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Avant-propos

Depuis quelques années. l’actualité révèle un intérêt croissant pour la protection et la conservation des milieux naturels et pour la qualité des eaux en particulier. Les préoccupations à l’égard des substances polluantes se sont accrues. notamment pour les nitrates. Les problèmes posés sont complexes non seulement parce que les acteurs concernés sont variés et formulent souvent des souhaits contradictoires, mais aussi parceque les nitrates possèdent une particularité que les autres substances polluantes n’ont pas. Ils peuvent en effet se trouver dans les sols et les eaux soit à la suite d’un apport, soit comme la conséquence de processus biochimiques naturels. Cela signifie que les interventions humaines resteront toujours plus ou moins limitées.

Les nitrates et les conséquences de leur présence ne constituent certes pas un problème nouveau mais plusieurs conditions d’ordre agronomique, économique et sociologique se trouvent réunies aujourd’hui pour que des solutions soient recherchées avec un maximum d’efficacité. C’est dans le but d’apporter une contribution à la recherche de ces solutions que ce colloque a été organisé avec trois objectifs:



	- faire le point des connaissances et du savoir-faire dans les domaines économique, phénoménologique et agronomique;

	- dégager les principales questions auxquelles il importe de répondre le plus complètement et le plus rapidement possible;

	- recueillir les opinions de spécialistes de plusieurs pays pour mettre à profit la diversité des situations et des expériences acquises.





Foreword

Interest in the protection and conservation of natural retour-ces and water quality has increased in récent years. Concern with pollutants is greater, including nitrates among others. Problems are complex, not only because of the involvement of varibus groups with frequently contradicting interests but also because nitrates have properties which other pollutants do not possess. Nitrates may be introduced into soils and water but they can also result from natural biochemical processes. This means that pollution control will always remain more or less limited.

Nitrates and their conseguences are certainly not a new problem. However, several agronomie, economic and sociological conditions exist today allowing an effective search for solutions. The purpose of this symposium is to contribute to this research with three primary objectives:



	-to present the most recent developments in the economic, phenomenological and agronomical fields:

	-to emphasize the most urgent problems for which solutions must be found as rapidly as possible;

	-to obtain the opinions of specialists from several countries in order to take advantage of their various situations and experiences.
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Economic aspects of controlling the nitrate contamination of drinking water. Stratégies, costs, financing

H. DE HAEN

Institute for Agricultural Economics, 
Georg-August-University Göttingen, RFA


SUMMARY

Due to nitrate pollution. underground waters can no longer be considered as a free good. There are two basic strategies for reducing nitrtae pollution of drinking water: abatement of excessive emissions and treatements of waters.

The cost of reducing nitrtae leaching is discussed consider-ring the impact of fertilizer use on nitrates in Leaching water. the nitrate persistence in aquifer, the unprofitable overuse of nitrogen, the optimal adjustment of production systems. the income foregone at farm level under alternative policies and the social costs versus private cost of adjustment. The costs of water treatments is also discussed.

This analysis lead to assessment of pollution control policies : persuasion and education, economic incentives and regulatory measures. The author conclude that the abatement, of emission must be prefered over treatments of polluted waters. Key words : Nitrates, Pollutions. Costs. Economic aspects.




RESUME

La pollution des eaux souterraines par les nitrates conduit à ne plus les considérer comme un bien gratuit et à mettre en oeuvre divers moyens pour la réduire. Deux grands types de stratégie sont analysés: la réduction des guantités de nitrates utilisées et le traitement des eaux.

Le prix de la réduction des quantités de nitrates susceptibles d’être entrainées dans les eaux souterraines est discuté en considérant la relation entre les quantités lessivées et les quantités utilisées, la persistance des nitrates dans les aguifères, les pertes liées à l’utilisation excessive de l’azote, l’ajustement de l’optimum des systèmes de production, la limitation des intrants au niveau de l’exploitation agricole et la confrontation des coûts sociaux et privés de l’ajustement. Le prix des différentes voies de traitement des eaux est également envisagé.

Cette analyse se termine par un examen des politiques à mettre en oeuvre pour réduire la pollution par les nitrates: persuasion, éducation, recherche appliquée, incitations économigues, mesures réglementaires. En conclusion, l’auteur considère que la diminution des quantités de nitrates utilisées doit être préférée aux traitements des eaux polluées.

Mots-clés : Nitrates, Pollution. Aspects économiques. Coûts.




