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The paper, prepared by Rainelli and Vermersch of INRA, describes a preliminary study on long and short terrn deployment of nitrogen, fuels, capital and labour in response to priee changes of nitrogen. The obtained results suggest rather high priee elasticities of fertiliser demand and a short terrn substitutability and long terrn complementarity, between sorne of the factors of production.

It is part of a 4 case studies programme, two on The Netherlands and two on France. The whole programme is airrled at trying to compare two different modes of agricultural production, notably inputs intensive and inputs extensive, with respect to the tax and support treatment they receive, their potential environmental effects and their income generating power. Il requires too much resources, however to assess the required marginal effective tax rates for a product that is produeed, using modes of production that differ in their inputs requirements. The case studies therefore settle for a more modest objective:

• identifying those factors that cause support measures to increase inputs use and those that counterbalanee this effect, using partial equilibrium models.

Having a clear understanding of these opposing factors may make it possible to forrnulate characteristics of support measures and tax incenti ves that are good predictors of bad environmentaJ effects.

ACTION REQUIRED:

For discussion, especially in relation to the objectives of the wide-ranging study on subsidies and tax disincentives to sound environmental practices, with a view to focus next steps in this 4 case studies on agriculture programme.

In theoretical terms pollution is an undesirable good connected with the production of private goods, which has an impact on the use or even the production of other goods'. The obvious response is to tax pollutant emissions in such a way that the ensuing marginal profits for individuals and fmns match the marginal costs of pollution reduction. Hence the well-known Pigouvian tax which corresponds to the marginal effect of the environrnental damage.

Beyond the general difficulties encountered with ad hoc pollution, the consequences of which are easy to identify, serious problems beset the application of the Pigouvian tax to agriculture owing to the diffuse nature of pollution in this sector. Because there are so many different pollutants, it is difficult to identify the origin of emissions, and therefore impossible to establish liabilities and introduce pollution reduction systems. This heightens the risks of "stowaway" behaviour. Furthermore, environmental impacts vary considerably in geographical scope so that the same emission may have very different consequences. The situation is made even more complex through the variety of agricultural techniques used and the presence of stochastic phenomena, mostly weather-related.

In order to mitigate these difficulties, direct and indirect approaches have been attempted. In the direct approach, the aim is to define incentive mechanisms to restore pollution levels at a basin outlet to the desired leve!. For instance, taxation based on the differential between observed and required quality has been proposed, backed by a suitable investrnent policy for improving emission monitoring (Xepapadeas, 1994). The assumption here is an information bias towards farmers. The indirect approach estimates emissions by means of biophysical models simulating pollution From stochastically generated weather data taking into account soil status and farming conditions [START_REF] Shortle | The Relative Efficiency of Agricultural Source Water Pollution Control Policies[END_REF]. Environmental impacts are identified in this way. The most suitable instruments for their prevention may then be proposed. Il is assumed that the agents do not have any specifie information at their disposai and do not correctly evaluate the environmental implications of their practices.

Without rejecting both approaches, it should be noted that they are not very efficient. Solutions derived From the direct approach remain theoretical and biophysical models are too dependent on soil status and farming situations to be applicable everywhere. Therefore, as proposed by [START_REF] Cropper | Environmental economics: a survey[END_REF], the input or the product most closely connected to pollution emissions should be taxed, hence the search for a second-best solution. Given the fact that for a same pollution reduction effect, taxation of the praduet increases the farmers' financia! burden, priority should be given to taxing inputs.

The choice of pollutant input taxation however is called into question by several authors on the basis of estimations of their very low priee elasticity. These findings, which were obtained From optimisation models, are discussed in the flfst section, which sets out the procedure and results. The second section discusses the implications of these estimations and shows how they should be ar.alysed. The third section develops the effects of nitrogen taxation on the French cereals sector in the light of a number of studies conducted at INRA Economie de Rennes Unit.

Priee elasticity of pollutant inputs calculated by means of optimisation models

With a view to maximising profits, the farmer uses variable factors such as nitrogen fertiliser until the marginal cost of the last unit spread is equal to the marginal profit obtained:

, For an analytical presentation, see Cropper and Oates, 1992. [1] where y is the quantity of eereals produeed, N the quantity of nitrogen, w, the nitrogen price, w, the product price. Nevertheless, marginal productivity d~N remains governed by the utilisation level of the other factors such as pesticides, growth hormones, fuel etc.

