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Starting from a demand driven agriculture approach, and through different case studies, the paper tries to show the correspondences between joint consumptions and joint productions. In other words, assuming a paretian optimality situation, how do the joint consumptions sustain joint productions ? And so we propose a dual characterization of the multifonctionality of agriculture.

INTRODUCTION

Agricultural policies and trade negotiations give increasing attention to the notion of multifonctionality which can be defined following two complementary approaches (OECD, 2001). In the positive one, multifunctionality is defined by the following specific characteristics of the agricultural production process : (i) the existence of multiple, commodity and non-commodity outputs which are jointly produced by agriculture ; (ii) the fact that certain non-commodity outputs exhibit characteristics of externalities or public goods. The normative approach to multifunctionality defines multifunctionality according to the multiple functions assigned to agriculture. Multifunctionality is a characteristic of the agricultural production process but also has a value in itself, and has become a government policy objective. Most of papers dealing with multifunctionality consider only the production side (i.e the positive approach), omitting that jointness of production are also sustained by jointness of consumption. In a dual framework, the multifonctionality of agriculture stems from the utility structure by the mean of paretian optimality. Otherwise, the preceding normative approach should be ultimately justified by a "demand" of multifunctionality which can express itself notably by joint consumptions.

Indeed, multifunctionality often appears to be the new Trojan horse of high-cost agricultural producing countries with high levels of support. Therefore, the preservation of jointness in agricultural production is viewed as a lack of trade liberalization.

Starting from a demand driven agriculture approach, and through different case studies, the paper tries to show the correspondences between joint consumptions and joint productions. In other words, assuming a paretian optimality situation, how do the joint consumptions sustain joint productions ? And so we propose a dual characterization of the multifonctionality of agriculture. The second section gives some general considerations about the links between multifunctionality, jointness and externalities, including an historical overview. The following sections provide the conceptual framework applied to a closed economy example. Then the paper shows how we can obtain the Pareto optimum through a decentralized equilibrium. We adopt also a two countries model with more or less inclinations to joint consuming. In that case, trade liberalization should imply a lower WTP to sustain joint production in agriculture. Lastly, we analyze the case of separable versus non separable production externalities through consumption behaviour.

MULTIFUNCTIONALITY, JOINTNESS AND EXTERNALITIES

The renewed interest in the multifunctionality of agriculture relates to structural changes in european agriculture which in the past has widely privileged the scale, rather than the scope, of production.

16/02/11 4

Overview

An historical overview of the evolution of production systems shows that the co-ordination of activities within the farm was the rule for agronomic reasons, for the maintenance of fertility and for economic reasons related to a better risk management. This combination of mixed crop-livestock production limited the harmful effects on the environment. Animal production was traditionally associated with crops; the availability of crop by-products such as animal feed, the use of litters and animal faeces for maintaining the levels of organic matter as well as soil fertility was representative of the internal co-ordination of activities at the farm level. In other words, the joint products or byproducts of the range of productions were used as inputs for another productive activity. From an economic point of view, these technological synergies are defined as pecuniary externalities, i.e.

"market" externalities which translate into savings on purchased inputs (fertilisers, on-farm used cereals) or into the other following methods : farming rotations contribute to plant health protection and to a balanced fertiliser balance. Moreover, the use of these various synergies can create positive externalities called technological externalities, which benefits the community in general. Such is the case with the production and maintenance of landscapes; the aesthetic character of certain "bocage" landscape is related to the agricultural systems of production which combine, for example, breeding with a specific use of the area. In conjunction with this aesthetic function, other positive externalities result from the use of internal economies at the farm level, covering ecological functions and control of natural risks : biodiversity, ecological niches, soil protection against erosion, regulation of water dynamics, cleaning capacity.

In the immediate post-war period, farmers found an economic interest in using pecuniary externalities internal to the farm, interest that could have been revealed in particular by the presence of economies of scope. These economies exist when the cost of joint production of several goods is lower than the production cost of these same goods when separately produced : it is the association of productions (range of goods) which induces cost savings having diverse origins: complementarities in production related to the existence of joint products (grain and straw of cereals), quasi-public factors 2 (certain farm equipment), etc.

