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Awareness of peri-urban farmland multi-functionality and social concern for food security have prompted public action for the preservation of farmland around cities. A growing literature on peri-urban farming characterises its dynamics and quantifies urban pressure and farmland consumption by urban sprawl. However, such research requires expensive surveys and comprehensive databases that are usually inaccessible to planners and public-policy analysts.

This paper presents an analytical framework for peri-urban farmland characterisation that is operational for public action. Based on in-depth analysis of a Mediterranean local case study using surveys, on-site landscape reading, remote sensing analysis and interviews, we classed peri-urban farming into spatial units of peri-urban agriculture (USAPU). The classification obtained over seven municipalities was later used to train a fractional regression model, which was then tested on the rest of this French département (similar to NUTS-3 level), to predict the presence and actual proportion of each USAPU in the total agricultural land of each municipality. Furthermore, we drew up categories of municipality according to USAPU distribution that open perspectives for public action on peri-urban farming. We discussed whether such a model could be used as an instrument for decision-making on food planning, rather than simply for fairly reliable future predictions. This work is the starting point for the development of a methodology characterising complex peri-urban areas, simple to handle and hence operational for policy-makers and planners.

Introduction

Context

Growing cities are encroaching onto farmland all over the world, especially in developing countries. This is particularly true in the Mediterranean basin, with new and promising opportunities to trade land for urban development [START_REF] Chanel | Determinants of local public policies for farmland preservation and urban expansion: a French illustration[END_REF][START_REF] Darly | Conflicts over farmland uses and the dynamics of "agri-urban" localities in the Greater Paris region: an empirical analysis based on daily regional press and field interviews[END_REF][START_REF] Gant | Land-use change in the "edgelands": policies and pressures in London's rural-urban fringe[END_REF]. In addition, urban growth can influence peri-urban farms' structure by providing opportunities to specialise in short food supply chains for urban consumers (Aubry and Kebir, 2013a;[START_REF] Filippini | Is the choice of a farm's commercial market an indicator of agricultural intensity? Conventional and short food supply chains in periurban farming systems[END_REF]. Furthermore, proximity to the city has an impact on farmers' lifestyle, since greater pluri-activity tends to decrease the agricultural intensity of labour [START_REF] Ilbery | Farm diversification as an adjustment strategy on the urban fringe of the West Midlands[END_REF][START_REF] Lange | Spatial differentiation of farm diversification: how rural attractiveness and vicinity to cities determine farm households' response to the CAP[END_REF][START_REF] Primdahl | Agricultural landscapes as places of production and for living in owner's versus producer's decision making and the implications for planning[END_REF].

From the perspective of land-use planning, metropolitan farmland contraction has precipitated social demand for preserving productive peri-urban agriculture. On the one hand, agriculture's multi-functionality is credited with providing tangible benefits for ecological and economic territorial dynamics, at both local and regional levels [START_REF] Fürst | Pimp your landscape-a generic approach for integrating regional stakeholder needs into land use planning[END_REF][START_REF] Guillaumin | Demandes de la société et multifonctionnalité de l'agriculture : attitudes et pratiques des agriculteurs[END_REF][START_REF] Helming | Landscape scenarios and multifunctionality: making land use impact assessment operational[END_REF]. On the other hand, social concerns over food security [START_REF] Smithers | The dynamics of family farming in North Huron County, Ontario. Part II. Farm-community interactions[END_REF]Morgan, 2009) legitimate interest in peri-urban farmland preservation. This is both a valid and a valuable question, expected to have major relevance for land-use planning and management 1 in peri-urban landscapes, where land-use trade-offs are proving urgent and especially difficult to resolve [START_REF] Geneletti | A review of approaches and challenges for sustainable planning in urban peripheries[END_REF][START_REF] Scott | Disintegrated development at the rural-urban fringe: re-connecting spatial planning theory and practice[END_REF]. Cities are beginning to assume a key policy role, especially concerning food issues [START_REF] Smithers | The dynamics of family farming in North Huron County, Ontario. Part II. Farm-community interactions[END_REF].

Mediterranean landscapes and agri-food systems are intrinsically complex and diverse [START_REF] Barton | Land use, water and Mediterranean landscapes: modelling long-term dynamics of complex socio-ecological systems[END_REF][START_REF] Ortiz-Miranda | Chapter 1 introduction: reframing agriculture in Mediterranean Europe[END_REF], and meeting social expectations from land-use regulation requires a suitable methodology. Our aim here is to define a methodological framework usable by public bodies to characterise peri-urban agriculture for purposes of spatial and strategic planning. We are focusing our approach in the occidental and European part of the Mediterranean basin. Going beyond the Mediterranean context, we seek to test a prototype of a tool that could, with minor adaptations, be applied to other similar territorial contexts.

In most European countries, land-use planning tools are principally based on zoning provisions [START_REF] Healey | European Urban planning systems: diversity and convergence[END_REF]Reimer et al., 2014). However, planning in itself -by means of zoning arrangementsis not effective in preserving farmland near cities [START_REF] Abrantes | Compliance of land cover changes with municipal land use planning: evidence from the Lisbon metropolitan region (1990-2007)[END_REF]. Moreover, suburbanisation and reduced urban density are worldwide phenomena [START_REF] Angel | The Fragmentation of Urban Footprints: Global Evidence of Sprawl, 1990-2000[END_REF]. In Europe, urban areas have increased 80% over the last 50 years, roughly twice faster than population growth [START_REF] Eea | European Environment Agency. Office for Official Publications of the European Communities[END_REF]. Hence, urbanisation mainly occurs on farmland [START_REF] Chanel | Determinants of local public policies for farmland preservation and urban expansion: a French illustration[END_REF], and it is particularly alarming in Europe, since cities are historically located in fertile regions [START_REF] Ceccarelli | Urbanisation and land take of high quality agricultural soils -exploring long-term land use changes and land capability in Northern Italy[END_REF][START_REF] Greene | Threat to high market value agricultural lands from urban encroachment : a national and regional perspective[END_REF]. For instance, 318,000 ha of agricultural land were lost in France between 2000 and 2010,2 with peri-urban areas developing four times faster than urban zones (Piorr et al., 2011). "It is evident that physical land-use plans do not prevent urban intrusion and are not sufficient if productive farmland is to be preserved" (Paül and McKenzie, 2013, p. 96). There needs to be a sustainable food strategy and farmland preservation plan [START_REF] Bousbaine | The integration of action research and traditional field research to provide sustainable solutions to maintaining periurban agriculture: action research and traditional field research[END_REF][START_REF] Jarrige | L'agriculture s'invite dans le projet urbain. Le schéma de cohérence territoriale de Montpellier Agglomération[END_REF], where short supply chains and food production to feed cities can play a role. Thus, scientific research on food production is moving its focus from agriculture and rural development to also embrace consumption and urban areas.

Urban food planning calls for spatial and food-chain integration as well as a holistic approach to peri-urban farming, including environment, economics, quality, recreational activities, and so on [START_REF] Moragues-Faus | Revisiting food studies from a political ecology perspective: lessons from Mediterranean Agri-food systems[END_REF]). Yet there are still few operational frameworks considering all the issues specific to peri-urban agriculture and practices [START_REF] Galli | Agricultural management in peri-urban areas. The experience of an international workshop[END_REF]. Peri-urban agriculture is usually considered in terms of distance from city-centres, in a gradient inspired by Von Thünen's conceptual model (Sinclair, 1967;[START_REF] Bryant | Farming at the urban fringe. Chapitre 10[END_REF] where the relationship with the city is correlated with distance [START_REF] Nahmias | Pour une définition de l'agriculture urbaine : réciprocité fonctionnelle et diversité des formes spatiales[END_REF]. But distance alone is not enough to characterise peri-urban agriculture, which is diverse, plural and dynamic [START_REF] Bousbaine | Les agricultures urbaines (y compris les agricultures périurbaines) des villes du Nord et du Sud : une conceptualisation des dynamiques et des défis[END_REF][START_REF] Paül Carril | L'Ordenació dels espais agraris metropolitans: plans, gestió i conflictes territorials a la regió de Barcelona[END_REF][START_REF] Soulard | Durabilité des agricultures urbaines en Méditerranée[END_REF].

