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In the wake of the second world war, France put the rapid revival and modernisation of its agriculture at the top of its agenda. The idea was to eliminate urban food shortages but also, through productivity gains, to release the abundant manpower needed to rebuild the country and stimulate industry. Mechanisation was the cornerstone of a highly active farm policy which also sought to improve agricultural infrastructure, research and development and the use of fertiliser. The measures further included support for major crops. The Common Agricultural Policy (CAP) subsequently implemented by France did not run counter to these poliey objectives.

The first section of this report will show how govemment support in general has fostered the intensification of agriculture, with a reeent shift towards a more environmental approach. The report will draw on the available statistical series relating to government support for famùng.

The second section will show how, irrespective of agricultural policy, the aim has been to internalise negative externalities by means of economic incentives and regulations. It will look at the ease of livestock farrns, which are subject to both French and European regulations and the focus of attempts to apply the polluter pays principle (PPP).

The third section will address water use in agriculture. This is a signifieant problem at a time of growing demand from both famùng and other sectors for a resouree that is limited during the summer months. Yet farmers do not pay the full cost of aceess to the resource, nor do they pay for water at its opportunity cost. Accordingly there is encouragement for intensive famùng -hence damage to the environment --and at the same time non-optimal resource use.

Government support for agriculture and its implications

As agriculture is a closely administered sector, the support it receives from government is an excellent indicator of policy options. Comparing support with observed trends and changes in financial aggregates is a way of gauging the impact of previous options. A study of underlying trends in French agriculture in terms of changes in the production mix and output (see Annex, Graphs 1,2 and 3) reveals a number of relatively distinct periods. The first, from the post-war years to 1975, marks the development of capital-intensive agriculture. The next is a continuation of that trend but at a slower pace, until CAP reform in 1992. Subsequently other concems emerge, addressing the environment in particular. Below is a comparison of the trends and various types of support .

1.1

Post-war to 1975: the introduction of capital-intensive agriculture

The modernisation of French agriculture was an evolution of ideas, backed up by govemment policy. The idea of agricultural progress, launched by the Commissariat Général du Plan (France's policy planning commission), was widely taken up by Jeunesse Agricole Catholique (JAC), the young Catholic farmers' movement so active in the 1950s. The fact that many agricultural decisionmakers had begun as lAC members amplified the trend. It culminated in two major farrning acts in 1960 and 1962, which came into force just as the Common Agricultural Market was being introduced.

Among the repercussions was an increase in funds for agricultural secondary education, which in real terms grew eightfold in the space of 10 years (Alphandéry et al., 1980). Funding for agricultural research, established in 1946, followed suit a litt!e later. With govemment backing, agricultural extension also helped to develop capital-intensive agriculture.

But if the new technologies now available and sought after by farmers were actually to be used, financing arrangements were needed. As weil as public capital investment by utilities (electrification, water supply, roads, land consolidation), central government participated in private investment. Farmers were provided with capital grants, and then soft loans. From FF 147 million in 1962, the cost of these loans rose to FF 3 400 million in 1976 when it accounted for 56 per cent of ail investment incentives, and eventually peaked at almost 60 per cent in 1978 when the govemment reduced interest rate relief [START_REF] Gagey | Bilan de l'étude prioritaire sur l'efficacité des prêts bonifiés à l'agriculture[END_REF].

More specifie incentives for farmers to use inputs included the subsidisation of liming materials and fertiliser. To encourage mechanisation, the taxes on agricultural fuel were reduced, as were taxes on new machinery, up to certain priee ceilings. As weil as support for farrners, the post-war period was characterised by government support for machinery and fertiliser manufacturers. But the substitution of capital for labour called for a demographic policy. Hence the creation in 1962 of the Fonds d'Action Sociale pour l'Aménagement des Structures Agricoles (FASASA), a social policy fund set up to retrain surplus labour and speed up the replacement of older farrners by younger people more eager for change.

Prior to 1953, govemment support for agriculture focused mainly on investment (infrastructure, and the modernisation of farms and industries up-and downstream). But the ensuing rise in output obliged the govemment to organise markets and support prices after the first bouts of overproduction. Investment incentives were capped from 1954 to 1962, after which the incentives began to decline in value in relative terms. In the early 1960s a structural poliey was introduced to phase out low-output smallholdings. But the new Common Agrieultural Market brought to the fore the market-related polieies that were to become so prominent later.

A combination of factors --pricing and market policies, structural policies, infrastructure investment, input subsidies, research and human capital policies --thus helped to bring about the kind of agriculture that made heavy use of industrial inputs for every unit of land and labour. At the same time, however, came social protection with the introduction of compulsory health insurance for farmers in 1962. Some 80 per cent of this was financed by transfers from the national budget. These were justified to sorne extent as the average farm income was so low.

1975 to 1992: the Common Agricultural Policy era

The 1974 oil crisis, with its implications for input prices and the economy as a whole, marked a tuming point. The new, more productive French agricultural system, combined with Community funding for agro-food exports, turned the agro-food industry into France's "green oil".

But the "productivist mode!" began to be challenged because of its implications for natural resources and more importantly its impact in terms of land use. The modernisation policy and the ensuing drift from the land was causing a population drain in some areas. The spectre of depopulation haunted the French, who were afraid of seeing whole areas fall into neglect. A policy for less favoured regions was introduced as early as 1972 and subsequently taken up at European level in 1975.