Technological innovations and the hierarchy of agricultural administered prices within the original Common Agricultural Policy contributed to the abandonment of the various production complementarities mentioned above. Cereal price support encouraged the adoption of technological innovations acting as substitutes for the existing complementarities ; such was the case with the increased use of pesticides which ensured crop protection much more effectively than simple farming rotations. In another area, improvements in genetic research have led to the development of species or varieties requiring specific inputs to fully develop their potential. This has, in some cases, resulted

.

Quasi-public factor: factors, which, if acquired for the production of a given good, are available at a lower cost for the production of other goods.

in certain by-products formerly used as inputs, such as crop by-products, animal dejection used as fertilisers, etc., no longer being used. Moreover, the lack of a practical use for these complementary by-products, as well as the physical hardship associated with the work, has encouraged the adoption of technological innovations.

Production specialisation is thus partially explained by a progressive erosion of economies of scope. The system of guaranteed prices and the substantial technological innovation over these last decades has eliminated the large share of joint production activities as traditionally covered by the agricultural enterprise. This is now covered by industrial enterprises located both upstream and downstream in the agricultural sector and which, as a consequence, has removed from agriculture part of its traditional multifunctional character. The contribution of family farms to the agricultural and agro-food process has been reduced, just as the environmental amenities previously mentioned. The disappearance of these amenities is sometimes interpreted as negative externalities, according to the various modes of ownership attribution, which governs these externalities. In addition, one finds undesirable characteristics of certain by-products (animal dejection), the massive use of pesticides and artificial fertilisers which harms biodiversity and their accumulation in the ecosystems which can, in the long term, have harmful effects on human health.

Different kinds of jointness

Although there is no strict equivalence, economies of scope can be characterised as a dual expression of jointness in production. The economic literature counts four possible origins for joint production. The first one is related to biological or technical interdependences in production process ;

in other words, it is about production externalities associating private and public goods (or bads).

Such is the case with the joint production of honey and fruits ; the positive effect of farming rotations to plant health protection ; the contribution of agricultural systems of production to the maintenance of landscapes… In fact, the jointness is located between one product and a by-product which can be used as an input for another productive activity. Rather than of joint production, it is more about a complementarity of production : « the production of one good contributes an element of production, which is joint with this first good and required in the making of of a second good » [START_REF] Heady | Economics of Agricultural Production and Resource Use[END_REF]. The second origin for jointness is due to the existence of non allocable and/or quasi-public inputs which provide economies of scope. This is equivalent to the restricted definition of jointness given by [START_REF] Vatn | Multifunctional agriculture : some consequences for international trade regimes[END_REF] : «jointness implies that when an enterprise produces more than one output, inputs cannot be assigned specifically to each output » ; wool and sheepmeat, straw and grain of wheat are classical examples. Having said that, the distinction seems rather thin between jointness and complementarity as we consider the by-product as an input or an output. The third origin for jointness is due to the existence of allocable inputs which are fixed in the short run. It is the case of land and family labour : fixed quantities and given qualities of these inputs imply some complementarities and jointness which can have a spatial and temporal dimension. As suggested by the title 3 of Leathers's article (1991), this kind of jointness has a dual (economic) origin rather than primal (technological) as far as inputs fixity is widely due to the economic context, market rigidities… We find this hybrid origin in the fourth source of jointness, that is in the situation of uncertainty both at the demand and the supply side of production : in the agricultural sector, the intertemporal management of productive risks justifies the multiple output character.

Jointness, externalities and internalization by the market

Agricultural economics illustrates the often-concomitant reality of joint production and externalities. Do they not partially cover one reality by also including jointness in consumption ?

