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Glossary

Agroecology: "integrated approach that simultaneously applies ecological and social concepts and principles to the design and management of food and agricultural systems" (FAO, 2018) Biodiversity: refers to all living beings and the ecosystems in which they live. The term also includes the interactions of species with each other and with their environment (https://ofb.gouv.fr/) Greenhouse gas: "gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit radiation at specific wavelengths within the spectrum of thermal infrared radiation emitted by the Earth's surface, the atmosphere itself, and by clouds" (http://www.ipccdata.org/) Mountainous area: area with "significant handicaps leading to more difficult living conditions and restricting the exercise of certain economic activities" (French law n° 1985) Multicriteria assessment: methodology used to compare, prioritise or evaluate options by taking into account a combination of different elements [START_REF] Lairez | L'évaluation multicritère des systèmes d'élevage pour accompagner leurs évolutions : Démarches, enjeux et questions soulevées[END_REF] System experiment: study of all the technical combinations and their interactions in a specific context, thus allowing to evaluate their effects on the different components of an agrosystem [START_REF] Nolot | Principes et outils de conception, conduite et évaluation de systèmes de culture[END_REF] 
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Introduction

Livestock production, 39 % of the French agricultural industry [START_REF] Agreste | Graph'agri 2020. L'agriculture, la forêt, la pêche et les industries agroalimentaires[END_REF], is becoming more and more controversial. Today only 2.2 % of the population identifies as vegetarian or vegan, a larger proportion identifies as flexitarian (24 %), and even of the 74 % that identify as omnivorous, some are making an effort to reduce their meat consumption. The reasons put forward are mainly animal welfare, human health, and environmental preservation (FranceAgriMer, 2021). However, livestock production is also known to have very important positive externalities, both environmentally (soil fertility, biodiversity), culturally (food quality, tourism) and economically (employment) [START_REF] Ryschawy | Assessing multiple goods and services derived from livestock farming on a nation-wide gradient[END_REF].

Agroecology, which is a concept whose presence is increasing on a global level, could be a mean to meet the societal expectations of livestock production. The FAO presents it as a key element necessary to solve current global challenges (FAO, 2018). The concept, adapted to animal production systems by [START_REF] Dumont | Prospects from agroecology and industrial ecology for animal production in the 21st century[END_REF], helps to bring different actors of the territories to act towards a universal objective. And, according to the same authors, it is becoming increasingly necessary to act on a larger scale than that of farm scale, by including the different stakeholders in the process.

Within this context, a research action participation project named Coccinelle was launched in 2019 with the objective of co-creating, with different stakeholders of the Massif central, future mountain dairy systems, which intends to meet societal expectations in terms of animal welfare, environmental conservation, production of quality products and farmer welfare. A system experiment, named Marcinelle, is being carried out at the INRAE Herbipôle in Marcenat since March 2020 and for several years, in order to try to implement such system.

After more than one year of experimentation, Marcinelle has produced many results and its agroecological performances need to be assessed. Multicriteria assessments, which development has increased in the past years, are useful in dealing with multidimensional concepts like agroecology. Given the expectations generated by Marcinelle, it is useful to develop and implement a multi-criteria diagnosis to evaluate the agroecological performance of this innovative dairy farming system.

After carrying out a review of the existing information on mountain dairy farming, agroecology and multicriteria assessments, the methodology of creation of the Marcinelle diagnostic will be described. Step by step, the tool will be created and implemented on Marcinelle. The results will be discussed, providing an overview of Marcinelle agroecological performances.

Contextualisation of the study 1.The challenges of mountain dairy farming in the Massif central

The Massif central, which encompasses 15 % of continental France, has an area of 85 000 km 2 (about 12 millions rugby pitches). Two-thirds of the Massif central is made up of a mountainous topography (Fig. 1, Fig. 2) (Fontaine, 2019). These areas are defined by the presence of "significant handicaps leading to more difficult living conditions and restricting the exercise of certain economic activities". The challenges and limitations faced by this region are tied to altitude (>700 m) and/or high slopes (> 80 % of the territory with > 20 % slope) (French law n° 1985). Poor soils, snowy climate, and poor infrastructure are important constraints to the agricultural processes of the area [START_REF] Martin | Évolutions et perspectives de l'élevage des ruminants dans les montagnes françaises[END_REF]. About 72 000 farms are present in the Massif central. On average, those farms have 53 ha of Utilized Agricultural Area (UAA) and 1.4 Annual Work Units (AWU) [START_REF] Dobremez | L'agriculture en montagne : Evolutions 1988-2010 d'après les recensements agricoles[END_REF]. Livestock production accounts for 70% of the agricultural sector and is mainly concentrated in mountainous regions.

Cattle farming is primarily dedicated to meat production (36%) and to milk production (10 %) (Fontaine, 2019). The majority of farms in the area are classified as extensive systems: 91 % of UAA is dedicated to pasture-based production, and the stocking rate is of 0.9 Livestock Unit (LU)/ha in average [START_REF] Dobremez | L'agriculture en montagne : Evolutions 1988-2010 d'après les recensements agricoles[END_REF]. Seven cow's milk cheeses are produced under Protected Designation of Origin (PDO), and are a showcase for the Massif central. Milk in the Massif central has a low added-value [START_REF] Belot | La filière lait de montagne et ses dynamiques pour les années à venir-Les études FranceAgriMer[END_REF], with a selling price of about 380 €/1 000 L for the Cantal PDO and 410 €/1 000 L for the Saint-Nectaire PDO (vs 650 €/1 000 L for the Beaufort PDO in Savoie). Nevertheless, Saint-Nectaire PDO is the largest farm-made PDO cheese in Europe (https://www.aop-saintnectaire.com).

From now on, the term ''dairy farming'' will be used in reference to ''dairy cattle farming''.

Societal and farmers' expectations towards dairy farming

"Once the guarantor of the survival of the community, the farmer's status has been reduced to the same level as that of his fellow citizens: his profession is now just one among others." [START_REF] Hervieu | La multifonctionnalité de l'agriculture : Genèse et fondements d'une nouvelle approche conceptuelle de l'activité agricole[END_REF]. Food production and agriculture have gradually been commoditised as people have been freed from the fear of hunger. Controversies surrounding animal agriculture began to arise in the middle of the 20 th century. Over the years there have been many actions taken to address these. In 1960, the creation of the Label Rouge allowed for animal-based products to be distinguished for their quality. The first animal welfare association, OABA (Association for assistance to animals at abattoir), was created in 1961 with the objective of improving animal processing practices. In 1963, farm animal cruelty and abuse became illegal. In 1980, livestock production was linked to water pollution by nitrates in Henin's report. This directly led to the creation of the Pollution Reduction Steering Committee in 1984 and the drafting (Agreste) of the nitrate directive in 1991. This directive aims to mitigate the effect of agriculture on water through nitrate pollution. In the 1990s, the presence of mad cow disease only helped increase the growing disconnect between animal agriculture and consumers. In 2006, the Food and Agriculture Organisation of the United Nations (FAO) released a report entitled "Livestock's long shadow" [START_REF] Steinfeld | Livestock's long shadow : Environmental issues and options[END_REF]) that brought to light many of the controversies surrounding livestock production and its environmental impact. The report was able to show a link between greenhouse gas (GHG) emissions and livestock farming. A second report by the FAO attributed 14.5 % of GHG emissions to livestock production [START_REF] Gerber | Tackling climate change through livestock : A global assessment of emissions and mitigation opportunities[END_REF]. Today, a well-known animal rights association, called L214, works to incriminate livestock production by releasing shocking videos of animals receiving bad treatments. All of these controversies have led to the development of strong societal expectations regarding animal welfare, environmental conservation, and the production of healthy food products.

The French population opinions vary on this subject. [START_REF] Delanoue | Regards croisés entre éleveurs et citoyens français : Vision des citoyens sur l'élevage et point de vue des éleveurs sur leur perception par la société[END_REF] showed that only 2 % of French people want to abolish livestock production. On the other side, only 10 % want to maintain intensive production systems. Between these extremes, much of the population (51 %) wants to gradually improve livestock management practices in order to meet societal expectations without reducing their consumption. Only 24 % is willing to reduce their consumption by only consuming meat produced with respect for animal welfare and the environment. (Fig. 3).

Among producers, there are three profiles found in reaction to these expectations and controversies. Most of them, mainly in conventional or intensive systems, try to better communicate their choices and optimize their practices. They want the population to recognize the efforts being made and their expertise toward animal welfare or environmental issues. They advocate for the modernisation of agriculture by using more sophisticated machines and tools.

