Esther Sanz Sanz 
email: esther.sanzsanz@avignon.inra.fr
  
Claude Napoleone 
  
Bernard Hubert 
  
Esther Sanz Sanz 
  
Claude Napoléone 
  
How can peri-urban productive agriculture be spatially characterised and assessed? A methodological proposal

Keywords: agri-urbanism, spatial planning, peri-urban agriculture, landscape indicator, rural-urban relations

come    

How can peri-urban productive agriculture be spatially characterised and assessed?

Scientific knowledge provides manifold frameworks for agriculture modeling and assessment oriented to environmental evaluation (Helming and Perez Soba, 2011;[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]Burel et Baudry, 1999) and rural development (Lardon, 2012;[START_REF] Groot | On the contribution of modeling to multifunctional agriculture: Learning from comparisons[END_REF]Waldhart, 2010;[START_REF] Wiggering | Indicators for multifunctional land use-Linking socioeconomic requirements with landscape potentials[END_REF]Véron, 2003). However, integrating frameworks considering all the stakes specific to peri-urban agriculture and practices for supporting spatial management decisions and planning are lacking [START_REF] Zasada | Agriculture Under Human Influence: A Spatial Analysis of Farming Systems and Land Use in European Rural-Urban-Regions[END_REF].

The goal of this paper is to draw up a methodology to characterize, locate and assess peri-urban productive agriculture, in order to construct agri-urban landscape pieces involving cropping systems and structures as well as urban functions and morphology, to integrate agriculture issues in urban planning.

We are testing our methodological proposal on 2 case studies: Madrid area (Spain) and Avignon area (France). Both regions have different urban sprawl models (compact versus scattered) as well as different policy settings. Counter-intuitively, agriculture disappears in the compact sprawl model whereas it remains in the scattered one.

We'll present our results of spatially characterization and measure of peri-urban agriculture. By extension, we'll question how urban growth model influences agriculture typologies in peri-urban context, as a tool for policymakers and stakeholders. Is there a correlation between urban sprawl shape and agriculture under urban influence typologies? We finally introduce topics for further research.

METHOD(S) AND APPROACH

We need to build an operational and generalizable spatial definition of existing forms of agriculture on urban fringe by the means of measurable and qualitative landscape indicators in order to support local planning. How peri-urban agriculture can be characterized and assessed overtaking definitions based on distance/accessibility to city-centers? We propose a methodology founded on a triple approach of agricultural issue: i) farming areas characterization (landscape structures); ii) socio-economic analysis of farming activities (landscape functions); and iii) land use and land cover policy settings (landscape policies).

For this purpose, we stand an agronomic and geographical approach [START_REF] Deffontaines | Agricultural systems and landscape patterns: how can we build a relationship?[END_REF]REF) combining a morphological analysis (landscape spatial patterns) to an analysis of geographical fields, (being the spatial attributes affecting land-use localisation on peri-urban areas) by the means of remote sensing interpretation, field surveys and on-site landscape reading.

Principal events affecting the transformations of agri-urban system can be summarised in the following time-line: a) Methods 1. Remote sensing interpretation We have carried out a diachronical analysis of satellite images from both study areas on three dates : the 70s, the late 80s and today. This time-sequence tackles the relevant periods of changes in agri-urban regimes [START_REF] Berque | Histoire de l'habitat idéal: de l'Orient à l'Occident[END_REF][START_REF] Naredo | Presión inmobiliaria y destrucción de sistemas agrarios y suelos de calidad. El ejemplo de la Comunidad de Madrid[END_REF][START_REF] Busck | Porous landscapes -The case of Greater Copenhagen[END_REF][START_REF] Wiel | La transition urbaine, ou, Le passage de la ville-pédestre à la villemotorisée[END_REF]Gross et al, 1993):

• The 70s: great urban expansion begins facilitated by automobile boom.

Historical vegetable cropping is pushed back by the 1 st ring urbanisation around city.

• The late 80s: consolidation of the commercial areas and the residential urban expansion around city. 2 nd ring urbanisation

• Today: unmanaged, widespread urban growth.