Indeed, the concept of externality benefits from two standard definitions. One definition could be qualified as primal and includes the concept of jointness : any indirect effect of a production or consumption activity on another production or consumption activity. The second could be called dual :

any interaction between agents which escapes the market (which is supposed to guarantee a Pareto efficiency). This being said : i) Any externality escapes the market only initially. Indeed, in the absence of any public intervention, market dynamics proposes, in the medium term, an internalisation of the externality but often neglects the legitimate rule of responsibility. Thus, a high nitrate rate in distributed water contributes to a decrease in human consumption of that water and to an increase in the consumption of bottled water. Is this "spontaneous" internalisation operated by the market, on the one hand legitimate and on the other hand sufficient, for any agricultural externality?

ii) The extent to which externalities are revealed and internalised by the market is endogenous to the pricing system [START_REF] Vermersch | Externalités et politique agricole commune : une approche coasienne[END_REF] which, in the agricultural sector, expresses rather a second-rate situation : administered prices, the existence of public goods, nonconvexities, etc. Thus in the case of the CAP, the reference situation results from a public support which is still largely coupled with market production and which contributes to environmental harmful effects.

iii) This same pricing system also determines the degree of jointness between market goods and externalities (positive and negative) produced jointly and, consequently, the linkage as well as the de-linkage between market and non-market outputs related to multifunctionality.
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JOINT CONSUMPTION VS JOINT PRODUCTION : A FIRST EXAMPLE WITH A CLOSED ECONOMY

The concept of joint consumption refers initially to a good which is simultaneously consumed by several consumers. This is evoked for example in models of intrafamily decision making in which each member possesses a utility function the value of which is an argument in an overall family utility function [START_REF] Deaton | Economics and consumer behavior[END_REF][START_REF] Lau | The Technology of Joint Consumption[END_REF]. This joint consumption results from the public character of the good or its quasi-public character. In this latter case, the good is defined as a quasipublic input and can provide several attributes or services which are outputs of household production technologies. For that reason, joint consumptions are allowed through a same individual or collective utility function. Our model draws so heavily on the characteristics approach to consumer behavior [START_REF] Lancaster | Consumer Demand : A New Approach[END_REF] which was then applied to public goods theory by [START_REF] Sandmo | Public Goods and the Technology of Consumption[END_REF] and to impure public goods theory by Cornes andSandler (1994, 1996).

We assume that the utility function of the consumer presents three characteristics which 
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, that is strictly increasing, strictly quasiconcave and twice differentiable.

There are two marketed food products, C and Q , resulting respectively from conventional and organic farming. There is a household technology which generates the three characteristics from these two goods. Each unit of them generates one unit of 1

Y so that Q C Y + = 1 , The characteristic 2
Y is a perceived health state index which is generated positively by the food quality of the product stemming from the organic farming :

( ) ,. 2 Q H Y =
. By extension, we could also consider a negative impact on the health sub utility function

( )

. H derived from water pollution linked to the conventional farming. At last, the consumption of organic product Q generates also a social and environmental ethics attribute 3 Y which can be considered as a public characteristic. Indeed, as well as most of the organic food consumers believe in a direct relation between organic food process, food safety and health, also they perceive specifically a positive impact with environmental friendliness, biological diversity and with a sustainable development of agriculture in general. All these previous characteristics have a dimension of public good. Consequently, 3 Y is a public characteristic which is 16/02/11 8 approximated by the acreage devoted to organic farming Q Z . Using so the characteristics theory allows to formalize what we define as a joint consumption. Organic food consumption is an example of joint consumption as far as it generates three joint characteristics.

On the production side, the closed economy contains two different agricultural technologies : a conventional one described by ( )

C Z F C =
where C Z is the acreage devoted to conventional farming ; an organic farming technology described by ( )

Q Z G Q =
; F and G are differentiable and concave. The land quantity Q Z leads so to a joint production of environmental amenities and organic food which provides itself a joint consumption.