In France this was an emotional and an economic issue, since less favoured regions accounted for 45 per cent of the country's farmland. Farms in these regions found it hard to modernise, and depopulation was a real threat. The advantage of maintaining farming was that it produced environmental amenities which could be turned to good account for tourism. To support this kind of agriculture, the government offered compensation to offset the additional operating and investment costs, with a ceiling per farm.

The agri-environmental measures in Article 19 of Council Regulation (EEC) No 797/85 did not find much of a response in the French Ministry of Agriculture or in farming itself, the official line being that France was a major agricultural power and therefore required more market support. Table 1 shows that market support/orientation did in fact remain predominant. Accounting for 57 per cent of ail government support in 1978, that particular budget item had risen to 79.6 per cent by 1991, even though dairy product expenditure had levelled out following the introduction of quotas in 1984. Expenditure on farming in less favoured regions accounted for only 3.4 per cent in 1978, even declining slightly over time to 3 per cent in 1991. The figures are forecasts for programme budget expenditure financed by government or the European Community.

Each budget item covers:

• "farm modernisation": installation of farmers, investment and development plans, vocational training and experimentation, land and structural improvements (including an allowance (or farmers leaving the land), plant and animal breeding, support for farms in financial difficulty;

• "other": health protection, quality promotion, agricu1tural disasters, co-ordinated regiona1 development.

CAP reform in 1992 and the shift to environmental protection

The 1992 reform set environmental protection as an exp1icit goal, although its main purpose was to eliminate European surpluses. ln determining what impact the reform has had, one must first see how far attitudes towards the "productivist model" prevailing at the lime have changed. To what extent has the researchldevelopment/training system changed tack and begun devising and passing on new ralionales and new production methods? A full assessment has yet to be made, and on1y an outline will be given here. ln terms of research, there has been a clear shift towards environmental concerns. Agricultural education has also introduced new subjects. For the farmers thernselves, Council Regulation (EEC) No 2078/92 provides for training schemes. A status report in June 1996 noted that trials were under way in 18 local further education centres. The purpose is designed to dernonstrate the feasibility of economically viable and environmentally sustainable agriculture.

The shift of emphasis has also been visible in the volume of subsidies. Previous support for less favoured regions has been upgraded and new premiums created, in particular the grassland premium. This was introduced in 1993to help extensive stockbreeding, i.e. farms with up to 1.4 animal units per hectare, and at least 75 per cent of their land under grass. Between 1993 and 1997, it was awarded to 118 DOO farmers, mostly in less favoured regions with a total of 4.8 million hectares of grassland. ln fact the entire amount wentto maintaining existing farms.

A more innovative scheme is based on "sustainable development plans", specific to France. This is an experimental network of 20 to 25 farms in each of 60 similar-sized regions. After a detailed environmental audit, farmers introduce a new, more environmental system of production in exchange for grants to offset loss of earnings. The farms are expected to be economically viable in 10 years' time. They are in fact testing-grounds located in the local farming community. Financially the scheme is limited in scale.
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To visualise agri-environmental support as a share of ail government support to commercial agriculture, Table 2 compares the major budget items in 1991 and in 1995. It is intriguing to find no mention of "agri:environmental" measures in Table 2. The concept is mainly covered by the heading "Compensation for handicaps or specific constraints". The doubling of this budget item at current prices between 1991 and 1995 should not mask the fact that it is relatively insignificant. Accounting for 3.5 per cent of ail support prior to the reform, its share was still only 5.4 per cent in 1995, which puts agri-environmental measures into perspective.

By and large, support still fceuses largely on prices, via conventional market support or compensatory premiums. But at least there are now some conditions attached. Moving on to genuine changes in farming practices, Graph 3 (see Annex) on volume changes per hectare shows a decrease in inputs at the end of the 1980s. The reason for this was the climate of pessimism when negotiations were launched on CAP and GATT reforms. The fear of a sharp fall in support made farmers cautious. When their fears were subsequently allayed by the trend in incomes, purchases of fertiliser and more especially plant protection products began to rise once again. It is therefore not surprising that wheat yields did not fall (see Table 3). The overall impression is that CAP reform has changed agricultural production, but not enough to affect the intensive farming model developed earlier. The shift in govemment support has to go further if it is to benefit the environment.

As weil as macro-economic measures, this report will now consider the use of micro-economic instruments to address the impact of intensification.

Managing agricultural pollution: economic incentives and regulations

As Long has said, "the 'correctness' of a policy tool depends heavily on national cultures, public attitudes, legislative and administrative structures, and other characteristics that can vary markedly from country to country and region to region" (OECD, 1997). Factors such as the dispersed nature of agricultural pollution, national traditions and the political clout of the farming community mean that France has its own specific form of pollution management. The next section begins with a brief review of environmental instruments available. It then looks at the problems of applying the polluter pays principle to agriculture, and at the development of various forms of negotiation and regulation. It ends with a description of the trade-off achieved with the Agricultural Pollution Control Programme.

Effectiveness of agricultural pollution management instruments

From a practical standpoint, authorities have two means of solving pollution problems. One involves economic instruments, the epitome being the Pigovian tax as applied in the polluter-pays principle. The other involves regulation and the imposition of standards on agents, which in fact amounts to setting emission quotas. In theory, when there is a single source of pollution and a single sufferer, the two solutions are equivalent. Figure 1 shows that the social optimum is achieved when the agent responsible for the diseconomy caused by the pollution is obliged to paya level of tax (OT) equal to the diseconomy (marginal damage). The imposition of a standard or norm (ON) achieves the same outcome, assuming that there is no administrative cost.

