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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

The research presented hereafter has consisted in exploring, from the current 1980 situation ta the year 2000, several possible scenarios for agriculture and food industries in Brittany. The building up of the scenarios is not exclusively based on a totally pre-set, formal and standardized method ; the characteristic of prospective studies is ta combine factual approach and the use of mathematical means, to try and grasp the complexity of reality together wilh avoiding the risks of subjectivity. In the present case, the proposed proceedings, partly new as to the method in use, find their originality in their application to a problem of regional economics.

Taking into account the involvement of Brittany in world markets, the most apropriate method of working out coherent scenarios consists in starting from national and international environment, which forms the surrounding structure which conditions the functioning and evolution of regional agricultural economics. lt has hence appeared necessary to take position within the scopes of reflexion which have been set up at various geographic levels, so as not to lose contact with perspectives revealed within other systems . That is what was done, with reference mainly to the prospective studies by O.E.C.D. (Interfuturs 1979) and, in France, by the General Planning Commission (Commissariat Général au Plan, LESOURNE, 1980). ln all, four wide scopes of evolution ha ve been selected to cont emplate the possible future issues for Breton agriculture ; they have lead to the four following scenarios A. Slow growth: in a conte xt of economic depression and uncertainty, an assist ed and dominated agriculture.

8. Liberalism and important growth: bounda r y-free liberalism competing agriculture.

C. Breakaway economics : protectionism, strong exchange limitations, national self-sufficiency, privileged agriculture. X This article develo ps the major methodological aspects of a prospecti ve st udy , the complete results of which can be found in "Scenarios pour l'agriculture Bretonne, hy C. Broussolle, P. Dauce, P. Houée, et C. Mouchet, INRA, Rennes, Déc. 1983, 245 p. D. Another development : a new international balance, new values, an independant agriculture.

To explain the method in use, and bring out its logic, we have taken as an example the slow growth scenario (A) and we shall present the methological sequence which was applied toit.

I. Structural analysis of the Breton agricultural and food production system

The analysis of the system formed by the economics of a region leads to the inventory of its specific variable factors and to reveal their interconnections.

Identification of the main variable factors.

Fifty-seven variable factors have been selected. Twenty-eight are related to agriculture in itself, fifteen to the food production industries, and fourteen to environment. That choice is the result of a dual necessity : -establishing a list of variable factors as complete as possible in order to identify the key factors, -distinguishing between internal factors: those related to agriculture and industry, and external factors : those related to environment.

Those variable factors, displayed in lines and columns in a double entry table, form the matrix of a structural analysis, the filling in of which is carried out :

. either in columns, marking the influence of each factor on all the others : 1 if there is influence, 0 if there is none . . or along lines, showing which factor influences which.

The division between the variable factors of agriculture, food production industries and environment leads to the structuration of the matrix into blacks. That matrix may be presented as an oriented graph. Bearing in mind that the degree of dependence or materiality of the variable factors is linked to the number of paths (as meant in the graph th eory) to or from, it is possible, from that matrix, common to all scenarios, to reveal the direct and indirect chains of influence of the variable factors upon one another. Also, the division of the variable factors into blacks permits to class hierarchically the factors in each of them according to their influence on those of other blacks. Under those conditions, the problem which is posed is that of counting up or enumerating all paths of any length joining one peak of the graph to another. Several methods are available to salve that problem. {. [START_REF] Derniame | Problèmes du cheminement dans les graphes. Collection monographies d'informatique AFC~T[END_REF], [START_REF] Gondran (m | Graphes et algorithmes[END_REF]), (H[LARY, PEDRONO, 1983) Sorne methods account for all paths, including the loops ; such is the case for that consisting in bringing up the "Boolean" matrix to several powers, successively (MICMAC method). Others only account for e]ementary paths, i.e. those on]y passing once on one peak of the graph. We have used that latter method with a simple recursive algorithm.

N being the number of peaks, the length of an elementary path is inevitably smaller than n and we have at the most 2 to the power of n-1 paths of n-1 length. The total number of elementary paths of any length is hence calculated.

Within the scenarios study and inasmuch as the problem was not so much the sorting of the relations than that of the variable factors according to the number of paths joining each one of them, we have limited ourselves to the length 3 paths.

