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BcC:luse of intensification agriculture is now a significaot polluter affecting Wolrer quality wough nitrates. pathogens from animal wastes, and pesricides. To correct such dissarnenities water quality poliey relies upon legal insrruments and economic incentives.

The French «gularion. here presented, is based on speeific me:lSures dealing with agriculture. and the "Law of watet" (1964) which gives the general framework for warer management. Economie ineentives are not Yety developed. thus the discussion focuses on me: intcresr of nieragen taxation. In spire: of sorne view points chis instrument seems an efficient onc. The environrnc:ntal problems associarcd widl agriculture are rc:1arc:d ta intensifiC:ltion and specialisation in production. The priee support policies are generally seen as the main reason for this intensifiC:ltion. especially in the European Economie Community. But there is no direct relationship between the protection rates and the negative impacts on the environment. The increased output per worker and per hectare is rather due to change in factor COstS in parricular. the considerable rise of labour coses campated with C:lpital and agro-chemical COSts• Among the negative impacts of agriculture on the environment. water quality is a hot copie. To formulate a correct view of the problem in the firsr section we identify the main features of agricultural pollution. Then. in the second seaion wc analyu: them from a regulatoty view point. presenting the French situation where an extension of the Law of Woltet is still in progress. Lastly. we examine economic ineentives which cao he used to prevent environmental pollution.
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'-THE MAIN FEATURES OF AGRICUlTURAL POLLUTION

Firstly. a general analysis of the agricultural sources of pollution as they affect water quality is pn:sentcd. This analysis focuses on nitrate and pesticide pollution. Secondly. a more complete presentation summarizes the relationship be!W<:en the pollutants, their effects and thoir consequences.

Cuv:rai analysis

There is actually a great concern for the effects of human health from pesticide and fertilizer residues. but also from heavy metals and other comaminants of water. Among these environmemal problerns special anention has becn paid to nitrate contamination and pesticide residues.

The spreading of liquid manures and minerai fertilizers. and pesticide applications give rise to the dispersion of pollution components into the envitonmem through infiltration or run-off. Beyond certain thresholds. which depend on how toxic the pollutams arc. and of the self-cleansing capability of the soils and waters concerned, environmental damage will occur.

The nitrogen coming from minerai and organic fertilizers. which is not taken up by plams. reaches groundwater aquifers. The nitrate losses depend on many variables such as the Nmin-balance in the root zone. soil type. agricultural practices. type of crop. The increased washout of nitrogen by leaching or nin-off contributes to higher nitrate concentration in drinking water. Consequently the EC Maximum Admissible Concentration (M.A.C.) of 50 mg NOil is often ""cceded. Depending on the degrcc of agricultural intensification. nitrate ptoblems may be more or less important. But the incidence of nitrate contamination also depends on the origin of drinking water. Thus. it is interesting tO compare France and the Federal Republic of Germany where the proportion of drinking water coming from gtoundwater sources is the same (about 70 %).

In the early 80's five per cent of drinking water was above MAC in the FRG. and thrce per cent in France. COM (88).708 p.9. In the FRG the nitrogen per ha offarmland (fertilizer consumption + manure production) is about 225 kg. In France the total is about 135 kg. However a direct relationship between agricultural intensification and nitrate ptoblems encountered in drinking water is nor evident because MAC is measured on distributed water. and water supplied can be mixed with cleaner water to dilute the nitrate concentration. In any case omer sources of contamination exist besides that of agricu! ture.

Within each country there is a tIemendous variation in the incidence of excessive nitrate levels. In France. geographical diversity and in particular vatying soil and climatic conditions involve very differcnt situations regarding nitrate levels in water.

