucial issue because the use of the techniques described above makes crop more sensitive to pest infestations.

For examples, long growing seasons and large seed densities increase the likelihood of pest and fungi damage. Also, the use of intensive cropping technology creates needs for pest control.

This rapid description of the currently used cropping technology suggests two potential policy to decrease farmers' pesticide use. The first one is suggested by the dependence of the intensive cropping technology on plant protection. Pesticide use would certainly decline if farmers adopted less intensive growing techniques. ln this context, the price reductions induced by the CAP reform can be seen as a first step in this direction. This policy partially eliminates the main incentive to use intensive cropping technology : high output prices. However, it should be noted that the set-aside programs strengthens the land constraint, the other main factor leading to intense use of land. The second one cornes from the fact that pesticide use is not the only available mean to protect crops. The implementation of ad valorem taxes on pesticide price would certainly promote the use of alternative plant protection techniques by farmers. Crop rotations and biological pest management are often cited as potential substitutes for chemical pesticides applications.

However, further agronomie and biological researches are needed for alternative plant protection methods to reach the actual efficiency of the chemical substances intended to prevent or combat pests (Byé et al., 1991 ). Adoption of alternative pest control methods and/or less intensive cropping techniques would constitute a significant technological change for farmers. lt can only be a long term objective.

So far our discussion has ignored the specific properties of pesticides. The effects of pesticides on agricultural production differs from those of conventional inputs. ln the third and fourth paragraphs we develop this point and its implications on pesticide policy design.

Pesticide use and information use promotion

The productive effects of pesticides are measured by a reduction in the damage resulting from pests and crop desease, rather than by an increase in potential production.

Due to the interactions of plant and pest growth with weather and other uncontrollable phenomena, damage induced by pest infestation occur randomly and can not be easily predicted. Therefore, the way farmers anticipate the productive effects of pesticides is important. lt defines the probability distributions used by farmers in their expectations. lt depends on the amount of information they use when they choose pesticide sprays.

ln developed countries agricultural scientists recognize that farmers generally apply pesticides following predetermined schedules, that is they apply fixed pesticides dosages at fixed dates without regard of the actual conditions prevailing in the fields. This shows that existing pesticides are (very) effective in controlling many serious threats to production and, with respect to this efficiency, are relatively cheap.

This simple analysis suggests that farmers would reduce their pesticide use if they were using the information generated during the production process. ln fact, the information on field pest infestations (expert predictions, intermediate output levels, desease symptom observations, insect and weed scouts, ... ), can seen as an input. lts use would allow farmers to save the cost of unuseful sprays they would have applied following a rigid schedule.

Therefore, it can be considered as a substitute for pesticide use in pest management processes.

This suggests the promotion of information use to be a potential policy of pesticide use reduction. This policy could be implemented through two means. Firstly, low human capital is often cited as a key obstacle to information use because it increases the information cost to farmers. Consequently, education programs intended to increase the human capital of farmers may be interesting pesticide use reducing instruments. Secondly, the United State experience shows that professional pest contrai consultants can concretely provide valuable information to farmers interested in improving their pest management. For example, pest contrai consulting (public or private) firms pest information could sell advises to farmers. ln this case, the combination of two instruments seems adequate. An ad valorem tax on pesticide price would increase the demand of pest contrai information because it would increase the cost of unuseful sprays for farmers. Simultaneously, it would provide financial funds to subsidize the creation and/or the functioning of private or public pest contrai consulting firms.

The next paragraph deal with another aspect of lack of information use risk considerations.

Pesticides as self-protection against production risk

Due to lack of information use, farmers almost always apply pesticides as a precaution. Because they totally or partially eliminate pest and desease damage, one of the main source of production risk, pesticides can be considered as risk-reducing inputs. Hence, farmers' attitudes toward risk need to be taken into account to understand pesticide demand.