Direct effects

The direct effect of a variable factor is measured through the number of length 1 paths going from that factor . The most important driving factors are shown in table 1. We find:

. The degree of regional specialisation,

The price maintenance in animal production Ability to innovate within agriculture and food production industries Energy cost The number of specialised farms • Etc . .•.

On the contrary, the most de pendant factors, those to which lead the largest number of length 1 paths are:

The proportion of intermediate consumption in the final agricultural production, Gross operating incarne, The amount of final agricultural production, . The amount of annual investments, • The amount of imported production factors, Etc ....

Those results can be presented in a "motoriality/dependence" chart divided into four sectors :

Sector 1 : "autonomous" variable factors, little motorial and little dependent.

Sector 2 "resuJting" variable factors, little motorial and very dependent.

Sector 3 "relay" variable factors, very motorial and very dependent. Sector 4 : "explanatory" variable factors, very motorial and little dependent.

The sector 1 factors, hardly linked ta the system, cannot be controlling factors. Those of sector 2 have an evolution which can be explained by the "explanatory" factors and the "relay" factors. The sector 3 factors are intermediate ones which amplify or reduce the effect of the motorial factors of sector 4.

Indirect effects

The motorial variable factors with the greatest indirect effect are the following (table 1) :

Animal production price maintainance. There are 15,392 paths with a length of <3 going from that factor to the other variables. Energy cost (14,666 paths) The degree of regional specialisation (14,619 paths) Ability ta innovate in the agriculture and in the food production industries ( 14,051 paths) Gross National Product increase rate (12,198 paths) etc .... One can observe that some variable factors with Iimited direct effects rnay, on the contrary, ha ve greater indirect effects. Such is the case, for instance, wi th the "dispersion in food production industries" factor, going from 32nd in the former ranking ta the 21st in the latter.

Division of variable factors into blacks according ta indirect

effects.

ln addition ta the aforesaid rankings, one can also grade hierarchically the factors of a sub-system or black, according ta the influence they exercise on or receive from factors in olher blacks. ~---------------------------------------------------------------------- The general economic situation which is likely ta prevail over the period covered by the study, can be characterized by a number of events. Faced with an uncertain future, the prospective method consists in selecting several combinations of different events which formas many scenarios.
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21. Building up the scenarios the mathematical approach.

Within a given scenario, certain events can be considered as given facts; they form, in a way, the rigid frame of the scenario: such is the case, for instance, with unemployment and inflation in the slow growth scenario. Others, on the contrary, are hazardous : the accrued solidarity between E.E.C. countries, a dynamic policy of the Food Production Industries, etc ... lt would then be for a group of experts ta evaluate the conditional or simple probabilities for those various events to occur.

The provided empirical probabilites are not necessarily coherent, in the sense of the probability theory. The proposed method allows for the calculation of "corrected" probabilities . From those, a script is made for a system of relations linking together the probabilities of occurence of various possible situations or sub-scenarios, and one calculates, for each sub-scenario, an interval of variation for the probabilit y of occurence under the system of constraints, as expressed by those relations. The sub-scenario for which the upper limits of the variation interval are the highest, are considered as the most likely. The mathematical approach is as follows

Ta a list of Boolean factor X • if e i happens, 0 if value of vector X. n events (e1, ••• , e1, ••• en) is associated a (xi, •• •, x1, • • •, x 0 ), the component x1equalling 1 not. A sub~scenario is characterized by one single r • 2n sub-scenarios are counted up.
Experts provide simple probabilities of occurence of events (marked p(ei) •) and conditional probabilities of or.curence of an event e1 , know1ng that e j has occured (marked p(e1/e j) ) or has not occured (marked p(e 1 /ë:j)). To be coherent, s uch empirical probabilities must veri fy Lhe following relations :

Û,( (1) 

p(e 1 /ej)•p(ej). p(ej/ei)p(ei)=p(ei !!_ej)

(2)

p(e1/ej)•p(ej) + p(e1/ej) p(ej) • p(e1) (3) 
The corrected probabilities (marked p• ) are calculated through minimising the function: under constraints (1 ) (2) and(3) To the r scenarios 5 k, characterized by vectors Xk, are associated probabilities markedn k Hence the function f (i,j ,k) equal to 1 i f (ei €.