Overall, the entire production system should be taken into account by also integrating the constraints specific to the farming activity, including natural and socio-economic factors such as priees and real estate. Henee the preference for linear prograrnming, which is an especially useful technique in the case of joint production and additional factors.

The main problem as we see it is the formalisation of the yield-input response curve. Most studies rely on field test results for fertilisers, and especially nitrogen. Agronomists consider that the theoretical curve is a sigmoid that can be approached linearly. It is estimated that 3 kg of nitrogen are required to product 100 kg of wheat whereas 5 kg of nitrogen are needed for sunflower and 7 kg for rapeseed. However, it is more realistic to approximate the yield-nitrogen response curve by means of a quadratic function of the following type:

r=a+~N-yN2 [2]
[3] with r = :;Ç., T being the surface area used. From condition [1], the optimum nitrogen level can be deduced:

N'= 1/ [~-~] 1 2 y wy.T
In theory this procedure can also be used for pest control products. However, even at a theoretical k:vel the yield-pesticide response curve is very difficult to establish. Sinee intensification is an overall proeess resulting in the use of ail variable factors, including fenilisers and pest control products, the relation between yields and the use of pest control products is sometimes seen indirectly, on the basis of the estimation of several independent production functions corresponding to various intensification levels represented by the yield-nitrogen input responses [START_REF] Bidaux | Comment freiner l'emploi des engrais rruneraux et des pesticides en agriculture[END_REF]. Figure 1 For each response curve corresponding to different nitrogen inputs, Figure 1 associates a level of pesticide use, bearing in mind that when yields increase pesticide treatment also has to be progressively increased. From curve 1 to curve 4 increasing levels of pest control products are therefore brought into relation with yield.

The development of suitable response functions shows, from the Iinear programmes, the effects of taxation on the level of input consumption and simultaneously on the entire production system and earnings. In the 1980s, quite a few linear programmes were constructed from which estimates of the priee elasticity of fertiliser demand couId be derived, chiefly for nitrogen fertilisers. There are also a few results available conceming pesticides, but not as many.

For the price elasticity of nitrogen, the figures are very low. For instance, in Germany in the extensive sugarbeet production areas de Haen obtains values ranging from -0.07 to -0.15 depending on the types of crop rotation [START_REF] De Haen | Interdependence of priees, production intensity and environmental damage from agricultural production[END_REF] whereas Schutle (quoted by [START_REF] Hanley | The Economics of Nitrate Pollution[END_REF] obtains slightly higher values ranging from -0.15 to -0.36. In Denmark, Dubgaard obtains very similar results: -0.16 to -0.30 (Dubgaard, 1986). ln the United Kingdom, elasticities varying between -0.10 and -0.24 were found on cereal-producing farms [START_REF] England | Reducing the Nitrogen Input on Arable Farms[END_REF]. ln Switzerland, where a very detailed rnatrix was constructed in order to take as many systems as possible into account, since 3 000 activities and 2000 constraints were selected, an elasticity of -0.08 was obtaioed in arable farming systems. However, as soon as possibilities of substitution between inorganic fertilisers and animal effluents were introduced, the figures rose (-0.50 for the first units then 0.10). Furthermore, estimates have been made for ail N, P, K inorganic fertilisers leading to values of -0.10 ( [START_REF] Bidaux | Comment freiner l'emploi des engrais rruneraux et des pesticides en agriculture[END_REF].

For pesticides, as already mentioned, it is not possible to construct response curves relating yields to pest control inputs, and the few findings available should therefore be viewed with caution. ln Switzerland, the price elasticity obtained is similar to that of nitrogen at -0.08 [START_REF] Bidaux | Comment freiner l'emploi des engrais rruneraux et des pesticides en agriculture[END_REF], whereas in Denmark, the figure is much higher at -0.35 (Dubgaard, 1989).
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Significance of low elasticities