The Pareto optimum

Assuming we have a total acreage Z , the Pareto optimum of the economy is the solution of :

[ ] ( ) ( ) ( ) Q C Q Q C Z Z Z Z E Z G Q Z F C E Y Q H Y Q C Y Y Y Y U Max + = = = = = = + = 3 2 1 3 2 1 , , [1]
The Lagrangian can be written as :

( ) [ ] ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) C Q Q Q C Z Z Z Z E Z G Q Z F C E Y Q H Y Q C Y Y Y Y U L - - + - + - + - + - + - + - - + = 4 3 2 1 3 2 1 3 2 1 , , ... λ λ λ λ γ β α [2]
Also the first-order necessary conditions for the maximisation in [1] imply that :

0 0 0 0 0 0 0 0 4 3 2 4 1 3 2 1 3 2 1 = - - - = - - = + - = + - - = + - = + = + = + λ λ λ λ λ λ γ λ β α λ α γ β α Z Z Q Y Y Y G F H U U U [3]
By eliminating the Lagrangian multipliers in expressions [3] and with the change of variables
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we allow a better understanding of the following equality :

        - = C E Z Z C Q U U F G U U 1 [4]
The left-side term is the marginal rate of substitution (MRS) between conventional food and organic food. It can be interpreted also as the willingness to pay (WTP) of the consumer to benefit from jointness in production. In particular, this WTP depends on the gap in land productivity between conventional farming and organic farming and the positive by-product linked to organic farming.

Lastly, expression [4] shows the linkage of the MRS between Q C, and E which puts in evidence the non separability between these different goods.

Il est clair que l'équilibre concurrentiel de cette économie n'est pas Pareto-optimal. Une différenciation par les prix des biens C (supposé le numéraire) et Q (prix unitaire Q p ) permet la prise en compte d'une seule jointure de production, soit :

Z Z C Q G F U U = [5]
Lastly the difference between expressions [4] and [5] can be interpreted as a difference in the degree of jointness wanted by the consumer.

The competitive equilibrium

The Pareto optimum can be obtained in a decentralized way if we allow a direct payment per hectare Q E p for organic farming. Indeed if we assume that the consumer is also the land owner and rents his land at unit price w , his behaviour can be written as :

( ) [ ] ( ) C Q C Q Q E Q Q Z Z Z R wZ Z w p Q p C Z Q H Q C U Max + = = - - + + + , ,
with R the initial income. That leads to :

Q C Q p U U = and Q E C E p U U = [6]
The conventional producer maximises :

( ) C C Z F C wZ C Max = - which leads to : w F Z = [7]
Also, the organic producer :

( ) Q Q Q E Q Q Z G Q Z p wZ Q p Max = + - which leads to : Q Q E Z p p w G - = [8]
We verify easily that [6], [7] et [8] lead to the paretian optimality [4]

A TWO COUNTRIES MODEL

In a certain way, the preceding functions [] ( ) .

, . F U and ( )

. G express already different cases of jointness versus separability, both in consumer preferences and in production technologies. For example, allocable factors such as land or family labour allow joint versus separable production lines.

Moreover, trade liberalization puts face to face consumers and/or countries which have often very different utility structures. By widening the preceding model with two consumers (which can represent also two countries), we show now a possible effect on production jointness due to the possibility of trade. So, consider the following program : Note that the consumer 1 has the same structure of preferences ; consumer 2 doesn't express joint consumption ; furthermore, he only takes into account environmental amenities from the area E Z which is exempt from any agricultural production. In that way, consumer 2 prefers a delinkage between agricultural production and environmental amenities ; this is the position claimed for example by the Cairns Group. Given the same change of variables as precedently, solving [9] leads to the following necessary first-order conditions :

[ ] ( ) [ ] ( ) ( ) E Q C Q C E E Q Z Z Z Z C C C Z G Q Z F C Z E Y C Y U Y Y U Z Z E Y Q H Y Q C Y Y Y Y U Max + + = + = = = = = = ≥ + = = = + = 2 1
(

)
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From expression [10], we find expression [4] for

C C U U 2 1 =
. In a dual approach,

C Q U U 1 1
represents the marginal willingness to pay of the consumer 1 to support a jointness of production such as expressed by organic farming. In a Pareto-optimal situation, this « support level » to joint production remains unchanged if the marginal utility issued from the organic products consumption is the same for the two consumers (or the two countries) :

C C U U 2 1 =
. We show easily that the support level is decreasing for

C C U U 2 1 <
; this is also the situation where trade liberalization allows to produce for a larger economy, but with a lower proportion of consumers ready to support agricultural joint production. This last effect could be precised by differentiating conventional agricultural technologies according to the different countries.