Sk) and (e j €. Sk), 0 i f not. We can then write• n(n+1) const raints of the type : The calculation of the upper limit of the variation interval of the nk probability is done Lhrough maximizing Lhat probability under the aforesaid constraint. The use of the simplex method requires the calculation of an initial solution. The problem is solved through adding C C = n(n+1) + 1 artificial variables, the initial solution being Lhat 2 which cancels out the total of the artificiel variable factors, but at the same lime allowing for the constraints of the basic problem. One can then apply r times the simplex algorythm to the r probabilities n k• Inasmuch as the selected time limit is rather far off, the progression which is being attempted, from the initial situation to the final prospect, can prove more and more difficult the further we get from the present. The division of the period in sub-periods permits us to account for possible mutations and facilitates analysis. Hence it is necessary to establish an impact matrix to try and measure the influence of events having occured or not during the first period, on the probability of events likely to occur during the second one.

Three situations are then possible 1) the event ej of the first period has no infl uence on the e vent e1 of the second one. They are independent :

Pi "" p(1/ j) (7)
2 ) The event e j has an amplify ing effect on the event e i p1< p(i/j) ~8)

3) The event e j has an inhibiting effect on the event e1

Pi >p(i/j)

(9) 2, l >t r . . If i,J
is the impact ration of the event ej of the first period on the event ei of the second one, when the event ej is part of the most probable scenario selected for the first period end if n*1 is the number of events ej. occuring during that period, thë'°rlthe expression of the probability of events during the second period will be as follows:

1) if there is an amplifying effect of ej on e1

i:

2, i:~( j r . . p(i/j)=p. + (1-p.) l., J • ' (10) l. l. M 2 n 1
2 ) If there is an inhibitino effect of ej on ei i: 2, lx j r . . p(i/j) = p. + p. 2 nx lt will be noted that c~anging from likelihood es timates to probabilities can be interpreted in a Bayesian way. Pa rt icularl y , the adjustment of the probabilities of one period to the other according to the occurence of events, illustrates an adaptation process into the realms of chance.

Scenarios and sub-scenarios

The building up of scenario A will illustrate our move, bearing in mind that we are in the following general situation: within a world environment of economic crisis and monetary instability, we do not expect any fundamental change in the French economy. The rhythm of growth was eut short in 1974 and has ne ver recovered s i nce. Asto agriculture, it has slipped into a slow de cli ne, aggravated by the deep international changes.

The certain events which have been selected to characterize that scenario are the following -poor economic growth -domestic market for food products near saturation -external market for agricultural products under poor development -uncertainty of necessary suppli es for agriculture -inflation rate remaining high -high unemployment rate -energy cost increase -slight decr ease in pri ces for agricultural products To those eight events, which are part of the slow growth scenario, other events are added, which do not have the same degree of c~~tainty, as they are, to some extent, the resulting factors of powerplays between the active participants, hence lheir occurence is Jess certain. 8 ln that second category, the six forecast events, marked e1, e2, e3, e4 0 e5 0 e6 are the following:

e1
an increased solidarity between the E.E.C. countries e2 a tendency to encourage regional specialization e3 a dynamlc policy of the food production industries e4

governrnent withdrawal e$ balance of prices in favor of animal productions e6 launching of major technological innovations

The sub-scenarios Simple and conditional probabilities have been attributed to the above six events. The comhination of those events with optimisation of the prospective function have allowed for the classification of the subscenarios according to their highest probahility of occurence , on the one hand for the 1980-1990 sub-period and, on the other had for the 1990-2000 sub-period.

221. The scenarios of the 1980-1990 sub-period.

The Ai• A2 , and A3 scenar ios form the tendential core of evolution. there is ~ore than one chance out of two that one of the three fits into the 1990 situation.

1. The A1 sub-scenario =(e1, e2. e3, ëi;, es,eo)has a probability of 20 %. (The non-occurence of an event e1 is marked e1)• lt is an average scenario which can be used as reference and helps to reveal other possible e volutions. lt is also an indicator for freedom of action.