Figure 1. Break-even point for taxes and standards

Translator's Note: (prix = cost) However, when there is a second source of pollution with a different marginal dean-up cost, achieving the optimum level will mean setting individual standards, which implies familiarity with the technologies involved. To get round this, permits and tradeable quotas have been developed. However, the symmetry between optimal taxes and emission quotas no longer holds when an unknown quantity enters the equation, be it damage or dean-up costs.

When it comes to the widely dispersed (non-point) sources of pollution found in agriculture, internalisation becomes particularly complicated. The reasons are as follows:

• numerous agents are involved, making it impossible to identify the source of the pollution when ascribing responsibility or arranging to curb pollution at source. This also heightens the risk of free-rider behaviour, particularly when agents feel they have played very little part in the overail pollution;

• emission sources are hard to locate and, because of geographical diversity, may have very different environmental impacts. Factors such as proximity to a watercourse, physicallchemical properties of the soil and the slope of the ground will ail be important. 50 pollutant transfer may take anything from a few days to several years. This means that targeting is necessary depending on the sensitivity of the area;

• a variety of technologies are involved, depending on the type of production and the type of pollution. The fact that farmers with surplus slurry actually purchase minerai fertilisers is typical of the technical inefficiences that result from sub-optimal behaviour in the industry. Adaptation and change depend on the technology involved in each system;

• the random nature of farming, owing to natural hazards, means that farmers cannot accurately match their use of inputs to the needs of their crops. Risk aversion also increases scope for overuse, particularly in the case of plant-protection products. Weather conditions also make the environmental impact of fertiliser spraying or pesticide treatment variable.

That being the case, Pigovian taxes cannat be used ta curb pollution since a definite Iink cannat be established between the pollution and the damage. As a Pareto-efficient level of pollution cannat be achieved, the only answer is ta resort ta second-besr solutions such as taxing polluting inputs. This theoretical study highlights the problem of selecting instruments for the optimal management of agricultural pollution. But what is optimal management? Four criteria can be used here (OECD, 1989), adapted to the context of French agriculture.

1. Environmental effectiveness, gauged in terms of improvements. Today, for instance, French agriculture --responsible for two-thirds of the nitrogen in surface water --is having an increasing impact on the quality of drinking water and water resources in general. In 15 départements, more than 40 per cent of catchment points are supplying water that is almost undrinkable, with levels of 50 mg of nitrates per litre (!FEN, 1997). This is essentially due ta the growing use of chemical fertilisers, deliveries of which increased tenfold between 1950 (230000 tonnes per annum) and 1993 (2.3 million tonnes). But the expansion of off-land livestock production, particularly when concentrated in specific areas such as Brittany which accounts for 55 per cent of the country's pig herd,.has brought even more pressure ta bear. A simple fall in the nitrate level of raw water is a good indicator of whether a policy to curb agricultural pollution is working, even without any reference ta landscape, biodiversity or ecosystem quality.

II. Economic efficiency means reaching given policy objectives with minimum costs, since a Pareto-efficient level of pollution is impossible, particularly in the case of non-point sources.

Costs obviously include private costs and social costs via administrative costs or various forms of support. This criterion is particularly important in times of economic difficulty, as is currently the case. Here, it is important ta study situations characterised by technical and allocation inefficiences. In such cases there is scope for production mixes where fewer polluting inputs are used to achieve the same level of output. It has been shawn, for instance, that on cattle farms it is possible ta achieve a 20 per cent reduction in fertiliser use and cultivation costs without Joss of incarne. On mixed cattle/pig farms tao, cuts of 30 per cent are possible without affecting income [START_REF] Isabelle | Détermination des marges de manoeuvre des élevages à partir de la mesure des inefficacités[END_REF].

III. Administrative efficiency and practicability are vital factors in the choice of instruments. Again, emission quotas are an alternative ta taxation, but it would be quite cumbersome ta apply them ta agriculture. The taxation of polluting inputs, notably chemieal fertilisers, has been a highly contentious issue, particularly because the instrument lacks elasticity and has implications for incarne. Yet a finer-grained study has shawn that it cames great incentives (Rainelli and Vermersch, 1997). In addition, the administrative costs are very low. But the main obstacle is the hostile reaction that input taxes arouse in the farming community and the fertiliser industry.

IV. Concordance with the institutional framework is the final factor in the equation. For the purposes of this report, it will be confined to the polluter pays principle, an environmental policy guideline accepted by OECD Member countries. Environmental policy in the European Union is aiso based on the principle "that environmental damage should as a priority be rectified at source and that the polluter should pay." (Article l30R, para. 2, of the Treaty establishing the European Community). This principle has been used in France as a basis for the emission charges levied by the water basin agencies, and by the water agencies that eventually replaced them.

Problems in applying the ppp to agriculture'

As early as 1964, France passed a Water Act goveming water allocation and water pollution control. To manage water resources in terms of both quantity and quality, the Act set up six large agencies corresponding to France's six major river basins. These were to be run by goveming boards, half of whose members would be govemment officiaIs and the other half representatives of local authorities, agricultural users and industrial users; the boards were to draw up multi-annual action programmes as an integral part of their long-term plans. As problems varied from one river basin to the next, each agency acted of its own accord. But they were ail financially independent, meaning thatthey had to balance their expenditure against the income they received in the form of charges. By decree, charges could be levied "on public entities or privale persons which require or use the intervention of the Agency because: they contribute to a worsening in water quality; they withdraw water; they modify water f10ws in part or ail of the river basin.