Reduction in soil contamination: econornic incentives and potential benefits

An empirical study of a 496 French farmers growing crops sample shows that risk aversion results in a significant pesticide over-use [START_REF] Carpentier | La gestion du risque phytosanitaire par les agriculteurs dans les systèmes de production intensive : une approche économétrique[END_REF]. lt finds that 70% of the considered farmers applies pesticides over their expected profit maximizing level following a self-protection strategy against production risk.

These results suggest financial crop insurance to be another potential policy to reduce pesticide use. This instrument would only be intended to replace pesticide over-use by insurance contracts for the profit variability elimination or reduction . lt would have a limited impact on the less risk-averse farmers. Moreover, it is subject to moral hazard and/or adverse selection effects as shown by many studies dealing with the American Federal Crop lnsurance Program (see e.g. [START_REF] Horowitz | lnsurance, Moral Mazard, and chemical Use in Agriculture[END_REF].

Estimation of social costs and benefits

1. A typology of costs and benefits

Figure 4 illustrates the chain of events that relate sources of soil contamination (e.g.

pesticide application or hazardous substance release) to the monetary valuation of costs and benefits. This chain embodies complex physical and biological linkages well as the economic valuation process. ln general terms, the benefits of decreased pollution are the resulting improvements in health, esthetics, and reductions in damages to plants, animais and materials. Costs refer to the negative impact of increased pollution. The distinction between benefits and costs (or damages) lies in the choice of a reference point from which environmental changes are to be measured. The analysis of benefits and costs should cover the entire range of benefits and costs, from these that can be assigned a monetary value to chose that can only be described qualitatively. ln the recent period economists tried to extend monetary valuation to such things as human health and biodiversity which are not marketed. This economists' inclination for monetary measurement is often criticized . But real world decision making requires trade-offs and economists' effort to deal with non-marketed goods is useful. This does not imply that the public making decision process is only based on economic valuation.

Other arguments from social and political approaches are also relevant. First, soil restoration yields on-site benefits which are of direct use value to humans e.g. in terms of agricultural productivity. Second, the interaction between soil quality and water resources is responsible for the functional services which provide off-site values, that is the indirect support to people economic activity and to the functioning of the ecosystem.

Recreational activities such as fishing and bathing has to be mentioned, the provision of drinking water is also a crucial issue.

Benefits also stem from non-use values (existence value). These are values that are not derived from direct or indirect uses neither of the soil nor of the linked water resources.

Thus, the flora and fauna that these resources support, may be valued even by humans living far away from the contamined spot. Even if these people never actually visit the site, they may nevertheless feel a sense of benefit if restoration is carried out. Five altruistic motives for existence value have been suggested (e.g. Johansson, 1987) (i) bequest motives (future generation well-being) (ii) vicarious motives (benevolence toward relatives and friends) (iii) sympathy for people and animais (iv) environmental linkages (v) environ mental responsibility.

Another perspective is provided by considering the characteristics of the goods with which benefits are commonly associated. Sorne benefits belong to the class of public goods (non rival goods). For this category it is generally argued that there are most efficiently provided by public agencies because such benefits will not be supplied by private markets in the absence of positive prices. Another important feature is excludability. This is related to the feasibility and enforcing property rights in a given resource. Water is an important resource for which excludability is problematic.

A last perspective is related to uncertainty. The concept of option value (and option price) has received considerable attention in the literature to deal with cases where there is uncertainty on demand and supply. ln a ex ante analysis the valuation of soil restoration could be extended to a risky world.

A conceptual approach

Due to bath theoretical and empirical grounds, quantity demanded for most goods is a declining function of price, as in figure 6. Given this relationship, at a given market price level, such as P 0 , only the last unit consumed is worth this amount. The net economic benefit derived from consumption is given by the area A, above the price line and below the demand curve. This is the consumer surplus. From the supply side, producer surplus (or rent) is defined as the return to producers in excess of what is needed to get them to supply a given quantity of output. This is defined as the excess of price over firms' production costs and is shown on figure 6 as the area B, below the price line and above the supply curve. At market equilibrium given by point A in figure 6, quantity demanded equals quantity supplied. The net economic benefit derived from production and consumption is composed of two parts; consumer surplus and producer surplus (A+B). From the standpoint of society, competitive market mechanism leads to an equilibrium for which social ( or total) surplus is maximum. ln this sense the mechanism is efficient.