Others share the societal concerns surrounding intensive production and are trying to create new alternative systems. They have good relationships with consumers, maintained through communication and interactions via short circuits. The third profile is comprised of farmers who do not understand the situation and feel attacked. They think societal expectations only bring in new constraints and slow down competitiveness. Co-designing tomorrows production systems could represent a good challenge and a good solution to these issues, by permitting to find solutions matching both consumers' and producers' expectations [START_REF] Delanoue | Regards croisés entre éleveurs et citoyens français : Vision des citoyens sur l'élevage et point de vue des éleveurs sur leur perception par la société[END_REF].

Mountain dairy farming, like livestock production in general, is subject to many controversies. But still, it provides many services to the region. the direct employment of 153 400 permanent workers (88 %: farm owners, family assistance, 7 % employees, 5% outsourced workers), as well as approximately 5 000 indirect jobs in the agri-food industry (milk collection, cheese production, sellers) (Fontaine, 2019). There are many agricultural teaching institutions also contribute to the dynamics of the region, with 17 000 students (Fontaine, 2019).

Extensive cattle production systems, the majority based on permanent grassland, play an important role in landscape maintenance and authenticity, therefore creating an aesthetically pleasing region for tourism. Grasslands, with a great diversity of flower species, offer interesting opportunities to produce high quality cheeses. Grazing permanent grassland improves cheese organoleptic qualities by increasing the richness of unsaturated fatty acids and antioxidants, and by giving a more melting texture, a yellow colour and more appreciated flavours [START_REF] Coulon | La qualité sensorielle des produits laitiers et de la viande dépend des fourrages consommés par les animaux[END_REF][START_REF] Martin | Herbe et qualités nutritionnelles et organoleptiques des produits laitiers[END_REF].

Mountain dairy farms in the Massif central make a use of lands where it is hard to produce edible resources (high slopes, long winter). Their management practices are based on grazing, no tillage, and low-inputs that favour the development of biodiversity [START_REF] Rodríguez-Ortega | Applying the ecosystem services framework to pasture-based livestock farming systems in Europe[END_REF]. According to the typology of grasslands in the Massif central [START_REF] Carrère | Une typologie multifonctionnelle des prairies des systèmes laitiers AOP du Massif central combinant des approches agronomiques et écologiques[END_REF], there are on average 33 flower species per plot on the majority of the types of permanent grassland, including local species of the region [START_REF] Vollet | La diversité des services rendus par les territoires d'élevage herbagers fournissant des produits de qualité dans des environnements préservés[END_REF]. They are also a major contributor in the mitigation of climate change storing 60-80 t C/ha/year [START_REF] Vollet | La diversité des services rendus par les territoires d'élevage herbagers fournissant des produits de qualité dans des environnements préservés[END_REF], and to limit the wildfire risk by maintaining a heterogeneity in the landscape [START_REF] Rodríguez-Ortega | Applying the ecosystem services framework to pasture-based livestock farming systems in Europe[END_REF]. Considering all this, there is still progress to be made in order for animal agriculture and dairy production in the Massif central to meet societal expectations. The concepts advocated within agroecology, a growing discipline in agriculture science, could represent a good perspective for the future.

Agroecology to meet expectations on dairy farming in the Massif central

In the last 20 years, the term of agroecology has been increasingly used in scientific literature (Fig. 4). It has been put forward on the national and international scene as a solution to actual challenges of agriculture [START_REF] Caquet | Réflexion prospective interdisciplinaire pour l'agroécologie[END_REF][START_REF] Mottet | Assessing Transitions to Sustainable Agricultural and Food Systems : A Tool for Agroecology Performance Evaluation (TAPE)[END_REF]. It was first used in the 1920s by Bensin, to define a scientific discipline which applies ecological methods to agriculture. Today, agroecology reflects either a scientific discipline, agricultural practices or a political and/or social movement [START_REF] Wezel | Agroecology as a science, a movement and a practice. A review[END_REF]. Originally, agroecology looked at field or agrosystem scale; now it extends to the food system [START_REF] Gliessman | Agroecology: the ecology of sustainable food systems[END_REF]. The FAO defines it as ''an integrated approach that simultaneously applies ecological and social concepts and principles to the design and management of food and agricultural systems.'' (FAO, 2018).

According to the FAO, agroecology, by optimizing the interactions between the different components of the system and also taking into account the social aspects, is necessary to sustainable agriculture (FAO, 2018). Two types of agroecology can be distinguished. "Weak" agroecology, also called ecologic intensification, consists of trying to be more efficient in terms of input use and environmental services by implementing favourable practices, while keeping the global scheme and organisation of actual agricultural systems. "Strong" agroecology induces an important change in the system, using biodiversity to produce ecosystem services and limit the use of inputs. It is an innovation process which is applied at the farm level, but also with the actors of the sector and the territories (Duru et al., 2014).

Animal production systems have largely been ignored in agroecological schemes [START_REF] Gliessman | Agroecology: the ecology of sustainable food systems[END_REF]. [START_REF] Dumont | Prospects from agroecology and industrial ecology for animal production in the 21st century[END_REF] adapted the five ecological processes described by [START_REF] Altieri | Agroecology : The science of natural resource management for poor farmers in marginal environments[END_REF] to livestock production systems: (i) adopting management practices that improve animal health, (ii) decreasing the inputs needed for production, (iii) decreasing pollution by optimizing the metabolic functioning of farming systems, (iv) enhancing diversity within animal production systems to strengthen resilience and (v) preserving biological diversity in agroecosystems by adapting management practices. Agroecological farming systems following those principles are a priori more resilient and stable, and represent a good solution to meet global changes [START_REF] Dumont | Prospects from agroecology and industrial ecology for animal production in the 21st century[END_REF].

Agroecology is a complex concept that appears to be the centre of attention today, proposing a general direction towards more sustainability and tomorrow's agriculture. A project has been set up at the French National Research Institute for Agriculture, Food and Environment (INRAE) to meet agroecological and societal expectations of dairy farming: Coccinelle. [START_REF] Caquet | Réflexion prospective interdisciplinaire pour l'agroécologie[END_REF] agricultural colleges, and researchers). The objective of the Coccinelle project is to co-design and implement an 'eco-citizen' mid-mountain dairy system, that is innovative and meets societal expectations regarding animal and farmer welfare, environmental preservation, and food quality. Co-designing a system appears to be more and more a necessity in order to make the mentalities and ways of doing things of the different stakeholders evolve together [START_REF] Berthet | Opening design and innovation processes in agriculture : Insights from design and management sciences and future directions[END_REF]). An experimental dairy system has been set up in early 2020 at the INRAE experimental facility Herbipôle in Marcenat (Cantal), and is called Marcinelle.

Coccinelle, an innovative project on dairy farming in the Massif

Marcinelle, an innovative dairy system of the Massif central

Marcinelle characteristics from March 2020 to February 2021 are described hereafter.

Management of Marcinelle herd

The Marcinelle herd was composed of 28 dairy cows, 8 two-year-old heifers (G2), 14 oneyear-old heifers (G1) and calves, of Holstein and Montbéliarde breeds (Fig. 5, Fig. 6).

a) Productive dairy herd management

Throughout the year, the feed ration was centred on grazed pasture and hay (Fig. 7).

Before calving, cows received mineral supplementation (including magnesium) to prevent milk fever and grass tetany. From calving to grazing, cows were fed with high quality hay. Cows were put out on pasture from 15 April and 26 November (only during the day prior to 4 May) (Fig. 8). Initially, cows were supposed to be fed only with forages that came from Marcinelle, but because of a drought that diminished the quantity and quality of hay produced, concentrates were needed in addition to the purchase of 17 t of hay. Starting 1 June, for a period of 28 days, animals were artificially inseminated using semen from a stud that matched the breed of the dam. This was followed by natural breeding with a Holstein bull for a period of 47 days. Calving was planned to fall between 1 March and 15 May to synchronise lactation curves with grass growth and availability (Fig. 8). Cows were milked once a day until the last female calves were weaned in August (Fig. 8). Cows were housed in a free-stall barn containing 28 cubicles with rubber mattresses and straw bedding. Manure was collected frequently by automatic scrapers, and passed through a phase separator. Solids were composted outdoors for six months whereas liquids were stored in a covered slurry pit.

