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1) Introduction

Evaluating the impacts and performances of alternative cropping and farming systems at regional scales requires the use of proper systems analysis tools. Such tool contribute to the emergent discipline of integrated assessment of agricultural systems (IAAS, (van Ittersum et al., 2008)). However, applying this evaluation in a prospective analysis of scenario for a specific rural aera is needed, as alternative systems may be adapted to the current context but may have serious drawbacks if the socio economic context change [START_REF] Blazy | Model-based assessment of technological innovation in banana cropping systems contextualized by farm types in Guadeloupe[END_REF]. In our approach, a "scenario" follow the description proposed by Lopez [START_REF] Lopez Ridaura | Multi-scale Sustainability Evaluation : A framework for the derivation and quantification of indicators for natural resource management systems[END_REF]: it is the combination of (i) technical alternatives that are potentially of interest, (ii) of objectives for agricultural systems translated into either local policy (e.g. agro-environmental measures to support specific practices) or threshold values of indicators of performance to be attained, and (iii) a change in an element of the biophysical or socioeconomic context of the system, such as prices and economic support to the agricultural production or climate change.

To assess such scenarios on a quantitative basis, models are essential tools as they can simulate the effects of change of context and of systems, and calculate multiple indicators for the different sustainability domains (economic, social and environmental) [START_REF] Van Ittersum | Integrated assessment of agricultural systems -A component-based framework for the European Union (SEAMLESS)[END_REF]. The widely accepted multifunctional nature of agriculture implies that the interests and objectives of the different stakeholders of a region concerning the evolution of farming systems have to be taken into account, in a participatory and multi-criteria approach [START_REF] Voinov | Modelling with stakeholders[END_REF]. Moreover, these interests and objectives are often attached to different spatial and temporal scales implying a multi-scale approach [START_REF] Laborte | Multi-scale analysis of agricultural development: A modelling approach for Ilocos Norte, Philippines[END_REF]. On the basis of a comparative analysis of various modeling tools, we have developed the PIAAS approach (standing for Prospective and Participatory Integrated Assessment of Agricultural Systems; [START_REF] Delmotte | Participatory scenario assessment of alternative agricultural systems from farm to regional level[END_REF]. PIAAS combines detailed knowledge on cropping and farming systems with retrospective analysis of land use change, and the use of an agent-based model and of a bio-economic model to build and assess scenarios of agricultural evolution in interaction with the stakeholders in a given region. Although the different modeling approaches have shown different advantages and drawbacks for PIAAS, it remains a stake to develop a approach in which they would be used to get the most of each by combining them in a coherent manner.

This PIAAS approach that we developed is targeted to assist stakeholders in the negotiations of local policies as well as consensus building on local development objectives. Also, this approach had the expectation to contribute to identify with farmers the way they could adapt to expected or possible changes (such as change of policy or in the price of commodities) and attain given objectives (such as reduce the pesticide use by twice as it is expected at the national level).

This paper presents the PIAAS approach that was implemented in the Camargue Region (southern France. We first present briefly the case study and data, the models, and the participatory approach that were developed, and then the main results of their applications for two scenarios: foreseen changes in the Common Agricultural Policy 2013 and the reduction of pesticide use in the region.

2) Development of an approach for PIAAS in the Camargue

The Camargue is a deltaic region in the South of France of 167 000ha of which around 60 000 are used for agricultural production. Agriculture plays a crucial role in the economic, ecologic and social equilibrium of the region. It has been labeled as a reserve of biosphere (Man And Biosphere Program of UNESCO) since 1977, and it hosts also a Natural Regional Park, a National Reserve and many other associative or private protected areas. Several fauna and flora species are protected and eco-tourism is an important economic and cultural activity. Agriculture in the Camargue plays a crucial role in the water dynamics as most land is situated at sea level and salinization is a natural process due to the negative water balance between rainfall and evapo-transpiration in this windy Mediterranean climate. About 20 000 ha are devoted annually to rice production. It is the only place where rice is produced in continental France. Irrigation of rice plays a key role in desalinating the soils through fresh water pumped from the Rhone River into the delta. Figure 1 shows the perimeter of the Camargue region, as well as of the perimeters of the irrigation and drainage networks that regulate the inputs of water for rice irrigation, and the output of drainage water that allow harvesting and soil tillage during the rainy seasons, in autumn and spring. Rice cultivation has an important effect on the soils as it decreases the salt concentration via the drainage of the fresh water used for irrigation. It is grown in different cropping systems, varying from few successive years of rice (2 to 3 years in alternation with other crops) to rice mono-cropping. However, continuous rice production needs systematic use of pesticides, notably herbicides. These pesticides disperse throughout the environment and, given the high biodiversity of the region and interest of the local fauna and flora, ecologists have long called for a reduction in the use of pesticides.

Figure 1. The Camargue Region. In black the limits of Biosphere Reserve. In white, all fields annually cultivated and considered in the study for scenario assessment. Data are missing for the north of the region but considered in the study (Data from the Natural Regional Park of Camargue and the Syndicat Mixte de la Camargue Gardoise)

Through 20 years of action research in the Rhone river delta of Camargue, a detailed knowledge of cropping and farming systems and their performances was acquired, as well as a solid network of farmers and local stakeholders [START_REF] Lopez Ridaura | Accompanying farmers in the search of technical alternatives for Organic Rice Production in Camargue, south of France In[END_REF]. We conducted a first series of 18 interviews with most influential stakeholders of the region (e.g. grain collectors, farmer syndicate and institutions in charge of rural development such as the natural regional park) to present the project and engage them in the process of defining scenarios and indicators for their evaluation. Their visions of the futures were discussed in term of perceived exogenous drivers of change and wished and unwished changes. Three main issues requiring the assessment of scenarios were identified at this phase of the project: (i) the impacts of the 2013 CAP reform and the expected suppression of the coupled payment for rice, (ii) the governmental objectives of decreasing by half the pesticide use and (iii) also a governmental objective of reaching 20% of agricultural area under organic farming (OF). The criteria they use to assess the current situation were discussed, as well as desired criteria to use for the assessment of scenarios related to the future. From these criteria, a list of 18 indicators at farm scale and of 10 at regional scale was latter proposed and agreed with them (see Delmotte, (2011) for details).