Charges can also be levied on public or private bodies which benefit from work or investments made with the assistance of the Agency." However, the 1964 Act did not give the water basin agencies ownership or enforcement powers. Accordingly they had no authority over many of the problems involved in water management. To remedy a number of deficiencies and create a single system encompassing withdrawals and activities not covered by emission charges, a broader-ranging Act was passed in 1993, making the water basin agencies into Water Agencies.

The general principle of taxing polluting activities as contained in the 1964 Act did not apply to agriculrure. In 1981, an Order was passed stipulating that emission charges payable to water basin agencies should take account of "the organic and ammoniacal nitrogen content of water" as weil as total (organic and minerai) phosphorus. In fact this amounted to including discharges from Iivestock farms but overlooking soil-based pollution. The Seine-Normandy water basin agency accordingly drew up a system of charges, as did the Loire-Brittany agency.

The authorities were faced with highly adverse reactions from the farming community to the very idea of the polluter pays principle, and taxation in any form. Basically farmers, who saw themselves as the best people to pretect Narure because they worked so closely with it, refused to be classed as polluters in the same category as industry. In any case, hostile to charges on anything, including withdrawals, farming organisations argued that it was hard to set up a perfectly equitable system given the fact that the pollution came from non-specifie sources. Given the circumstances, the authorities drew up a special set of regulations and resorted to dialogue and persuasion.

To gain closer control over agricultural pollution, the Ministers of Agriculture and the Environment decided in 1984 to take the innovative step of setting up CORPEN, the committee for the reduction of water pollution by nitrates (and phosphates) from farming. This brings together ail the stakeholders: the farming community, the fertiliser industry, relevant govemment departments, key figures and experts. The Committee's task is to put forward policy proposaIs, for ministerial approval where necessary or for immediate circulation in the case of information. An interministerial unit focusing on nitrate levels in water (the Mission eaux-nitraresJ, drawing its members from the Ministries of Agriculture and the Environment, services CORPEN and helps to implement decisions [START_REF] Depagne | La politique française de lutte contre la pollution des eaux par les nitrates[END_REF].

CORPEN, whose task is to advise the mlnlsters concerned, defines itself as a forum for dialogue. But it is also a forum for experts from the farming community and government who draw up a set of technical standards, largely reproduced in the legislation goveming environmental compliance (Doussan, 1996). Given the highly technical nature of the regulations on environmental compliance, CORPEN also defines the content of technical provisions applicable to agriculture.

The regulations on classified facilities (1976 Act) are a good illustration of this. They coyer two broad categories of facilities, those subject to either notification or authorisation. The first are smallersized units, which must meet general requirements drawn up at national level, although local authorities may subsequently make them tougher. The second category, however, is subject to a much stricter system involving case-by-case review and an environmental impact study on each facility. Each case is also subject to public enquiry. It is only once these survey and study phases are over that a facility may he authorised to operate, on the understanding that the authorisation may be withdrawn at any moment in case of non-compliance. The regulations were revised in 1992 and extended to cattle farms, with a reduction in the authorisation thresholds for calf or feeder catde numbers from 250 to 200. The new system also establishes rules on the position of farm buildings in relation to dwellings and specifie natural features, the construction or development of such buildings (including watertightness, guttering, effluent storage capacity), and the elimination of animal wastes (including specifications, regulatory distances and surfaces authorised for slurry spreading). Ali these provisions were drawn up within the framework of CORPEN.

The transposition of the EU Nitrates Directive into French legislation also drew on CORPEN' s work, in particular the "Code of Good Agricultural Practice" for farmers in vulnerable areas.

Dialogue of this kind between the authorities and the farming community is not confined to CORPEN. It can take other forms, such as the Agricultural Pollution Control Programme (PMPOA), discussed below, which was also drawn up through discussion. Following an initial oudine agreement in March 1992 between the Ministers for Agriculture and the Environment, a further agreement was signed in October 1993 between both Ministers and farming organisations. Ali the signatories endorsed closer control over agricultural pollution and undertook a full programme of pollution control. The Programme is prepared and monitored by a national commitlee which discusses the framework and interpretation of the agreement and ensures that commitments are met. The committee includes representatives of the two Ministries concerned, farming organisations, water agencies and the external services of the Ministry of Agriculture.

The above example, a formaI acknowledgement of the consensus among professional stakeholders, is a step towards involving the leading farming organisations and government policymakers in the design and implementation of agricultural policy. It is in fact an attenuated form of joint management. It also explains why there has been a refusai to accept taxes or quotas on fertiliser. Once economic instruments of that kind have been introduced they leave very little scope for negotiation, unlike enforcement regulations which can be applied with varying degrees of flexibility (Doussan, 1996).

