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Abstract 
The objective of this project is to produce knowledge about hybrid food sys-
tems positioned between short and long circuits, addressing their economic, 
social, and environmental performances and the conditions of their sustaina-
bility, to co-construct with project partners a method and support tools for 
their sustainable development. These systems are particularly complex, with 
interactions between actors, interactions between performance indicators of 
various kinds, new vocabulary and new practices centered on human relation-
ships, with very little formalization. To tackle this problem, we propose a new 
system engineering approach based on meta-modeling to consider the flow, 
the requirements and performance indicators. After presenting the problem, 
we will detail our approach and its implementation. We will end with a re-
view and perspectives. 
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1. Introduction—Issues 
1.1. Context 

“The issues surrounding the implementation of sustainable food systems are clear 
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and no longer need to be presented” (Esnouf, Russel, & Bricas, 2011). It is with 
this perspective that the present article is written. The work presented here is 
from the SYAM project “SYstèmes Alimentaires du Milieu”, For and About Re-
gional Development in Auvergne-Rhône-Alpes1 (Chazoule et al., 2020a). SYAM 
means “middle-sized food supply chain systems” (Belaid, Brulard, & Cung, 2017). 
This project aims to support hybrid food systems positioned between short and 
long circuits and committed to sustainable development (Chazoule et al., 2020b). 
The term SYAM allows us to characterize our research objects as economic or-
ganizations that are 1) intermediate (between short proximity circuits and long 
circuits), 2) hybrid (because they combine “alternative” and “conventional” ac-
tors and modes of organization), and 3) which seek to relocate, at least in part, 
their supply and/or marketing (Chazoule et al., 2019). 

1.2. Stakes for the Actors and Working Hypothesis 

Of course, we are not the first to take an interest in community-based food sys-
tems. The literature is full of references on this subject. Some have looked at the 
economic aspects (Muscio & Sisto, 2020) or focused on the life cycle (Harun, 
Hanafia, & Aziz, 2021). Some, like us, have looked at the contributions of infor-
mation technology (Dospinescu & Dospinescu, 2018). Still like us, (Fèche, Noûs, 
& Barataud, 2020) have set up a full-scale laboratory. Others even go so far as to 
put Artificial Intelligence into it (Di Vaio et al., 2020). Our goal was to set up an 
approach able to produce knowledge about these systems, their economic, social, 
and environmental performance, and the conditions for their sustainability, to 
co-construct with the project’s partners a method and tools to support the sus-
tainable development of such food systems. For the partners, as well as for the 
Auvergne-Rhône-Alpes Region, the challenges of strengthening the relocation 
and territorialization of the agricultural and food economy are substantial. Through 
our project, we have contributed to meeting them. 

Our working hypothesis is that methodologies from Industrial Engineering 
and Systems Engineering can be used here to propose a framework for the de-
sign, organization, and management of local agri-food systems. However, we are 
confronted with two major obstacles. First, methodologies have been proven for 
systems where decision-makers could afford to pay for heavy development and 
then use them. This is not the case here. Moreover, the approach we must pro-
pose must be aimed at people whose job is to cultivate the land or to process 
food products. The educational aspect is essential. Second, these systems are par-
ticularly complex, with interactions between actors, interactions between per-
formance indicators of various kinds, new vocabulary and new practices cen-
tered on human relationships, with very little formalization. 

 

 

1The SYAM (Système Alimentaire du Milieu) research project of the 2016-2020 research program 
For and About Regional Development in Rhône-Alpes has received funding from INRAE, the Au-
vergne-Rhône-Alpes Region and the European Union via the EAFRD in the framework of the Euro-
pean Partnership for Innovation (PEI-AGRI). 
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1.3. Methodology Issues 

Although from a logistics point of view a SYAM is a long circuit, it does not fit 
into the dominant economic model of mass production of which the supermar-
ket is the figurehead. If it had been, not only would our work have found known 
configurations, but we could have directly applied existing tools that have al-
ready proven themselves. Unfortunately, the marketing modes that are develop-
ing in the SYAMs are largely different from those that usually exist in the retail 
sector. 

The fundamental dissimilarity comes from the difference between the concept 
of the “final customer” and the concept of the “beneficiary of the system”. For 
large groups, the beneficiaries of the system are the shareholders. For SYAMs, 
the answer is more complex. To simplify, the beneficiaries are all the actors (in-
cluding the client) and therefore the question of “how to share the value” is a 
fundamental one (Le Velly, 2017). 

The same is true for the concept of performance indicators: in large groups, 
the main concern is to please the shareholders, so it is profit. For SYAMs, social, 
economic, and environmental performance is sought after. To limit oneself to 
financial indicators could lead to considering SYAMs as an integrated industry 
or a holding company; however, it is not a legal and economic entity. Moreover, 
this would be to ignore the differentiating ethical and environmental values that 
it promotes. In large groups, we speak of “mutual benefit”; in SYAMs we speak 
of “sharing values” (values being in the plural). 

