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A POLICY SCHEME TO REDUCE NITRA TE POLLUTION -THE CASE OF LIVESTOCK REARING -SUMMARY

ln many areas, livestock farming is undoubtedly the largest single source of nitrogen. A nitrate problem results whenever the nitrogen applied, of whatever kind, is net taken up by plants and reaches ground-water aquifers, or is lest in surface run-off. There are nitrogen surpluses, because prices do net reflect the damage to the environment. Governments in most countries have relied mainly on regulatory instruments in this field. At the EC level, the nitrate directive provides an example of the dominance of direct command and control instruments. Nevertheless other approaches could be chosen to improve the current situation. Economie incentives emerge as an efficient instrument to achieve a significant reduction in nitrate pollution from livestock farming.

For pig production, through a proper combination of feed ingredients and with the inclusion of industrial amine acids, it is possible to improve amine acid balance in the diet, thus enabling a reduction in protein content and nitrogen output. A subsidy put on specific components of feedstuffs (or a charge on some others) would encourage pig producers to adopt this new technology which is more demanding in terms of labour quality. The potential reduction in nitrogen output in pig waste through feeding is estimated using micro data. Similar progress is expected in the near future for other categories of livestock. A charge on minerai fertiliser would be consistent with a better animal diet. lt would increase the opportunity cost of organic fertiliser and would push farmers towards more environmental fridenly practices. Moreover a charge could help to improve the efficiency of the livestock industry and would be consistent with a policy based on education and extension services.

. .

ln all developed countries there is growing concern about the level of nitrates in drinking water because of associated human health risks. Concerns over the eutrophication of fresh waters and the consequent disruption of the ecosystem have brought attention to the excessive levels of nitrates in surface waters. lt is now becoming clear that as point source pollution has become more strictly controlled, non point source pollution has become relatively more important. Consequently we need to focus on non point sources such as horticultural crops, livestock farming and urban runoff. ln areas such as Brittany, the major contributor to nitrate pollution is the farming sector. If nitrate pollution was to be solely defined as an excessive level of nitrates in drinking water, then one option would be to do nothing about farming activity but to only treat raw water. Such a strategy would net be reasonable in the long run. To be effective any policy dealing with nitrate pollution should not only treate raw water but intervene in the agricutural sector. ln many areas, livestock farming is undoubtedly the largest single source of nitrogen pollution. The size of the livestock herd has increased rapidly in the recent past, with the expansion mainly taking place on small farms. Specialised intensive livestock production has proved to be a feasible solution to the problem of keeping farmers in business because here, land is not a limiting factor. However this process has resulted in increasing environmental problems.

A nitrate problem results whenever the nitrogen applied, of whatever kind, is not taken up by plants and either reaches ground-water aquifers or is lest in surface run-off.

There is a nitrate problem, i.e. nitrogen surpluses, because prices do not reflect the damage to the environment. ln most countries governments have relied mainly on regulatory instruments in this field. ln France, for example there are both general regulations dealing with environmental and water protection, and specific regulations for classified installations _ and intensive rearing. At the EC level, the nitrate directive aise provides an example of the dominance of direct command and control instruments. ln this paper however it is not our objective to identify the reasons why politicians have taken the regulatory approach.

Most economists agree that it appears to be impossible to value all the negative impacts of nitrate pollution ; therefore a policy based on pigouvian taxation could not be implemented. Nevertheless other approaches can be chosen to improve the current situation. Economie incentives can be used as an efficient instrument to achieve a significant reduction in the nitrate pollution resulting from livestock rearing. The cost-effectiveness of a better diet for livestock is presented in the first section.

There are aise some insights on the issue of waste treatment. A whole section is devoted to the question of fertiliser taxation. We then analyse the potential impacts of a policy which would combine an improved pig diet and a tax on minerai nitrogen.