State of the art

Research in several fields has analysed peri-urban farming in Western Europe. Furthermore, scientific knowledge provides manifold frameworks for agriculture modelling and assessment oriented to environmental evaluation for land use planning [START_REF] Burel | Landscape ecology: concepts, methods, and applications[END_REF][START_REF] Helming | Landscape scenarios and multifunctionality: making land use impact assessment operational[END_REF][START_REF] Schaldach | Integrated models of the land system: a review of modelling approaches on the regional to global scale[END_REF][START_REF] Termorshuizen | Landscape services as a bridge between landscape ecology and sustainable development[END_REF] and rural development [START_REF] Groot | On the contribution of modelling to multifunctional agriculture: learning from comparisons[END_REF][START_REF] Lardon | Géoagronomie, paysage et projets de territoire[END_REF][START_REF] Véron | Les cahiers de la multifonctionnalité n.2. Propositions de recherche soutenues par le dispositif INRA-CEMAGREF-CIRAD sur la multifonctionnalité de l'agriculture et des espaces ruraux[END_REF][START_REF] Waldhardt | Evaluating today's landscape multifunctionality and providing an alternative future: a normative scenario approach[END_REF][START_REF] Wiggering | Indicators for multifunctional land use-linking socio-economic requirements with landscape potentials[END_REF]. Nevertheless, agriculture has rarely been considered in interaction with urbanised zones, even if research started addressing ecosystem-services issues in peri-urban planning for food [START_REF] Tedesco | Potential for recoupling production and consumption in peri-urban territories: the case-study of the saclay plateau near Paris, France[END_REF]. Nevertheless, attempts to build a peri-urban agriculture typology are rare. Some economic studies are based on Von Thünen's model of agricultural land-use, which classifies farming in four rings depending on distance from city-centre (Von Thünen et al., 1826). According to this rationale for land-use distribution and spatial-economic relationships, adjacency to the urban market determines the profitability of agriculture, measured in terms of transport cost and locational rent, hence the location of each farming type. In addition, geographers have described diverse dynamics and typologies from the analysis of case studies, focusing on the heterogeneity and dynamism of peri-urban farming (e.g. [START_REF] Jones | Participatory action research for rural and regional development: participatory action research for rural and regional development[END_REF][START_REF] Marraccini | Durabilité de l'agriculture dans les territoires périurbains méditerranéens: enjeux et projets agriurbains dans la région de Pise (Toscane, Italie)[END_REF] or on the relation between farming activities and landscape changes (e.g. [START_REF] Kizos | The "good farmer": studies of farm management practices and landscape change[END_REF]. They show that different forms of agriculture coexist on the urban-rural fringe and can be divided into two main categories: a) "independent" farms that are not constrained by the urban influence to define their business strategy; and b) farms that are functionally linked to the city or that have appeared with it. In the first category (a), we can further distinguish two major typologies: a.1) profitable and non-dependent on the local market, historical farms that have become peri-urban because of nearby urban expansion [START_REF] Pérès | La vigne et la ville: forme urbaine et usage des sols[END_REF]; and a.2) stable farms with long-term intensification and/or specialisation strategies, aware of marketing strategies, selling on both long and short supply chains, and dependent on international pricing rather than on the urban market (Aubry and Kebir, 2013b). Within the category of farms under urban influence (b), we can distinguish four major types: b.1) those specialised in high value-added products selling mainly on short supply chains [START_REF] Zasada | Multifunctional peri-urban agriculture-a review of societal demands and the provision of goods and services by farming[END_REF]Zasada et al., 2013b) sometimes oriented to public canteen food supply [START_REF] Darly | La demande en produits locaux de la restauration collective: quels liens avec l'offre de proximité dans une région d'agriculture industrielle?[END_REF][START_REF] Morgan | The urban foodscape: world cities and the new food equation[END_REF]; b.2) farms with a short-term extensification strategy based on opportunities offered by subsidy policies (e.g. subsidies to durum wheat under the Common Agricultural Policy, CAP) and which cultivate a variable number of temporarily available land plots, usually pending their conversion from agricultural to developable land-use (eg. residential, commertial, etc.), a situation of extreme insecurity for farmers concerning cultivable land-plots availability [START_REF] Geniaux | A spatial hedonic approach on land use change anticipations[END_REF][START_REF] Jouve | Stratégies des agriculteurs et réorganisations spatiales sous contrainte de la périurbanité : étude du pays d'Aix-en-Provence[END_REF][START_REF] Soulard | Les agricultures nomades, une caractéristique du périurbain[END_REF]; b.3) farms with diversification and pluri-activity strategies seeking additional sources of income to compensate for lack of profitability from an intersectorial strategy [START_REF] Lange | Spatial differentiation of farm diversification: how rural attractiveness and vicinity to cities determine farm households' response to the CAP[END_REF], offering services that respond to the urban demand for recreational and environmental farming [START_REF] Bailey | The farmer as service provider: the demand for agricultural commodities and equine services[END_REF][START_REF] Ilbery | Farm diversification as an adjustment strategy on the urban fringe of the West Midlands[END_REF][START_REF] Wilson | Multifunctional agriculture: a transition theory perspective[END_REF], including : b.3.1) horse-keeping and equine services [START_REF] Elgåker | The new equine sector and its influence on multifunctional land use in peri-urban areas[END_REF]Zasada et al., 2013a), b.3.2), the so-called "lifestyle farming" best known in its part-time form [START_REF] Primdahl | Agricultural landscapes as places of production and for living in owner's versus producer's decision making and the implications for planning[END_REF][START_REF] Zasada | Multifunctional peri-urban agriculture-a review of societal demands and the provision of goods and services by farming[END_REF] and b.3.3) agri-tourism or accommodation facilities [START_REF] Sharpley | Tourism, farming and diversification: an attitudinal study[END_REF][START_REF] Yang | Agro-tourism enterprises as a form of multi-functional urban agriculture for peri-urban development in China[END_REF]; and finally, b.4) small and medium-sized unstructured, non-dynamic and non-competitive farms, often devoted to retirement farming and hobby farming [START_REF] Busck | Porous landscapesthe case of Greater Copenhagen[END_REF][START_REF] Praestholm | Farmers as initiators and farms as attractors for non-agricultural economic activities in peri-urban areas in Denmark[END_REF]. These studies are based principally on thorough field-work and interviews, combined with statistical analysis of census data. As such, they usually require major financial and time investments, which limits their potential as a support for planning usable by policy makers and stakeholders. An alternative approach proposed by urban economists is to implement accurate peri-urban farm location models based on exhaustive databases and complex mathematical tools [START_REF] Cavailhès | Les effets de la proximité de la ville sur les systèmes de production agricoles[END_REF][START_REF] Geniaux | A spatial hedonic approach on land use change anticipations[END_REF]. The drawback of this approach is that it requires highly detailed (plot-level) databases that are usually unavailable in most countries, and analytical skills that are beyond the reach of many public non-research institutions. Furthermore, aggregated patterns discovered in département-level (similar to NUTS-3 level) agricultural census data cannot encompass the great diversity of individual farms, so that substantial amounts of valuable information are missing (e.g. [START_REF] Clark | The geography of US peri-urban agricultural adaptation[END_REF]. Moreover, simplified models are un able to disentangle diverse farming strategies, which are not mutually exclusive and can be related to different adaptation strategies (Smithers et al., 2004). Field-work and interviews are therefore still key to understanding farming dynamics at département-level.