From a practical standpoint, if the results obtained From simulation models are taken !iterally, it should be concluded that taxation of pollutant inputs needs to be very high if the volumes used are to be appreciably diminished. Sorne authors (Dubgaard, 1986 andBidaut andGanmer, 1990) have therefore proposed increases in nitrogen unit priees of about 150 per cent. Such increases necessarily have an impact on crop rotation. Crops such as rapeseed, wheat and corn, which require high quantities of inorganic fertilisers are replaeed by fodder eereals and above all, legumes, which need !ittle or no nitrogen. However, these crops have the disadvantage of leaving the soil bare during winter and therefore of increasing erosion problems. ln fact, the technique of linear prograrnming assumes optimum use of the variable under investigation. ln view of the shape of the response curve, the flat section is the one that has to be considered, automatically leading to low priee elasticity (see Figure 2). ln terms of nitrogen for production Y, Figure 2 shows that optimum nitrogen use for a priee w s • at a priee of y, w, corresponds to N•. If the use of this input is to be appreciably redueed to level N" very high taxation will have to be applied to nitrogen for an unchanged Y priee, as indicated by the change in slope of W slwyto ws/wy' Moreover, the models used for estimating elasticities are chiefly constructed without exp!icitly taking into account the constraints connected with the existence of risk and liquidity premiums. Consequently, the systems obtained are highly rigid and production plans are not very sensitive to shortterm priee fluctuations.

The theoretical significance of these fmdings must be viewed in a perspective of short-term, but also long-term, equilibrium. Hicksian or Marshallian systems of derived demand for factors of production are generally based on the assumption of a static equilibrium of factors, thereby warranting the reference to a long-term situation. In the case of agriculture, this hypothesis is highly debatable in view of the soil factor, which is practically fixed and can be associated to decreasing overall yields, and low mobility in family labour, which is now reinforced by the scarcity of jobs in the non-agricultural sector.

Using a dual approach, it is shown from French cross-sectional data from cereal farms [START_REF] Vermersch | Controlling environmental Extemalities:ObservabilityandOptimaIPolicyRules[END_REF]) that priee elasticity for fertiliser demand varies from -0.23 for a single crop system to -0.29 for multiple crop systems. These figures are very similar to those found with linear prograrnming models, but they should be viewed in a short-term context where soil status and family labour cannot be adjusted. Using a TOBIT model, where labour distribution is supposed to be optimal, a medium-term situation arises. Priee elasticity therefore becomes higher at -0.39.

If the adjustrnent of the labour factor is taken into account in a medium-term perspective, there is an appreciable increase in sensitivity of fertiliser use to fertiliser price variation, supporting the argument in the Le Châtelier-Samuelson Principle. The inferenee of long-term levels together with the inclusion of family labour and the soil factor lead to an even higher price elasticity. For a multiple crop cereal system, a value of -0.65 is obtained.

It should be noted that the very high discrepancy between short-term results and long-term estimates, whose ratio is from 1 to 3, is also observed when time series taken from overall agricultural accounts are processed [START_REF] Bonnieux | Agrieultural poliey and envirnoment in developed countries[END_REF]. The adjustment of a simple demand equation leads to values of -0.39 to -0.55 depending on the French regions considered. However, more sophisticated modelling taking into account anticipated effects and the times needed to adjust to price variations clearly establishes a difference between results viewed in the short term and those viewed in the longer term. A figure of -0.33 is obtained in the former case and -UO in the latter, once full adjustment to the new fertiliser price has been achieved after two years. The differential here is slightly higher than the ratio of 1 to 3 previously found. However, the results obtained from time series cannot be strictly compared to cross-sectional results given that the former integrate technical progress and price ratio changes but not the latter, not to mention differences between calculations using individual data and those using aggregate data.

Finally, il should be noled lhat ail the results reviewed above concem price elasticily as such without laking into account substitution movemenls which may occur among variable faclors and also in relation 10 fixed factors. These effects, to be examined in further detail below, are of paramounl importance in the discussion on whether il is worth using an environmental tap, or, more generally, taxation in the broad sense with a view to integrating environmental concems further.

Along the same lines, it has been shown that fertilisers and pesticides are two co-operating factors as termed by Rader [START_REF] Carpentier | La gestion du risque phytosanitaire par les agriculteurs dans les systèmes de production intensive: une approche économétrique[END_REF]. The complementarity between the two factors shows thal any action taken to restrict the use of fertiliser can also restrict that of pesticides. In the short term, a 10 per cent tax on fertiliser would lead to a 2.5 per cent fall in consumption of pest control products.