1 Scarcity of Water Resources and Economic Implications

From an economic point of view, the socalled “nitrate problem” is in essence a problem of scarcity, in this case not so much scarcity of water quantity, but scarcity of a desired water quality. It is meanwhile well documentated, that ground water resources are severely polluted in many locations of the world, the pollutants being not only nitrates but also residues of pesticides, detergents and other substances. Sources of contamination include human and animal wastes, percipitation, cultivation of grassland and intensified use of agricultural inputs. Among these sources, the leaching of residues from agricultural land use has increased most dramatically and is widespread in zones of intensive agriculture in Europe, North America and Asia, but also in locations with irrigation in other parts of the world.

Scarcity of a resource occurs whenever the overall demand exceeds the natural potential of supply. Evidently scarcity of water becomes acute, whenever different users have conflicting interests in the services of this resource: consumers want pure water for drinking purposes, industry needs water of certain property and farmers want to use water for livestock feeding and crop growth. Moreover - and this establishes the major conflict with consumers - farmers who make intensive use of agrochemicals tend to use - certainly undeliberately - the groundwater aquifer as a “sink” into which they “dispose” of residuals from mineral fertilizer, animal manure and pesticides. Consumption of water for various purposes increases the scarcity in terms of quantity, contamination increases the scarcity in terms of quality.

Scarcity has an economic as well as an ecological aspect. To be more precise, what has become scarce is not the water per se, but the ability of the ecosystems to regenerate, i.e. to replenish the water level in so far as quantities have been withdrawn and - in so far as water quantity bas been worsened - the aquifers’ ability to assimilate from a temporary contamination to the original state of purity. OBERMANN (1982), for example, has shown that various aquifers in Germany show a decline in their reduction potential.

Historically water consumers have typically escaped the competition by exploiting new resources of uncontaminated water resources. They either deepened the wells or switched to further away water catchment areas. Thus land users were able to continue releasing residues into water resources without coming into conflict with water consumers. Water and the aquifers’ assimilation services appeared as a free good. This “century-old escape strategy” (PETHIG, 1988, p. 115) has meanwhile come to a limit in most industrial countries. The reservoir of remaining, so far untapped resources is either exhausted or too costly to be connected to the centers of drinking water demand. Moreover, the awareness has risen that water, even if not needed for todays population, has to be kept clean for future generations. In summary natural ground water resources can no longer be considered as a free good.

Whatever the respective situation, an envisageable scarcity necessitates that competing users cut the demand back to the available supply or - in so far as qualitative scarcity is concerned - make efforts to rehabilitate the contaminated source of supply. Each of these options implies costs which will finally translate into a rise of the “user price” of water. One component of the user price will account for the direct efforts (running costs) to make the desired water available, the other will account for the opportunity costs of reducing or giving up other forms of more intensive land and water use.

Actually a society has to arrange for the appropriate institutions (markets or public regulations) which make sure that the “new” scarcity is taken into account in decisions concerning the allocation of resources. The decision problem is to reduce the nitrate concentration in water as far as the marginal benefits of a further reduction are still exceeding the marginal costs. Benefits can be viewed primarily in terms of reduced toxicity, namely (1) reduced acute or chronic general health risks and (2) reduced cancerogenicity. These benefits are hardly quantifiable, especially with respect to concerogenicity where dose thresholds do not exist, but also with respect to other forms of toxicity where the determination of a permissable exposure requires knowledge about a multiplicity of factors, including the health significance of the adverse effect, identification of sensitive members and size of exposed population, biological absorption, metabolisms, effects of additivity and synergisms. Decisions concerning the setting of standards have therefore to be made under considerable uncertainty. Some finite risks may exist at any non zero dose level. (PREMAZZI; CHIAUDANI; and ZIGLIO, 1989).

Thus the determination of a standard for the quality of water depends on the weights which a society imputes to the reduction of risks on the one hand and the costs on the other hand. Some contamination may be avoidable by improving the efficiency of production technologies, for instance by accounting for the remaining N-min in the soil before fertilizer application. Yet in so far as the pursuit of higher water quality is possible only by reducing profitable alternative land use activities, there exists an “optimal pollution” which is not necessarily a “zero pollution”. Figure 1 illustrates the “bargaining” process. In fact, while the procedures and scientific lines of justification vary considerably (PREMAZZI; CHIAUDANI; and ZIGLIO, 1989), most countries have implemented standards for nitrates clearly above zero.