We have analysed land use changes of 5 land class: urban (buildings and infrastructures); agriculture; natural (woods and unconstructed slopes); bared soils and water bodies. We seek to examine the spatial evolution of both urban and agricultural land to determine how urban growth model influences agriculture typologies in peri-urban context.

Field surveys

We have carried out a field survey in Madrid in June 2014 during 2 weeks. Interviews were carried out with 18 farmers, 4 experts and 5 local managers. Field survey in Avignon is currently in progress. Up to now, 13 interviews have been carried on with farmers, and two with experts. Avignon field work would seem to be longer than Madrid one, as far as agricultural issue is more complex. We seek to describe farms transformations as well as to understand farmers' strategies and their determinants.

On-site landscape reading

We are carrying on on-site reading to recognise and trace existing crops at plot scale. Our aim is to analyse crop changes to understand peri-urban agriculture adaptation to each singular context and external drivers, for example to the changes in local land use plans.

Towards our purpose, we'll proceed in two steps: first, "manually" characterizing agriurban landscape units in the study areas by the methods described above; and then, systematising the methodology to be further applied.

CASE STUDIES

We are testing our methodological proposal on 2 case studies: Madrid metropolitan area (Spain) and Avignon urban area (France). Both regions have different urban growth models (compact versus scattered) as well as different policy settings. In one hand, Madrid is a metropolis with a compact and dense development. The study area1 counts more than 4mill people over 842 km² with an average density of 4930 hab/km². On the other hand, Avignon study case is a low-density dispersed urban area. Actually, the urban area of Avignon2 as defined by the INSEE3 in 2010, it's the less dense urban area of more than 200.000 inhabitants in France (323 hab/km², for an average of 820 hab/km² for the rest of French urban centers), with little differences between the urban center and its surroundings (1 to 3,5, according to INSEE, 2013). For our purpose, we have delimited a sample4 of 385Km² on the Vauclusien side of Avignon urban area, with a density of 518 hab/km². We'll focus on municipality scale because policy settings and decisions concerning land use are taking at municipal level in both countries. Delimitation of the study areas is based on two criteria: ▪ And in the other hand, a sample of the regional landscape unit "Campiñas metropolitanas 8 " on the West-South. That's irrigated agriculture by the means of age-old well drilling (traditional canal network doesn't exist here) in the metropolitan area of Madrid along road A42 Figure 3. Madrid : "campiñas metropolitanas"

FIRST RESULTS

First results concern spatial characterization and measure of peri-urban agriculture.

Counter-intuitively, agriculture disappears in the compact sprawl model whereas it remains in the scattered one. Actually, in Avignon case study, 70% of 1973 farming lands remain in 2011being used for agriculture, whereas 24% have been built. On the other hand, in the South-eastern region of the Madrid study case 9 , only 16% of formerly farming lands remain agricultural, whereas more than 40% have been built between 1975 and 2011. Besides, more than 20% of formerly farming land are became bared soils, concerning mostly build work in progress. This category is not representative for the Avignon study case. Graphics below show the land use classification of both study cases by the means of remote sensing analysis in the 70S and in 2011. These preliminary results suggest that urban growth model could influence agriculture typologies in peri-urban context.

8 See previous reference 9 For Madrid study case, and due to technical reasons, remote sensing-analysis have been by the moment carried out onto an extract of the whole study case of 340km 2 covering the municipality borders of Madrid, Coslada, Rivas-Vaciamadrid, Velilla de San Antonio and Mejorada del Campo. This analysis should be extended to the whole study area (842Km 2 ) by the time of the 6th International AESOP---Sustainable Food Planning conference in November 2014.