THE CONTROL OF PIG DIET AND THE TREA TMENT OF RESIDUAL WASTES

lt is now widely recognised that an improvement in animal diet should lead to a drastic abatement of nitrogen content in animal wastes. With current knowledge it is possible to improve the amino-acid balance in the diet, which would thus enable a reduction in protein content and consequent nitrogen excretion. ln this section we consider a policy mainly based on the dietary measures which may eventually be combined with the treatment of residual wastes.

ln figure 1 we depict the equilibrium position of a representative farm and the environmental consequences of the farmer's decisions. The production function is given in the south-west section where Q is the output and N is the diet nitrogen content. The marginal profit 7t"' is given in the north-west section. Profit maximising farmer will use N 0 nitrogen and will produce Q 0 output.

The south-east section represents the transfer function i.e. the relationship between nitrogen N and the polluting emissions. Finally the north-east section gives marginal benefits 7t"' and marginal damages D,,,. lt tells us that the optimal level of emissions E. 
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Polluting emissions would be reduced from E 0 to E 1 • A further reduction in emissions from E 1 to E 2 could be achieved through a treatment of residual wastes as is shown in the southeast section. The implementation of the above policy would allow a decrease in environmental damages (the hatched area in the north-east section) but would lead to an increase in private costs as Q 0 is no longer optimal (the hatched area in the north-west section). c"' : Most economists agree that the reduction in water nitrate content presents great social and economic benefits. The most obvious of the benefits is cheaper drinking water. ln the case of eutrophication, benefits to commercial and recreational fishing activities have been considered in Sweden by [START_REF] Silvander | Farming and the countryside ; an economic analysis of external costs and benefits[END_REF]. The willingness to pay of the general population to restrict nitrate content in drinking water have been estimated for the US [START_REF] Edwards | Option prices for groundwater protection[END_REF] and the UK [START_REF] Hanley | Problems in valuing environmental improvements resulting from agricultural policy changes : the case of nitrate pollution[END_REF]. Their conclusions are difficult to adapt to the French situation.
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There are more relevant data on the cost side than on the demand side. Severa! research programmes are being carried out in France and in the Netherlands on pig diet.

Their main objective is to achieve a better composition of the compound feed to meet the pig changing needs :

-at the start of the fattening period the need for protein is higher than in the period preceeding slaughter. This means that the use of at least two types of compound feed would be more efficient (less waste) ;

-no overdoses of nutrients would be given ;

-the pigs would more easily assimiled nutrients if artificial amino-acids were used.

A compound feed model was constructed to take all the physiologie restrictions and economic possibilities into account. This showed that a 20 % reduction of N excretion by pigs and poultry in the Netherlands would increase the costs of compound feed by 3 % but to achieve a 27 % reduction costs would increase by 11 % [START_REF] Wijnands | Economie aspects of N flow manipulation in pig production[END_REF].

The relationship between the reduction in nitrogen and the cost of the compound feed has also been estimated at the national level for the Netherlands in three different situations (Van der Veen, 1993) :

A) the original set of protein and amino-acid requirements, B) a set with a 5 % reduction of amino-acid requirements, C) a set with a 5 % reduction of amino-acid requirements and protein requirements.

The results are displayed in figure 4. ln situation A , the total allowed quantity of nitrogen in compound feed is reduced : raw materials with a high level of (non-digestible) crude protein are used less while those with a good digestibility are used more. A charge levied on the nitrogen content of compound feeds could be a good incentive to improve feedstuffs. lt makes sense to pay farmers for the adoption of a better feed technology since they have enough political power to avoid regulation. For example, a subsidy could be paid to feed producers to enable them to use more lysine in compound feeds without any risen price. 

THE CONTROL OF NITROGEN USE

The easiest policy to administer would be a tax on purchased minerai fertiliser.

However its efficiency depends on the price elasticity of the demand for fertiliser. lt is currently assumed that this elasticity is low, sa the increase in price would need ta be very high ta achieve a significant reduction in consumption. For example, Dubgaard (1989) calculated that to achieve the objective of the Danish Ministry of the Environ ment, i.e. a 30 % reduction in nitrogen use, a tax rate equal to 150 % would be required.