The key research objective of this paper is to define a systemic and generic methodology, operational for public land-use managers and landscape planners and potentially usable in different peri-urban areas. Here, agriculture is considered in its productive dimension and not only as open green space, as is often the case in landscape planning.

We propose in Section 2 a methodology to situate, characterise and represent peri-urban agriculture that aims at integrating agricultural issues into urban and regional planning and identifying actionable elements of public action. We also apply statistical modelling to extend the findings from the case study area to a larger geographical scale. Section 3 presents and discusses the results of this generalisation with a view to future application to urban and regional planning. Section 4 concludes the paper with a discussion and final considerations.

Material and methods

In the following section, we describe the methods applied in three successive stages. First, we carried out a comprehensive spatial analysis at local level of the urban area of study to delimit and characterise peri-urban agriculture. Various methods were used: on-site landscape reading, field-work and interviews, photo-interpretation and diachronic remote-sensing analyses of land-use changes. The result of the first stage is the classification of peri-urban agriculture into spatial units (USAPU). Second, we characterised the USAPU classification with respect to a set of variables concerning farming arrangements and dynamics. Third, we extended the results of the USAPU classification to a larger geographical scale (from local level to département level -similar to NUTS-3-) by means of a modelling approach.

Study area

The exhaustive analysis was carried out in the peri-urban area around the city of Avignon in Southern France (more than 200,000 inhabitants spread over 385 Km 2 and 16 municipalities, with an average density of 518 inhabitants by km² -see Fig. 1). Following [START_REF] Forman | The urban region: natural systems in our place, our nourishment, our home range, our future[END_REF], we defined a study region recognised under local planning as urban 3 , composed of a group of municipalities. Actually, "the urban region is the unit and the scale where existing landscape ecology/urban planning principles apply especially effectively" (Forman, 2008, p. 253). The Avignon peri-urban area shares typical features with other Mediterranean regions, such as heterogeneous morphology, diversity of cultivated crops and diverse farming systems [START_REF] Grasso | Mediterranean agriculture under climate change: adaptive capacity, adaptation, and ethics[END_REF][START_REF] Ortiz-Miranda | Chapter 1 introduction: reframing agriculture in Mediterranean Europe[END_REF]. This area has experienced strong population growth (80% increase between 1962 and 2008) 4 leading to leapfrog development around city centres, based on scattered housing development(AURAV, 2012). 3 The French National Institute of Statistics and Economic Studies (INSEE) in 2010 defined the Avignon urban area (Aire urbaine no. 016) as composed of 97 municipalities. An Aire urbaine is defined by INSEE as a set of municipalities, continuous and without enclaves, consisting of an urban pole (urban unit) of more than 10 000 jobs and rural municipalities or urban areas (peri-urban crown) where at least 40% of the resident employed population work in the pole or in surrounding municipalities. For this study, we chose seven municipalities representative of the Avignon peri-urban area with similar geographical conditions and located less than 45 minutes from employment clusters (i.e. the areas where most employment is located, following the Avignon planning agency (AURAV, 2011)) 4 The demographic growth of Avignon urban area is stronger than that of Provence-Alpes-Côte d'Azur région (+ 73 %) or that of metropolitan France (+ 34 %).

Conceptual framework

We departed from the hypothesis that both peri-urban farming activities and their spatial arrangement and landscape dynamics are heterogeneous, as is typically true of Mediterranean medium-sized cities like Avignon [START_REF] Debolini | Land and farming system dynamics and their drivers in the Mediterranean Basin. Land Use Policy Deffontaines[END_REF][START_REF] Marraccini | Common features and different trajectories of land cover changes in six Western Mediterranean urban regions[END_REF]. Moreover, we considered peri-urban agriculture to be part of what we call the "agri-urban system", since cities need the goods and services provided by farming [START_REF] Soulard | Durabilité des agricultures urbaines en Méditerranée[END_REF]. Besides, "agricultural landscapes, which occupy more than 40% of the European Union and more than 30% of the contiguous American states, are arguably the largest urban land-use, since the functional ecosystems of cities extend to agricultural watersheds that provide potable water and other ecosystem services, and the supply chains of urban food processing and consumption begin in agricultural landscapes" (Nassauer, 2012, p. 223). From this perspective, the agri-urban system places agriculture at the heart of the analysis, from the viewpoint of its multifaceted relations with the urban system, through farming practices and the flow of goods and services. Geographers have proposed several frameworks to explain the internal and external driving forces defining the business strategy of peri-urban farmers. Based on case study analysis, these frameworks either focus on farm behaviour and adaptation to external forces [START_REF] Bousbaine | Les agricultures urbaines (y compris les agricultures périurbaines) des villes du Nord et du Sud : une conceptualisation des dynamiques et des défis[END_REF][START_REF] Bryant | Farming at the urban fringe. Chapitre 10[END_REF][START_REF] Heimlich | Development at the Urban Fringe and Beyond: Impacts on Agriculture and Rural Land[END_REF][START_REF] Robineau | Vivre de l'agriculture dans la ville africaine: une géographie des arrangements entre acteurs à Bobo-Dioulasso, Burkina Faso[END_REF], or highlight internal forces and the relationships between the farm's business and household, in the case of family farms [START_REF] Bertoni | Farm succession, occupational choice and farm adaptation at the rural-urban interface: the case of Italian horticultural farms[END_REF][START_REF] Lobley | Agricultural change and restructuring: recent evidence from a survey of agricultural households in England[END_REF][START_REF] Shucksmith | Future changes in British agriculture: projecting divergent farm household behaviour[END_REF]Smithers and Johnson, 2004). In addition, we assumed that competition assigns peri-urban land to the most profitable activity [START_REF] Debolini | Land and farming system dynamics and their drivers in the Mediterranean Basin. Land Use Policy Deffontaines[END_REF][START_REF] Napoléone | Prix fonciers et immobiliers, et localisation des ménages au sein d'une agglomération urbaine[END_REF][START_REF] Wibberley | Agriculture and Urban Growth[END_REF].