The pollution from pesticides (herbicides. fungicides. insecticides and growth regulation products) is a more intricate problem. Ir results from the interaction of chemical persistence (Iengrh of Iife). water solubility. application rates, intensity of use in specific areas. the type of soils. and the number of rears over which chemicals have been used.
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ln devdoped countries the consumption levd varies according to the degree of agricultural incensification (table 1). Souret. ' OECD, 1991, L 'Erat tU l'tnvironnnntnt, p.197 Kg/km'

Rtlationship bttwttn pol/uranes, thûr tffiees and thtir eonstqutnCtS

Nitrate ingestion by human bcings may cause methaemoglobinemia. which is especi.Jly dangerous for babies. and perhaps stomachcancer. If the cause dfca rdationship for the first hcaIth problem is demonstrated. there is no proof that human metabolism tr.ulsforms nitr.ue inta carcinogenic N-nicroso compounds.

Nitrate ingestion is also dangerous for animais Illee pigs and poultry. bccausc it cao bc a possible cause ofJack of growth. abortions. or sreriliry... The pollution from pesticides is more alarming. An emerging issue is the cxposure of human populations to pesticide rcsidues. They arc undergoing research 10 discover their eareinogenic potencial. birrh defect potencial. and overaII lethalncss to humans.

The contamination of surface and groundwaccr sources also damages animal populations and natural ecosysrems. The control of aquatic wceds in irrigation canals is yct anothcr source of contamination. A5 a consequence, the numbc:r of thre2tcnc:d spccic:s incre3SCS. Graph 1. represencing the threatened species by percentage ofknown speeies in the late 1980•s. shows that in France marnmals. birds. and arnphibians reach the highest percentages. In the FRG. it is fish. reptiles and vascular plants which arrain the highest percentagcs. Graphie 1 : Thr~4re~d '1"0" in p=mt ofpto<s Imown (lare 1980's) (Source OECD, 1991) ~!y.~"-. .

As indicated in

If'"

o. u, r-r-r---r-.,....-,r-r-" '. The main consequence is a distuption of ecosystems in tesetvoirs. which affecrs fresh water supplies. and in coastal waters causes the proliferation of green algae (Ulva) and other algaes.

Spteading Iiquid manure increases rhe number of parhogenes in water-courses (faecal streptocci). This may be the panial cause of the baererial contamination of shells.

Various other problems cm arise such as ammonia emission which plays a role in rhe problem of acid tain. For example. chiny per cent of acid deposition in Nerherlands now cornes From animal manure.

-ASPECTS OF THE FRENCH REGULATION

Most agriculrural pollution is caused unintentionally. This demonsrrates a lack of awareness and knowledge. Education and persuasion have a role tO play in encounging pracrices which are friendlier towards the environmenr. Codes of good practiees are proposed to improve the efficiency of nitrogen uptake by plants and reduce the consumption of pesticides. A special acrion programme has been adopted in France promoting rational ferrilizing and a better use of manure.

But when protecring water qualiry requires severe reduetions in agro-chemicals or ferrilizers. regulatory measures are needed. The legal background to pollution problems associated wirh intensive farming contains both general and more specific regulations. Raindli.1991.

SI

Sp«ific r<gu/arions

These specific regulacions are considered through classified inscallacions and local health rcgulations.

The acr of July 1976 on classified inscallacions for environmencal protecrion covers hazardous escablishmencs. including intensive livestock rearing acrivicies. Ir protecrs the incerescs of neighbourhood ameniry. hcalth. securiry. agriculture. nacural and environmental proccaion, and the conservation of sites and monuments.

An acriviry coming under chis acr has co be classified. i.e. listed wirhin a given nomenclature. Liyc:scock rearing installations of a certain sizc. for enumeraccd species arc: in chis nomenclature.

-the size depends both on che size of che flock or herd and the weighc of thc animais (for pigs only animais over 30 kg).

-th... species are those regarded as the most pollucant : veaI and beef fatstock. pigs and poultry. Dairy cows are excluded.

The cwo criteria are used co define the legal regulacions for any inscallation. the reporring requiremencs and the permission regulacions.

A reporring establishmenc must adhere co a certain number of rules. The installation must be locaced ac leasc 100 mecers away from dwellings. 35 meters away fiom wacercourses. 200 mecers away From bathing resons and beaches. and 500 mecers away fiom fishfarms. There are also tules for slurry spreading.