From interviews with farmers, farmers' field surveys [START_REF] Delmotte | On farm assessment of rice yield variability and productivity gaps between organic and conventional cropping systems under Mediterranean climate[END_REF], regional statistics, crop modeling and local expert knowledge, a database quantifying different technical coefficients (e.g. average yield for ten most common crops, labor demand, fuel, pesticides and fertilizers consumption) for the current and alternative agricultural activities (10 crops after 10 possible preceding crop under 4 different soil types and 3 orientations: organic, conventional or low input system) was developed (see Delmotte, 2011 for details). A farm typology was built using local databases and consultation of experts (see Delmotte and Goulevant, 2011 for details) in order to capture the variability of farming systems and their location in the territory but also to upscale the results of indicators from farm to regional level in the models. The resulting 9 farm-types depend on the size of farms, the proportion of rice in their cropping system and their farming orientation in terms of conventional or organic management : they are the (i) Specialized large size rice producer (farm area above 265ha, more than 80% of area cultivated on rice), ii) Specialized middle size rice producer (farm area below 265ha, more than 80% of rice, iii) Large size rice producer (farm area above 267ha, between 60% and 80% of rice) iv) Middle size rice producer (farm area below 267ha, between 60% and 80% of rice), v) Partially organic rice producer (Same land use as middle sire rice producer but an average of 20% of LU in organic), vi) Livestock breeder (Around 35% of rice, 35% of forages and 30% of other crops), vii) Organic livestock breeder (Same land use as livestock breeder but with partial or total area in organic), viii) Diversified crop producer (More than 50% of durum wheat and other crops, an average of 35% of rice), ix) Organic diversified crop producer (Same land use as diversified crop producer but with partial or total area in organic). A GIS was developed to get spatial information about soil types, altitude and irrigation infrastructure as well as the spatial distribution of farm types within the region. This information was necessary to quantify the different indicators to assess at multiple scales the scenarios with the different modeling tools, as reported in the next paragraphs.

3) Combining different modeling approaches for PIAAS for scenarios assessment with farmers and stakeholders

Three modeling approaches were used to develop and assess different scenarios related to the evolution of the cropping and farming systems in the Camargue. In this part, we report on the use of these modeling approaches by describing briefly the models and their use for scenarios assessment, the results obtained and the discussion that were held with the local stakeholders on the basis of these results.

a) Retrospective analysis of land use change

We gathered geo-referenced data sets in a GIS (MapInfo®) on (i) rice land use for eleven consecutive years (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008) for the central sub-region (central island of Camargue) that was made available by one stakeholder of the region, the private research center of La Tour du Valat1 , (ii) the farm typology and (iii) a soil map edited by INRA2 ; to analyze the data at different scales: field, farm, farm-types and region. At all, 9130 fields are described in this database. We conducted a retrospective analysis of land use change (LUC), consisting in studying the past changes in land use and trying to link them to different hypothetical drivers that could explain the changes. We analyzed (i) the change over the eleven years in the proportion of rice production at the farm scale for each farm type and (ii) the frequency of rice for each field in relation to the soil type.

Figure 2-A shows the evolution of the proportion of surface devoted to rice production per soil type. At the sub-regional scale, it can be seen that rice production does not occur with the same frequency on the different type of soils. Fields with shallow (meaning that the salty ground water is close to the surface) soils are the most cultivated with rice, as between 45 and 55% of the area are cultivated on rice each year. About 37% of the alluvial hydromorphic fields were cultivated on rice in 1998, however it has increased up to nearly 48% in 2008, this level being close to the one of deep clay loamy soils (where the salty ground water is deeper). It can be seen that the deep loamy clay soils have in 2008 a slightly lower frequency of rice than shallow clay loamy soils and salty and hydromorphic soils, while deep sandy soils are always managed with lower rice frequency.

Figure 2 B shows the evolution of the average proportion of farm area devoted to rice, for nine farm types. While the organic livestock breeders had a stable 20% of their area in rice, the conventional livestock breeders and the diversified crop producers had a downslope trend. Specialized rice producers had a stable or increasing rice area.

These results were used to initiate first discussions with stakeholders. Taking into account the current CAP high subsidy level for rice production, this analysis shows the vulnerability of specialized farmers to CAP reforms. Although local examples of low input systems and OF systems show little rice proportion in the farm area, implying that for pesticide reduction and OF development, the farm types with a high rice proportion will have to deeply change their systems. These two objectives cannot be achieved without a shift to long and diversified rotations and therefore a reduction of the rice area on lands. Livestock breeders and diversified cereal producers can in this logic be expected to be more resilient to the foreseen reduction of rice coupled payment, and could more easily convert to organic production. These hypotheses, formulated on the basis of these results and from the empirical knowledge of the stakeholders, had to be assessed further with farmers, implying the need for participative workshops for scenarios assessment with farmers. We then de choices for fields on wh production. assess its c scenario re seven cons the indicato (e.g. gross analyzed an e solution space for different scenarios and guide farmers choices as well as the development of local environmental policy measures. This workshop is being organized and its results may be presented during the congress. This work has also served as the basis for the development of a new project aiming at identifying with farmers low input systems that could be developed in Camargue, and eventually accompanied by local agro-environmental measures that would be set by the NRPC.
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