Regarding diseases, animals were treated on a case-by-case basis, and some vaccinations were given (ex: Miloxan before grazing for anthrax).

b) Herd renewal management

All heifers (G1 and G2) were fed and housed together up to the breeding period. As the drought diminished the stock of hay available, a mix of pulp and straw was distributed before being turned out to pasture during the winter 2020. All heifers then grazed near the barn, before G1 was moved to 4 ha of summer meadow for the rest of the year and G2 joined the cow herd for breeding. On 15 August, G1 and G2 grazed again together on 8 ha of summer meadow.

Heifers were housed in a pen with straw-bedded pen and a scraper lane at the feeding table.

The manure collected was composted with the solid part of cow's manure.

c) Calf management

Calves were raised by their dams. At calving, the calf spent five days with its dam in a calving pen to encourage attachment. Then, calves were housed in a pen adjacent to the dams' pen in the barn, in a straw-bedded and covered shelter. They had access to their dam during the day, just after morning milking (~8 a.m.) to the end of the afternoon (~5 p.m.). Later on, calves went out to pasture with their dam during the day (Fig. 9). Female calves were weaned after 12 weeks, and housed to a park next to their dam. Replacement heifers were chosen around 15 to 18 months of age, just before being brought into the barn for winter. Male calves

were not weaned and stayed with their dam for six to eight months before being sold as "ethical veal". Calves were disbudded after three to four weeks with a hot-iron dehorner, using anaesthetics and analgesics.

Management of Marcinelle grassland areas

The UAA of Marcinelle is 62 ha of permanent grassland. About 21 ha were exclusively dedicated to hay production, 23 ha to grazing, and 18 ha were utilized for both. Grasslands used for Marcinelle were chosen to be very diverse in terms of productivity, development cycles and biodiversity to increase the systems resilience to climate change. There were no mineral inputs used on the paddocks, and all the organic fertilizers were produced within the farm.

Initially, 10 % of the surfaces should have been kept as defence zones, but low yields caused by the drought prevented that.

a) Grazing and pasture management

The stocking rate for dairy cows without taking into consideration grazing calves was approximatively 50 ares/UGB. During the day, cows stayed near the barn with their calves.

They grazed on two paddocks, chosen for their proximity to the barn and their productive capacity. They measure approximately 3 ha each. At night, without the calves, cows grazed on more distant additional paddocks (~ 25 ha).

b) Hay production management

About 39 ha of grasslands were dedicated to hay production. Approximately 15 % of hay was harvested early and barn-dried. With second cut hay it provided high quality food (energy and nitrogen), and was primarily used to feed cows after calving. The rest of the hay, harvested later, was kept for animals with lower nutritional requirements, allowing for a higher quantity of stored hay and favours biodiversity. Some of the plots were spread with slurry coming from the farm, the choices being made looking at grassland needs and the climate.

After more than one year of experimentation, Marcinelle has produced a large quantity of data and results. To know if the system is technically working and meets the collective group expectations, an assessment of its agroecological performances must be performed.

Multicriteria approaches, the development of which has increased in the recent years [START_REF] Bockstaller | Evaluation agri-environnementale et choix des indicateurs : Acquis, enjeux et pistes[END_REF], provide an excellent opportunity to evaluate the system.

Multicriteria assessments to evaluate the performance of mountain dairy farms 1.3.1. Agroecology and multicriteria assessment

Agroecology in animal production is a multidimensional concept covering a multitude of topics such as animal health, input use, pollution, diversity and biodiversity [START_REF] Dumont | Prospects from agroecology and industrial ecology for animal production in the 21st century[END_REF]. To evaluate the agroecological performances of a system, a multicriteria assessment (MCA) is needed [START_REF] Botreau | Towards an agroecological assessment of dairy systems : Proposal for a set of criteria suited to mountain farming[END_REF]. Many positive impacts of agroecological practices are now well-known separately, but there is still a need to identify the positive aspects of these practices all together [START_REF] Mottet | Assessing Transitions to Sustainable Agricultural and Food Systems : A Tool for Agroecology Performance Evaluation (TAPE)[END_REF]. Multicriteria approaches take into account all the aspects of a system together and their interactions. They allow for (i) a better understanding of the global trends of the system, (ii) decision support and/or (iii) better communication [START_REF] Lairez | L'évaluation multicritère des systèmes d'élevage pour accompagner leurs évolutions : Démarches, enjeux et questions soulevées[END_REF]. They play a big role in public decisions, research, and the creation of innovative systems [START_REF] Bockstaller | Evaluation agri-environnementale et choix des indicateurs : Acquis, enjeux et pistes[END_REF].

Multicriteria assessments are incredibly useful when attempting to describe complex concepts like agroecology, considering all aspects jointly. In order to ensure a certain scientific rigour, multicriteria assessments must follow some rules.

How are multicriteria assessments built?

Examining the existing diagnostic tools used there are different methodologies that exist, some more or less rigorous and reliable. The methodology used by [START_REF] Botreau | Some considerations about multicriteria evaluation of farm sustainability[END_REF] and that of [START_REF] Lairez | L'évaluation multicritère des systèmes d'élevage pour accompagner leurs évolutions : Démarches, enjeux et questions soulevées[END_REF] are given preference here as they use mathematics and informatics theory to create a more rigorous evaluation process. [START_REF] Botreau | Some considerations about multicriteria evaluation of farm sustainability[END_REF] proposed six generic steps to create a MCA tool (Fig. 10).

The first three steps are preliminary questions to ask one's self before looking at measures, indicators, criteria, or principles. The goal is to help define clearly the system studied (spatial [START_REF] Botreau | Some considerations about multicriteria evaluation of farm sustainability[END_REF] and time scales of study, actors implicated), the objectives of the diagnostic, and duration and technical constraints. The 4 th step requires defining the set of criteria that will be at the centre of the assessment. According to [START_REF] Bouyssou | Building criteria: a prerequisite for MCDA[END_REF], a good set of criteria is exhaustive (all important topics must be considered) and minimal (only the ones necessary to decide).

The criteria must be independent and agreed upon by all the stakeholders. A criterion is defined as a particular point of view which makes it possible to discern differences between systems. The 5 th step is to choose which indicators will allow for the evaluation of the systems conformity within the criteria. An indicator is a parameter which can be measured and provides information about a criterion. The 6 th and last step consists of constructing the evaluation model. A choice must be made to aggregate the information or not. There are four different aggregation techniques, involving more or less mathematical functions [START_REF] Botreau | Aggregation of measures to produce an overall assessment of animal welfare. Part 1 : A review of existing methods[END_REF].

When aggregating, two things should be considered. First the weighting, based either on scientific knowledge, statistics or stakeholders' point of view. Second, the compensations between the scores, which can follow either a conjunctive or a disjunctive logic (Fig. 11). Each part of the aggregation needs to be checked several times and by several people from different disciplines in order to ensure it matches all expectations.

Creating a multicriteria assessment from nothing is long, difficult, and requires consultation with many stakeholders and experts.

Research question and objectives of the internship

As Marcinelle's practices are meant to be adaptive, evolving over time, assessing agroecological performances is essential in order to have enough perspective to judge whether or not the system is technically working well, if it meets societal expectations and/or can be improved. Hence, the research question is: how to create and implement a multicriteria diagnostic to evaluate the agroecological performances of Marcinelle, an innovative dairy farming system in the Massif central? The objectives of the study are (i) to create a reliable multicriteria assessment method, adapted to Marcinelle, which can be replicated every year, and which allows to have an overview of its performances, and (ii) to implement this diagnostic on Marcinelle. This tool is developed to show the collective the results of the experiment regarding these topics, and to provide information on which practices appear favourable, and which ones need to be changed or improved. Evaluation is done at farm level, while keeping in mind local and global impact. The diagnostic has no time limit for implementation within a year and it is possible to have some technical support, as INRAE has a large network of experts. The diagnostic will result in a clear set of indicators which create a link between scores and management practices. An aggregation is not necessarily useful as it is a very long and difficult process, involving many actors, in addition with the fact that it is not compulsory for our purpose. Assessment results were compared to the scores of similar systems, ideally the scores of other mountain dairy production systems, in order to highlight which results are favourable and those that need improvement.

Material and methods

Objectives and constraints of the MCA for Marcinelle

A six-month period was allotted for the development of the diagnostic tool. For this reason, only existing methods and indicators were used because the creation of indicators is long and difficult, and requires consultation with many experts and/or stakeholders [START_REF] Bockstaller | Evaluation agri-environnementale et choix des indicateurs : Acquis, enjeux et pistes[END_REF].