Formally, we sought a conceptual framework for the external and internal driving forces shaping farming system dynamics in the peri-urban context. We schematized the components of the agri-urban system by discriminating between prevailing internal elements of peri-urban farming and external drivers contributing to its evolution (Fig. 2). This framework is adapted to global North context. We identified several external forces: the European Common Agricultural Policy -CAP- (Bartolini et Viaggi, 2013;Overmars et al., 2013;Viaggi et al., 2013); standardisation and commodification of agricultural goods, new marketing devices and globalised marketing of foodstuffs [START_REF] Lobley | Agricultural change and restructuring: recent evidence from a survey of agricultural households in England[END_REF]; climate change and adaptation of cropping and livestock farming systems [START_REF] Bryant | Conclusion[END_REF]; Section Production animale de l'Académie d'agriculture, 2016) ; regional agriculture sectorial organisation [START_REF] Bousbaine | Les agricultures urbaines (y compris les agricultures périurbaines) des villes du Nord et du Sud : une conceptualisation des dynamiques et des défis[END_REF]; the urban demand for food security and sovereignty [START_REF] Condon | Agriculture on the edge: strategies to abate urban encroachment onto agricultural lands by promoting viable human-scale agriculture as an integral element of urbanization[END_REF][START_REF] Connell | Food sovereignty and agricultural land use planning: the need to integrate public priorities across jurisdictions[END_REF]. On the other hand, two types of internal forces determine peri-urban farming: the business and the farming household. The first group of factors includes land quality and location, fragmentation and possible atomisation of crop plots, farm size, degree of specialisation, enterprise cycle and debt, tenancy system covering farmed areas, etc. [START_REF] Bryant | Farming at the urban fringe. Chapitre 10[END_REF][START_REF] Heimlich | Development at the Urban Fringe and Beyond: Impacts on Agriculture and Rural Land[END_REF][START_REF] Heimlich | Metropolitan growth and agriculture: farming in the city's shadow[END_REF][START_REF] Morlon | L'organisation spatiale des chantiers dans les exploitations de grande culture : les nouveaux enjeux de la logistique[END_REF][START_REF] Vidal | Construire des territoires partagés entre la ville et l'agriculture[END_REF]Zasada et al., 2013b). The factors affecting farming family households include farmer age and background, children and potential successors to continue the farming business, type of work force employed, farming philosophy, etc. [START_REF] Bessière | Des exploitations agricoles au travers de l'épreuve du divorce: rapports sociaux de classe et de sexe dans l'agriculture[END_REF][START_REF] Clark | The geography of US peri-urban agricultural adaptation[END_REF][START_REF] Lataste | Une lecture psychosociologique des difficultés d'accès au métier d'agriculteur pour les candidats hors cadre familial : la confiance au coeur du processus de transmission-reprise?[END_REF][START_REF] Paranthoën | Déplacement social et entrées en agriculture: Carrières croisées de deux jeunes urbains devenus maraîchers[END_REF]Smithers and Johnson, 2004). These characteristics can be summarised as follows:

-Farm structure:

o Production means: land quality, size, type, equipment (green-houses, agricultural machinery), irrigation facilities (canal/ well), crop-plot fragmentation (adjoining/scattering). o Production strategy: scale of production (current crops and size in ha), production intensity (crop rotations and inputs), production modes (conventional versus organic). The combination of internal and external driving forces shapes the three attributes related to the peri-urban agricultural landscape [START_REF] Piorr | Environmental policy, agri-environmental indicators and landscape indicators[END_REF][START_REF] Sanz Sanz | Planification urbaine et agriculture. Méthodologie systémique de caractérisation de l'agriculture périurbaine à partir d'une recherche empirique en France et en Espagne International doctoral thesis on Geography and on Urban Stud ies[END_REF]: landscape structure (urban and farming spatial configuration), landscape functioning (farming practices and farming business model) and landscape policy (preservation regulations), as shown in Fig. 2.

U N C O R R E C T E D P R O O F

Methodology

Our methodology consists of three steps at two levels of public action (from local to provincial level, Fig. 3).

5 At the case-study area level, our in-depth empirical analysis included 1) a comprehensive analysis using fieldwork, interviews and spatial analysis to identify the types of peri-urban agriculture and their drivers and 2) a statistical analysis. Then, at the provincial level, we took 3) a probabilistic approach based on regression models, aimed at predicting the types of peri-urban agriculture likely to be observed. Steps 1) and 2) involved fine spatial analysis at crop-plot scale, whereas step 3) was performed from localised results at municipal level.

Empirical analysis at local level

Our goal was to construct spatial units of peri-urban agriculture (US-APU) that could be used as a tool for policy makers and stakeholders. USAPU are local spatial entities bigger than farms (in the case study area, covering between 20 and 40 Km 2 , not necessarily continuous) that are homogeneous in terms both of farming and urban uses and of layout. They were defined statistically by combining variables describing different features of plots and farms (geography, economics, agronomy, regional politics), to characterise and map peri-urban agriculture. Thus, USAPU characteristics and locations evolve with changes in local characteristics (e.g., land prices, public policy, proportion of organic farming), so they do not simply represent a fixed zoning. USAPU can therefore be used in an adaptive way to highlight areas experiencing changes or risks that call for public or social action. We place our work in the framework of geo-agronomy (Deffontaines et al., 1995;[START_REF] Rizzo | Farming systems designing landscapes: land management units at the interface between agronomy and geography[END_REF].

Comprehensive analysis

To construct USAPUs, we analysed the peri-urban agriculture of our study case in two steps:

• First, we performed a multi-temporal spatial analysis of the land-use and land-cover changes (LULCC) over the last four decades in order to identify hot-spots of change during the peaks of urban sprawl that started in the late seventies [START_REF] Aurav | Retour sur l'évolution démographique dans l'espace Rhône-Avignon-Vaucluse. Chroniques (périurbaines) d'un territoire attractif (No. 4)[END_REF][START_REF] Grosso | Histoire de Vaucluse. Les Vauclusiens, des campagnes à la ville[END_REF]. LULCC was semi-automatically characterised through remote sensing for three dates (1973, 1987 and 2011) and for five land-cover classes: urban, agriculture, natural vegetation and woods, bare soil (natural and artificial) and water. We used Landsat data because they have been recorded since the seventies, are free of charge and are suitable for regional analysis [START_REF] Wulder | Landsat continuity: issues and opportunities for land cover monitoring[END_REF]. In addition, to test reliability and validate the classifications, we carefully compared them visually with complementary data sources such as Corine Land Cover (EEA, 2012), aerial ortho-photography and Google Earth photos.

• Second, we undertook a morphological and functional spatial analysis combining various methods: photo-interpretation, on-site landscape reading, spatial database analysis and interviews. The goal was to locate and identify in the landscape recurrent patterns of observable activities (e.g. grazing) and structural elements (e.g. the presence of horse shelters and fencing). This process involved several iterative stages to visually examine the indicators of cover, use and farming practices (e.g. road network, irrigation system, crop type, land-tenure system, crop-plot layout) at different scales, ranging from the whole study case to 1:5000 detail. Furthermore, we interviewed 14 farmers, 3 municipal councillors and 3 local experts (farmers' representatives or technical advisers), seeking to better understand both the factors shaping farms' evolution and the drivers of farmers' strategies. The interviews were semi-structured and lasted about one hour. They were recorded, anonymised and analysed following the grid shown in Box 1. The quantitative and qualitative data were mapped Box 1. Interview analysis grid.

Interviews with farmers

Questions about professional life and farm evolution aimed at tracing their trajectory. The goal was to identify the drivers of changes explaining the current strategy of the farms. Analysis grid:

Farmer -Municipality -Internet-Age -Birthplace -Strategy -Social environment -Schooling -Length of farming career -Full-time/part-time -Reasons for becoming a farmer -Satisfied/ not satisfied -Successors -Formal/informal associations -Farming equipment System of land tenure -Farm fragmentation -Relationship with local government -Relationship with provincial government -Subsidies (CAP) -Professional impediments -Irrigation methods -Crops (ha) -Previous crops (ha) -Reasons for crop-change -Organic/conventional -Production intensity / rotations -Production strategy -Workforce: employees / family / seasonal -Marketing

Interviews with municipal councillors Questions about local public action in the municipality and about local impact of national and European policies (e.g. CAP). The goal was to understand how public action was evolving and how these organisations were adapting to new policies. Analysis grid:

-Decision-maker -Local public action -Local impact of higher-level policies -Public action evolution -Adaptation of organisations Interviews with local experts Questions about policies concerning territorial development, agriculture and conservation of natural areas and biodiversity, to trace their evolution. The goal was to highlight significant events in peri-urban farming evolution that have shaped the current situation and to compare local experts' responses with events identified in the literature review. Analysis grid:

-Type of expert -Territorial development policies -Natural area policies -Agricultural policies -Evolution

We then overlaid these analysis using GIS. This comprehensive and qualitative analysis allowed us to visually identify eight homogeneous entities (USAPU) in terms of landscape features, agricultural land use and dynamics (Fig. 4): USAPU-A consisting of marketing-aware horticultural farms surrounding built-up areas; USAPU-B of "opportunist" CAP-driven cereal crop farming; USAPU-C of small, highly-diversified and fragmented farms; USAPU-D of historical green-belt horticulture; USAPU-E of historical fruit arboriculture; USAPU-F of recreational agriculture; USAPU-G of quality wine growing and USAPU-H of low-mountain crop/livestock farming.