Environmental improvement and environmental degredation can effect people in many ways. For example, soils restoration can improve health or it can increase outdoor recreation opportunities. The satisfaction that people experience because of the improvement is a measure of the benefits of restoration. Assuming that individuals are aware of the effects of restoration, these benefits can be expressed in monetary terms by identifying individuals' willingness to pay restoration. This is illustrated in figure 7 where it is supposed that restoration has led to a shift in demand for a given activity e.g. angling from D 0 to D 1 . ln this case it is assumed that price is constant the horizontal supply curve reflects the fact that additional anglers can fish at constant cost per individual. The gain in consumer surplus is shown by the cross -hatched area.

Figure 7. Consumer willingness to pay restoration 0 Producer surplus could be affected by restoration in several ways. Figure 8 shows the case where the supply curve has shifted down to a decrease in production costs. For example, because of changes in water quality, the costs associated with using this input may decrease for a given aquacultural farm . The gain in producer surplus is shown by the crosshatched area providing by the demand curve is horizontal. The preceeding approach can be extended to deal with real world situations where prices and quantities are changing but the rationale remain the same. Variations in consumer and producer surpluses provide a measure of improvements (or damages) associated with increases (or reductions) in environmental services. lt is now apparent that in order to measure surplus variations one must have an estimate of the supply curve for producer surplus or of the demand curve for consumer surplus. because most problems in environmental economics are related to nonmarket resource services, specific methodologies were developed in the recent decades.

Methodological guidelines

The major division is between cost estimating methodologies and lost use valuation methodologies. The estimation of restoration costs is a conventional issue. lt is based on enginneering data and accounting principles to derive actual costs to restore, replace or acquire equivalent resource. Major difficulties concern benefit valuation, table 2 categorizes available methods according ta how closely they are related to actual working markets. product the factor income method can be applied to determine the variation in produder surplus. For example, this approach works for valuing the effect of soil restoration on agricultural productivity. The damage function method belongs to this category. This is a two-sept procedure. First, a dose response between exposures to a pollutant and receptors is estimated from field or laboratory data. The expected changes are then converted into monetary units. ldeally, these should be based on the observed market prices of goods and services.

The travel cost method was developed as a technique to value public recreation sites. lt identifies the relationship between visits to a site and th~ travel costs of these visits.

Because these costs vary spatially it is possible to inter a demand relationship for the site.

The related market in this case is the market for travel services to the site. By identifying the effect of restoration on the demand for the site, benefits can be estimated based on the difference of the with and without restoration cases. The method can provide information only on changes that have a direct effect on the site preferences of recreationists.

Specification and estimation procedures can have a significant impact on benefit estimates.

Moreover there is no satisfactory estimate for the value of time which is a crucial issue.

Hedonic pricing applies in case where natural resource services are an important attribute of a marketed good such as houses and land. This method seeks to dientify the indirect linkake between environmental quality e.g. soil restoration and the market price of a good e.g. land by estimating the implicit price of environmental quality. Changes in this implicit price can be interpreted as individual's willingness to pay for environmental quality.

The hedonic method uses market data on property sales prices and labour wages. The assumption necessary to interpret the results as benefit measures are restrictive and in some cases implausible.

Reduction in soif contamination: economic incentives and potential benefits

Due to its great flexibility the contingent valuation method became very popular among environmental economists during the last decade. lt is based on hypothetical market, therefore it can deal with every category of value. This is the only one which is available the the non-use value case. The contingent valuation method uses direct surveys to elicit individual preferences for changes in environmental quality. ln contrast to other methods which are based on actual behaviour, it reveals preferences in conditional choice situations that are depicted by the researchers. For example people would be asked their willingness to pay for a given effort of restoration. Obviously by this conditional setting can cause various problems that may bias benefit estimates. Recently in connection with the wreck of the Exxon Valdez in Alaska the debate focused on the ability of this method to estimate existence value (Hausman, 1993).