Agricultural Pollution Control Programme (PMPOA)

This Programme, drawn up by the Ministries of Agriculture and the Environment in March 1992 and endorsed by farming organisations in October 1993, provides for support from the public purse for intensive farms that agree to comply with standards and improve their farming practices as necessary. First a full diagnosis, paid for by central govemment and the water agencies, is conducted on the farm to identify the improvements required to control pollution. A voluntary agreement (contrat) is then signed with the farmer who agrees to conduct the work required to bring the farm up to standard. In exchange, local and central government provide one third of the funds for the investments stipulated in the agreement, with another third coming from the water agencies and the balance from the farmer. As compliance sharply reduces pollution, the farmer will have only a small charge to pay for the residual pollution from his farm. For the duration of the agreement the farmer will not pay any charges, as payment is phased in later.

The PMPOA falls within the scope of the regulations on classified facilities and the Nitrates Directive. With regard to the regulations, the Programme seeks to ensure compliance with the 1976 regulations, subsequently amended in 1992. The 1972 regulations focused on off-land rearing units. Accordingly, many pig farms have already undergone substantial changes. Dairy or suckler cow farms, which only became subject to authorisation in 1992, are by no means up to standard. Large caille farms are thus facing substantial expenditure.
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As for the 1991 EEC Directive concerning the protection of waters against pollution caused by nitrates from farm sources, the goal is to prevent and reduce pollution caused by nitrates not only from livestock farms but also From the use of chemical fertilisers. The Directive defines vulnerable zones, where groundwater contains or could contain more than 50 mg/l nitrates. In these areas, compulsory fouryear action plans have been introduced to control the use of chemical and animal fertilisers according to cropping systems and plant requirements. These genera1 requirements may be adapted to the needs of each Member State. France, in ilS Order of 4 March 1996, has opted for an agricultural approach with the application of a Code of Good Agricultural Practice in vulnerable areas. The annual quantity of animal effluent is limited to 210 kg of nitrogen per hectare as From 1999 and 170 kg as from 2003. The PMPOA sets a limit of 170 kg now applicable to 80 cantons, 77 of them in western France, where the stocking density is already very high. These areas are known as zones en excédent structurel (ZES) or structural surplus zones. To remain below the ceiling, programmes have been drawn up to deal wilh surplus manure.

The PMPOA, which came into force on 1 January 1994, provides for the graduai entry into the Programme of 120 000 farms in decreasing order of size. The first to be affected were units housing over 1 000 pigs or 200 caille, and broiler units over 3 400 m 2 • The Programme was originally planned for completion in 1998 with the inclusion of units housing 450 pigs or 70 caille, and broiler units over 1 190 m 2 • However, the cost of compliance with standards, originally set at FF 7 billion but now possibly twice or three times that amount, has pushed back the deadline for completion to 200 1.

In practical terms, the 120000 largest farms will be subject to a charge, to be calculated in two stages for each farm.

The first stage is the base charge (BC) calculated in terms of the pollution produced by each type of animal, broken down into 4 substances: SM (suspended matter), OM (oxidisable matter), RN (reduced nitrogen) and P (phosphorus). BC equals the sum of these quantities, multiplied by the coefficient (charge rates) set by the Water Agency. BC = 0.09967 SM + 0.14887 OM + 0.25822 RN + 0.92542 P This base charge is the amount that the farmer would have to pay if the facility did not comply and there were no improvement in manure-spreading practices. Following negotiations between the farming community and the authorities, the base charge will be subject to abatements depending on the improvements made. As a symbolic and somewhat artificial concession to farmers, these arrangements embody the "non-polluter does not pay" principle (as opposed to the PPP). In practice, allowance is made for the quality of:

=> liveslOck waste recovery: very good = 1 good = 0.9 average = 0.8 => manure-spreading: 0.9 for Class l, 0.8 for Class II and 0.6 for Class III.

Quality depends largely on stocking density. A combination of the two gives nine coefficients ranging from 0.48 lO 0.9; for farms with additional waste recovery equipment or a very low stocking density they may be as high as 0.95 or even 0.99.

The end result is a net charge (NC) which only has to be paid in excess of 200 inhabitantequivalents, or sorne FF 6 500 in 1997. But to prevent the net charge from upselting the farm's financial equilibrium, only 40 per cent was payable in 1995, 50 per cent in 1996 and so on, up to 100 per cent in 2003.

Problems raised by the use of water by farmers

Agriculture is a heavy user of water but does not pay the true priee; hence excessive use of the resource, with adverse implications for the environment and distortions in water use in general. This section begins by focusing on agriculrural use of water and its repercussions. It then goes on to show how pricing encourages this situation.

3.1 Resource use and environmental damage ln 1994, an nuai withdrawals amounted to sorne 40.7 billion cubic metres, or less than one-tenth of the rainfall recorded for the whole of France (üECD, 1997). In relation to the quantities available, the French rate of withdrawal is around twice the üECD average. Table 4 shows who the main users are and gives a breakdown by source (groundwater or surface water). Source: üECD, 1997.

Overall withdrawals by industry have been on the decrease since the early 1980s, as they have been in most developed countries, owing to the sharp decline in mining, iron and steel, ail of them heavy water users, and the spread of recycling, notably'in the agro-food sector. Public supply withdrawals levelled out in the early 1990s, because most households were now connected to the water supply but also because of efforts to combat leakage. The 9 per cent increase in consumer water priees between 1991 and 1996 encouraged beuer resource use (!FEN, 1997 b). Withdrawals by electric power plants have also levelled out.