The permission regulacions are more demanding because permission is only granted

SmtÎtUIT on AgriC'Ulturt anJAqUIIOl/ruu afrer a public inquiry into the possible impacr of the projecr upon che inreresrs of the neighbourhood has been complered, afrer consultation of the local municipal councils concemed and upon the advice of che depanemental hcalch board. The keysrone of the permission regulations is the impacr study which the applicant has to provide giving details of the source, nature and magnitude of any disamenities liable to resulc From the installation in question. The applicanc has co stace: how he proposes to avoid such disamenities. Concerning healch regulation, the French legislation provides at che nationallevd a scrong control over che producrion of agrochemicals. As it is done in other countries, chis control concerns both the producrs performance and irs toxicological harmJessness. More specifically che French legislation provides sorne institurionaliu:d regulacions abouc the applicarion of pesticides and feniliu:rs. A noteworthy bture of rhis regulacion is its basis upon a local (depanmenr) scandard. This srandard is established by the Miniscry of Health, whose recommendarions are che leasc demanding. The local aurhoriry (depanmenr) may adapr them in a more rigourous way. Various modd documents have been formulared over rime and the resulr has been thar local regulations are somewhac disparace and variable.

Gaura/ "gufarions

The following enacrmenrs do nor apply ro agricu1rure as such bue affecr che ways in which any form of pollurion and dissaminiry associaced with inrensive farming has ro be dealt with. The rwo broad cacegories involve rown planning and water procecrion.

Environmental procecrion in the broad sense, inc1uding landscape and che incompatibiliry berween producrive acrivities and residential areas are a maner for land use and thus come under rown planning law. Buc the problem is nor simple in view of che principle of independence for rown-planning and environmenrallegislation.

The land use plan sets our general rules for land use wichin a commune, allowing IOr specialisarion of acriviries upon the local terrirory. Ir bases chese rules on che present and future desrinarions for che land, the main distincrion being berween urban and rural areas. In spire of sorne imperfecrions the land use plan is efficient to conuol che crearion and exrension of inrensive rearing facilities especially when wmers are associared with the formulation of this zoning sysrem. Bur sometimes the granting of permission IOr insrallations in protecred areas is given too easily.

Until now the warer prorecrion regularion is based on the 1964 Warer Acr, however an updating of chis law is currencly in progress. The aim is rhe exrension of powers in order ro obrain a bener management of surface warer and groundwater and che increase of penalries.

The acr of December 1964 refers ro the regularions and distribution of warer and to che conrrol of warer pollurion. Ir created a qualitarive and quantirative management system for the six major basins in France. The management is made chrough advisory basin comminees and execurive basin agencies which are financially independenr. Under chat act the agencies derermine and define qualiry targers for watercourses. Qualiry and flow problems are managed chrough a sysrem of charges, bue pollution discharges are also subjet ro a ser of srandards. 

-ECONOMIC INCENTIVES

Enforcemcnc rnc:asures are nc:cessary whc:n there arc irrcversible dFecrs, but c:conomie approaches in a market economy are more efficient. The efficacy of the v-arious rncasures dc:pc:nds on c:conomic criteria, bue aIso on policica1 and administntivc: ones. This aspcct is cxarnined in the first point. Then the discussion focuses on fenilizcr taxation whichOis the most feasible mc:ans tO achicve better qualiry protection at the least social caSt.

ble [Q cause or increase water deterioration by modifying the physica!, chemica!, biolagica! or bacteriologica! characteristics of any watet including surface water, groundwater and littoral water wirhin the limits of territorial waters. Discharges are subject to rather strict regulations, and the govemment has cenain powe:rs in cases where safery or public health might be at risk. It can also regulate or prohibit cenain types of discharge.