SEPARABLE VERSUS NON SEPARABLE EXTERNALITIES

According to the nature of the by-products and the consumers's localization, joint production will be transcribed or not in joint consumption. It needs a possible separability between production act and consumption act. In a first stage, we can distinguish two polar cases. On one hand, joint outputs can be separable in the consumption process : it is the case for instance of intensive pig production which exhibits also a negative externality (nitrate contamination of water) ; or a beef production contributing to the landscape. In these two examples, the respective externalities are separable of the meat consumption, as far as the pig meat consumer is not systematically affected by the water pollution. On the other hand, joint outputs can be non separable in the consumption process. It is the case of residues of pesticides in cereals ; or still the organoleptic quality of products issued from organic farming. This kind of jointness induces a joint consumption : the organic food can be so considered as a quasi public input of different household technologies or intermediate utility functions.

These different kinds of jointness versus separability will influence the solutions of internalization. So we are interested to develop an other aspect of the model which takes into account the preceding separability options. Let us consider so : 
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Consumer 1 has rather a urban profile : he is supposed to consume food coming from conventional agriculture, whose corresponding negative externality is separable of the consumption.

The positive externality linked to the organic food is non separable in the consumption ; the environmental amenities are only provided through an area E Z which is exempt from any agricultural production. Consumer 2 lives in an agricultural and rural region : he is affected by an agricultural negative externality stemmed from conventional agriculture and quantified by production level C which now also an argument of health sub-utility function

( )

. 2 H . At the same time, consumer 2 considers that the area devoted to organic farming Q Z provides an equivalent amenity as E Z . Given the same changes of variable, resolving [11] leads to the following first necessary conditions :

E Z C Q E Q Z U F U U U U G 2 2 2 1 1 1 - = = [12]
For the consumer 1, the organic farming provides only one joint and non separable externality : at the Pareto optimum, the equality between the first two terms of [12] shows that it is equivalent for this consumer to devote one unit of land to organic farming or one unit of land to produce environmental amenities. Because the area devoted to organic farming provides to consumer 2 environnemental amenties, the paretian efficiency is characterized by a trade-off between areas devoted respectively to organic and conventional agriculture. That is the meaning of the third terme of equation [12] whose denominator includes the two negative externalities undergone by consumer 2 : a marginal increase . Let us note also that, correspondingly to the definition of weak separability [START_REF] Blackorby | Duality, Separability and Functional Structure : Theory and Economic Applications[END_REF], the optimal marginal rates of substitution expressed in equation [12] depend only of the non separable consumption externalities, respectively for the two consumers.

PERSPECTIVES

It would not be difficult now to extend the model with I i ... 1 = consumers and J j ... 1 = producers. Clearly, the model has a generic dimension which can include other items ; for instance the case where the negative production externality linked to conventional agriculture affects the environmental attribute or the health attribute. Because the quasi-public nature of certain inputs and outputs, the internalization is not easy through a decentralized way ; in particular, situations of freeridding can occur frequently. For that reason, supporting the jointness of production could be an implicit and efficient way of internalization.
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  mutually keep joint consumptions. Firstly, the food consumption stricto sensu 1 Y ; secondly, the health 2 which is supposed to be a function of some of the food consumption attributes ; thirdly, an environmental index function 3 Y whose arguments are some of the arguments of the different agricultural production functions. Otherwise, functions or household productions technologies. The consumer's preferences regarding these characteristics are represented by a continuous utility function, [ ]