Statistical analysis

The next step was to analyse the USAPU classification with respect to a set of 75 variables concerning data from several sources. 7 All variables were available from existing maps and databases for the entire study-region and with sufficient spatial resolution. We carried out iterative analysis (correlation matrix and multiple correspondence analysis -MCA-) to reduce the number of statistically significant variables explaining the variance between the USAPUs. 8 The resulting twenty variables are listed here, grouped by the landscape attribute they are related to (Table 1):

• Landscape structure: density of road network, crop-plot shape, location of farmstead and farm buildings, border relationship with urban zones, nearby urban fabric morphology and built-up land use evaluated from remote sensing analysis in 1987 and 2011.

• 

Modelling at provincial level

In this section we propose a methodology to extend the results on farm USAPU classification to a wider geographical scale, such as the whole Vaucluse département (similar to NUTS3 level), to predict the types of peri-urban farming activities likely to be found in the rest of the region. We chose a modelling approach to avoid a costly and time-consuming replication of the first part of this research (comprehensive survey and interviews) with the 151 municipalities of the Vaucluse. We were therefore obliged to extract all useful information from the classification of our study area's seven municipalities, comparing it with available data at the municipal and département level. The main drawback was the quality of the data for the rest of the region, with only aggregated information available at the municipal level. We therefore exploited the 2010 agriculture census (Recensement Général Agricole -RGA) database, containing information at municipal aggregated level on the proportions of land dedicated to several land-use types, distance from amenities and services and other features relevant to characterising peri-urban agriculture in the Vaucluse département. Table 2 contains descriptions and statistics for the 18 explanatory variables used in the model specification.

We trained a regression model on the seven municipalities of the case study and then applied it to the rest of the département in order to predict the presence and current proportion of the eight USAPUs in the total Utilised Agricultural Area (UAA) of each municipality. Before giving details of the regression model, it is worth mentioning the type of data-handling this involved. Since the information in the Vaucluse was only available at aggregated municipal level, we first had to rescale and normalise the presence and surface area of each USAPU such that, for each of the seven municipalities, we had a vector (y A ,…, y H ) representing the proportion of each USAPU in the total UAA of the municipality. Table 3 shows the observed proportions of the eight USAPUs in the seven municipalities.

Data presented in this way are usually referred to as compositional or fractional data, meaning that the value y ic (c in {1,…,m}, i in {1,…,n}) represents the share that observation i has allocated to the corresponding category c, under the constraints that 0 ≤ y ic ≤ 1 and ∑ m c = 1 y ic = 1, for any i in {1,…,n}. In our study, y ic represents the proportion of the total UAA of a municipality i that is classified under US-APU c. Commonly, these data are transformed in various ways (e.g. isometric, additive log-ratio or centred transformations) and then analysed by means of log-ratio analysis, as pioneered by [START_REF] Aitchison | The statistical analysis of compositional data[END_REF]. Alternatively, [START_REF] Campbell | Dirichlet covariate models for random proportions[END_REF] proposed a Dirichlet distribution. We chose Dirichlet regression and its implementation in the R software under the DirichletReg library [START_REF] Maier | DirichletReg: Dirichlet Regression in R. R package version 0.6-3[END_REF]. This regression model allows a different set of explanatory variables to be specified for each category of the compositional data and we took advantage of this feature when it came to choosing the explanatory variables: having advance expert information on the prominent attributes that defined each of the USAPUs (see Table 1 ), we chose to explain the share of the different categories by the most meaningful variables. For example, we explained the proportion of USAPU A (horticultural farms surrounding built areas) in a municipality by means of the area dedicated to vegetable production, plant nursery, and greenhouses; the proportion of USAPU B ("opportunist" CAP-driven cereal crop farming) by means of the area dedicated to cereal crops and the number of farms that were recognised as primary economic activities. In the same vein, USAPU C (highly-diversified and fragmented farms) is characterised by distance from the city centre and proportion of land dedicated to diversified production, USAPU D (historical horticulture) by the number of farmers registered in the national agricultural survey and the area dedicated to vegetable production, USAPU E (similar to USAPU D but for fruit production) by the area dedicated to fruit production, USAPU F (recreational-oriented, especially equestrian centres) by distance from the city centre and area dedicated to horse boarding and riding, USAPU G (protected-designation wine production) by agricultural land prices and the area dedicated to wine production and finally USAPU H (low-mountain traditional crop-livestock farming) by the mean slope of the municipality and the area of natural land. The model parameters estimated and the variables chosen for each USAPU are shown in Table 3; the values fitted on the training set are in the coloured columns, next to their respective observed values. It should be noted here that our aim was not to find the model that best fits the observed data, but rather to produce an expert-informed model, capable of predicting USAPU proportions in municipalities outside the study region, as the following section shows.

Results

Local-level analysis resulted in the identification of 8 USAPUs characterised by a set of homogeneous variables in terms of arrangements and dynamics:

• USAPU-A: small and medium-sized farms fragmented in several land plots at different geographic locations, mainly engaged in horticulture under shelter, and combining several market strategies, from on-site selling to distribution abroad.

• USAPU-B: farming geared to short-term "opportunist" CAP-driven cereal crops (e.g. durum wheat) on large land plots formerly partitioned by East-West trees-hedgerows intended for horticulture or permanent crops, some fragments of which remain.

• USAPU-C: small, highly-diversified and very fragmented farms, not operating on a standard agricultural basis and probably dependent on an outside salary, composed of small land plots of vineyard, vegetables and annual crops, in the immediate vicinity of built-up areas. • USAPU-D: historical green-belt horticulture composed of medium-sized land plots around a farmstead combining open-air and under-shelter vegetable cropping, mingled with some elongated plots bordered with hedges formerly used for fruit growing (in the seventies).
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• USAPU-E: historical fruit arboriculture composed of orchard ribbon plots (40 × 200 m long) bordered by trees-hedgerows to protect crops from Mistral winds.

• USAPU-F: recreational-oriented agriculture, especially equine services (horse-boarding and horse-riding facilities) and agri-tourism. This US-APU is not clearly structured, being composed of small patches interwoven with other USAPUs in the surrounding urban and built-up areas. It is characterised by high density of equestrian centres and horse stables surrounded by cultivated grasslands and hay meadows, mingled with plots of vegetable crops, orchards, fallow land and wild land.

• USAPU-G: wine-growing under protected designation of origin (French label Appellation d'Origine Contrôlée, AOC) either on large cropping plots (400 m side) around a farmstead on a discontinuous hedgerow landscape, or on irregular and broken-up medium-sized plots (about 100 × 250 m) surrounding urban areas on a dense bocage with scattered abandoned vineyards and wild land.

• USAPU-H: mixed crop\livestock farming on low-mountain slopes, historically cultivated on step terraces still visible on the landscape, although most today are wild land and wooded.