In order tO protect drinking water qualiry from agricultural pollution the French legislation provides the determination of water catchment ar<:as. According•to the 1964 Water Act cvery nc:w water catchment made afrer 1967 must be surrounded by a prateaion arca in which mcre arc {wo zones wherc: prescriptions concerning fc:rtili:zcr and pesticide use are more or less strict. Howcver all cxisting installations belOre 1967 have not been submitted tO this regulation. So today only 20 pcr cent of the French drinking water installations are protected by such wnes, Sanorio. 1991, p.85. 53 Snninltr 0" A.grù:ulrurt and AquaculJur3

.1. AJusmunt of~conomicpollution control po/icùs

The: objective: in normative c:conomic analysis of the mcans of pollution conerol is the maximization of net benefits of pollution control [Q sociery. The aim is that the producer uses the environment as a production facror up to the limit at which its marginal production cost equals the cost [Q sociery of the marginal unit of pollurion. Classica!ly the Pollurer.Pays Principle is supposedly the best way to achicve the optimum.

Underlying the Pollurer-Pays-Principle (P.P.P.) is the notion of a social contract berwc:c:n the Fumees and the: rest of society. Farmc:rs who ca.used dcccrioracÎon of wacet qualiry would be obliged ro pay for the coses of water treatment. But there is also a posicive: contribution of agriculture to me e:nvironme:nt in ke:eping the: countryside attractive and thriving. Over the centuries agriculture has shaped a landscapc that is now highly valued. Maintening such recreational value can be vic:wccl as a production of positive cxre:rnalitie:s.

The social contraet supposes that if farmers are charged for the environmental deterioration, at the same time they have tO be compcnsatccl for the gencral wdfare they provide. Many problems arise when we try ro estimate: all the amenities produced by agriculture.

From another point of vic:w a tax on polluting F..rmers in accordance with thcir contribution tO pollution is difficult because liabiliry for pollution of water cannot be clc:ar-Iy attributed ta individual farmers. For the same type of farming f10w of pollutants depends on the nature and the state of the soil. According tO climatic conditions (rain, frost), the extent to which land is statured, the incline of the land, its location vis a vis wacercourse:s, warer pollution is more or lc:ss important. Non point pollutions arc inherently stochastic.

Another complicatio!, f.octor is the temporal discontinuities.Conceming erosion the time between soil detachment and sediment damage can vary from hours, tO yeats. Concerning nitrate leaching the nitrogen can reaches the aquifers alter yeats, or even decades. This taises the problem as to how liabiliry can he shared hetween eurrent and past polluters.

For all of these reasons the Pareto optimal allocation of resourees in presence of diffuse pollution is not achievable and only second best optima are possible. In consequence the aim of polieies implemenred becomes pollution control at the minimal social cost.

According to De Haen, 1990, four categories of economic ineenrives can be applied: -lowering product priees -subsidies for cenain f.orming practiees -allocation of tradable fertilizer rights -taxation of feniliz.er use For each of these categories the efficacy is appreciated through eeonomie criteria, but also through political and administrative ones.

Conccrning economic criteria, the cc:ntral issue in normative economic analysis of the means of pollution control is their relative capaeiry to maximize the net henefirs tO sociery. As remarked by Shonle and Abler, 1991, measures that are equally effective in reducing pollution will have equal benefilS. The rdative capaciry of the alternatives tha! are potentially equally effective 10 maximize social net benefilS depends on their rd.tive eOSl-effectiveness. At the wm levd the four categories of ineentives are quite similar with higb effieiency.

Coneerning political criteri., the first is the wiUingness of the producers ro a=pt the measures. lt is clear that any means Ime • priee eut or a fenilizer tax, whose effect is • wm income loss, will he poorly or very poorly .ccepted by the farmers. Conversely, subsidies are very weil .=pted. The situation of a=ptahiliry for tradable permilS depends on how the rigblS to permilS are allocated. If the permilS are given to the producers, they will agree. But if they are considered as a common properry, the effect for the wmers is the same as taxes.