Researching existing multicriteria assessment methods adapted to Marcinelle diagnostic

Capitalisation of existing multicriteria assessment methods

The current knowledge base on existing MCA was explored through (i) scientific platforms like Google Scholar and Science Direct by searching for articles addressing MCA diagnostic tools developed around the world, (ii) YouTube for further explanation of the tools found, and

(iii) a specific platform provided by the mixed technology network Erytage (www.erytage.org).

Information found was retained only if it was deemed pertinent to the development of the Marcinelle diagnostic, either regarding the type of system studied or the topic covered. Basic information (creator(s), type of production system evaluated, topics covered, objectives…) of the diagnostic tools studied were entered into an Excel database in order to choose, later, the most appropriate tools for Marcinelle.

Selection of relevant multicriteria assessment methods for Marcinelle

Specific diagnostics, concerning mountain dairy farming or similar systems, and topics appropriate to Coccinelle objectives, were preferred over alternatives. Generic tools were mainly used to incorporate missing items. No matter their genericity, the diagnostic tools chosen were found to be reliable and rigorously developed, based on scientific knowledge.

Tools developed by well-known structures, that presented a detailed and well-constructed methodology were given greater importance. The group of tools selected covers a maximum of topics addressed by the project. When necessary, exploratory studies were used in order to discuss descriptive data.

The objectives and constraints of the diagnostic tools used were determined to meet those of Marcinelle. For example, tools created with the aim of improving income or production performance were considered inappropriate as economic and productive approaches were not considered drivers for the choices made initially in Marcinelle.

Finally, the chosen MCA methods were either readily available or easily accessible, and included methodology. A deep understanding of the indicators construction was necessary to assess their relevance to Marcinelle. It was also essential in order to discuss and link the results obtained with management practices later on. The assessment has to be performed in an experimental farm, which has external constraints related to the presence of other experiments, and a particular structure and staffing capacity not normally seen on dairy farms.

For this reason, diagnostic tools dealing only with social aspects like farmer's quality of life would not be logical. Moreover, it has to be feasible in a reasonable time frame, in Spring or Summer, and with an accessible technicity or equipment. A diagnostic tool that extensively evaluate biodiversity is also inappropriate as requires a lot of time and expert support, in addition with the fact that results will not really fluctuate each year.

Once the diagnostics were chosen for Marcinelle, methodology and indicators were studied in order to develop a clear understanding of their function and how they are implemented.

Scientific articles detailing the selection and development of indicators, how they were aggregated were read. Experts in the various fields were also consulted in order to have more information and advice.

Creation of the set of indicators for Marcinelle

The different MCA diagnostic tools chosen were performed on Marcinelle, and the results analysed and compared to the available results obtained for dairy farms with similar management practices.

A set of indicators was created by looking at the results. It constitutes Marcinelle diagnostic.

An indicator is considered relevant if:

(i) it can be used in the evaluation of Marcinelle, (ii) it addresses one of the topics important to the project, (iii) the unit to which it is reduced corresponds to Coccinelle purpose. Area units better describe environmental issues, whereas economic units or production units are adapted to put forward profitability or the capacity to produce food [START_REF] Bockstaller | Evaluation agri-environnementale et choix des indicateurs : Acquis, enjeux et pistes[END_REF].

(iv) the information taken into account in the calculation is relevant to Marcinelle. For example, an indicator taking into account crops is not relevant as there are no crops in the system.

If two indicators from two diagnostics provide a similar information, a more in-depth exploration of their construction methodology was carried out. The most precise and the most adapted to mountain dairy systems was kept. Then, indicators were organized by topic related to the objectives of the project.

As the diagnostic is to be done every year the same way, an instruction manual was written, detailing all the technical aspects of its implementation (data needed, organisation of the implementation…). with the multifunctional grassland typology developed in the Massif central [START_REF] Carrère | Une typologie multifonctionnelle des prairies des systèmes laitiers AOP du Massif central combinant des approches agronomiques et écologiques[END_REF]. DIAM is interesting for Marcinelle both for its specificity in terms of geographical area 

Results

Creation of Marcinelle diagnostic

Implementation on Marcinelle

The five diagnostics were implemented on Marcinelle (Annex I to Annex V) between 27

May and 18 June, with more or less technical assistance (Tab. 3). Each diagnostic relies on the data acquired between 1 March 2020 and 28 February 2021, except for the field measures of Welfare Quality® and DIAM.

Welfare Quality® diagnostic was not completely utilised because a few of the measures are not adapted to pasture (Tab. 4, Tab. 5). But, measures which are currently being developed for cows at pasture by L. Aubé, I. Veissier, A. de Boyer and M.-M. Mialon (INRAE -VetAgroSup) were used (Tab. 6). As there are no references to compare to for calves, some parts of calves' protocol ('Health' principle and 'Human-animal relationship' criterion) were also implemented on other calves of Marcenat, not reared by the dam. Exploratory studies were also carried out in parallel to have an idea of cow-calf interactions. A qualitative behavioural assessment (QBA) was implemented for the whole group (cows and calves). A study of social Quality®, 2009) interactions between them was carried out both at pasture and at the cow-calf morning meeting after milking, looking at positive and antagonist interactions.

Indicators selected for Marcinelle diagnostic

For Welfare Quality®, all measures that could be implemented are relevant and appropriate for pasture, except 'Expression of other behaviours' (calves) which construction with scans is not adapted for calves at pasture as interactions are less frequent. The L. Aubé et al. measures

were not kept as they do not provide interpretable information (only a few observed results), except for 'Quality of road to pastures', 'Quality of water points' and 'Good human-animal relationship at grazing'. Within the explanatory studies, only the results of cow-calf interactions were used as they are interesting to be descriptive.

From DIAM, the indicators 'Forage system coherence' and 'Resources enhancement' were kept as they give valuable information on system functions concerning animal feeding and The indicators from IDEA v4 were primarily used to complete missing elements from the other diagnostics. First, indicators dealing with autonomy allow for additional information that complements DIAM. 'Feed autonomy in the production system' brings additional information regarding the coherence of the forage system while 'Security feed stock' permits to evaluate the ability of the system to face hazard (drought, long winter…). DIAM's indicators, more precise, come along to explain and nuance those results. 'Autonomy in energy', 'Maintain the effectiveness of health protection', 'Reduce the use of phytosanitary and veterinary products', 'Autonomy of external nitrogen' were used to describe the system autonomy and stability. To study water autonomy, only some parts of the indicator 'Sobriety in water use and resource sharing' were used: 'irrigation' and 'sensitivity of water resource'. 'Reducing management practices impact on air quality' brings additional information, particularly on air quality and its impact on human health. 'Non-organic waste management' was kept as it allows to deal with another important subject regarding pollution. The indicators 'Reasoning water use' and 'Sobriety in the use of phosphorus' are interesting to describe the use of two non-renewable resources. 'Reduce the use of phytosanitary and veterinary products' was kept as it shows the sobriety in the use of products that can be dangerous for the environment and human health.

Concerning ecosystem services, IDEA v4 provides an interesting indicator 'Food production on the farm' which reminds that farms are firstly made to produce food. 'Temporal diversity of crops', 'Genetic diversity', 'Quality of spatial organisation', 'Productive diversification', and 'Management of insect pollinators and natural enemies' allow for the description of system diversity, reflecting its resilience and its value in term of environmental services.

HVE results help describe the position of Marcinelle in a public agroecological diagnostic.

Only option A, more adapted to livestock production and more frequently used (78 %), was applied to Marcinelle. With Option B, the inputs used must account for less than 30% of turnover, which make the indicator an economic indicator, not adapted for Marcinelle as economics is not a driver of the system and as its turnover is low.

The indicators selected were regrouped into seven themes which enable the assessment of Coccinelle objectives: autonomy, animal welfare, pollution, ecosystem services, food quality, farmer welfare and HVE certification. Each theme was divided into sub-themes that help better describing it (Fig. 12). Within each sub-theme, there is one or several indicators coming from the different diagnostics. The whole thing constitutes the Marcinelle diagnostic.

To facilitate the implementation of Marcinelle diagnostic every year and make sure it is performed in the same way by the operators, an instruction manual detailing the technical aspects of the implementation was written in French (Annex VI).