Effects of nitrogen taxation on cereal systems

The impact of a policy of inorganic fertiliser taxation can be evaluated through specific and cross-sectional price-elasticities estimated in various studies recently conducted at the INRA Economie de Rennes Unit'. Table 1 concerns a short-tenn analysis based on the assumption that family labour and soil status cannot be adjusted to fertiliser priee variations. According to the various fanning techniques estimated (single or multiple crops, with or without paid work), the various specifie priee elasticities obtained are relatively close. In the short tenn, fertiliser demand is not very sensitive to fertiliser priees: a 10 per cent increase in priees would lead to a 2 to 3 per cent reduction in demand. The latter wouId he accompanied by substitution movements in favour of fuel and capital: for instance, machinery being used more often owing to the splitting of doses, assuming that there is sorne labour flexibility over lime. 

Labour

Calculations using a TOBIT model for family and employed labour distribution allows a medium-tenn situation to be envisaged with the possibility of adjusting the labour factor following fertiliser taxation. Compared to Table 1, the specifie priee effect is more marked, confinning the argument of the Le Chatelier-Samuelson Principle. The fall in demand would he approximately 4 per cent. Although the capital substitutability relation is not significant, that with fuel and labour remains sensitive and might lead to a resumption of higher levels of organic fertiliser use (Iiquid and solid manure), which technically would requiTe additional fuel and labour.

The inference of long-tenn levels conceming family labour and soil status can be used to evaluate potential disintensification movements jointly induced through lower fertiliser consumption and a corresponding increase in utilised surface area.

Research conductcd on various samples of cereal-praducing farms bclonging 10 RICA (Agricullural Accounting Information Network). fixed labour, soil and labour assumed to be optimal

Table 3 shows that specific price effects are even higher than the previous ones, once again confirming the Le Chatelier-Samuelson Principle: nilrogen fertiliser taxation would have an even higher impact on demand as all the factors adjust to their optimum level. Also in the long term, capital and fertiliser seem to be complementary, this feature accompanying the extensification process. The latter is reflected by substitutability between fertiliser and soil.

Conclusion

Taking into account the production system as a whole, bearing in mind the relations between fixed or almost fixed factors, leads to very different conclusions as to the impact of pollutant input taxation. Il clearly shows that significant effects are obtained. These effects could be further enhanced by using income derived from taxation of pollutant inputs in order to reduce the cost of fixed factors, which would speed up substitution and hence, extensification. The factorial shares of fertilisers and pest control products (13 and 14 per cent, respectively, for wheat) are roughly equivalent to those for real estate and family labour (Il and 20 per cent, respectively). Fiscal relief on soil costs seems ail the more desirable that the CAP reform is creating capitalised income in the real estate sector by introdueing rights to produce, whieh is leading to increases.

The introduction of a taxation system also acts as an incentive for inefficient farmers to move closer to the border. This therefore produces both individual and collective gains, resulting in lesser use of pollutant inputs at a given level of production.
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 1 Figure 1. Indirect representation of the relation between yields and pesticides
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  Figure 2: Taxation of inputs and response curve

Table 1 5hort-term priee elastieities relating to nitrogen fertiliser priees

 1 

		Fertiliser	Fuel	Caoital	Paid Work
	One praduet with	-0.230	0.628	0.173	-0.135
	oaid work				
	One praduet without	-0.283	0.532	0.150	-
	oaid work				
	Three produets	-0.287	0.597	0.156	-
	without oaid work				

Table 2 Fertiliser priee elastieities using the TOBIT model of labour distribution

 2 

		Fertiliser	Fuel	
	one raduet	-0-438	0.473	0.202

Table 3 : Long-term priee elastieities relating to fertiliser priees

 3 

		Fertiliser	Fuel	Caoital	Labour	Soil
	One product, fixed	-0.630	0.228	-0.220	-	0.054
	labour					
	One product, labour	-0.521	0.256	-0.119	0.940	0.045
	not fixed					
	One produce, labour -0.634	0.307	-0.022	0.047	1.025
	not fixed, soil and					
	labour assumed to					
	be ootimal					
	Three products, no	-0.646	0.238	-0.203	0.324	0.119