There are many situations where, for money or time reasons, it is not possible to do a site specific study. The use of valuation results from a comparable situation can be relevant but sould be restricted to minor contamination cases. Application of this transfer approach requires the assumption that the resource, user and experience are in fact comparable.

Because benefit transfer is a relatively low-cost procedure and can be implemented in a short time period it is receiving increasing attention (see Water Resources Research vol. 28, 1992).

Table 3. Unit day value (1992 FF) for recreational activities Based on extensive review of the literature, Amigues et al. (1993) have suggested a range of values for some recreational activities (table 2). These only concern use value as it is not possible to suggest unit value for non use benefits and costs. One of the biggest challenge is to determine the population affected by the environmental improvement, this is the issue of aggregation. ln connection with this issue it must be emphisazed that daily activities such as taking a walk or walking the dog are not highly valued but concern a large number of people.

Therefore they account for large aggregate amount of money.

The Economies of Public Policy and Sail Contamination

The origins of soil contamination have been discussed in previous sections. ln summary, two types of origins of soil contamination are important to note: point sources and nonpoint sources. Point sources result from handling, application, or storage of private inputs such as chemicals or biological products at a particular site. Typically, the site is the location at which a particular technology is operated. ln agriculture, use of chemical inputs has a high potential for resulting in point source soil contamination. ln handling or storage of this type of potentially polluting input, accidentai loss may result. ln application of these inputs, timing and conditions of application may result in accumulation of the input in soils at the site.

Nonpoint sources of soil contamination have been discussed as resulting from nonpoint pollution of air, water, or soil that is then transported to a site of deposition. ln contrast to point sources, sources of nonpoint soil contamination are not specifically identifiable. ln considering the potential raies of public policy in managing soil contamination, the physical characteristics of soil contamination must also be noted. ln particular, while soil contamination can be labeled in economic terms as a stock, the stock results from the accumulation of flows of pollution which become bound to soil. From these perspectives, we can identify a variety of bases for public policy to manage or alter the level of soil contamination. First, existent stocks of contaminated soil may be affected by policies which focus on restoration of contaminated soils. However, this policy raie focuses on the product of contamination, rather than the process that causes contamination. The second raie for public policy focuses on the contamination process and can be labeled as prevention policy.

ln this section, we briefly review alternative policy approaches for restoration and prevention of bath point and nonpoint soil contamination.

Public Po/icy for Restoration of Contaminated Soifs

The raie for public policy in restoration of a contaminated site follows directly from a consideration and comparison of private vs. public interests in restoration. Because restoration focuses on a stock of soil contamination , it is useful to view the contaminated site as an asset that has negative value. From both private and public perspectives, this negative asset generates negative returns which create incentives for disinvestment in the asset through a process of restoration . ln addition, the returns generated by the negative asset, e.g. a contaminated site, may be uncertain. ln this case, an element of risk will be associated with the extent of the negative return associated with the polluted site. As an example, the human and animal health impacts of a particular soil pollutant may not be completely known, leaving the possibility open that a range of possible effects might occur.

ln this case, the negative returns associated with the site can be said to be uncertain. Given scientific knowledge, even an expert could not predict the level of effects that would result.

Alternatively, the soil pollutant's effect on human and animal health might be related to a randomly occurring event, e.g. flood inundation. ln this case, the probability of the random event might be predictable allowing the probability of an effect's occurrence to be predicted in a probabilistic sense. Here, the negative returns could be described as involving a measurable level of risk. ln either case, private and public preferences for risk would provide a basis for assessing the optimal level of restoration of a contaminated site. Thus, two bases may exist for private and public choice to restore a contaminated site: 1) the level of soil contamination and associated effects and 2) the risk associated with the effects of the soil contamination.

From a private perspective, the optimal level of restoration of a contaminated site will depend upon a comparison of the marginal benefits and costs resulting from restoration.