In fact the only increase recorded in withdrawals is by agriculture, and is directly proportional to the development of irrigation. Accounting for just over half a million hectares in 1970, irrigated land rose to 1 150000 ha in 1988, or 5.5 per cent of ail farmland. Since then, the figure has continued to rise, reaching 1 620000 ha in 1995. In sorne areas it has sky-rocketed. One example is Poitou-Charentes in western France, which had 8 000 ha of irrigated land in 1970 but by 1988 was approaching the 100 000 ha mark and today has 150000 ha.

Groundwater abstraction accounts for a substantial share of these withdrawals. In the south of Vendée département, for instance, in western France, aquifers are intensively used for irrigation, since 85 per cent of the 35-40 million cubic metres abstracted each year are used for crops.

Piezometrie levels have been set as danger levels and eut-off points to prevent damage to water quality and to conserve the major wetland known as the Marais Poitevin. The danger level, 2.50 m above the eut-off point, acts as an alarm when groundwater depletion needs to be curbed. The system was devised in 1990 when a low-water mark was recorded at a distance of lm below the eut-off point (Roy and [START_REF] Faissolle | Le dispositif de gestion des nappes mis en place dans le sud-Vendée[END_REF].

The major aquifer (20 billion cubic metres) below the Beauce area in central France is also seriously overused owing to the development of irrigation. In the Beauce area of Eure-et-Loir irrigated land rose from 45 000 ha in 1970 to 128 000 ha in 1996, or 85 per cent of ail farmland. As a result, the aquifer fell to a disastrous level of 94, far below the normal reading of 106-107.

Total withdrawals by agriculture are not, in themselves, the most significant figure. Table 4 shows that they account for only 12 per cent of the total, compared with power plants at 63.4 per cent. But the important factor is the scope for resource repletion in each category. Power-plant cooling accounts for a net withdrawal of just a few percentage points. Conversely agriculture puts back very liule of the water it uses, as can be seen from net use as a share of the total, which stands at around 44 per cent.

An estimated 2 500 eubic metres per ha is used every year for irrigation, most of it in the south of France for fruit and vegetables and above ail maize, which accounts for 60 per cent of ail farmland equipped for irrigation. Irrigation goes hand in hand with the intensification of production and the use of polluting inputs. This is bccause water improves the uptake of fertiliser by crops. However, beyond a certain dose of fertiliser there is a sharp increase in nitrogen loss. Figure 2 shows how nitrogen loss increases with the rise in maize yields following irrigation. Figure 2 shows that nitrogen uptake by maize will rise until nitrogen input reaches 200 kg per hectare, corresponding to an additional 60 mm of water, i.e. in ail 260 mm. At that point, the yield is 8 tonnes per ha. Beyond that point, there will be a considerable increase in nitrogen loss. For a yield of 10 tonnes, for instance, and doses of nitrogen in excess of 230 kg per ha, nitrogen loss will approach the 70 kg mark.

A matrix based on cereal farms in the Réseau d'Information Comptable Agricole (RICA) or Fann Accounting Information Network shows the empirical correlation between the crop area, output per hectare and variable inputs (Table 5). There is a positive and significant relation between output per hectare and the amount of inputs used, in particular pesticides. Table 5 also shows correlations between the variable factors. Amounts of these variables relate positively in pairs. The positive relation between fertilisers and pesticides confirms the general observations in Figures 2 and3, and shows that intensive production techniques aggravate the risks to plant health.

The close relation between intensification and the use of variable factors, mainly fertilisers and pesticides, can be put down to the fact that plant protection products are inputs which are expected to "cooperate" with other factors of production, in the sense used by Rader, i.e. that two factors co-operate if one increases the expected marginal productivity of the other. This complementarity stems from a number of agricultural considerations.

One is that intensification techniques in France have helped to obtain what are in theory almost maximum yields. Irrigation and the massive use of fertilisers have overcome the nutritional constraints on crop growth. In addition, higher-output seed is now being used. At the same time, however, this has aggravated the risk to plant health, as the more producti ve varieties put ail their energy into growth and so lose the capacity for resistance. Similarly, bringing forward sowing dates to prolong photosynthesis leaves crops exposed to parasites for longer periods. Increased crop density gives greater exposure to sunlight but favours cryptogamic diseases. Thus pesticides are expected to co-operate with other inputs, mainly ferti1isers. for two reasons. First, plant protection products serve to protect a potential yield that relates positively to the use of directly productive inputs. a c1ear example being the fuel used when treating crops. Second. the massive use of these directly productive inputs results in increased intensification, but at the same time causes more damage to the environment.

Private costs and social costs

For a farmer concemed solely with the profitability of his own business, the use of irrigation is perfectly justified in many areas where rainfall is either inadequate or uncertain at various times of the year. Maize is exemplary in this respect. RICA data on major crops show that between 1987 and 1995 an increase of 33.3 quintals per hectare in the average maize yields in the Centre region and an increase of 24.49 in Poitou-Charentes were achieved through irrigation. Agricultural experts have calculated that the statistical correlation between irrigation and increased dry matter equals a gain of 0.02 ta 0.03 quintals per mm of water. The correlation between water and yield also applies to the south of France. A simple calculation shows that with current product prices and water costs, it is worthwhile irrigating whenever the additional maize yield exceeds 22 quintals. But the figure may vary quite markedly depending on factors such as soil moisture deficit or expertise in irrigation techniques.