2. The sub-scenario A2 • (ëi, probability of 16,$ %.

es, e 6 ) has a Except for the Go vernment not withdrawing, everything is negative. It is a pessimistic scenario ; we get deeper into the crisis.

The sub-scenaric-A3 • (e1,

probability of 16 %. This scenario is more optimistic than the former one because it foresees an increased solidarity between the [.E.C. countries, a dynamic policy on the part of Food Production Industries and major technological innovations. lt is a productivity prone scenario which, in the middle term, may help us out of the crisis, if we can work out a concerted program of growth through technology.

The sub-scenarios of the 1990-2000 period

We take the hypothesis that in 1990, one of the three previous scenarios will have taken place. On such basis, and with the same events, new sub-scenarios are built up to outline the possible pictures of Breton agricullure of the 1980-1990 period. They are actualised through building up three impact matrixes which measure the influence of the first per iod events on those of the second.

23. The sensitivity of sub-scenarios ta the variations in events probability.

When reading the obtained results, one may wonder about the stability of the sub-scenarios, i.e. about their sensi tivity to the variation of probabilities that have been attributed to the events.

Calculations provide an answer to that question.

The probabilities of three events have been changed : solidarity between the E.E.C. countries, the withdrawal of the Government, the balance of prices favourable to animal productions. We then examine what are the consequences of that, in terms of occurence probability for the various sub-scenarios. For instance, the results collected after changing the first event probabilities are as follows :

Two possibilities have been considered. The first one is an increase in the solidarity probability; that probability increases from .4 to .5; the second one decrease s , falling to .3. We obser ve that when there is an increase -the probability of lhe pessimistic suh-scenario diminishes (15 % against 16.5 %) -the probabilit y of the optimistic sub-scenario increases highly ( 21 % against 16 %) lf there is a decrease: the probability of the pessimi s tic sub-scenario increases (18,5 % a ga inst 16,5 %) -the probability of the opti mistic sub-scenario decreases very much, from 16 % to 5 %. That sub-scenario does not appear any more in the tendenlial core.

Importance and strategy of the acti ve participants

Within the framework delimited by the characteristic events of each scenario or sub-scenario, the future of the . region is not tot~lly defined. History and observation have taught us that we must also take into account the action of economic agents and social groups in contact. Taking into account the active participants ' performance is one of peculiarities of the scenarios methods presented herein.

The table of active participants

After a debate between experts, a list of active participants is composed; it gathers together those which are the most likely to intervene in the agricultural change of the region. It features truly economic categories {farrns, cornpanies, etc .• ) as well as administrative or professional institutions (unions, chambers of commerce, trade, agriculture and industry .. ) and currents of thought or opinion ( political parties). The econornic dimension is predominant, but the other factors {social and cultural ) are also taken into consideration. Sorne groups are essentially local, while others, with a national scope , are herein considered for their regional implications.

From the sarne experts' judgement, a "weight" from O to 4 is affected to each sector ; that weight is equivalent to the relative importance it is granted within the considered scenario. It is a first approach to the role of each economic or social force in contact.

Within the dornestic and international environrnent as defined in each scenario, the active participants aim to orientate the evolutions in accordance with their best interests or their principles, and agreements and disagreernents will arise between them, whether they defe nd simi l ar positions or not. To reveal the alliances and conflicts which are susceptible to occur henceforth, a series of potential tendencies are listed, which are active in the scenario (e.g. productivism, Government withdrawal, European solidarity ..•. ) and each active participant is placed in relation to those tendencies, through a numerical grading. The chosen notation, the result of a debate between experts in the agricultural economics of the region, expresses neutrality or indifference {O), strong or very strong hostility ( -1 and -2 ) or, on the contrary an active or very active support (+1 and +2 ) (Table 2).

Hierarchical classification of the active participants

The objective is to work out a typology for the active participants, in order to disclose opposed or combined strategies. Because of the variable balancing, the individual, as meant in the factual analysis, is not an active participant, but the amount of power which is materialised. Lerman's method for hierarchical classification, which is being used, uses the algorithrn of likelihood of the link [START_REF] Lerman | La classification caractéristiques d'une méthodologie données[END_REF] which allows for the grouping of the active par ticipants in a decreasing proximity order.