The second political criterion is rd.ted to the group of environmenta1isrs. For this group ail the measures leading to a decrease of pollution is good. The diseussed ineentive policies.re a=prable acept for the tradable rigbts category if permits are given to the produeers.

T.ble 3. Eva/U4tions ofri" <eonomie incmtiws The last erirerion which has ro be c:xarnined is adminisrrative COsts. Lawering praducc priees and rhe raxation of ferriliu:r use have rhe advanrage of costing lcss. Giving subsidies and controling rheîr use imply imporranr adminisrrarive coses. Tradable righes suppose coses of moniroring and enforcement as weil.

Table 3 summariu:s rhis discussion:

3.2. Th. in"'""t oftitX on ftrti/i.un

Table 3 indicares rhar no policy dominares rhe orhers wirh respecc ro all of rhe crireria. Bur we can see rhar curring ourpur priees and raxing ferriliu:rs arrain rhe besr scores. For cach of rhose policies rhe cosr of moniroring and enforcemenr are low.

However rhe relative cosr elfeccivencss of rhose policies is nor equal becausc rhe raxarion policy is cheaper in rerros of agriculrura! profirabiliry. AlI orher chings being equal. a rax on ferriliu:rs in French cercal indusrry would have an impacc on income rwice as small as lowering ourpur priees. Bonnieux and Rainelli. 1990. This is obvious because expendirure on ferriliu:rs is a small mare of rhe value of rhe cereal ourpur. abour 10%.

Bur for many aurhors a rax on ferriliu:rs. mainly on nirrogen. is inelfeccive. sec De Haen. 1982 ;England. 1986Dubgaard. 1987. Theîr opinion is based on empirical resules. The own-priee dasriciry indicates a range of -0.08 te -0.40. For exarnple. Dubgaard. 1989 using empirical resules from Denmark, esrimares rhar, achieving a 30 per ecnt reduaion in nietagen use requires a tax rate cquai to 150 pet cent.

Aeeording te Dubgaard such a rax would have a perver.;e effecc encouraging rhe profirabiliry of nirrogen fixing crops (peas. beans) to rhe derrimenr of rhe ieasr polluring crops (winter whear, oilseed mpe).

Given rhe large impaer on margins (a 100% rax rate induees a 30% gross margin reduerion), sorne system of rax refund to ptoducer.; would be necessary. In consequence administrative cases would rise. The general conclusion is mat a tax on njetagen fertiliu:r.; is an inappropriare mechanism for resrriering nirrogen use, TEAGASC, 1989.

The argumenr is based on rhe very low own-price elasriciry of rhe nirrogen demand. but figures are derived from linear programming models. As Burrel, 1989 points our programming esrimates of own-prices dasriciry are biaised downwards due te restrierions on crop substitution. Econometrie approaches give higher figures. Wirh a dualirybased impur-ourpur sysrem of equations, Burrell shows rhar rhe UK ferriliu:r.; demand te own-price change is grearer ranging from -0.4 ro -0.6 depending on restricrions imposed (versus -0.08, -0.13 or -0.24 in England 1986).

Linear programming models rely on rhe assumprion rhar individuals apply nirrogen ar whar would be optimal rares under conditions of cerrainry. The slope of rhe crop response funcrion in rhe region of rhe oprimum is quire flar involving a price-inelasrie nitrogen demand.

Many empirical srudies show, despite a huge surplus of animal wasres, rhar an significanr utilizarion of inorganie ferriliu:r.; exisrs. Such behaviour reveals rechnical and allacarive inefficiencies, because a eost minimiu:r would have boughr lcss minera! ferriliu:r. If we compare the own-price elasriciry of minerai nirrogen demand for efficienr farms and for inefficienr ones wc have a dramarie diffecence : -0.36 for rhe former and -0.68 for rhe larrer, Vermesch an al.. 1991. Lastly. rhe above resulrs are derived under farnily labour and land fixily. If impur 55 Snnintlr Dn AgrinJtun ilnJAqUJUUlturr fixity is re:laxed a new equilibrium involving the utilization ofless labour and more land would emerge. On the one hand. the long run own-price elasticity of nitrogen demand will he greater than the short run elasticity. On the other hand. there will be a substitution hetween land and fertilizers implying a stronger response to the tax. The combination of these two effects is not negligible. In French cereal industty [START_REF] Vermersch | L'allocation du uavail dans les exploitations céréaliéres. Une modélisation Tobit d'une demande de facteur semi-fixe[END_REF] shows that a 10% tax would induce a 16.6% decrc:ase of the amount of inorganic fenilizer per ha.
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CONCLUSION