The sensitivity of water demand to priees was tested using a linear programme representing a 76.3 ha farm with scope to irrigate. on the slopes of the Gers region in south-west France. Prices and direct support were those prevailing in 1995 [START_REF] Michalland | Approche économique de la gestion de la ressource en eau pour l'usage de l'irrigation[END_REF]. For an hourly flow of 68 cubic metres and an annuaI volume of 102400 cubic metres, Table 6 below shows the effects of a ±5 per cent change in prices and compensatory payments on gross margin and water use. N.B.: 0.98% is an upper li mit. as water availability is limited to 102400 cubic metres, and the figure cannot go any higher.

Table 6 shows that a 5 per cent fall in the priee of maize will reduce water use by 9.7 per cent and gross margin by 0.8 per cent. Conversely, a 5 per cent rise in the price of maize will give only alper cent increase in water use (owing ta limited water availability) and a 0.5 per cent increase in gross margin. For sorghum, which requires less water than other crops, a priee rise will lead ta an increase in crop area, ta the detriment of other crops requiring more water. Hence quite a substantial decrease overall, of the arder of 15 per cent, in water use.

Clearly then, relative prices for the various products and for output and inputs may have a part ta play. It is c1ear tao that the priee support prior ta 1992 was a 5trong incentive for intensification [START_REF] Mahé | Impact des pratiques et des politiques agricoles[END_REF]. The 1992 reform of the Cornmon Agricultural Policy, with its partial decoupling of price support, largely halted the process. However, the way it has been applied in France for farmers irrigating major crops has not brought about any basic changes, and may even have been advantageous ta those farmers.

The fall in support prices from Po ta P" together with the set-aside of sorne land, is of course offset by flat-rate area payments. Small farmers with less land than is needed ta produce 92 tonnes of grain are exempt from set-aside requirements, unlike the more "professional" farmers. The flat-rate payments are based on reference yields that take into account yields in the département as a whole, broken down into irrigated and non-irrigated crops. The irrigated crops category is confined ta land equipped for irrigation (or planned to bel as of 31 August 1992, and only in départements that have separate data on irrigated reference yields. Ceilings have been set for each département.

Compensatory payment schemes are based on the following formulae [START_REF] Cohen | Nouvelle PAC et nouveaux projets d'irrigation[END_REF]:

for set aside Yu 1.27(Po -p,)Lx(l -p)
where Yu is the departmental yield used to calculate set-aside payments L.(l -p) is the amount of land set aside 1.27 (Po -P,) is the premium for irrigated land Y, (Po -p,)L, where Li is irrigated land, excluding set-aside Yi is the departmental yield used to calculate compensatory payments for irrigated land (Po -P,) is the premium for non-irrigated land Y" (Po -P,)L'i where L. is non-irrigated land, exduding set-aside Y'i is the departmental yield used ta calculate compensatory payments for nonirrigated land

The last factor explaining the difference between private costs and social costs relates to the fact that the user charges paid by farmers bear little relation to the social value of this public good if it were put to other uses. Each of the six Water Agencies has a: rather complex method of computation, with variable user charges and different ways of calculating volume and possible exoneration. However, the variable costs of a cubic metre of water are low, ranging from FF 0.2 to FF 0.4 in the Midi-Pyrenees area for instance (Michalland, 1996, p. 317). This should be compared with the FF 1.00 per cubic metre that [he utility Electricité de France estimated it had lost when asked to release water from its hydro-electric reservoirs so that farmers could irrigate during the 198911990 drought. In fact the social value is far higher if, in addition to lost revenue, stress to ecosystems is also factored in.

Even if CAP reform does encourage farmers to come forward and declare how much land they irrigate in retum for the corresponding payments, liule is known about how much water farmers actually withdraw. As stated earlier, they are estimated to have withdrawn 1.0 billion cubic metres of groundwater in 1994, along with sorne 3.9 billion cubic metres of surface water. Yet in 1993 the overall volume of water subject to user charges was only 1.3 billion cubic metres (Annuaire Statistique de la France, 1997). Even if this figures excludes withdrawals in seven départements of eastem France, there is still a considerable difference between total withdrawals and total withdrawals subject to user charges.

In conclusion, farming --the heaviest net user of water in the country --has long enjoyed very favourable access to the resource thanks to substantial subsidies for infrastructure and even irrigation facilities. Reform of the CAP in 1992 put a stop to irrigation incentives. Yet the system of compensatory payments for irrigated crops has done nothing to change the previous situation, and has even given farmers an entitlement to produce, together with virtual ownership of the water they use.

Even if efforts are now being made to gain c10ser control over water use with the obligation -not a1ways respected --to have water meters, the cost of water to farmers is still nowhere near its opportunity cost. Yet when there is a drought the opportunity cost becomes very high, as the various users compete for the resource. This kind of competition is actually detrimental to ecosystems, in spite of requirements goveming minimum low-water flows. So rational resource management caBs for marginal cost pricing, perhaps with a simplified system to make it applicable.

• • •

In conclusion, agriculture support has c1early encouraged the intensification of production by pushing down the cost of industrial inputs while at the same time maintaining farmgate priees. The partial decoupling brought about by CAP reform did not really reverse the trend. In this respect compensatory payments for irrigated crops are a very significant example, particularly since the price that farmers pay for their water is nowhere near its opportunity cost.