This leads to a few points where vigilance is recommended: 
• Being attentive to the request that is formulated and reformulating it to con-

sider the need expressed (more or less explicitly) in the request, the customer 
being the key point. This implies co-constructing the need and its response 
with the client (we then talk about the “efficiency” of the system), and there-
fore integrating producers and processors capable of meeting these needs. 

• Being attentive to what makes the cohesion and the collective adaptability of 
the actors. 

• Giving meaning: in addition to financial flows, products, and information, a 
SYAM conveys non-monetary, ethical, and environmental values. The re-
spect of a specification including cultural elements gives meaning to the prod-
uct (thus for the client) but also to the SYAM itself (thus for the employees so 
that they invest in the system (militant concepts, notion of commitment)). 
However, these elements only exist if the consumer and employees can 
perceive them, hence the vital notion of product labeling. This implies that a 
SYAM is a long-term project, constructed and continuously evolving thanks 
to the relationships established and the interdependence that is created be-
tween the actors. Therein lies the difference between short-term profitability 
and resilience. 

• The militant character of the concept and of the approach that it guides and 
federates: all SYAMs appear as continually renewed projects demonstrating 
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societal maturity and a development dynamic of a system of actors in a 
progress dynamic. 

For scientists with a modeling background, this is indeed the discovery of a 
new and particularly complex world: interactions between actors, interactions 
between performance indicators of various kinds, new vocabulary, and new 
practices. 

It is true that systems engineering, and more particularly meta-modeling are 
methodological tools that were created with this aim but, to our knowledge, they 
have never been used in this domain and especially in a universe as complex as 
that of a SYAM, where nothing (or almost nothing) is formalized and where the 
human factor is predominant (Le Velly, 2017). Moreover, the method that we 
must develop, as well as the results that we must obtain, must be understandable 
for farmers, local elected officials, processors of agricultural products, etc. The 
modeling results obtained must also be adapted to their problems, which are 
themselves diverse between actors. There is also the challenge of creating a com-
mon language between players who did not necessarily know each other pre-
viously, or who spoke as customers/suppliers and not partners. Hence the need 
to develop a new approach to modeling and exploiting knowledge. 

In this article we will present our approach and its implementation in the first 
part. In the following section we will detail each of the deliverables that our ap-
proach has generated in the case of SYAMs. We will then conclude by drawing 
up a balance sheet, both in terms of the contribution of our approach to SYAMs 
and in terms of the methodological contribution. 

2. Proposed Approach 
2.1. A New Systems Engineering Approach Based on  

Meta-Modeling for Genericity 

To have a scientific modeling approach that will allow us to discover step-by-step 
an unknown world and to propose our results to a large audience, we will be in-
spired by the meta-modeling approach proposed by (Bézivin, 2005; Bézivin & 
Gerbe, 2001) and by (Naumenko & Wegmann, 2003) and more precisely by the 
vision of (El Haouzi, Thomas, & Pétin, 2008). 

Let us take the definition of (Kleppe, Warmer, & Bast, 2003): a meta-model is 
a specification model for a class of the system to be studied where each system to 
be studied in the class is itself a valid model expressed in a certain modeling 
language. 

For our approach (cf. Figure 1 ontological levels used by (El Haouzi, Thomas, 
& Pétin, 2008)), the reference model (Level 2) is a catalog of validated examples 
that will be made available to all. The knowledge model or meta-model (Level 3) 
is the meta-model that synthesizes all the models of Level 2. The discovery of a 
new and particularly innovative example can enrich the meta-model. Moreover, 
to generate a new example (Level 2), we can draw on the theoretical knowledge 
stored in the meta-model (Level 3). This step is called instantiation. 
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Figure 1. Ontological levels used by (El Haouzi, Thomas, & Pétin, 2008). 

 
Let us imagine that a new group of actors decides to create a new SYAM. This 

team, probably as part of a coaching process, will consult the catalog of existing 
SYAMs and then select the SYAM that most closely resembles what this team 
needs to create and try to build on it. However, since no previous case will be the 
same as what is desired, the members of this team will have to find the necessary 
adaptations to their project (particularize). Once they have created their model 
on paper (Level 1 Simulation Model), they will implement it in the real world 
and test it (evaluation) against reality (Level 0: real world). After probably some 
adjustments, when the organization in the real world is satisfactory, the simula-
tion model will be validated and then will be added to the catalog of examples 
(generalization).  

The very notion of model is not necessarily conscious in this process. Being 
aware that we are modeling or that the examples are models is a considerable 
asset to take a step back and to understand that the model allows us to adjust the 
parameters more easily than to test possible evolutions. 