Thus the leading argument against a tax on minerai fertiliser is that the demand is price-inelastic. The literature on this issue is large and good summaries can be found in [START_REF] Burrell | The demand for fertiliser in the United 'Kingdom[END_REF] and [START_REF] Hanley | The economics of nitrate pollution[END_REF] sa we do not intend ta review the subject again.

Nevertheless it should be emphasized that most of the produce estimates are net relevant for policy purposes because they refer ta the short-run.

The elasticities reported from linear programming studies are consistent : eg England Furthermore the elasticities relate to fixed and quasi-fixed factors. These factors are not required to be at a long-run optimum level and there is some evidence of a disequilibrium in land and family labour. For instance for arable farming in France, land was a rationed factor. ln the long-run there was a movement towards larger holdings. On the labour side, the level of available family labour gives a lower bound for the total amount of labour input.

For most farms, there is an excess of labour and farm operators do not hire wage earners.

Vermersch (1989) estimated several Hicksian-elasticities from the same random sample of French cereal farms. Assuming _ family labour and land fixed he found that the own-price elasticity of nitrogen demand is -0.25. However if the assumption of fixed family labour was to be relaxed elasticity would be -0.44 since a new equilibrium involving the utilisation of less labour would emerge. Finally if land was a variable input, elasticity would be equal to -0.63 and the farm's acreage would increase. These results are consistent with the Le Chatelier principle.

Single-equation time series models are usually based rather loosely on production theory. Sorne however specify expectations and adjustment lags in response to price changes, and they therefore provide both short-run and long-run elasticities. ln the French agricultural sector for the period 1959-84, short-run elasticity was -0.33 and long-run elasticity was -1.1 O. A full adjustment needed a little more than two years [START_REF] Bonnieux | Agricultural policy and environment in developed countries[END_REF]. For the UK during the 1956-68 period Lingard (1971) with -0.60 for short-run elasticity and -1.18 for long-run elasticity. Recently [START_REF] Tiezzi | Green taxes on nitrogen fertilisers in the Po valley : a cointegration approach in estimating fertiliser's demand[END_REF] revisited the single equation issue. She used a cointegration approach in estimating fertiliser demand for the Emilia-Romagna Region (ltaly) using annual observations for the period 1951-90. This approach allows us to establish an equilibrium relationship between fertiliser consumption and price, a long-run price elasticity is then obtained. She found that the longrun demand for nitrogen fertiliser is elastic both to its own price (-1.82) and to the output price (2.02). So the combination of a tax on fertiliser and a decrease in output price would cause a significant reduction in fertiliser demand. Given the above findings we can argue that fertiliser demand is own-price elastic.

Let us develop further arguments to support the implementation of a tax. The discussion is based on the demand for nitrogen as illustrated in figure 4, where the price of nitrogen and the use of nitrogen are denoted by W and X. Without any regulation the market equilibrium is denoted by M 0 and the use of nitrogen is equal to X 0 • ln order to achieve a decrease in the use of nitrogen from X 0 to X 1 the environmental agency implements a charge equal to w; minus w; then the market equilibrium shifts from iW 0 to M 1 • 
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The loss in the farmer's surplus is shown by the areas A plus B : A is net social loss due to the reduction in output involved in the taxation scheme and 8 is the revenue of the tax : farmers have to pay a higher price for their actual use of nitrogen. organizations may therefore be expected to lobby strongly against such a policy. So it is proposed to neutralize the income transfer effects from agriculture to society (area B) by reimbursing the tax revenue. This compensation would not affect the incentives to decrease nitrogen use provided that the tax revenue is paid back in the form of lump-sum payments :

there is no substitution effect since the price system is unaffected. A very simple scheme would be to reimburse the tax revenue at a fiat rate per hectare. The crucial factor here is average nitrogen use since this tax scheme would result in a redistribution of income from farmers over the average to farmers under the average, provided that administrative costs are low. The burden of the fertiliser industry is given by ar~a C. Total social loss is therefore area A plus area C. This sum has then to be compared with the social benefits resulting from a reduction in the polluting emissions.