However, because restoration focuses on the stock of soil contamination and the flow of negative returns associated with that stock, the economic effects of restoration will alter the flow of negative returns over a time horizon that extends into the future. Thus, the decision to restore a contaminated site will consider the future stream of benefits and costs, valued in the present time period's currency. This translation of future economic values into present time period values depends upon the discount rate, or the opportunity cost of realizing an economic benefit in the future versus in the present period. Where the future stream of economic net benefits is uncertain, the decision will necessarily take into consideration this uncertainty through a consideration that involves private or public preferences for risk.

The economic rationale for a role for public sector intervention to restore contaminated sites follows directly from differences between private and public objectives and incentives. From a private perspective, only private benefits and costs will considered and where uncertainty exists, only private preferences for risk will affect the decision to restore a site. Finally, from a private perspective, the discount rate relevant for translating future values into present values would be a determinant of private restoration decisions.

From a public perspective, all benefits and costs that would accrue to society would be relevant to restoration decisions, as would social preferences for risk and the social discount rate. Thus, three bases can be distinguished which may lead private and public decisions to restore a contaminated site to differ: 1) differences in benefits and costs, 2) differences in risk preferences, and 3) differences in discount rates. Typically, the nature of these differences jointly imply that private actions for restoration will lead to less restoration than will be optima from society's perspective.

As an example, consider the private decision to restore a contaminated site where leaking storage tanks for a pesticide resulted in contamination of ground water. From the private perspective, the benefits of restoration may be very small while for society the benefits may be very large. The costs of restoration may also differ. From a social standpoint, economies of scale and information may be such that costs of restoration may be considerably smaller than for an individual. Further, the discount rate for the individual may be very high compared to that of society, indicating that, relative to society in general, the individual would more strongly prefer to consume economic benefits in the present than in the future. Combined, these differences between private and public decisions to restore will lead the individual to find optimal restoration expenditures to be substantially smaller than the level that is optimal for society. lt is this difference that provides a rationale for a role for public sector policy. Clearly, from a private perspective, the absolute extreme limit of willingness to pay for restoration of a contaminated site would be the value of site that could be recuperated through immediate sale of the contaminated site minus the gain in value of the site that could be expected from restoration .

A rich history of public policy to affect restoration of contaminated sites is available for the United States where in 1980 a law was passed to establish a fund (the Superfund) of financing to pay for restoration of sites with soils or water contaminated by pollution. This ln conclusion , public policy approaches for restoration of contaminated soils are motivated by a divergence between private and public interests in restoration. From a longrun perspective, restoration policy corrects damage that has accumulated as a result of past private economic decisions. To the extent that restoration policy also links financing of restoration with private liability, the policy may create private incentives for private prevention of damage. Depending on the scope of liability for damages, these private incentives can be very substantial. Further, where liability is created and where damage can be detected, strong incentives may result within the context of the market for the site. ln such a market, liability would create incentives for potential buyers to audit and examine the physical condition of the site to determine whether contamination exists. Where contamination is found, the bid value of the site would be altered, capitalizing the future stream of negative returns predicted as associated with the site. Again, these incentives could be substantial depending on the cost of detection and examination of the site.

Public Policy for Prevention of Soi/ Contamination

While restoration involves correction of damages done by soil contamination, or disinvestment of a negative asset that generates negative returns, the stocks of contamination can also be altered by changing the flow of contamination. This possibility follows directly through what was labeled above as preventive public policy. Here, two approaches are feasible. The first involves conventional Pigouvian policy approaches to alter the flow on pollution. These approaches involve changing incentives through the use of taxes or subsidies or changing the level of use of polluting inputs, the types of production practices used, or the level of pollution through use of regulatory standards. These policy alternatives have been extensively discussed in the economics literature, see e.g. Baumol and Oates. ln general, the efficacy of their use depends upon the ability of policy makers to estimate the marginal benefits and marginal costs associated with the contamination process. Where uncertainty exists concerning the effects of contamination, the marginal benefits of contamination cleanup would be uncertain and difficult to estimate, implying that the precision with which the level of Pigouvian instruments could be set would be compromised. While a variety of schemes have been developed to accommodate difficult to estimate marginal costs of cleanup (e.g. tradable permits), marginal benefits would remain difficult to estimate. Standards suffer from the same problems as taxes or subsidies in these regards. ln both cases, the level of the instrument must be set to optimize social welfare.