The spatial layout of these eight USAPUs (Fig. 4) is not solely based on distance from the city centre, as in the framework proposed by the Von Thünen conceptual model (market-gardening located very close to the city and less profitable farming activities farther away). For example, the wine-growing USAPU is located close to the urban centre of Avignon. This is consistent with findings from other studies (e.g. [START_REF] Marraccini | Common features and different trajectories of land cover changes in six Western Mediterranean urban regions[END_REF].

At provincial level, after training the regression model on the seven case-study municipalities, we tested it on the rest of the département (151 municipalities). The results of the prediction for each municipality are graphically represented with pie charts on the map of Vaucluse (Fig. 5). We can identify several categories of municipality from a visual analysis of the predicted distribution of agricultural areas according to USAPUs: a) In the Northwest of the département, USAPU-G (AOC wine) is the most widely represented type of agriculture, matching almost perfectly the municipalities situated in highly-valued wine-growing areas; b) In the East of the département, where the municipalities are classified as "mountain area11 " or are in "areas facing natural or other specific constraints

12 " other than mountain areas, the most widely represented types of peri-urban agriculture are USAPU-H (low mountains) and USAPU-F (recreational); c) In the South, the municipalities with a high proportion of USAPU-F currently fall under environmental-protection zoning (either the Luberon regional natural park or the Mont Ventoux UNESCO biosphere reserve), and generally have a high proportion of farms offering agro-tourism services and other diversification activities 13 .
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Similarly, we tested for any possible correspondence between, on the one hand, USAPU distribution and the individual municipalities' predominant farming-type (the orientation technico-économique -OTEX-defined by the 2010 farming-census), and on the other hand, the zoning produced under public policies linked to inter-municipality cooperation14 and even the Vaucluse landscape units 15 ; however, we found no relationship.

The predictions of the model show some inconsistencies, where municipalities with particular features were not well represented in the training set. For instance, the predictions for 3 municipalities (Brantes, Puget and Saint Leger du Ventoux) estimated only one type of USAPU because they have very few listed farmers. For the remaining municipalities, the predicted values were confirmed by expert knowledge and by superposition with other parameters that were not considered in the model (to avoid endogeneity), both for census data and for public zoning. Once again, we found that the distribution of USAPUs in the municipalities is not based on distance from urban centres of reference This corroborates the results of local-level USAPU analysis: other drivers explain USAPU location, such as agro-ecological and historical conditions or political choices and environmental regulations.

Furthermore, the five categories of municipality that we identified according to USAPU distribution open perspectives for public action on peri-urban farming (Fig. 5). What is more, the USAPU distribution could be linked to the ecosystem services framework by unifying and streamlining terminology into implementable programs and schemes. This could be useful to make a bridge between environmental and food planning which remains a challenge for sustainable development of urban peripheries [START_REF] Geneletti | A review of approaches and challenges for sustainable planning in urban peripheries[END_REF]Viljoen and Wiskerke, 2012).For the category linked to wine-growing heritage, where USAPU G is exclusive or in the majority, public action should be strongly linked to local landscape and environment potential. For those municipalities where agriculture is oriented toward recreational activities involving either mountains (USAPU H) or existing environmental protection zoning (USAPU F), political action should respond to the social demand for quality products, environment and landscape preservation, e.g. by providing public support for agriculture and territorial development in the face of market-dominated CAP policies and sectorial policies at national level. Beyond existing actions in support of local short supply chains in these regions, policies should also create new forms of governance between farmers and other local stakeholders, to define a territorial project supporting these new agricultural activities. This might take the form of developing partnerships with sectorial institutions around quality local products (produits du terroir), or promoting innovation in energy production from local agricultural resources adapted to rough and hilly regions. Moreover, the municipalities where agriculture is oriented toward recreational activities could exploit local potential and expertise by creating complementary craft or tourism activities in connection with existing policy devices (mountain zone and regional natural park). For example, horse-boarding and horse-riding facilities could be coupled with tours introducing local products. Finally, we distinguished two categories of municipalities where agriculture is under urban pressure, and therefore public urban action should support local production. The category "active peri-urban" encompasses municipalities with a balanced distribution of USAPUs and lo Sanz et al. Land Use Policy xxx (2018) xxx-xxx cated close to urban centres, where farming is not fully influenced by market strategies. Here, there is room for institutional projects, such as food planning actions, to relocate the urban food supply. On the other hand, the category "under urban influence", with high proportions of USAPU A or USAPU C, would benefit from urban projects preserving farmland and supporting farming activities. For those municipalities where the USAPUs are mainly driven by agricultural market strategies (USAPU D and F), we do not suggest any particular political action.
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Discussion

This paper proposes an operational modelling approach that could be used to support decision-making on farmland management in peri-urban areas. In addition, our proposal covers both farm and regional level: the USAPUs are constructed using indicators concerning farm structure and management decisions. In this section, we consider whether such a model could be used as an instrument for decision-making on food planning, rather than simply for fairly reliable future predictions. Firstly, we present the implementation of our predictive model on the seven municipalities of the case study, to illustrate its potential efficiency in a dynamic perspective. Secondly, we discuss the relationship between farm-system spatial patterns and food systems. Finally, we address the issue of the planning framework and the scales of policy-making required for effective food planning.

An illustrative simulation of the dynamics of peri-urban agriculture types

We applied the predictive model to the seven case-study municipalities to simulate how changes in the explanatory variables of the estimated Dirichlet model would impact the predicted distribution of agricultural land. Our intention was both to validate the proposed methodology and to illustrate the dynamics of peri-urban agriculture types, rather than to propose quantified results. Actually, the model is not accurate enough: conclusions cannot be drawn from results for less than a 5% change in predicted agricultural land. The results are usable in regional planning but need to be completed with fieldwork to be usable in spatially explicit planning or landscape or land-use management. Therefore, we designed three simulation scenarios considering those variables most likely to be influenced by planning policies and regulations, namely land use and land price. This enabled us to simulate the impact on the distribution of agricultural land w.r.t. USAPUs over a period of 20 years according to three scenarios (Fig. 6): a) a 23% increase in artificial areas at the expense of farmland, the current trend in land use evolution in France 16 ; b) a radical 50% conversion of urban areas to agricultural land 17 , to test the accuracy of the model; and c) a 54% price increase per hectare of farmland, following the trend of the past 20 years 18 . Simulations show that land artificialisation (a) would reduce USAPU-A, largely consisting of horticulture and market gardening small and medium-sized farms surrounding built-up areas. On the other hand, the conversion of formerly urban land to agricultural land (b) would increase USAPU-A farmland. This mechanical conclusion is interesting if we consider that distance from urban areas is not among the variables that characterise USAPU-A in the estimated model; it also 16 The mean yearly evolution of artificialised land is 1.05%. We can assume that artificial areas increase at the expense of farmland decreasing by 0.13% every year. Furthermore, forest and scrublands remain stable (+0,01%). Source: CETE Nord-Picardie, from DGFiP 1994-2011 aggregated land-use data. 17 Urban agriculture could be considered as an example of conversion from artificial to agricultural land use.