A quota system could aise achieve the desired reduction in fertiliser use. However it is quite difficult to implement, because to obtain a cost-efficient allocation of quotas, the environmental agency must know the production technology of each farmer. There is some evidence that there are significative differences in production technologies between farmers.

For example in the case of the Swedish island of Gotland, Andréasson (1990) found large differences in own-price elasticity of fertiliser demand between a group of farmers. This may be an indication of differences in the marginal value of nitrogen and therefore show that abatement costs vary between farmers. A possible solution to this problem would be the implementation of a tradable quota scheme. If the quota market is competitive, a price equal to the tax will emerge in an equilibrium. Quotas could initially be allocated on the basis of a uniform reduction in fertliser use based on fertiliser comsumption in the previous year.

Approaches towards environmental problems differ between countries and a tradable quota scheme is not on the French policy agenda. Other types of pollution charges have been implemented in France for several decades. Up to now they have been restricted to point pollution but some suggestions have been made to extend the scheme, thereby charging agricultural inputs. Such devices exist for example in Sweden and Norway.

There is a further argument to support a tax on nitrogen. Differences in own-price elasticities are related to differences in efficiency across farmers [START_REF] Vermersch | Abatement of agricultural pollution and econometric incentives : the case of intensive livestock farming in France[END_REF].

The response to a nitrogen tax would vary according to farm operators' efficiency. The least efficient farmers can be expected to decrease their nitrogen demand more than the most efficient ones. This point has been illustrated by the elasticities obtained for several categories of intensive livestock farms. A uniform tax on minerai fertiliser would increase the
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opportunity cost of organic fertiliser thus pushing farmers towards more efficient practices at the micro level. This would involve a smaller amount of nitrogen spread thus producing both private and social benefits.

THE IMPLEMENTATION OF A POLICY SCHEME

We shall now consider a policy scheme which combines the control of animal feed and of nitrogen use. ln order to assess its potential benefits we have simulated its impacts on a sample of intensive livestock farms (mainly dairy and pig farms) located in Brittany. The sample is divided into two categories according to whether the farms have a negative impact on the environment or not. If the application rate of total nitrogen from animal or minerai origin (plus atmospheric deposition) minus the plant uptake is greater than a specific threshold, there is an excess and the farm is said to be a polluting farm. Average characteristics of both categories of farms are shown in table 1 : there are 28 non-polluting farms (category 1) and 54 polluting farms (category 2) in the sample. There is no significant difference between the categories in terms of average acreage or other structural variables such as livestock. Nevertheless there is a large difference between the amounts of nitrogen used. Moreover a number of farms does not need minerai fertilisers since organic nitrogen can be substituted for bought fertilisers. Despite a large surplus of animal wastes, the use of artificial fertilisers is great in category 2. Here minerai fertiliser constitutes an important part of nitrogen surplus. This reflects inefficient behaviour of farmers which not only involves social costs but results in higher costs of production : a profit maximizer would buy smaller amount of minerai fertilisers.

On the policy agenda, there is a European directive which aims to limit the use of nitrogen in vulnerable areas. The first proposai is restricted to organic nitrogen. This sets up Table 2 summarizes the results of a simulation which combines an improvement in diet and a more control use of nitrogen. For fattening pigs, it was assumed that a 25 % reduction in the nitrogen content of manure was achieved. ln order to simulate the impact of a tax on minerai fertiliser different own-price elasticities wére assumed : -3.6 % for the first category and -6.8 % for the second category [START_REF] Vermersch | Abatement of agricultural pollution and econometric incentives : the case of intensive livestock farming in France[END_REF]. This policy scheme would result in a significant diminution of nitrogen surpluses : average decrease in application would be 25 kg/ha. The impact of the scheme would be greater across polluting farms (category 2) than across non-polluting farms (category 1). On average, the two policy measures would have a similar impact : -12.2 kg/ha for the control of minerai fertiliser and -13.4 kg/ha for the control of animal feed.

ln this sample, fattening pigs only account for 37 % of total organic nitrogen. lt is why the impact of a better control of diet is limited. The impact is obviously greater in pig-only farms. A better control of the diet of dairy _ cows can be imagined for the near future. There are currently several research projects dealing with this issue.