Where information is inadequate, incomplete, or uncertain, substantial errors can arise and the implications of such errors will be reduction in the welfare improvement achieved.

Standards can often be implemented through regulation of production practices or technologies used, or through regulation of particular inputs or outputs. ln all cases, such regulation must be viewed as a Pigouvian standard and the desirability of such approaches suffer from the same problems when information is limited.

The second approach that is feasible relies upon establishment of liability for the stock effect of pollution, i.e. the level of contamination . This approach involves the specification of property rights for society for an uncontaminated site. Liability approaches can operate in two ways. First, establishment of private liability can have an effect on soil contamination through the operation of private markets for the site's ownership, or for products produced at the site. This possibility is feasible when detection of contamination is relatively costless compared to the value of the site. ln this case, potential buyer's of the site can inspect the site to determine the level of contamination and estimate the cost of restoration . Bids for the site and the market of the site would be directly affected by the estimated cost of restoration . However, where private detection of contamination is costly, this approach could not be expected to be feasible. ln this case, a public rote would have to played for inspection of suspected contaminated sites. An example of such an institutional mechanism is presented by CERCLA and SARA in the United States. Clearly, where either private or public inspection are feasible, and where liability establishes economic liability for the full social value of damages, such a system can be expected to create substantial private sector incentives to manage soil contamination in the public interest. However, in practice, private liability will always be limited to the total value of net wealth held by the liable individuals. ln this case, incentives for private prevention will be limited and will not, in general, lead to a level of prevention that is socially optimal.

lt is of interest to note that liability approaches can be linked to Pigouvian instruments. For example, liability can be limited to cases where Pigouvian standards are exceeded or recommended production practices are not used. ln this case, private liability can be limited transferring liability to the public sector, or society in general. Again, in the absence of full information, use of such approaches may result in disappointing improvements in social welfare.

A further issue concerning the use of liability approaches involves the nature of liability. For example, if liability is not transferable between owners of the site, then no incentives are created for buyers to inspect sites to determine the extent of their contamination. From a spatial perspective, liability can also be made joint. For example, where nonpoint pollution causes soil contamination , the collection of producers that are likely to have caused contamination might be held jointly liable. ln the case of agricultural nonpoint pollution this might be a relevant strategy within a watershed.

Current EU policy

European policies stem from the Treaty of Rome and its subsequent amendments, the Single European Act and the Treaty on European Union. Current environmental policy is based on the first two treaties since the latest treaty, which was adopted on 11 th December 1991 in Maastricht, only came into force on 1st November 1993. The Treaty of Rome (1957) gives no clear legal basis for European action relating to the environment. ln the early days of the EC, environmental policy was often a by-product of the collective desire to remove trade distortions. ln spite of the lack of a clear legal basis, an environmental doctrine progressively emerged through Community legislation and jurisprudence.

The first directive concerned with the environment was exacted in 1967 (67/548). lt set out a procedure for classifying dangerous substances according to the degree of hazard and the nature of the risks entailed as well as provisions for packaging and labelling, the purpose being to protect man, particularly in the workplace. The sixth amendment of this parent directive goes much further by adding a new classification of "dangerous for the environment" and scheme of prier notification involving tests for potential hazards before a substance is marketed. These two series of directives which regulate the use of pesticides are also based on the prevention approach. A series is relative to pesticide residues. This originated in 1976 (76/895) and is primarily intended to protect consumers by setting limits on the amounts of pesticides in food . The limits can be achieved either by limiting the application of pesticides or ensuring that the pesticides have broken down sufficiently before the food is sold. The second series generated in 1979 (79/117) and restrict or ban the use of