The algorithm looks f or a classification which, with a limited number of classes, would form the "best" global synthesis, i.e. the "best" typology of strategies. The global statistics, marked I: , expresses the classification quality at a given level, the firsl level indicating the part for which each individuel forms a class, and the last one the single class which gathers togethet all individuals. Hence, for scenario A 11 Table 2 . Weighl and behaviour of active participant~ '
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with balanci~a out of the active participants, the classification related to level 29(E =26.2) is "better" than that of level 31 ( E • 21.6) .. That level 29 classification can be represented as a 5 branch tree (diagram 1).

Local statistics are also given, the value of which increases when a class in the process of being formed is completed; it decreases afterwards. The peak is recorded as an indication of the level of class completion, and the knot of the associated tree is called "significant" (Lerman, 1981 b). lt must be ment ioned also that each active participant is, in that method, given a dispersion index ; the active participants with the highest index are those which frame best the group in which they belong. In the scenario A example , five classes of active parti cipants, whose behaviours are relatively similar, have been selected. They are the following (in brackets are the most significant categories in each class) Group 1 -Group II -Group III Group IV -Group V "Liberal-producti vist" (multinational firm s) 11 Manager of the system" (Services and development organisations) "Regional dynamics" (Specialised coperatives ) "Protection of family-farming" (Minority uni ons, cattle/arable farms) "New rurals'' (cultura l and ecologistical movements)

"Objective" alliances are hence formed within the various classes they enlighten the action of economical agents and they show how their influence can be enha nced by the synergies crea ted to defend neighbouring positions. At the same time, appurtenance lo different sub-groups may foreshadow opposition or even deadlocked situations between groups with divergent interests.

It is the confrontation between the group of active participants' strategies, the consequences of the selected events and the dynamics of each major cultural factor which lead to the construction of scenarios as scheduled.

4. Framework of the scenarios and sub-scenarios. Connection between events, active participants and variable factors.

The matching of variable factors, events and classes of actors is achieved through the constitution of a double entr y table in which the major variable factors are set in columns, the events and active participants along lines (Table 3, as an exemple for the tendencial subscenario A1) . The selected variable factors are, excepted a few, those which have appeared as the most important active factors in t~ê structural analysis matrix.
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Relation between events and variable factors

All the events forming the sub-scenario are taken into account (certain events and chance events, the occurence of which defines the subscenario), and we investigate what influence they are likely ta exert on the structural factors. Three modes only are selected:

A positive influence : the occuring event tends ta increase the value of the factor under consideration; -a negative influence: the occurence of the event causes a decrease of the factor under consideration -a neutral influence, when the event only exerts an action considered as negligible on the evolution of the factors.

A matrix of correspondence is hence made up, with one part common ta all the variants of a scenario (certain events) and a part specific to each sub-scenario (chance events). the summing-up of the positive and negative incitations received by each variable factor is an indication of the general orientation it tends to take in the interested sub-scenario. The interpretation of that "general tendency" vector is ta be handled \vi th care, for the implicit hypothesis is made, that the weight of each negative or positive influence is equivalent. But it is a means of differenciating scenarios and sub-scenarios and of ascertaining the situation of the groups of active participants. 42. Relation between active participants and variable factors, and possibilities for the groups of active participants.

Ta carry out their projects, the various categories of active participants will act on the factors they control. Whether they choose ta privilege or diminish their importance,+ and -marks will be attributed ta the corresponding factors. Jn table 3 it is specified, for instance, that "liberaJ-productivists" are in faveur of an increase in integrated production, or in the size of Food Production Companies, and that the "new rurals", on the contrary, are opposed la integrati~n or farm specialisation.

That second reflexion guide also provides indications on the degree of coherence between the active participants' aspirations and the general characteristics of the scenario ; their coherence can effectively be very uneven, according ta the groups, between the variable factors on which they aim ta act and the general orientat ions which came out of the occurence of the events. The measuring of such gaps is done through comparing the target-factor of each active participants'group with the general tendency of the sub-scenario. The wider the gap, the more difficulties will the interested group encounter in carrying out its projects.