Secondly, we have established a typology of peri-urban farming. Our analysis, on the basis of field surveys, is founded on a triple approach of agricultural issue: a) Landscape structures We seek to characterise peri-urban farming areas. Despite the reduced size of the study case areas, we have identified a wide range of farms, concerning their size, distribution of farming plots and cropping systems. From little family farms of barely more than 1ha of huerta or poultry farms, to great farms of 5000ha with plots dispersed on different municipalities. Products are diverse depending on biophysical conditions, market opportunities and farmer strategy. We found then vegetable cropping, orchard and feed grain on irrigated land. Cereals, olive grove, vineyard and livestock on not-irrigated land. But we found also cereals on irrigable land which were formerly cultivated with vegetables or fruit arboriculture, and which are no longer being irrigated. Product diversity is also function of the determinants above. Little farms (<4ha) are usually high diversified (huerta and poultry farms) while big farms (>100ha) are mono oriented (cereal, vineyard, olive grove) or working with two nonirrigated crops (cereal-olives; vineyard-olives). In this way, medium-sized farms (4-30ha) can be either mono-oriented (garlic; chard); or diversified (wide range of vegetables or fruits, usually both; sometimes combined with livestock); or be oriented to three or four irrigated crops (vegetables both in open-field and in green house; fruit arboriculture). In French study case, great medium-size farms (15-25ha) are sometimes cultivating some hectares of AOC10 certified vineyard in plots relatively far to farmstead in order to certainly complete their income, as long as AOC wine is easily and well sold. Medium-size farms and especially little farms are more likely to be organic, either by farmers' conviction or by market opportunity. The motivations to conversion to organic farming ant strategies of organic farms have been further developed in literature (ex. [START_REF] Lamine | Conversion to organic farming: a multidimensional research object at the crossroads of agricultural and social sciences. A review[END_REF].

b) Landscape functions

Concerning the socio-economic analysis of farming activities, currently scientific literature is focused on short-supply chains and direct marketing (REF). But some authors highlight that farmers make mixed and/or complementary use of long and short supply chains [START_REF] Kebir | Shortening food supply chains: A means for maintaining agriculture close to urban areas? The case of the French metropolitan area of Paris[END_REF][START_REF] Aubry | Le développement des circuits courts et l'agriculture périurbaine: histoire, évolution en cours et questions actuelles[END_REF]. In this way, we have noticed a great variety of commercialisation forms: from long supply chains (large volumes for expedition), to short circuits (local groceries, local markets, onfarm sale, farmers-consumers networks ...). Big farms sell mostly to long supply chains, above all if they are specialised in cash crops. On the other hand, little farms sell mostly on short-supply chains and by direct marketing. But medium size farms may combine a diversity of products (crops, livestock) with a great range of commercial circuits going from the abroad expedition to on-farm sale, passing by sale to distribution platforms to sale to local grocery or on local market. Organic farms are more likely to be involved in multiple and diversified commercialisation forms. This trend have also been identified in literature (ex. [START_REF] Nizet | Les exploitations bios face à leurs contextes. Des stratégies diversifiées et interdépendantes[END_REF].

b) Landscape policies

Considering land use and land cover policy settings, at this stage of the research, the most relevant emerging determinant is urban pressure and the probability of land to become developable. Actually, in Spain and in France, a land plot can be developed and build only if the municipal land use plan allows it and if it's no included in a natural or farmland preservation demarcation. We've noticed that farms located in protected delimitated areas close to the city endure as they take advantage of urban concentration of consumers and customers without supporting urban pressure. On the other hand, farms under the influence of anticipation effects, that's waiting for a change in land use planning to sell their land for building, are developing opportunist and short-term strategies not related to agronomic or market criteria. When zoning is the primary tool of land use regulation, land use conversion anticipation influences agricultural land prices. Potentially developable land price is far higher than the price of land where agriculture is the only use permitted (Géniaux et al, 2011).