In a second best world a tax on purchased inorganic fenilizers is the most efficient economic incenrive because :

-in the short run the own-price elasticity demand of nitrogen is greater than supposed.

-in the long run there is a substitution between land and fenilizers allowing for cxtensification.

-it would increase the opportunity COSt of organic fenilizer and would push farmers towards more efficient pracrices.

ir is administrativdy easiest control option with the least cost to producers.

-it is consistent with a strategy for environrnentaJ co-operation requiring the dcvelopmenr of codes of good farming practices.

But this solution cannot solve ail the environmental problems due to agriculture:. therefore regulatoty measures will always be necessary ., 1986 

  wcamer and the denitrification capaciry of the soil. Surface waters, watercourscs, and rcservoirs arc contaminated by run~of[
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Table 1 :

 1 Consumption ofp<JtiâtUs in somt tUvtloptd eounrrûs (kg ofactivt ingrtdima ptT lm? ofUtilistd Agricu/ruralArta)

	Canada	us	Fr	FRG	UK	Jap
	90	180	440	420	580	1770

on AgrinJtur~/Inti AqUlUUilun '

  Table 1 the consumption bd of pesticides is higher in Europe (average: 450 kg/km') than in North America (average: 160 kgIkm'). But in ]apan the consumption is rour times that of Europe. Since 1975 the volume of pesticides used has incrcascd by 69 per cenc in Denmark and 30 per cent in the Federal R.cpublic of Germany. In addition. the frcquency of pesticide application incrcascd 115 per cent bcrween 1981 and 1984 in Denmark, OECD. 1989. p.34. W-."_.
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Table 2 :

 2 Summary ofrtlatWruhips bttwttn thtpoUutlln~in tffietJ and inCOTlJt'1utnttJ 

	1	1		
	,	J		
	1 /. , JI l ' 1 , " 1: 11 !Ii	~!:=n~=====:::1 ~r'-,--r-......,.-.r-"1I. ...
	Il /1 l,Il		Type of pollutanù nitrogen infiltration	Effect nitrate and nitrite production	Consequence drinking grWldwater
			nitrogen run-off	nitrate and nitrite production	drinking surface water
			organic matter (trom ~uny)	oxygen absorption in water courses	disruption of ecosystems
			nitrogen trom liquid manure	volatilisation of ammonia	aàd rain
			phosphorus and nitrogen run-off eutrophication of reservoirs	• fresh water supplies
	1			eutrophication of standing waters	• disruption of ecosystems
	' 1 ,			eutrophication of coastal waters	• 'green tides' (Ulva)
			pathogens (~uny spreading)	bacterial contam. of marine shellfish Human health huard
			pesticides	contamination of surface and	• Human health huard
				groundwater sources	• damage to fish
					and ecosystems
			nitrogen trom Iiquid manure	volatilisation of ammonia	acid rain
			50	

1 ......................................•.......•••............ GOVERMENTAL REGUlA TlONS AND ECONOMIC INCENTIVES Run-off watets involving phosphoric acid give tise. as soluble orthosphosphates. in association wim niccogen, co cucrophicacion.

  ................................................................. GOVERMENTAL REGUU110NSAND ECONOMIC INCENTIVES

	The 1964 Water Acr provides che basis for «gularions concerning ail rypes of dis-
	charge, direcr and indirecr of any kind of marerial. In genetal it concerns all rhings lia-
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