Agroecological performances of Marcinelle

Comparison process

Welfare Quality® results for cows were compared to the results of 7 systems located in Cantal, 4 of which come from experiments on "low-input" and "very low-input" systems, previously performed in Marcenat. Calves results were compared to those of other calves of Marcenat. IDEA v4 results were not compared to references as there are none for similar system. A study of the construction of the indicator allowed to make a subjective judgement of the result.

As HVE is a certification tool giving a "yes"/"no" answer, there is no need to compare the results.

The results of the selected indicators were implemented on Marcinelle diagnostic. A visual presentation is available in Annex VII.

Results of the Marcinelle diagnostic

Hereafter, the results will be presented following the scheme "xxx vs yyy" where "xxx" is Marcinelle score and "yyy" the reference's, and sometimes with "± zzz" representing the 95 % standard deviation.

Autonomy

Feed autonomy in the production system (IDEA v4) obtains a 3/8 as some hay and concentrates were bought in 2020. The score for 'Resources enhancement' (8/10 vs 5/10), even if not maximal because of the feed purchase, is good. About 86 % of milk was produced by farm resources and 82 % during pasture time (DIAM). According to 'Security feed stock' (IDEA v4), hay storage was not sufficient enough to deal with a hazard at the end of winter (score of -2/0). Yet, DIAM shows that Marcinelle had a coherent forage system (10/10 vs 6.25/10) with a coherence between grazing and grass production (particularly in full spring with a stocking rate of 50 ares/LU (Fig. 13)), and a feed ration of good quality with 37 % of hay made with grassland at a vegetative stage at 1 st cut (Fig. 14). Potential feed production (368 t MS/year), calculated by looking at grassland types and considering both grazed grass, hay produced and non-used grass, could permit to largely meet herd needs (252 t MS/year). More grasslands were mowed than in an equivalent system (72 ares/LU vs 55 ares/LU), but with a lower yield (2.8 t MS/ha vs 3.4 t MS/ha) (Fig. 15) (DIAM).

Marcinelle was not autonomous in fuel and electricity, and did not use renewable energies, therefore getting a 0/3 for 'Autonomy in energy' (IDEA v4). 

Overgrazing Invasion dynamics

Reference s

Marcinelle

Marcinelle was autonomous in water as there was no irrigation and water came from a not sensitive private source. Water use was reasoned by using high pressure tools, automatic refilling of water points and shut-off valves in the circuit (IDEA v4).

No phytosanitary products were used; vet products were used on case-by-case basis, but without alternation between products with different active principles. Marcinelle potentially favoured the emergence of bioresistances and therefore did not fully maintain the effectiveness of animal health protection (IDEA v4). Around 2.38 vet products/animal/year were used, mainly because of strongylosis and paramphistomes issues on heifers (IDEA v4).

Marcinelle gets a 6/6 score for 'Autonomy of external nitrogen' (IDEA v4) as it did not use mineral fertilizers and 100 % of the organic effluents used were produced on the farm.

Animal welfare

About 17 % of the cows were lean, primarily the Holstein. This is close to the reference systems for 'Absence of prolonged hunger', which is based on body condition score (33.0/100 vs 32.5/100 ± 23). 'Absence of prolonged thirst' is also medium (60/100 vs 69/100 ± 23), with clean water points but an insufficient number (i.e. only one) in some paddocks. Water points had a good bearing capacity on 50 % of the surface or more depending on the paddocks, and a low slipperiness on 100 % of surfaces (L. Aubé et al.). Cows were not tethered indoors, and

Marcinelle obtains the maximum score for 'Ease of movement'. The quality of the roads to pasture were very good, with sufficient width, a good bearing capacity and no slipperiness on 100 % of the surface (L. Aubé et al.). Concerning health, 'Absence of injuries' obtains a medium score, slightly less than the mean (53/100 vs 67/100 ± 24). About 58 % of cows presented at least one lesion (no severe ones), but only 8 % were lame. The herd also has a medium score for 'Absence of diseases' (37/100 vs 43/100 ± 9). This score is due to the 17 % of cows which presented nasal discharge (alarm threshold for Welfare Quality® is 10 %), and the 8 % of downer cows, corresponding to two milk fevers in the health record (alarm threshold for Welfare Quality® is 5.5 %). Management practices were above the mean with no tail docking and the use of anaesthetics and analgesics for dehorning (75/100 vs 41/100 ± 10). Cows had a positive emotional state with a QBA giving a score of 71/100 (vs 73/100 ± 17), and a good expression of other behaviour with more than 60 % of days spent at pasture (80/100 vs 80/100 ± 1). Cows appeared to be distant to unknown humans, with 63 % cows that cannot be approached in a 1 m range at the feed fence (16/100 vs 38/100 ± 5). At pasture, cows had on average the same avoidance distance than on L. Aubé et al. studies (1,70 m).

Globally, calves have near to perfect scores whether in 'Feeding', or 'Housing'. But they have a bad score for 'Absence of diseases' (10/100) with 17 % presenting with nasal discharge and a mortality of 8 %. The other calves of Marcenat had the same mortality rate but no nasal discharge, which gives a score of 65/100. Calves QBA is also good with a score of 69/100. However, calves were very distant from humans, with no calves that could be approached by two steps by unknown observers. Calves had many positive interactions with their dam: smelling, lickings, scrubbings and suckling. They sometimes had antagonist interactions with other cows, mainly when they tried to suckle: threat, beating, chasing. Few cows let other calves than their own suckle. On average, there were 1.5 calves per cow.

Pollution

Marcinelle had an interesting net carbon footprint (67 %), almost two times better than the reference. The system stored more carbon per ha than references (1 970 vs 1 800 kg eq.

CO2/ha UAA), and it emits fewer GHG (2 960 vs 4 960 kg eq. CO2/ha UAA). Among those GHG emissions, 61 % came from enteric fermentation, 20 % from manure management, 9 % from energy consumption, and 4 % from feed purchased (CAP'2ER®). The system had a low impact on air quality as there was a limited use of techniques emitting primary particles and secondary particle precursor gases like hay harvest or tillage, and no use of pesticides (IDEA v4).

Nitrogen balance was good, with a surplus of 26 kg N/ha (62 kg N/ha for equivalent systems), partially due to the absence of mineral fertilisation. Within this surplus, 38 % is stored in soils and potentially available for biomass production, and the rest was released in the air.

There was no loss to water (CAP'2ER®).

Marcinelle did not produce dangerous waste like phytosanitary products or bulky waste like plastic, and the few non-organic waste produced were recycled (haystring, vet product packages…), resulting in a score of 3/3 for 'Non-organic waste management' (IDEA v4).

Marcinelle consumed 33 % less energy than the reference, with approximately 9 000 MJ/ha (1 MJ = 25 L fuel oil) (CAP'2ER®). Marcinelle did not use phosphorus, as no fertilizers were used, and gets a score of 8/8 for 'Sobriety in the use of phosphorus' (IDEA v4).

Ecosystem services

Food production allows for 6 people/ha UAA/year to be fed, meaning approximately 372 people/year. This number only takes into account the need for animal proteins. It is twice lower than the reference, which could feed 14 people/ha UAA/year (CAP'2ER®). Nevertheless, the system was entirely made to produce food either for animals or humans, which gives a maximal score for IDEA v4 indicator. Within the system, there was a good diversity of grasslands, with 15 different types (vs 14). Mowed meadows were fertile, easy to manage and environmentally interesting, with more than 50 % typed MF24, which are the most balanced between production and other services (Fig. 16). About 33 % were typed MF25, which are a bit more productive and less balanced (Fig. 17). Grazed meadows were more diversified, with an almost equivalent repartition between fertile and not fertile types. The diversity of grass species in mowed and grazed grasslands allowed for an equilibrium between production and operating flexibility (Fig. 18) (DIAM). Through this diversity of pastures, the system presented a good temporal diversity (4/5) as it was only made of permanent grassland. Spatial organisation is to be improved (3/5) as there were not many hedges to separate plots. The non-productive areas were managed ecologically and no pesticides were used, producing a score of 4/5 for 'Management of insect pollinators and natural enemies'. The score is not maximum as there were no specific areas dedicated to pollinators in 2020 (IDEA v4). 'Genetic diversity' was good (4/5) as there was a great diversity of permanent pastures, and rusticity was a main criterion in reproduction. It does not get the maximal score as there were no crossbred dams in 2020.

With its unique dairy unit creating two different products, Marcinelle was not very diversified and gets a score of 2/10 for 'Productive diversification'. But, it was still more diversified than usual dairy farms with a stronger weight of veal production in the turnover.