Another topic highlighted by recent literature to be study at a next stage of research, would be the proportion of farmers and the profitability of the sector [START_REF] Chanel | Determinants of Local Public Policies for Farmland Preservation and Urban Expansion: a French Illustration[END_REF]. Farmland consumption for developable areas seems to be less likely when farms are more profitable than the median profitability of the sector Hence, relying on the literature and on our field work, the principal variables determining agriculture typologies in peri-urban context are the following: 

Farmland preservation regulations

Willingness and effectiveness to preserve farmland

Combining the partial results of this triple analysis, we can state a preliminary brief agriculture typology in peri-urban context: a) Farming close to city that endures because situated on a protected environmental delimitated area which avoids urbanisation projects and taking advantage of the proximity of a concentration of consumers and customers for food and other activities, like horse riding.

b) Farming far from the city influence, so not under urban pressure, that bases its strategy on agronomic and commercialisation criteria. A little part of these farms are urban market-oriented and usually additionally benefiting of urban rents, as long as the farmer or his relatives work part-time in city.

c) Farming between the two situations defined above. That's an uncertainty and hesitation area. Varied and often opposed strategies have been identified, going from the opportunist big farms with annual crops benefiting from CAP payments, and more or less waiting for a change into urban planning and new housing project to sell their land for building, to the no-longer viable mediumsize farms working as "always-we-have-done" in the marge of today commercialisation system.

DISCUSSION AND CONCLUSION

City seems indeed influence most peri-urban farms, at least on farmers' lifestyle. Urban concentration of consumers and customers for food and other activities generates new and promising opportunities of specialization rather than anticipation and short-term positions. Farms strategy is in most cases the result of spontaneous decisions depending on farmer's own situation, UE agriculture police, commercialization options, labor availability and farmer expertise.

We are looking forward to set up a framework considering all the stakes specific to peri-urban agriculture and practices for supporting spatial management decisions and planning. For this purpose, we have drawn up a methodology to characterize and assess peri-urban productive agriculture, in order to construct agri-urban landscape pieces involving cropping systems and structures as well as urban morphology.

Scholars have broadly analyzed peri-urban agriculture in monographic studies, either regional case studies (par example, the French revue Cahiers Agricultures vol. 22, n°6 of 2013) or practices oriented studies (par example, the latest edition of the revue "Espaces et Sociétés" deals with "Agriculture and City"). But attempts of building a peri-urban agriculture typology are scarce. Some studies have assumed the Von Thünen model of agricultural land use which classifies farming in 4 rings depending on the distance to the city center. According to Thünensian logic of land-use distribution, the adjacency to the urban market determines the profitability of agriculture, measured in terms of transport cost and locational rent, and then the location of each farming type. [START_REF] Nahmias | Pour une définition de l'agriculture urbaine : réciprocité fonctionnelle et diversité des formes spatiales[END_REF] develop this model to define a gradient of urban agriculture based on the distance to the town but also on its functions and integration at metropolitan level. [START_REF] Zasada | Agriculture Under Human Influence: A Spatial Analysis of Farming Systems and Land Use in European Rural-Urban-Regions[END_REF] analyses the variables characterizing agriculture under urban influence to define the spatial distribution of agricultural land as well as farm structure characteristics and performance indicators in peri-urban areas. But operational definitions involving both urban and agricultural issues for supporting planning are lacking.

The next stage of this research is to map the peri-urban agriculture typologies defined above and then analyze urban functions and morphology to spatially define the agri-urban landscape pieces on our study cases. As long as our aim is to generalize our methodology to be further applied, it'll be needed transposing this work to other urban regions by relying on onsite interviews to calibrate the framework. It would be interesting to further research to relate the peri-urban agriculture typologies to the urban growth pattern in order to identify possible correlations. Scattered development model divides up farming land; compact development model gobbles it up. We need to map farming typologies described above to clear up this point.

Finally, landscape planning tools should be proposed to integrate agriculture management in urban planning [START_REF] Vidal | La place de l'agriculture dans la métropole verte[END_REF] and enabling hence an adaptive territorial managing. We could imagine proactive public policies better involving farming activities in urban developing projects going beyond the protection demarcation, to integrate farming as activities systems complementary to urban activities. We need further to go beyond the reduction of city=urban and agriculture=rural to think about sprawl territory as a complex system.