It is interesting to observe in this context that the new German standards related to residues of pesticides come practically close to a zero tolerance, although the resulting adjustment of land use is costly as well. It has been shown that the rigid standards have already induced a remarkable cost reducing technical progress towards biological and mechanical plant protection (de HAEN and ZIMMER, 1989). Yet in spite of technical improvements the quasi zero standards are practically not achievable. Therefore there is pressure from the farmers side to loosen the standards. For the time being authorities have responded to the pressure by refraining from legal prosecutions. But finally farmers will either have to respect the standards or water works will have to invest in filters and technical equipment for water treatment.


Figure 1: Marginal Costs and Benefits of Controlling Nitrates in Drinking Water
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Actually the choice among these two basic strategies is not easy. Two questions which are closely related, have to be answered in this context: which strategy leads to the higher economic welfare and which is the appropriate institutional arrangement to implement the prefered strategy? These questions will be further discussed in the next section.




2 Natural resources, economic welfare and choice of strategy

Broadly speaking there are two basic strategies by which a nitrate standard for drinking water quality could be controled



	
abatement of excessive emissions through adjustment of production intensity and

	
elimination of immissions through treatment of water or blending of polluted with unpolluted water.



Conceming a welfare maximizing strategy of controlling the quality of drinking water, it would certainly be too simplyfying and too shortsighted to base such a decision just on a minimization of current costs. For example, it is easily imaginable that it is currently cheaper to eliminate excessive nitrates from pumping water than to reduce nitrate leaching on an area wide scale. The proportion of ground water needed for drinking purposes is relatively small and moreover much of the pumping water does not exceed the nitrate concentration limit, e.g. the EC-standard of 50 mg NO3/l. Moreover, a growing number of water works have already been forced to install filters as emergency measures. Once, such investments are made, the related costs might be considered as “sunk” costs, such that a continuation of water treatment causes low running costs only and thus appears rather inexpensive.

There are several - more or less costly implications for the environment if a strategy of water treatment and hence no strict rules on area wide ground water quality control is based on such kind of reasoning



	Continuation of overfertilization not only causes a steady accumulation of nitrates in the ground water resources, but may have various other undesirable impacts on the environment which should be subject of a cost comparison as well. One is the inereased nitrate content and related health hazards in agricultrual produce, green spinach being only one outstanding example. Another is the emission of nitrogen oxids into the atmosphere which is considererd to be one of the contribuents to the destruction of the ozon layer.

	High rates of nitrogen fertilizer make higher use of pesticides more profitable, the latter causing themselves further health hazards (residues in water and food) and other ecological damages.

	Today s nitrate concentration of pumping water reflects contaminating human acticities which may have occured up to 25 years ago, depending on the geo-hydrological property of the aquifer. Meanwhile, land use intensities may have been raised considerably. Moreover, as above mentioned the reduction potential of many aquifers is declining. As a result a further rise of nitrate (and pesticide) concentrations in pumping waters - and hence a rise in costs of water treatment - has to be anticipated.

	Finally, a strategy of water treatment in combination with rather lax standards for agricultural land use raises a more fundamental concern. Even if a high proportion of the ground water is not used for drinking purposes today and therefore, if not within restricted catchment areas, appears as a free good, how can one be sure that it shall not be needed by future generations? No one can answer this question with certainty. Moreover, there is the moral question whether or not it is justifiable to contaminate natural resources just because they appear as “not needed” for human purposes. At least in so far as there exist technologies which could be used to avoid such “dumping into the nature” and in so far as la society cannot be considered too poor to use such technology, there are strong arguments in favour of keeping natural resources uncontaminated. The mere fact that some investments in filtering and water treatment have already been made as emergency measures is a weak justification for a long run strategy with implications for the sustainibility of the main proportion of the resource.



To conclude the issue of economic welfare in selecting a water quality control strategy: the available technological options have to be assessed according to current as well as future costs and according to direct as well as secondary external costs. It is not unlikely that such comprehensive cost assessment leads to put much more emphasis on reducing the intensity of agricultural land use of water. This result is also suggested by the observation that many of the high intensity land use systems are located in countries with considerable price protection and market surpluses (e.g. member countries of the European Community). Where such conditions prevail the economic losses resulting from reducing agricultural production - and this is the viewpoint to be taken from the society’s perspective - are lower than the incomes foregone from the farmers point of view.




3 Institutional preconditions of water use efficiency

The second basic issue concerning the choice of appropriate institutions, is closely related to the welfare question. Institutions comprise rules, i.e. rights, incentives and sanctions, according to which scarcity of a resource can be effectively signaled to the competing users in order to assure an efficient use. If the rising trends of nitrate contamination of pumping water is considered undesirable from the society‘s point of view, the institutions responsible for the allocation of water resources are apparently deficient. Such deficiency can be explained by the existence of socalled “external effects”: the use of land, aiming primarily at the production of a marketable output, generates damages or contaminations which effect others in the society but which have no correspondence to actual purchases of the respective land user. In other words, residues in drinking water cause a cost to the society for which the farm does not have to pay. Such behaviour is likely to prevail where the individual actors are profit oriented and where the respective environment is considered as a free good. If the resource is in reality not unlimited but scarce, its allocation will turn out inefficient from the society’s point of view.