Compared to the reference, Marcinelle pastures globally provided interesting environmental services (6.70/10 vs 6.25/10). They constituted an interesting home for wildlife (2.8/4 vs 2.6/4) and pollinators (3.2/4 vs 2.7/4), they had a good melliferous capacity (3.3/4 vs 2.8/4), a medium carbon capital (2.6/4 vs 2.5/4), and a low carbon storage (2.1/4 vs 2.4/4).

They also had a good botanical patrimonial interest (3.0/4 vs 2.8/4) and interesting flower colours (3.2/4 vs 2.6/4) (DIAM). According to CAP'2ER®, Marcinelle could better preserve biodiversity, with only 1.1 equivalent ha biodiversity preserved/ha UAA (vs 2.4), as the system did not have enough agroecological infrastructures (AEI), especially hedges. Soil fertility was well-managed (8/8) as soil was covered permanently; there was no tillage and no pesticide use (IDEA v4).

Food quality

In Marcinelle, 52 % of the milk was produced with grazed grass, and 82 % during the grazing period (DIAM). It is important to focus more on pasture than on mowed meadows. Pastures grazed by dairy cows had an interesting potential to produce milk for good quality cheeses, rich in fatty acids of interest (6.2/8) and micronutrients (5.4/8), with an attractive yellow paste (6.0/8), a good aromatic richness (6.6/8) and a melting texture (6.8/8). Nevertheless, all these scores are under the reference, especially because of one pasture plot typed in mowed pasture. Marcinelle grasslands, by their diversity and constitution, allowed the farmer more flexibility in his management, both for grazing and mowing, as production was less sensitive to time. Cows' pastures have a score of 3.7/4 (vs 3.7/4) for operating flexibility, heifers' pastures 4.0/4 (vs 3.9/4) and mowed meadows 3.3/4 (vs 3.3/4) (DIAM).

The Marcinelle animals handling might be harder than in the reference as cows and calves were more afraid indoors of unknown humans (Welfare Quality®) (cf 1.2.2.2.).

HVE certification

Marcinelle meets all the environmental legislation defined in EC n°1, and the expectations of EC n°3 option A in terms of biodiversity conservation and input use. The potential feed production of Marcinelle should have largely met herd needs but this estimation does not take into account external factors like 2020's drought which diminished it by 21% (estimation of the agricultural chamber of Puy-de-Dôme). To have total feed autonomy, even during droughts, it is possible to act on herd needs by favouring more rustic breeds which better valorise grassland resources or to reduce the size of the herd. Grazing management was well-done according to DIAM, but it does not differentiate day and night pastures, which is a specificity of Marcinelle. The 6 ha grazed during the day were a bit over-grazed, because they are smaller and have a higher stocking rate due to the presence of calves, whereas night pastures were under-grazed. One solution, which is tested this year, consists of separating male calves earlier and putting them under nurse cows. By being more autonomous for feed, Marcinelle would participate in closing matter cycles and be less dependent of external economic factors.

Discussion

To limit the consumption of fossil energy, and thus improve autonomy in energy, it is possible to self-produce renewable energies coming either from solar panels, windmills, or solid biomass (hedges wood). By producing renewable energies, Marcinelle would be part of the 3 % of ruminant systems using them [START_REF] Idele | EnR2 : Des outils et références pour la production d'Energies Renouvelables dans les élevages de Ruminants en France[END_REF], and contribute to the national objectives of reaching 32 % of renewable energy by 2030 (French law n° 2015(French law n° -992, 2015)).

In order to avoid developing resistances to products among pathogens and reduce the use of veterinary products, alternating the active principles used in Marcinelle is recommended. In 2020, parasites were particularly problematic, but some practices could be implemented to replace veterinary treatments, like sainfoin cures which negatively affect two types of nematodes found in cattle [START_REF] Novobilský | In vitro effects of extracts and purified tannins of sainfoin (Onobrychis viciifolia) against two cattle nematodes[END_REF].

By being autonomous of external nitrogen, Marcinelle favours the restitution of natural nitrogen cycles, which is disturbed by human practices to produce food and energy [START_REF] Galloway | The Nitrogen Cascade[END_REF].

Animal welfare

Holsteins have been bred over time to favour milk production potential, particularly through the use of bodily reserves, at the expense of other functions like health or reproduction [START_REF] Dezetter | Le croisement entre races bovines laitières : Intérêts et limites pour des ateliers en race pure Prim'Holstein ?[END_REF]. Incorporating rustic breeds or favouring crossbreeds would help to increase the score for cows 'Absence of prolonged hunger', estimated from body condition score. It appears that increasing the number of water points in paddocks and pens would be beneficial for 'Absence of prolonged thirst'. At pasture, it would decrease the distance required to reach a water point, whereas in the barn, it would allow every cow to access water without having to fear the hierarchy (Foris et al., 2019). Nevertheless, this indicator does not take into account the length of water points, which surely have an impact on their accessibility and the results in terms of animal welfare. Roads to pasture were in a very good condition. But the measure was made in a sunny period and it would be interesting to implement it again when it is raining. More than half of the Marcinelle cows presented at least one lesion. It is important to point out that this measure is very subjective, and that even between the two skilled technicians who came to help measure, one was more severe than the other one. Concerning diseases, supplementing with calcium after calving is already done to help reduce milk fever.

Nasal discharge rate was also critical, but the cows noted presented only a thin nasal discharge. According to Welfare Quality®, stopping the practice of dehorning calves would increase animal welfare. Putting cows and heifers out to pasture for the entirety of the grazing season contributed a lot to animal welfare. The good results for QBA can have many different explanations, and it is hard to know if calves have a role to play here. Indoors, 'Good human-animal relationship' appears to be bad, but at pasture, this indicator is equal to the mean. It is possible that there is an experimental bias, as the indoor and outdoor measures have been realized by different people.

For calves, hungers good score could be explained by the fact calves had an unlimited access to food as they are reared by the dam, and maybe because 58 % of calves were crossbred [START_REF] Dezetter | Le croisement entre races bovines laitières : Intérêts et limites pour des ateliers en race pure Prim'Holstein ?[END_REF]. Housing appeared to be of very good quality thanks to the straw bedding. Regarding health indicators, as for the cows, calves nasal discharge was thin and therefore might not be so relevant to be considered. Later, simple observations allowed to see that there was no nasal discharge anymore. Calves were fearful of unknown people, probably because they were reared by their dams, and hence have less contact with humans.

Welfare Quality® protocol indicates that it diminishes animal welfare. But, even if rearing calves by their dams increases acute distress at weaning [START_REF] Meagher | Invited review : A systematic review of the effects of prolonged cow-calf contact on behavior, welfare, and productivity[END_REF] and apparently human-calves relationship, it has positive effects on calves social behaviour and development, thus improving animal welfare [START_REF] Waiblinger | Play and social behaviour of calves with or without access to their dam and other cows[END_REF]. Low-input management practices put in place on Marcinelle allowed for the preservation of aquatic environments (limitation of eutrophication, preservation of ecologic and chemic characteristics…) with no losses of nitrogen to water [START_REF] Withers | Agriculture and Eutrophication : Where Do We Go from Here? Sustainability[END_REF]. Grasslands played an important role in this regulation as they assimilate an important part of nitrates, therefore limiting the losses to air and water. Nitrogen surplus would be even lower without the unusual feed purchase of 2020.

By limiting non-organic waste production, through recycling or reusing them, Marcinelle both reduced its production costs and is part of the national objective to favour circular economy (French law n° 2015(French law n° -992, 2015)).

Marcinelle was interesting within the agricultural sector as it did not use mineral phosphorus, which is a resource with a limited stock and could, in the long term, lead to geopolitical conflicts [START_REF] Breuil | Le phosphore : Une ressource limitée et un enjeu planétaire pour l'agriculture du 21ème siècle[END_REF]. Moreover, by being sober in energy consumption, Marcinelle limited its production costs, preserved a non-renewable energy and limited GHG emissions.

Ecosystem services

Even if all surfaces were dedicated to feed production, Marcinelle is not a big food provider for humans. Hundreds of millions of people (690 million in 2019) suffer from hunger (FAO, 2020), and this number is increasingly growing. The production of food is not a focus of the Coccinelle project, but it is important to show that it is essential to ensure food security and sovereignty. To increase Marcinelle food production, male calves could be separated from cows earlier. Like so, they will consume less milk and more grass, which is a non-edible resource for humans.

