Rallou Thomopoulos 
  
Serafim Bakalis 
  
Information systems and computational methods for decision support in agricultural and food policies A worst-case scenario in the wheat-to-bread chain

Keywords: sustainability, agri-food chain, multi-criteria analysis, modeling, simulation, agricultural policy, food policy, computational technologies for agri-food chains, information systems

 

From a systemic point of view, analyses from production to consumption have questioned the compatibility of environmental concerns and other aspects of food, such as nutrition or budget. According to American studies, a diet that would conform to nutritional recommendations in the USA would imply deep changes in the occupation of agricultural surfaces [START_REF] Young | Moving toward the food guide pyramid: Implications for U.S. agriculture[END_REF]. In particular, a transfer of surfaces in favor of fruit, vegetable and legume production would be required. The question of the environmental benefit of a vegetable-based diet is tackled in [START_REF] Gussow | Mediterranean diets: are they environmentally responsible[END_REF]. Among several diets tested in [START_REF] Duchin | Sustainable consumption of fooda framework for analyzing scenarios about changes in diets[END_REF], the Mediterranean-type vegetable-based diet was shown to satisfy both nutritional and environmental requirements, while reducing the pressure of agri-food systems on the environment. Moreover, [START_REF] Goulet | A nutritional intervention promoting a Mediterranean food pattern does not affect total daily dietary cost in North American women in free-living conditions[END_REF] confirmed its compatibility with price concerns. Recent advances [START_REF] Perignon | How low can dietary greenhouse gas emissions be reduced without impairing nutritional adequacy, affordability and acceptability of the diet? A modelling study to guide sustainable food choices[END_REF] analyzed the compatibility of nutritional, financial and acceptability aspects of food products with the reduction of greenhouse gases emissions. They constitute a step in the multicriteria approach of food products, although based on aggregated statistical data rather than on specific well-described products as in [START_REF] Bourguet | An artificial intelligence-based approach to deal with argumentation applied to food quality in a public health policy[END_REF][START_REF] Thomopoulos | Decision support for agri-food chains: A reverse engineering argumentation-based approach[END_REF]. In [START_REF] Seconda | Assessment of the sustainability of the Mediterranean diet combined with organic food consumption: an individual behaviour approach[END_REF], the environmental issue is approached in relation with organic food consumption.

An increasing number of studies focus on the role of transportation in food systems. According to [START_REF] Pretty | Farm costs and food miles: an assessment of the full cost of the UK weekly food basket[END_REF], national road transport for food distribution and shopping is an important part of food-related environmental costs in Great Britain. The scenarios they propose to reduce environmental costs could drastically reduce the environmental costs, up to 90%, e.g. by reducing the distance between production and consumption, and by opting for ecological means of transportation. This tendancy, confirmed by other works, is however balanced by [START_REF] Schlich | The Ecology of scale: assessment of regional energy turnover and comparison with global food[END_REF], who insist on the greater importance of the organization and size of the production-processing-distribution chain in energetic efficiency, studied on two food products in Germany.

In the case of the bread chain, a study led by Reinhardt (2005) shows that, concerning energy, the means of transportation chosen by consumers to go and buy a kilo of bread can annihilate the benefit of the most economic breadmaking process. Although home-made bread requires twice more energy than industrial bread, and a quarter more than artisanal bread, home-made bread becomes the most ecological solution for consumers who drive to go shopping on more than 250 meters and 500 meters, respectively.

In the proposed paper, data and expertise were collected to provide information and arguments about several issues: about the main criteria of good bread in terms of environmental, nutritional, sensory and sanitary aspects; then, about ways to achieve them in the wheat-to-bread chain, while maintaining affordable prices. Computation for determining the best compromise between the various desired criteria is a challenge, since not all of them are compatible. Several scenarios are explored to highlight tensions between desired criteria, problem formulation and solution analysis such as best-and worst-case scenarios. Hence the approach demonstrates the interest of information systems and computational methods for decision support in agricultural and food policies.
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