Framing of the relations between events/active participants/factors

Beyond the simple comparison between the privileged actions of the classes of active participants and the general tendencies resulting from the impact of events, a factorial analysis of theconnections permits one outline the frame of the table of the influences exerted by events and active participants on the variable factors . It is hence necessary, in order to do that, to change the symbolic coding (+, blank or-) into a logical (or binary) coding. The variable factors are those of the influences table and the observations are composed of certain and chance events and categories of active participants.

Here will be presented the results obtained from the first two charts. According to diagram 2 (Axes 1 and 2), it appears clearly that the first axis contrasts on one side the "depressive" events and factors, i.e. those related to a regression of agricultural and food regional activity, on the other, the events and growth factors associated with the rtsreton Model". The second axis, for its part, distributes variable factors, active participants and events according to their position in relation to Government intervention.

On the whole, the space delimited by the first two axes can be divided into three large zones -A recession zone, where are gathered the assured events of scenari o A ( latent crisis scenario), two chance events of sub-scenario A1 (absence of major innovations, lack of dynamics on the part of Food Production Industries) and the variable factors, agricultural or not, corresponding to a very limited economical growth in its whole as in regional agriculture. No group of active participants is present in that zone.

-A zone of important growth, with Government support, where are gathered such variable factors as the increase in agricultural population, of the number of farms, of agricultural revenues or of s upport to animal productions. The event "Government withdrawal" can be found there, together with the group of family farming defenders.

-A zone of important growth in a liberal context, meeting the desires of two classes of active participants : "Liberal-productivists" and "regional dynamics" ; the corresponding variables are those related ta the development of the highly specialised Breton agricultural model.

-Axis 3 introduces another part contrasting a purely agricultural pole with an economic a nd FPI pole. One can then define within that second factorial chart, four sub-assemblies composed respectively of agricultural criteria for growth or recession, and environmental features linked to the crisis continuance or a re-start of national production.

Crowth pol e l!>

Diagram 2

Func tional anal ys i s of co r respondancesa -Re l a t ion between events -ac t ive partici pants-va r iable factors Ax i s 2 l nter vent i oni s t J pol e St rong growth with gove r nment s timulation Those are additional elements of thought illustrated in a peculiar application but which, in their coherence, tend ta confirm the methodological validity of thal approach, which consists i n the building up of a matrix of correspondence between events/active participants/factors ; they make up all the malerials to wor k out possi ble sketches for agriculture and Food Production Industries in t he region, for the 2000's.

CONCLUSION

Considering the insufficiencies and limitations of the classical method for economic forecasting, even more obvious within the curr ent period of changes and uncertainties, the prospective approach seems to be the most appropriate to answer questions about the evolution of a fastevolving regional, agricultural system.

The result of prospective study, if they do not permit one to foresee the future, provide elements for those who will have to make t he future : farmers, of course, but also planning experts, Food Production Companies, regional communities, etc .•. The advantage of scenarios is to display all the factors which drive regional agricultural economics (starting situation, role of active participants, influence of external events, not forgetting technical progress) and to assess the connection between all those elements in order to offer a coherent pict ure, global and operational for the 2000's, following the selected hypotheses, and to evaluate the degree of liberty enjoyed by the various categories of active participants, interested parties in the regional development, ta carry out their projects.

One should note that the scenarios melhod has, when experienced, certain limitations. Apart from the fact that the process implies the listing of events and the evaluation of their probabilily, one cannot multiply the variable factors, for one must be able to understand the results. To the crossing of chance events within the economic space, ar e superimposed possible crossings of chance events intime, and it then becomes difficult lo situate the scenarios in relation to one another. As a malter of fact, they could be extended by the building up of economic models. It is however difficult, at the present lime, to f ind examples for such a symbiosis. One can easily undersland, nevertheless, the possibility of building up one model for each scenario, the latter guaranteeing the former its validity through a combination of possible and coherent hypotheses on the explanatory variable factors.
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Table 1 .

 1 Classification of variable factors

		Motorial factors (active)	
	Factor		Direct	Indirect
	type	Factor headings	Effects	Effects

.

' . . . .. This article develops the major methodological aspects of this prospective study, The proposed proceedings, partly new as to the method in use, find their originality in their application to a problem of regional economics,