Diversity in a system is related to resilience to external factors [START_REF] Darnhofer | Resilience and why it matters for farm management[END_REF]). The

Marcinelle system presented an interesting diversity of grasslands, providing both spatial and temporal diversity. Spatial organization could be improved by adding hedges between plots, hence diversifying ecosystems. This allows for Marcinelle to take part in the French Green Grid. Marcinelle's resilience could be increased by having more crossbred dams, which are more balanced and rustic than purebreds [START_REF] Dezetter | Le croisement entre races bovines laitières : Intérêts et limites pour des ateliers en race pure Prim'Holstein ?[END_REF]. And it should be the case in 2022 as the first crossbred calves were born in 2020. The implementation of defence zones on Marcinelle, like initially planned, would allow to attract more pollinators. To have an even greater economic and environmental resilience, it would be interesting to diversify the products, either by diversifying the productions of the milk unit (making cheese), or by adding other animal species like sheep on the farm (Dumont et al., 2020). Marcinelle grasslands had an interesting environmental potential. CAP'2ER® biodiversity indicator shows different results than the one of HVE as they do not give the same importance to the different AEI, and it is hard to say which one is the most appropriate. To improve biodiversity conservation, Marcinelle could once again put in place more AEI like hedges. Marcinelle preserved a good soil fertility and like so ensured sustainability in the production as soils are at the centre of the production system and provide many ecosystem services [START_REF] Lemanceau | Understanding and managing soil biodiversity : A major challenge in agroecology[END_REF].

As the Marcinelle milk production was synchronized with grass growth, 82 % of the milk was produced during pasture time, and Marcinelle made milk that can be used to make good quality cheeses. Globally, to have a better colour of the paste, pastures would need to be grazed earlier as carotenoids (responsible for the colour of the paste) tend to decrease with vegetation stage, or to be more fertile, but it will decrease the aromatic richness on the other side. Marcinelle production could probably enter in PDO cheese processing, and ensure more added-value. It contributes to a more sustainable agriculture and particularly to food security by giving more tasty products, nutritionally interesting and with no chemical contamination [START_REF] Burlingame | Sustainable diets and biodiversity : Directions and solutions for policy[END_REF], in addition with playing an important role in the territorial dynamics.

Farmer welfare

Nowadays, farmers welfare is a major challenge in agriculture as the profession is not attracting young people, because it is considered hard and poorly paid (Forget et al., 2019).

This theme is hard to assess for Marcinelle as social and economic data are not available. Few indicators were used to describe farmer welfare, and they are far from exhaustive. Looking at the selected indicators, Marcinelle had a farm and herd size more important per AWU than the reference which would induce a bigger workload. But on the other hand, calves were reared by their dams and OAD milking was done for five months, therefore reducing workload (Le [START_REF] Cozler | A descriptive study of natural nursing procedures in French dairy farms[END_REF]. Moreover, grasslands presented an interesting operating flexibility, giving the farmer more possibilities to adapt. Animals were more afraid of humans than usual, but they were not more difficult to handle.

HVE certification

Marcinelle met the requirements of the HVE certification like 14 333 other farms at the beginning of 2021 (https://agriculture.gouv.fr), and so is considered to be an actor of the agroecological transition by the French government. The new common agricultural policy (2023-2027) places the HVE certification at the same level as the label for Organic Agriculture, as an access to the green financial support. But this certification is at the centre of many controversies. According to several media reports, the French Biodiversity Office criticizes the HVE certification in a confidential memo sent to the French departments of agriculture and ecologic transition, pointing out for example that option B, for which one criterion is to have less than 30 % of the turnover in inputs, is favourable for systems with a big turnover like wine farms. Within the 14 333 farms certified, more than 81 % are wine farms, and only less than 1 % are dairy cattle systems. Option A is criticized as to reach the acceptance threshold for biodiversity, there is only a need for 5 % of equivalent ecological area. The National Federation of Organic Agriculture points out that the HVE certification does not take into account animal welfare, and has low control. Nevertheless, HVE certification is going to have some updates that maybe will take those remarks into consideration.

Methodology used over the study

There is a time lag between Welfare Quality® indicators based on field measurements and others, as the first ones rely on 2021 observations and the latter on 2020 data. For the next years, it would be interesting to rely on field measures from the previous year. There are also missing subjects in other themes. For example, as the diagnostic has been realised in Spring, there are no data on cows housed in the barn. Moreover, Marcinelle diagnostic, like all MCAs, has an inherent degree of subjectivity as choices were made at all the steps of its creation: the choice of the diagnostics studied, of indicators, and of themes/sub-themes [START_REF] Girardin | Indicators : Tools to Evaluate the Environmental Impacts of Farming Systems[END_REF]. As the choices were made following a structured and transparent methodology, and that the indicators chosen come from reliable tools, the results can still provide interpretable information [START_REF] Lairez | L'évaluation multicritère des systèmes d'élevage pour accompagner leurs évolutions : Démarches, enjeux et questions soulevées[END_REF]. It would have been interesting with more time to consult the collective group of Coccinelle to ensure the legitimacy of the diagnostic created. Even if the tools were reliable, it is important to note that for Welfare Quality® and DIAM field measures, the robustness can be questioned. Welfare Quality®'s was implemented on Marcinelle by two experts but also three people who did not follow the mandatory training, possibly introducing a bias. There is a temporal bias as the cows would probably not behave the same in winter or present different signs of injuries. It could even be different between weeks as it depends on many parameters like the climate, which pasture is used… DIAM field measures present some limitations as it is hard to type the different grasslands, even with experience (Farruggia et al., 2012). The help of a person who frequently uses DIAM and an implementation coming later in the year (vegetative stage is higher, and plant species are more easily determined) would help reduce this bias. In the comparison process, many different references were used. Each diagnostic had its own references to compare to. Ideally, it would have been interesting to implement Marcinelle diagnostic on other mountain-based dairy farms of the Massif central to have a universal system to compare to, and potentially be able to make some statistics on the results.

Marcinelle, tomorrows mountain-based dairy system?

Looking back at the five principles of agroecology for livestock production systems [START_REF] Dumont | Prospects from agroecology and industrial ecology for animal production in the 21st century[END_REF], Marcinelle has already shown some interesting results, but still has some room for improvement:

(i) Health and animal welfare in general could be improved by working with more rustic breeds and stopping dehorning practices.

(ii)

The system could still become even more autonomous, especially on food, energy and veterinary products.

(iii) Pollution could be even more reduced.

(iv) Diversity could still be improved for animals.

(v) Biodiversity could be improved by putting in place more AEI.

Marcinelle appeared to be more about strong than weak agroecology as its practices were the result of a participatory approach. Diversity was a main concern but progress still has to be made to rely even more on biodiversity to produce ecosystem services, especially with AEI.

In 2020, Marcinelle met many of the Coccinelle project expectations. Still, as system indicators (milk produced, hay stocks…) are very dependent of the context (climate, pests…), this would have to be confirmed through time by implementing the diagnostic every year. In 2021, new practices have been implemented for Marcinelle (male calves under nurse cows, artificial insemination with Ferrandaise semen…) and will probably improve the results.

Conclusion

The Marcinelle diagnostic tool focuses on assessing the agroecological performances of an innovative system to meet societal expectations regarding animal and farmer welfare, environment preservation and product quality. The results obtained for 2020 will allow Marcinelle to progress in this direction, by highlighting the most favourable practices or those needing some adaptations. The methodology developed in this report, relying on the use of existing tools, represents an alternative to the creation of a multicriteria assessment from nothing. As the system experiment Marcinelle is part of a participative project, it will be now interesting to implicate the stakeholders by submitting the methodology and results of the Marcinelle diagnostic tool to the collective group. This work should be pursued by implementing the diagnostic tool on real farms, and by adding economic and social indicators in the evaluation process to have a more global overview of the system. If the tool is to be used at a wider scale, an aggregation of the results in global scores could be interesting to facilitate comparisons between systems.

French law n° 85-30 of 9 January 1985 on the development and protection of mountains.