  Administrative boundaries: each study area must overlap the administrative boundaries of a municipality or a group of associated municipalities 5 , preferably possessing a (peri-urban) agriculture policy. o In the Avignon case, we have taken as a starting area the demarcation of the urban area of Avignon defined by the INSEE, to focus then on the perimeter of the Communauté de Communes du Pays de Sorgues-Monts de Vaucluse and on the vauclusien side of the Communauté de Communes du Grand Avignon o In Madrid case, we have started from the demarcation -non statuary-of the metropolitan area of Madrid. We seek to study one municipality of the urban or inner ring (Fuenlabrada) ; one municipality of the metropolitan area or outer ring (Rivas Vaciamadrid) ; and finally, one municipality of the metropolitan region or Gran Madrid (Morata de Tajuña). Natural or built geographical boundaries : each study area is considered as a geographical unit with a specific and singular landscape. In both situations, the study areas are representative of the historical irrigated agriculture landscape on urban or metropolitan context. They are limited by rivers, mountains or motorways. o In Avignon case, it's part of the Sorgues watershed, defined by the Rhône at West; the Durance river and Avignon road (D900) at South; the Vaucluse plateau mountains at East; and the stream Sorgue d'Entreaigues and the roads D28and D6 to Sorgues at Nord. It's a sample of the regional landscape type « Le pays des Sorgues 6 », a sub-unit of the « La plaine Comtadine » landscape unit. That's agriculture irrigated by the means of a canal-network designed on former drained swamps, farming plots separated by bocage hedge. The study area also includes Avignon city and its urban cluster development, representatives of the "Le couloir Rhodanien » landscape type.

Figure 1 .

 1 Figure 1. Avignon : « pays des Sorgues » o In Madrid case, there are : ▪ On one hand, a sample of the regional landscape unit « Vegas del Jarama y Tajuña » 7 on the East-Southern side of the metropolitan area of Madrid and of Gran Madrid. That's irrigated agriculture by the means of a canal and dam network, along the A3 highway in the Jarama and Tajuña watersheds.

Figure 2 .

 2 Figure 2. Madrid : "vega del Tajuña"

  

  

  

The study area of Madrid includes 13 municipalities : Arganda del Rey, Coslada, Fuenlabrada, Getafe, Humanes de Madrid, Leganés, Madrid, Mejorada del Campo, Morata de Tajuña, Parla, Perales de Tajuña, Rivas Vaciamadrid and Velilla de San Antonio

The INSEE (cf. note 4) has widen in 2010 the area of influence of Avignon, that's L'aire urbaine d'Avignon. It counts today 500.000 habitants living on 59 municipalities: Althen-des-Palauds, les Angles, Aubignan, Barbentane, Beaumes-de-Venise, Beaumettes, Bédarrides, Cabannes, Caderousse, Caromb, Carpentras, Cavaillon, Châteaurenard, Cheval-Blanc, Courthézon, Eygalières, Eyrages, Gordes, Goult, Graveson, Jonquières, Loriol-du-Comtat, Maillane, Maubec, Mazan, Modène, Mollégès, Monteux, Noves, Oppède, Orange, Orgon, Pernes-les-Fontaines, Plan-d'Orgon, Robion, Rognonas, Saint-Andiol, Saint-Didier, Saint-Pantaléon, Sarrians, Taillades, Verquières, Villeneuve-lès-Avignon and the 16 municipalities of the sample delimited for our study case (cf. note 5)

3 Institut National de la Statistique et des Etudes Economiques, that's National Institute of Statistics and Economical Studies

 4 The study area of Avignon includes 16 municipalities: Avignon, Cabrières-d'Avignon, Caumont-sur-Durance, Châteauneuf-de-Gadagne, Entraigues-sur-la-Sorgue, L'Isle-sur-la-Sorgue , Jonquerettes, Lagnes, Morières-les-Avignon, Le Pontet, Saint-Saturnin-lès-Avignon, Saumane-de-Vaucluse, Sorgues, Le Thor, Fontaine-de-Vaucluse, Vedène andVelleron.

In France, that is an administrative level called Communauté de Communes

Lanscape type defined thus in Agence[START_REF] Paysages | Atlas des paysages de Vaucluse[END_REF] 

The Appellation d'Origine Contrôlée (AOC), which translates as "controlled designation of origin", is the French certification granted to certain French geographical indications for wine and other agricultural products.