18 Source : SAFER, 2017. Le prix des terres. Synthèse. L'essentiel des marchés fonciers ruraux en 2016. Ministère de l'Agriculture, de l'Agroalimentaire et de la Forêt.

proves the robustness of the model against unrealistic scenarios. Finally, in a context of stable land-use distribution and rising agricultural land prices (c), USAPU-G, containing profitable quality-wine farms, would increase at the expense of USAPU-C, consisting of highly diversified small farms in the immediate vicinity of built-up areas. This finding shows that interactions between peri-urban farming systems are not solely linked to urban drivers. Furthermore, policy can benefit from identifying 'hot-spots' of synergies and trade-offs between peri-urban farming systems, as well as hot-spots of change and vulnerability (Moreira et al., 2016;[START_REF] Groot | On the contribution of modelling to multifunctional agriculture: learning from comparisons[END_REF]. This is especially relevant in the Mediterranean context, that is very likely to be impacted by climate change [START_REF] Grasso | Mediterranean agriculture under climate change: adaptive capacity, adaptation, and ethics[END_REF]Malek and Verburg, 2017).

Relationship between farm-system spatial patterns and food systems

The USAPU methodology can be used to characterise and map different peri-urban farm systems and to link them to a singular spatial pattern. Classifying peri-urban agricultural landscapes through their probability of hosting differing agricultural activities as connected with local urban markets provides useful input for policies on feeding the city. In this sense, the methodology provides a tool for eliciting information on the complex relationship between land use and local and regional food systems. Our study case illustrates the three main difficulties involved in conducting such comprehensive field studies. Firstly, there are countries where this type of research remains difficult, especially due to the geo-political situation limiting access to data or to the field for direct observation. Secondly, funds are limited, necessitating a streamlined approach over a relatively short period of time. Thirdly, some landscapes (e.g. Mediterranean) are intrinsically complex and characterised by the complementarity of different agricultural systems [START_REF] Caraveli | A comparative analysis on intensification and extensification in Mediterranean agriculture: dilemmas for LFAs policy[END_REF], which makes it difficult to simplify the relationship between agriculture and local food. The USAPU methodology is easy to apply if data can be obtained either by remote sensing analysis or from a national census at municipal level. Only this last point remains a real challenge; however, the USAPU methodology could be applied for an organised overview of the complex mosaic of peri-urban farm systems, leading to further, more thorough, research.

Which scales to consider for effective food planning?

Classification of USAPUs according to their sensitivity to urban influence puts the focus on actionable issues, for public planning at two levels: local (spatial planning, for instance) and provincial (strategic landscape planning). Our classification highlights areas where it may be socially desirable to manage trends in land-use patterns to support an enhancement of sustainable agriculture and correlated food systems, and where public action is more likely to be efficient. In this sense, our approach raises the question of food production scales [START_REF] Watts | Making reconnections in agro-food geography: alternative systems of food provision[END_REF] and the territorial planning suitable for the metropolitan agri-food system [START_REF] Fao | Food, agriculture and cities. Challenges of food and nutrition security, agriculture and ecosystem management in an urbanizing world[END_REF] or "urban food system" (Viljoen and Wiskerke, 2012).

From an agricultural perspective, the Mediterranean region has a long history of varied production of food. The current agricultural systems and the complementarities between crops are somewhat complex, inherited from a long history of purely Mediterranean agricultural and cultural traditions [START_REF] Zeder | Domestication and early agriculture in the Mediterranean Basin: origins, diffusion, and impact[END_REF]. Several agricultural practices are known to produce food while remaining desirable, for instance, in terms of proper ecosystem functioning. Policy-making, to enhance food planning, requires insight into the complex dynamics of farming systems at local and regional level.

It might be interesting, in future research, to examine the assumption that diversifying farm systems has the potential to develop local food systems (i.e., a homogeneous area of monospecific agriculture does not usually favour the integration of new farming systems). Fur ther research should allow us to pinpoint areas with pronounced agricultural diversity, where it should be feasible to enhance local food systems. This also requires testing the sensitivity to changes in selected variables of different types of peri-urban agriculture. As such, it would be interesting to consider the metropolitan agri-food system, a food supply network for urban consumption, systematically including areas devoted to local food production and others aimed at global markets [START_REF] Wascher | Metropolitan foodsheds as spatial references for a landscape-based assessment of regional food supply. Leeuwardem[END_REF]. Indeed, these two systems are complementary and interact so complexly that their analysis requires the inclusion of multi-scale decision-making [START_REF] Bousbaine | The integration of action research and traditional field research to provide sustainable solutions to maintaining periurban agriculture: action research and traditional field research[END_REF][START_REF] Veldkamp | Predicting land-use change[END_REF]. A last question is the level of generality of our model. It was constructed in a Mediterranean context, and would therefore require adjustments before being applied to other natural or social environments. For instance, an explanatory variable such as "wine" would be meaningless in Northern Europe, and the number of non-professional farmers would not be a suitable variable to characterise a global-trade-oriented farming area. However, other studies at a more global scale highlight a small set of common characteristics prevailing in the dynamics of farms in peri-urban settings (e.g. the landscape structure, reflecting the fragmentation of farmland generally heightened by urban expansion [START_REF] Lange | Spatial differentiation of farm diversification: how rural attractiveness and vicinity to cities determine farm households' response to the CAP[END_REF][START_REF] Piorr | Environmental policy, agri-environmental indicators and landscape indicators[END_REF]. Hence, the next step in our work will be to transpose and test our model first in other locations in the Mediterranean Basin 19 and then in a different context.

Conclusion

In the current context of awareness of agricultural multifunctionality and social concerns about food security and quality, more insights are needed into the role of urban-rural linkages for the management and planning of landscapes across multiple geographical contexts (local, regional). Actually, agriculture and food production should play a key role in urban and regional planning. This paper explicitly aimed to present a methodology to situate, characterise and represent peri-urban agriculture in order to integrate agricultural issues into landscape and land planning. The key research objective of the paper was to define a systemic and generic methodology that can be used by public managers and planners for different cases or territorial levels. Based on a strong empirical and comprehensive method developed at local level from a study case, we develop a methodology that can be easily applied elsewhere at provincial level, without being too time-or resource-consuming.

In peri-urban areas, the relation between different scales, from local to regional, is a central question for food planning. The scales need to be linked, to connect regional policies with the local vision of stakeholders. However, there are no integrated tools usable at public policy scale that account for these interactions of agricultural models at the farm/local level (e.g. yields, agricultural plot patterns, stakeholders' activities) and regional level (e.g. food security, energy flows). From a planning perspective, the issue at stake is how to combine the two approaches so as to provide significant levels of precision in a tool usable at the policy level. Using the USAPU for the characterisation and spatial mapping of peri-urban farmland can help identify priority areas for
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intervention and context-specific public action opportunities. The methodology proposed in this paper could offer an instrument for decision support concerning food planning, a novel approach in regional science relevant beyond the scope of the case study presented here. Furthermore, the findings presented here could be of much wider relevance generally, in areas where trade-offs between urban and agricultural development persist. Importantly, the spatial layout of the USAPU is not solely based on distance from the city centre, as in the framework proposed by the Von Thünen conceptual model. Interactions between farming systems (either coexistence or confrontation) also need to be taken into account. Actually, changes affecting dominant agricultural practices, e.g. family farming vs. corporate agriculture [START_REF] Bontkes | Modelling the dynamics of agricultural development at farm and regional level[END_REF] or intensification of agricultural activities [START_REF] Ruiz-Martinez | Indicators of agricultural intensity and intensification: a review of the literature[END_REF] are intertwined with interactions between peri-urban agriculture and the surrounding expanding city. In order to support food planning, an overall understanding of the feedback mechanisms and of the human-environment interactions at this level is needed [START_REF] Foley | Global consequences of land use[END_REF]. In other words, food planning requires both land-use regulations and sectorial politics to promote the desired farm systems bearing participation and decision co-construction. Furthermore, incentives to shift practices and attitudes could help to change management of peri-urban agriculture.
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Fig. 1 .