Amended 
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 121 Objectives and organisation of the projectThe Coccinelle project, which is a research action participation project carried out by scientists from INRAE and VetAgro Sup agronomic school, was launched following discussions shared by a group of more than 60 local actors from the Massif central (dairy farmers, representatives of farmers, producer organisations, environmental organisations,

Figure 4 :

 4 Figure 4: Changes over time in the number of publications related to agroecology in the Web of Science (WoS) and for the French National Research Centre for agriculture and food (INRA)[START_REF] Caquet | Réflexion prospective interdisciplinaire pour l'agroécologie[END_REF] 

Figure 5 :Figure 6 :

 56 Figure 5: Number of cows according to breed and parity (primiparous/multiparous) inMarcinelle (Lila Benadda, 2020) 

Figure 7 :

 7 Figure 7: Dairy cows feed ration, Marcinelle 2020 (DIAM, 2021)

Figure 10 :

 10 Figure10: The six steps of the multicriteria evaluation process applied to the assessment of the agroecological concept on dairy farms[START_REF] Botreau | Some considerations about multicriteria evaluation of farm sustainability[END_REF] 

Figure 11 :

 11 Figure11: The different logics of compensation, from the most severe to the most generous[START_REF] Lairez | L'évaluation multicritère des systèmes d'élevage pour accompagner leurs évolutions : Démarches, enjeux et questions soulevées[END_REF] 
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 11 Relevant multicriteria assessment tools studied More than 60 MCA tools were identified. There are generic tools like IDEA v4, HVE, Diagagroeco, PG tool, TAPE, INDIGO… On the other side, there are more specific tools like CAP'2ER®, DIAM, Welfare Quality®, PSSAF, DIAMOND, MASC, DEXIFruits… Of these, five were selected to be the base for the Marcinelle diagnostic: Welfare Quality®, DIAM, CAP'2ER®, IDEA v4 and HVE (Tab. 2). These MCA ensure that all of Coccinelle objectives are evaluated, both with specificity and genericity. The others are either redundant, not accessible, too simplified, too long or irrelevant for Marcinelle. Welfare Quality® diagnostic, created by the European Welfare Quality® project between 2004 and 2009, aims to define a universal technique to assess animal welfare on farms. It is interesting for Marcinelle as it represents a standardized way to assess animal welfare, both for cows and calves. The choice of indicators, criteria and principles, and the choices made for aggregation are based on combined analyses of stakeholders' perceptions and scientific literature and expertise. Contrary to other methods dealing with animal welfare, Welfare Quality® diagnostic mainly focuses on animal-based measures. DIAM (Multifunctional analysis of farm's forage system tool) was developed in 2012 by the different actors of the PDO cheese sector in the Massif central and researchers. It is in line

  management of the forage system. The graphics showing the diversity of grassland types per unit, the environmental potential of farm grasslands and the indicator 'Environmental services' allow to precisely describe what farm's grasslands can provide in terms of resilience through diversity and regulation of the environment. The graphics describe the interest of grazed and mowed grasslands for the production of good quality cheese, in addition with the indicators 'Milk produced on grazed grass' and 'Milk produced during grazing period', are interesting to explain what quality of products could be expected from Marcinelle. The indicators showing grassland flexibility allow to describe grassland operating flexibility for the farmer. CAP'2ER® indicators expressed per unit of area were kept as they allow for the assessment of important environmental impacts and services: 'Carbon sequestration', 'Carbon emissions', 'Nitrogen balance', 'Energy consumption', 'Biodiversity conservation' and 'Population feeding capacity'. In addition, 'Net carbon footprint' (defined as 'Carbon emissions' -'Carbon sequestration'; in CAP'2ER®, the percentage given as a result represents 'Carbon sequestration'/'Carbon emissions' x 100) was chosen over IDEA v4 'Mitigation of the effect of practices on climate change', but they are constructed in the same manner. It is the same for 'Nitrogen balance' and IDEA v4 'Reducing the impact of practices on water quality', and for 'Energy consumption' and IDEA v4 'Sobriety in energy consumption', which have a similar assessment procedure.

Figure 12 :

 12 Figure 12: Basis of Marcinelle diagnostic

Figure 13 :

 13 Figure 13: Marcinelle load-potential coherence in full spring (DIAM, 2021).

Figure 14 :

 14 Figure 14: Marcinelle quality of haystack, 1 st cut (DIAM, 2021).

Figure 15 :

 15 Figure 15: Coherence of the forage system of Marcinelle (DIAM, 2021).

Figure 16 :

 16 Figure16: Type MF24 -Mountain hay meadow on healthy and moderately fertile soil[START_REF] Galliot | Typologie multifonctionnelle des prairies du Massif central[END_REF] 

Figure 17 :

 17 Figure17: Type MF25 -Mountain hay meadow on healthy to fresh soil, and fertile[START_REF] Galliot | Typologie multifonctionnelle des prairies du Massif central[END_REF] 

Figure 18 :

 18 Figure 18: Dominant grass types for the Marcinelle grasslands (DIAM, 2021)

  Workload was different in Marcinelle than in other systems, especially with the once-aday (OAD) milking period from March to August, and with calves raised by their dam, which is known to reduce labour time by about 13 hours per calf (Nicolao et al., under publication). The farm had a bigger herd per AWU compared to CAP'2ER® reference, with approximately 50 LU/AWU (vs 37 LU/AWU) and a bigger UAA, with 62 ha/AWU (vs 50 ha/AWU).
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 1 Preliminary questions to the creation of a MCA method
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 2 Description of the tools selected to create Marcinelle diagnostic
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 3 Characteristics of the implementation of the diagnostics selected on Marcinelle
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 4 Welfare Quality® measures implemented on the cows ofMarcinelle, in green 

Table 5 :

 5 Welfare Quality® measures implemented on the calves ofMarcinelle, in green 
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 6 Measures to study animal welfare at pasture implemented on Marcinelle

Table 1 ,

 1 based on Fleury et al. (2009) proposition, summarizes some answers to preliminary questions necessary before building Marcinelle diagnostic. The assessment of

Marcinelle is to be performed every year for the duration of the experiment. The objective is to provide an overview of the agroecological performance of Marcinelle, with an emphasis on the four main topics initially described by the Coccinelle project, in order to meet societal

Table 1 :

 1 

Preliminary questions to the creation of a MCA method (Inspired by (Fleury et al., 2009)) expectations regarding animal welfare, environmental services, product quality, and farmer welfare.

Table 2 :

 2 Description of the tools selected to create Marcinelle diagnostic (Adapted from[START_REF] Koczura | Accompagner la transition agroécologique des systèmes laitiers de montagne : Quels outils d'évaluation prennent en compte la diversité intraexploitation ?[END_REF] and production concerned, and for the information provided about the forage system, environmental services and product quality.CAP'2ER® (Automated calculation of environmental performance in ruminant farming), created by Idele in 2015, is interesting for Marcinelle as it deals with environmental impacts of ruminant farms, specifically the carbon footprint, nitrogen balance, energy consumption, and biodiversity conservation. The level 2 of CAP'2ER® is constructed following the principles of life cycle assessment and is based on pre-existing scientific methods.

	IDEA v4 (Farm sustainability indicators v4) is a diagnostic developed in 2019 by the
	scientific committee of the IDEA Method which is chaired by Frédéric Zahm (agroeconomist
	researcher at INRAE Bordeaux) (Zahm et al., 2019a; Zahm et al., 2019b). It is interesting for
	Marcinelle because it broadly studies farm sustainability, which, according to the FAO (2018),
	is closely related to agroecology.

HVE (High Environmental Value) tool was created in 2011 at the request of the French Ministry of Agriculture. This diagnostic is interesting for Marcinelle as it allows to place it in relation to a national certification process dealing with two main aspects of the Coccinelle project: biodiversity and autonomy. The HVE tool is made of 3 steps, called the levels of the environmental certification (EC): EC n°1 is a pre-requisite that makes sure the farm respects the environmental legislation; EC n°2, composed of 16 obligations of means, is an optional level for the certification; EC n°3, the only level that provides the label of high environmental value, is composed of performance obligations, with thresholds to reach. For EC n°3, two options exist, option A and option B (see below,

3.1.3.)

.

Table 3 :

 3 Characteristics of the implementation of the diagnostics selected on Marcinelle

Table 4 :

 4 Welfare Quality® measures implemented on the cows ofMarcinelle, in green (Welfare 

Table 5 :

 5 Welfare Quality® measures implemented on the calves ofMarcinelle, in green 

(Welfare Quality®, 2009) 

Table

6

: Measures to study animal welfare at pasture implemented on

Marcinelle (Adapted from L. Aubé et al. work, 2021) 

  by Law n°2016-1888 of 28 December 2016, 85-30. Consulté 13 avril 2021, à l'adresse https://www.legifrance.gouv.fr/loda/id/LEGIARTI000033745607/2016-12-

30/

Welfare Quality ® for cows Welfare Quality ® for calves

Scores from 0 to 100
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