The impact of a small charge on minerai fertilisers is quite important and is higher across the least efficient farmers (category 2) than across the most efficient ones (category 1 ). After the elimination of inefficiencies the response to a tax will be similar in the two categories of farms. Nevertheless there are two reasons to keep such a charge. The first reason is to maintain the opportunity cost of organic nitrogen at a level sufficient to encourage farmers to substitute organic fertiliser for minerai fertiliser. Otherwise it is expected that a charge would make easier the adjustment of quasi-fixed factors towards their long-run optimum levels. Such a process has been shown for land in the case of arable Let us suppose now that there is a subsidy to compensate the extra costs due to the improvement in diet. The burden of the farm sector is given by area A on graph 3. lt is proportional to the own-price elasticity of fertiliser demand so the relative burden will vary across farms. The impact on farms of a 10 % charge on minerai fertiliser is given in table 3 (the price of minerai fertiliser is fixed at 4 F/kg). The net loss is very small in the first category of farms but is not negligible in the second category. The tax revenue is paid back at a fiat rate of 73 F/ha thus there is an income transfer from the less efficient farms to the most efficient farms. On average, in the first category farmers receive 33 F/ha: they are winners if they buy less than 186 kg/ha of minerai fertiliser, there are 24 winners out of 28. ln the second category farmers pay 18 F/ha but there are only 20 losers out of 54. Therefore in the whole sample there are 44 winners and 38 losers.

The 10 % charge would lead to a 6.3 % decrease in total demand for minerai fertiliser. A quota system achieving the same reduction would be more expensive for the farm sector, but as shown in table 6 the average net loss is similar in both schemes :

2.59 F/ha with the quota vs 2.45 F/ha with the charge. Main drawback of a quota system is that a similar burden is imposed on both categories of farms. lt does not take into account the disparities between farms. A uniform tax scheme would achieve an improvement that a uniform quota scheme would not. A quota scheme cannot be tailored to take into account differences across farms due to a lack of information and different policy reasons. For the first category, the quota scheme is equivalent with a 17.5 % charge i.e. 0.70F/kg of minerai fertliser. For the second category it is equivalent with a 9.3 % charge i.e. 0.37 F/kg. Therefore a uniform quota scheme would benefit the least efficient farmers. 

ANNEX: THE ESTIMATION OF EXCESS N

For each farm nitrogen inputs are estimated.

-Concerning animal manure, the Farm Accountancy Data Network is used to subdivide livestock into 22 categories. For each one a technical coefficient allows us to estimate the N production. ln fact it is the nitrogen available on the spot which is estimated since volatilisation of ammonia following surface spreading is deducted.

-Concerning artificial fertilisers, N bought by farmers is given directly by the Farm Accountancy Data Network.

The nitrogen taken up by crops is a function of soil type, plant type, yield, temperature, radiation and water supply. The amount of nitrogen export is determined for the 19 types of cultivation given by the Farm Accountancy Data Network. For each crop type, the nitrogen uptake is estimated according to the average yield.

If the application rate of total nitrogen from animal or minerai origin is greater than the plant uptake there is an excess. lt is assumed that 30 kg of nitrogen per ha of Utilised Agricultural Area is the agronomie threshold below which there is no utilisation by the crops.

Nitrogen excess occurs when this threshold is passed.
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  is smaller than E 0 • So the hatched area is simply the extra social costs due to the increase in output from the social optimum Q. to the private optimum Q 0 • Farmer's lasses from the reduction in output from Q 0 to Q. are shown in the north-west section. A POLICY SCHEME TO REDUCE NITRATE POLLUTION -THE CASE OF LIVESTOCK REARING -F. Bonnieux, P. Rainelli, O. Vermersch

Figure 1 .