Owing to the famous work of COASE (1960), an essential precondition for allocative efficiency in using scarce resources is that property rights are issued. Ownership of property rights establishes rules for negociations among competing users and provides incentives for investment in resource maintenance and improvement. In theory the occurance of negociations does not depend on who holds the initial entitlement. Yet, in case of water resources there are several reasons favouring public ownership: public responsibilty for future generations and difficulties (high transaction costs) of coordinating water management activities between numerous private owners and competing users (SCHMITT and SCHEELE, 1989). In fact, most countries consider ground water aquifers as public responsibility. Yet, many countries have either no established user rules or do not strictly control compliance with existing rules. Thus the institutional reality shows signes of disorder in spite of clearly established institutional order.

A brief survey of the history of water legislation in Germany may illustrate the role of institutions and difficulties of implementation (PETHIG, p. 215 ff.). As long as water was not considered to be scarce, the aquifer was part of the property of the land owners. The respective property right was part of the Civil Law of 1990. Yet, as water aquifers go across the boarders of individual land ownership the property right could not be effectively used. The contamination went on uncontrolled until in 1957 the legislation was completely changed. All user rights of ground water resources were now transfered to the public. A water law was implemented which in its paragraph la declared that any use of water resources has to be such “that it serves the needs of the public and that the user refrains from any avoidable contamination”. What is important to note here, is that the German Water Act can be used to prohibit unacceptable contamination on a country-wide scale. Yet, in practice user rules were only implemented within well defined water catchment areas. The majority of ground water is not controlled at all.

The second observation relates to the provision for compensatory payments to farmers. While the previous water legislation provided for payments only in cases where the “survival” of the farm was endangered, the amended law allows compensations to all farmers who are forced to reduce their land use intensity below “good farmers practice”. Such quasi entitlements have been subject to intensive debates: not only is “good farmers’ practice” hardly definable, more controversal is the fundamental issue whether or not such payments are justifiable. Defenders of the new law argue that farmers have to be compensated for the disadvantage of being restricted more than their colleagues outside water catchment areas to whom the same basic norms of the Federal Water Act apply. Moreover, it is argued that ail farmers should be beneficiaries of the general income “guarantees” by the public. Finally, representatives of the farmers side have repeatedly questioned whether the established EC norm of 50 mg NO3/l is in fact justifiable from a health protection point of view. They argue that this limit accounts for an excessive safety margin the costs of which should be borne by the public rather than by the farmers.

Such positions have been heavyly criticized by several authors (e.g. BONUS, 1986; SCHEELE and SCHMITT, 1986 and 1987. The main argument of SCHEELE and SCHMITT) which can hardly be rejected is that compensatory payments are not compatible with the public property character of ground water aquifers. More generally, critics fear that the so called water penny, charged on the water consumers, provides a precedent case for further deviations from the pollutor pays principle in other sections of the economy. Conceming the justification of the 50 mg nitrate norm, it is certainly correct that the norm contains a safely margin. Yet, this does not necessarily establish an entitlement for compensation. If and in so far a natural resource is clearly under public property, private users have to respect this fact and related control levels (standards) in just the same way as they have to respect other private responsibility. Of course, the institutional conditions of the democratic society require that the allocation of the user rights as well as the rigidity of the standard have been determined under participation of all affected groups and in full account of all benefits and costs including the opportunity costs of reduced agricultural production. Once the allocation of property rights of the water resources has been established in an democratic plurastic process, the public good character is principally not compatible with compensatory payments.

However such conclusion is not at all incompatible with other forms of support for agriculture in water catchment areas, namely social support for low income farmers, subsidies for structural adjustment towards other less polluting technologies and off farm employment and, last but not least, investment in research for ecologically sustainable production systems. All those forms of payment have advantages over direct compensation: they are compatible with the pollutor pays principle, they favour structural adjustment and they are non-permanent.




4 The Costs of Reducing Nitrate Leaching

One major conclusion from the discussion so far is a rather clear priority of an emission abatement strategy over a strategy of water treatment. Consequently the following section goes into more detail of procedures and economic considerations in the context of such a strategy.