At a more rnicro-economic level, the management of agricultural pollution, as envisaged in intensive farming, c1early cannot intemalise extemalities. On the contrary the combined use of regulation and the polluter pays principle is the right approach, in the long run, towards curbing the environmental impact of practices that cause the worst environmental damage. However, the dispersed nature of agricultural pollution and the reluctance of farrners to pay user charges are two obstacles to socially effective solutions.
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 2 Figure 2. Increased yield following irrigation, and corresponding loss of nitrogen

Table 1 .

 1 Trends from 1978 to 1991 in government support for commercial farming (billions of 1991 francs)

		Market support	Farm	Supponfor	Other	Total
		and market	modernisation	less favoured		
		orientation		areas		
	1978	24.9	13.8	1.5	3.5	43.6
	1979	26.0	14.3	1.4	3.0	44.6

Source:

[START_REF] Delord | Les concours publics à l'agriculture française[END_REF] 

Table 2 .

 2 Government support to commercial agriculture in 1991 and 1995, 

	current prices (FF billions)	
	1991	1995

Table 3

 3 

				. Trends in French yields of soft winter wheat		
			from 1989 to 1996 [quintals (100 kg) per hectare]		
		1989	1990	1991	1992	1993	1994	1995	1996
	1 Yields	65	66	69	66	68	66	66	72

Source: Statistique Agricole Annuelle.

Table 4 .

 4 Withdrawal by source and sector in 1994 (billions of cubic metres)

		Agriculrure	lndustry	Public supply	Thermal power	Total
							plants	
	Groundwater	1.0	(]6.8%) 1.6	(26.6%) 3.4	(56.4%)		6.0	(l0D)
	Surface water	3.9	(11.3%) 2.4	(6.8%)		2.6	25.8 (74.5%) 34.7	(100)
						(7.4%)		
	Total	4.9	(]2.0%) 4.0	(9.8%)	1.0	(]4.8%) 25.8 (63.4%)	40.7	(]OO)

Table 5 .

 5 Matrix of empirical correlations (and Type 1 risks of rejection of the non-correlation hypothesis) based on the RICA cereal-growers panel

		Croo area	Outout oer ha	Pesticides	Fertilisers
	Output/ha	0.03			
		(0.14)			
	Pesticides	0.16	0.51		
		(0.00)	(0.00)		
	Fertilisers	-0.11	0.34	0.25	
		(0.00)	(0.00)	(0.00)	
	Other variable	-0.25	0.33	0.25	0.27
	factors	(0.00)	(0.00)	(0.00)	(0.00)

Table 6 .

 6 Effects of a ±5 per cent change in product prices and support on water use and average gross margin on a typical farm in the Gers region

		Change in water use when	Change in gross margin when
	Products subject to variation	product prices and support	product prices
		fall by 5%	rise by fall by 5%	rise by 5%
		5%			
	Maize	-9.66%	0.98%	0.83%	0.55%
	Soyabean	0.98%	-3.96%	-0.29%	0.50%
	Sorghum	0.98%	-15.25%	-0.20%	1.6! %
	Wheat	-11.56%	0.00%	-0.62%	0.77%
	Compensatory payments				
	(maize, sorghum)		0.98%	-0.94%	1.50%
		0.98%			
	Source: Michalland, 1995, p. 188.				

(P" -P,) is the premium.

The fact that the govemment allocates higher reference yields, and hence special direct payments, for irrigated crops in fact amounts to payment for the pecuniary extemality that priee support used to provide for irrigation. This support, in the form of flat-rate area rent for irrigated land, may also be seen as entitling fanners to produce, and indirectly as aeknowledging fanners' ownership of the water they use, given the very low price they pay for water.

Fanners do not in fact have to bear ail the costs incurred in supplying them with water. The government subsidises ail major engineering schemes, small dams, hill reservoirs and watercourse development. Subsidies range from 25 per cent to 35 per cent of the total cost of such schemes. Since 1982, local authorities have also been able to grant support, as have the Sociétés d'Aménagement Régional (regional development companies, or SARs). Table 7 uses three-year averages to identify trends in government support since 1982, and irrigation facilities funded by that support (number of hectares and volume of reservoirs). 1) Subsidies in millions of francs, at current priees, excluding SARs; 2) Subsidies including SARs; 3) Hectares with irrigation facilities; 4) Volume of subsidised reservoirs, in 1000 cubic metres.

Source: Statistique Agricole Annuelle.

Table 7 shows the steady growth in subsidies throughout the 1980s and into the early 1990s, when CAP refonn led to a sharp drop in support for hydraulic projects relating to agriculture. The physical impact of the decrease can be seen from the number of hectares with irrigation facilities and the volume of reservoirs awarded support. The sums involved and the number of schemes teceiving grants are quite substantial, since the land area equipped for irrigation totalled 63000 hectares in 1991 and 64 000 hectares in 1992. Further incentive for fanners to develop their water resources came in the fonn of EU support, provided that projects could be shown to contribute to land use planning or economic dcvelopment. Reeently, the Integrated Mediterranean Programmes have been the main providers of EU funding. These Programmes, intended for Mediterranean areas as their name suggests, have leveraged substantial funds.

For irrigation networks built between 1990 and 1992 in the Midi-Pyrenees region, subsidies covered between 50 and 80 per cent of the total investment, depending on the salient features and circumstances in each network, with investment ranging from FF 15000 to FF 50 000 per hectare (Miehalland, 1996, p. 134). Such support is bound to have a considerable impact on the development of irrigation.