 1 Figure 1. Mode/ of a pig farm and its environmental impact
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Figure 2

 2 Figure2shows the consequences of a combination of a better diet and a treatment of residual wastes. The use of amino-acids in the pig diet would shift the production function.

Figure

  Figure 2. lmprovement in diet and treatment of residua/ wastes
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Figure 3 .

 3 Figure 3. Costs and Nitrogen reduction in situations A, B and C in comparison to costs and Nitrogen content in situation A

  compounds rise progressively the lower their content in nitrogen for the three situations. Beth situations B and C achieve the same reduction in nitrogen at a lower cost than situation A. C is more cost-efficient than B for larger reductions in nitrogen. These results are very interesting but do net take ail factors into account. ln comparison to the current situation, A, B and C require more labour and capital because they are based on several phases in feeding regimes.
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  figures is consistent with the theory of production since the uncompensated own-price elasticity for an input cannot be less in absolute value than the compensated elasticity. The Marshallian demand is price elastic and the fixity of output is a crucial assumption.
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Figure 4 .

 4 Figure 4. Demand for nitrogen
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  POLICY SCHEME TO REDUCE NITRATE POLLUTION -THE CASE OF LIVESTOCK REARING -F. Bonnieux, P. Rainelli, D. Vermerschan upper limit equal to 210 kg/ha during a transitory period, falling to 170 kg/ha after. The review of the micro data in the sample shows that 49 farms comply with the most stringent standard with 62 meeting the requirements of the transitory one. The remaining twenty farms would have to reduce their nitrogen application. Of this twenty three currently apply more than 300 kg/ha.
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  POLICY SCHEME TO REDUCE NITRATE POLLUTION -THE CASE OF LIVESTOCK REARING -F. Bonnieux, P. Rainelli, O. Vermersch farming. A tax would help a process of extensification. This tax could help to improve the efficiency of the livestock industry and is consistent with a policy based on education and extension services.
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  Publicinformation is scarce, however they exist some published data on biological processing plants. ln the Netherlands, based on 0.4 m3 slurry (11 % dry matter) per fattening pig, the gross costs (operating costs plus depreciation) are 25 Ecu/m3 i.e. 10 Ecu/pig(ten Have, 1993). ln Brittany with 1 m3 slurry (6 % dry matter) per fattening pig, the gross costs are 10 Ecu/m3 i.e. 10 Ecu/pig (Observatoire Départemental de l'Environnement, 1993). Sa the treatment cost per pig is approximately equal ta the gross margin per pig. This comparison does net take into account the sale of the end product. However it is questionable that this could be high enough to achieve a positive incarne. As was mentioned by ten Have (1993) a company called Scarabee claims much lower costs, but there is no public information. At the moment the costs of pig manure processing remain high and therefore waste treatment cannot salve the problem of nitrate pollution.
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The issue of manure processing plants has aise attracted much attention.

Table 1 . Average characteristics of polluting and non polluting farms

 1 

					Nitrogen available (kg/ha)	
			Average			
	Category	Number	acreage (ha)	minerai	animal	total*
	1	28	25.2	101.6	117.1	228.7
	2	54	29.8	235.3	158.3	403.6
	Total	82	28.2	194.5	145.8	350.3

* lncluding atmospheric deposition.

Table 2 . A simulation of the policy scheme : impact on nitrogen use (kg/ha)

 2 

		Contrai of		
	Category	minerai fertiliser	animal feed	Total
	1	-3.7	-10.9	-14.6
	2	-16.0	-14.4	-30.4
	Total	-12.2	-13.4	-25.6

Table 3 . Simulation of the policy scheme : impact on farms

 3 

			10 % charge		Equivalent quotas
		Net loss		Revenue of the charge	Net loss	
	Category	Total (F)	F/ha	Total (F)	F/ha	Total (F)	F/ha
	1	515.43	0.73	27 604.24	39.17	1 576.29	2.24
	2	5 145.63	3.20	141 050.88	87.71	4 403.34	2.74
	Total	5 661.06	2.45	168 655.11	72.92	5 979.63	2.59
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