  figure 1. Marginal abatement costs show the sum of all costs of achieving a one-unit decrease in emission level, or alternatively the costs saved if emissions are increased by a unit. On the horizontal axis, MAC originates at the uncontrolled emission level Eo and slopes upward to the left. The marginal damage function shows the changes in the sum of all damages realized by society which stem from a unit change in emissions and increases with the emission level. For a fund pollutant MD originates at the origin of the axes whereas for a cumulative pollutant it originates at a point above on the vertical axis.
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 5 Figure5emphasizes the benefits of soil restoration. This classification contains a certain element of arbitrariness but it recognizes some basic features which are embedded in most classification systems[START_REF] Ill | The measurement of environmental and resource values: theory and methods[END_REF].
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  et al. 1993. The unit day value is similar to benefit transfer, except that average values are used rather that specific estimates of a given study. Because unit values are based on average values, their use implies that the site in question is average. ln the US the Water Resources Council and the Forest Service have developed unit values that are specific for activity types.

  law, known as the Comprehensive Environmental Response, Compensation, and Liability Act or CERCLA) put in place an institutional mechanism for restoration of sites which offered inadequate private incentives for restoration. This law was later amended in 1986 by the Superfund Amendments and Reauthorization Act or SARA. The objective of these laws were twofold. First, the legislation put in place a system of liability for releases of hazardous substances. Secondly, the legislation put in place a fund for financing of the cleanup or restoration of polluted sites. The liability mechanism of this legislation established a means through which private and public suits for damages could be brought against individuals or organizations responsible for pollution that caused contamination . Damages awarded would be paid to the Superfund and used to finance cleanup and restoration of sites. Further, this legislation challenged the courts to define what is meant by restoration through its requirement for a definition of what constitutes damages. Subsequent cases have resulted in definitions that view damages as including not only the cost of restoration of a site, but also the lost value of direct use, indirect use, and nonuse values associated with the site.

Table 1 .

 1 Methods for measuring restoration benefits

	Market based	Factor income damage function
	Related market	Travel cost hedonic pricing
	Hypothetical market	Contingent valuation
	Market based methods are of a limited application because there are to be few
	examples of actual markets for the involved services. Where resource is input to marketed

certain pesticides. Those that are marketed are to be appropriately classified, packaged and labelled. ln all Member States waste disposai was regarded as a local or regional problem until the early 1970s. Moreover such an approach raised problems regarding the appropriate level of responsibility for forwarding European policy. The framework directive on waste enacted in 1975 (75/442) seeks to set out a coherent set of measures applicable in all Member States, more detailed measures being provided by other regulations, such as those on toxic waste (78/319) and PCBs (76/403). The directive on sewage sludge (86/278) has several purposes including the uncontrolled spreading of sewage sludge on agricultural land. Other directives eg on the disposai of waste oils and on the reduction of pollution by asbestes have aise clear implication on soil contamination.

Command and control strategies underly all the legislation passed to protect the environment. There is the same approach relative to emergency response to disasters.

Directive (82/501) regarding the prevention of major accidentai impacts upon the environment is a good example. lt arose as a direct response to the disastrous release of dioxins from an industrial plant at Seveso in 1976. Subsequent revisions have been proposed by the Commission and Parliament following later accidents at Bhopal and the Sandoz plant in Basle.

Current European policy has arisen from an evolutionary process. There are now clear environmental provisions with the Treaty on European Union. lt does seem that future policy will become increasingly influenced by fundamental ideas of environmental economics such as the polluter-pays principle. Thus a move away from emission standards and regulation towards the use of an economic incentives approach to emissions control with particular emphasis upon the use of charges and marketable permits is expected. The principle of subsidiary is aise likely to influence future policy. A final principle which is liable to influence the development of policy is that of prevention rather than cure of pollution. lt seems highly likely that precautionary legislation will constitute a significant element of European Policy.