 1 Fig. 1. The geographical location of Avignon (a) and the study area (b).

Fig. 2 .

 2 Fig. 2. Conceptual framework of external and internal forces shaping agri-urban system components.

Fig. 3 .

 3 Fig. 3. Steps in the implementation of the methodology to characterise peri-urban farmland.
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  Landsat imagery from 1987 and 2011; orthophotography from 1973[START_REF] Campbell | Dirichlet covariate models for random proportions[END_REF] and 2011; 2014 geo-referenced aerial photos; land cadastre; geographical shapes from Institut National d'Information Géographique et Forestier (IGN) and Centre Régional de l'Information Géographique en Région Provence-Alpes-Côte d'Azur (CRIGE PACA); Institut National de l'Origine et de la Qualité (INAO) -AOC wine quality zoning; Géorisques, national governmental database; Mutuelle Sociale Agricole (MSA), database for farms in Vaucluse département; local land-use plans (PLU); inter-municipal strategy plans (SCoT).

•

  Landscape functioning: proportion of farmed area declared to the agricultural social security (Mutuelle Sociale Agricole, MSA), percentage of declared farmed areas with no defined type of crop, dynamics of cropland on each farm (number of farms that expanded or reduced cultivated area and proportion of increased cultivated area on existing farms between 2004 and 2006, analysed based on declarations to MSA), percentage of leased land, diversification by type of farming (orientation technico-économique, OTEX), type of irrigation, proportion of professional farmers out of the total, as defined both by the 2010-farming-census 9 condition of a minimum cultivated area for statistical inclusion and by the minimum area required by the Chamber of Agriculture.10 Landscape policy: size of areas classified as agricultural or natural by the municipal land-use plan (Plan Local d'Urbanisme, PLU) and proportion of farms containing plots covered by a protected designation origin (AOC) vineyard.

Fig. 4 .

 4 Fig. 4. USAPU mapping in Avignon study area.

Fig. 5 .

 5 Fig. 5. Predicted distribution of agricultural areas in Vaucluse municipalities according to model.

Fig. 6 .

 6 Fig. 6. Illustrations of peri-urban agricultural type dynamics.

  o Labour: permanent and temporary employees, family participation in on-farm work, full/part-time/hobby farming. o Management: marketing modes (long versus short supply chains), land tenure modes (rental versus purchase of farmland), urban-oriented marketing strategies (e.g. processing of farm products to increase added value). -Head of the exploitation trajectory: background, education, life-course (length of professional farming experience), age, children, succession plans, farming and life-style philosophy, objectives, reasons for becoming a farmer, whether satisfied or not, perceived obstacles to farming profession. -Business trajectory and adjustments: expand and intensify, on-farm diversity and urban-oriented marketing, off-farm work, replace hired farm labour with owner-exploitation, no change, downsize, hobby-farming, exit. Indicating: o past crops and size (ha) to measure changes in farm holding size o motivation to change crops, e.g. new crops or livestock to sell to new urban consumers -Metropolitan forces (local community farm system): agricultural support infrastructure at local scale, accommodations made to satisfy urban neighbours (ex. crop spraying modified to reduce drift/smells),

land-use values and restrictions, pressures for non-farm development, local-labour markets and alternative job and life-style opportunities, tradition/norms, tourism potential, policies supporting agriculture decided at provincial and European scales and applied locally. o Local-community relationships: grassroots organisations, neighbourhood associations, socio-economic composition, information networks.

Table 1

 1 Significant variables explaining USAPU variance at local level. 0: no buildings embedded in farmland, 1: very few buildings embedded, 2: several buildings embedded, 3: many buildings embedded, 4: groups of several buildings embedded.

	Sanz et al.

a C: compact, F: fragmented, I: irregular. b A: crop plots located around farmstead, N: without nearby farm-buildings. c d J: juxtaposition, JI: juxtaposition and imbrication, N: no contact. e 1: continuous urban fabric, 2: discontinuous urban fabric, 3: leapfrog development, 4: scattered buildings. f I: irrigated land, N: non-irrigated but irrigable land, D: dry-land farming.

Table 2

 2 Explanatory variables at provincial level.

	Name	Description

Table 3

 3 Top of the table: regression parameters of the estimated Dirichlet model. Bottom: observed and predicted proportions of the 8 USAPUs in the 7 case-study municipalities.

	USAPU A		USAPU B		USAPU C		USAPU D		USAPU E		USAPU F		USAPU G		USAPU H	
	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.	Var.	Coeff.
	Inter. Hort greennurs p_urb	1.66 39.04 -16.24 35.72 -0.09	Inter. SMI cere p_agri	-1.63 -0.01 7.11 0.02	Inter. CBD poly Evourb	-3.66 -0.44 4.21 0.01	Inter. RGA p_agri legu	-0.66 -0.04 0.02 44.28	Inter. SMI p_agri fru	-0.75 0.02 0.01 3.91	Inter. CBD horse	0.05 0.02 18.36	Inter. Price wine	-3.17 0.17 3.94	Inter. p_natu slope	0.01 0.08 -0.29
	Obs.															

Land-use planning refers to a future desired vision of an area, while land-use management is the process of managing the use and development of land resources. Land-use planning often leads to land-use regulation, which typically encompasses zoning to regulate the types of activities that can be accommodated on a given piece of land. On the other hand, land management practices describe the way that land is managed, the means by which a land use outcome is achieved.

http://agriculture.gouv.fr/sites/minagri/files/documents/pdf/140514-ONCEA_ rapport_cle0f3a94.pdf

Full details of methodological development and techniques used are in the PhD thesis of Esther Sanz Sanz (2016)-see http://www.theses.fr/2016EHES0115.

at 1:10,000 detail.6 Interviews with councillors and experts were conducted using maps. This allowed us to spatially locate their responses. On the other hand, interviews with farmers were reported to the extent of their farms.

The set of 75 variables is briefly presented inSanz et al., 2017 and[START_REF] Sanz Sanz | Planification urbaine et agriculture. Méthodologie systémique de caractérisation de l'agriculture périurbaine à partir d'une recherche empirique en France et en Espagne International doctoral thesis on Geography and on Urban Stud ies[END_REF] They are described in detail in the PhD thesis of the first author.

In France, the farming census Recensement Général Agricole (RGA, general agriculture survey) specifies certain conditions on minimum single farm area for statistical inclusion : at least 1 hectare of utilised agricultural area (UAA) or failing this, at least 0.2 hectares of specialised crops.

In France, the Chamber of Agriculture of each départment defines the minimum farming area (Surface Minimale d'Exploitation, SMI) for each farm type conferring entitlement to join the agricultural social security system.

The European definition of « mountain area » was constructed in the CAP context to consider the natural and structural disparities among various agricultural zones (Cf. 75/ 262/CCE directive of 28 April 1978 and article 8 of regulation EU No

1257/1999).12 The Areas facing Natural or Other Specific Constraints (ANCs) others than mountains areas present "biophysical" or other specific constraints for agricultural production; but the areas should be maintained for the reasons of environmental protection or improvement, maintenance of the countryside, preserving touristic potential or protection of the coastline. Before the 2013 CAP reform, the ANCs areas were known as ʽLess Favoured Areas' (LFAs). (Cf. 75/262/CCE directive).

Source: Agreste, Recensement Général Agricole (RGA 2010).

Thus, we analysed the territorial coherence schema zoning (SCOT) and the inter-municipality cooperation public institutions (ECPI).

Source: Agence Paysages et al. (2013).

In the European research program Arimnet2/ DIVERCROPsee http://www. agence-nationale-recherche.fr/?Projet=ANR-16-ARM2-0003
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