Figure 2 illustrates the development of fertilizer intensities for selected countries. Countries or locations with high levels and rising trends in nitrogen fertilizer intensity (e.g. Netherlands and Egypt) may have to adjust their land use systems more than those where the levels are stagnating or even falling (e.g. USA). Of course, input levels do not say much about the excess balances of nitrogen disappearing into the ground or into the atmosphere. Some of the high intensity countries use not only high levels of mineral fertilizer, but in addition (not included in the figure) high intensifies of animal manure. On the other hand one has to account for the fact, that higher inputs may have been balanced by higher outputs.


Figure 2
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Sources FAO Fertillzer Yaorbook 1977. 1980 end 1987




The fertilizer efficiency varies widely according to the type of soil, the rotation and the agronomic management. Yet it seems generally safe to assume that the excess balances increase overpropotionally with the fertilizer level, due to the non-linear production function (Figure 3). Recent estimates for the Federal Republic of Germany arrived at about 100 kg N per hectare for the country average (BACH, 1985).


Figure 3: N-Balance as a Function of Nitrogen Input
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In order to assess the complex interaction between fertilizer intensities and nitrate contamination in drinking water, a stepwise analysis is suggested including the following relationships



	impact of fertilizer use on nitrates in leaching water

	nitrate persistence in aquifer

	unprofitable overuse of nitrogen

	optimal adjustment of production systems

	income foregone at farm level under alternative policies

	social costs versus private cost of adjustment.



The following discussion uses results from an empirical analysis in two locations in Germany (light and heavy soils, respectively), based on a major research project about costs and benefits of controlling nitrate concentration in drinking water conducted in the Institute for Agricultural Economics, University of Göttingen (FINCK, 1987; HAASE, 1987).

(1)Relationship between fertilizer level and nitrate concentration

A number of publications provide empirical information about the NO3 leaching (mg NO3/l) as a function of nitrogen fertilizer (kg N/ha) under average crop rotations.When estimated in a cross section regression (O‘HARA,1984), they yield the following non-linear leaching function (Figure 4). The function gives orders of magnitude, but no location specific indication.


Figure 4: Nitrate Leaching as a Function of Nitrogen Input (average soil conditions and cropping systems)
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(2) Persistence of nitrates in the aquifer

The horizontal nitrate flow is again affected by various location specific factors. In the vicinity of pumping stations, at a high groundwater level and under good flowing conditions of the aquifer, a high share of the initial nitrate concentration might remain in the drinking water, but the persistence rate may be rather low under opposite conditions (LEUCHS and EINARS, 1987). If one assumes an average persistence rate, of 50%, then even a fertilizer level of 150 kg N/ha might exceed the tolerable standard of 50 mg/l NO3 in drinking water, corresponding in this case to 100 mg/l NO3 below the rooted zone.

Generally there is very little knowledge about the nitrate persistence in space and time. There are reasons to suggest that the aquifers capability for denitrification is diminishing over time. Hence the persistence rate tends towards 1 in the long run under various aquifer conditions.

(3) Unprofitable overuse of fertilizer

Empirical observations do frequently come to the conclusion that farmers do not always apply nitrogen optimally, with respect to both timing and quantity. The following example is taken from a recent survey in farms located in Northern Germany (BARAN and SCHINDLER, 1987). It indicated that, on the average, an incremental profit of 150 DM per hectare could have been gained if the fertilizer intensity had been reduced by 35 kg N, 60 kg P2O, and 50 kg K2O per hectare, respectively. Livestock farms had even much higher excessive quantities.

A variety of practices are available to avoid overfertilization and thus to protect water resources and food against contamination and at the same time raise the economic profitability of fertilizer use. Such practices include



	- checking the availibility of mineralizable N in the soil

	- account for nutrient supply from manure

	- apply more and smaller doses

	- using winter cover crops

	- applying fertilizers with slower solubility



FINCK (1987) has shown that many of these improvements are highly efficient. Figure 5 summarizes experiments with organic fertilizers on different sandy soils, with variation of manure quantities ranging from 0 to 90 m3/ha. Applications were in fall, the period with the lowest rate of effectivness hence high leaching potentials. Most important and urgent is the elimination of over-intensive manure spreading. Meanwhile there is sufficient empirical evidence that the rate of effectiveness from manure varies considerably according to the timing (and the cropping system). While the effective rate may be 20 % in fall without winter cover crop, it may be 60-80 % when applied to the growing crop in spring. Assuming, for example, a typical livestock farm in the Northwest: 60 ha, 500 units of hogs, yearly production of manure 1200 m3, containing 7200 kg/N. The market value of this manure in...
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