This approach is part of a mechanism of innovation and continuous improve-
ment: a new SYAM increases the catalog and can therefore give ideas to other 
actors, including actors who already have their own SYAM. A new example can 
bring new theoretical knowledge and thus enrich the meta-model. 

In addition to this sequence, the approach we propose federates several tools 
that are usually used independently. This is what we will see in the following sec-
tions. 

2.2. Implementation 

The first step was to go into the field and analyze in detail the organization and 
performance of many SYAMs. This analysis phase generated twelve monographs 
that are available on the project website  
(https://blog.isara.fr/les-outils-innovants-des-syam/ and  
https://www.psdr-ra.fr/BOITE-A-OUTILS/Systemes-alimentaires-du-milieu/Un
-livret-et-une-videopour-mieux-comprendre-les-SyAM-et-la-diversite-des-dema
rches-emergentes). Cf. Section 3.1. 
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In accordance with the approach outlined above, the next step will be to de-
velop a generic model of a SYAM (Meta-model). To do so, we will adopt two 
points of view: 
• A product flow and logistics point of view, where we have mapped the flows 

and the value chain. See Section 3.2. 
• A specifications point of view, where we have identified, via an impact path 

and a requirements diagram, the nesting of the different functions that an 
ideal SYAM should fulfill. Cf. Section 3.3. 

To evaluate the relevance of the organization of each SYAM studied, we will 
have to define a system of indicators. We will see in Section 3.4 however that this 
evaluation requires a particularly complex systemic approach. 

What must also be understood is that each indicator or recommendation that 
we have highlighted participates in the continuous improvement of the SYAM: 
diagnosis via the performance indicators, reaction, and the implementation of 
new actions once the actors and their roles have been identified, all with the 
global vision that the requirements diagram enables. 

3. Contributions 
3.1. The Twelve Monographs 

The first step in our approach consists in analyzing in detail a significant num-
ber of typical examples, which are as representative as possible, to create a first 
catalog of reference models. These analyses were performed in the real world, 
thanks to final year Masters or PhD students. 

We identified five families of examples: 
1) SYAMs created at the initiative of the production 

• The case of the breeders of Saveurs Iséroises; 
• Around the 100% Charolais network in Roannais; 
• Around the heavy pig sector. 

2) SYAMs created at the initiative of platforms and wholesalers 
• Around the producers’ platform Saveurs du Coin; 
• RECOLTER: a platform of local producers; 
• The National Interest Market of Grenoble. 

3) SYAMs created at the initiative of processors 
• Around AB Epluche, a vegetable shop selling local products; 
• Around the LEZSAISONS complex. 

4) SYAMs created at the initiative of the collective catering 
• Case studies concerning the collective catering company Leztroy; 
• Around the shared kitchens of Isère; 
• Case studies on the Toque et Sens culinary workshop. 

5) SYAMs created at the initiative of local authorities 
• Around the agri-food cluster of Isère. 

For each case, we summarized the history, the organization of the marketing, 
the scale of action, the governance, the qualification of the product, the difficul-
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ties encountered, the values defended and what makes it a SYAM rather than 
another type of organization. 

3.2. Flow-Oriented Meta-Model: Flow Modeling and Its Value  
Chain 

As shown in Figure 2 (several costs were identified in the work), graphic mod-
eling is a powerful tool that allows us to reconstruct in a simplified way the ac-
tors, the value chains, the stages of production, processing, and value chains as 
well as the flows and links between operators. It allows us to better understand 
these systems in their complexity and to highlight the connections between the 
elements. It also sheds light on the articulation of the different production and 
marketing channels. It can therefore be particularly interesting for highlighting 
strengths and weaknesses, key players, and bottlenecks. Mapping is an important 
element in the support of these systems. This mapping is based on production 
systems analysis approaches, notably used at the G-SCOP laboratory of Gre-
noble-INP (Belaid, Brulard, & Cung, 2017). We suggest using it as a tool for dis-
cussion and networking between operators.  
 

 

Figure 2. Several costs were identified in the work. 
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Thanks to its systemic and visual approach, it proves to be a tool for commu-
nication and sharing via the creation of a common language, a common vision, 
beyond the various professional realities. As such, it can also be an element in 
laying the foundations of a strategic partnership. We also suggest using it as a 
steering tool. Since we can only manage well what we know, becoming collec-
tively aware of the approach enables it to improve its operation and viability. 
Mapping makes it possible to identify the points over which the actors have the 
most control and those on which they need help, to reveal areas of tension and 
to build a strategy for the future. 

Mapping can also help identify various costs inherent to the process. It allows 
their identification at different stages. Identifying these costs has several advan-
tages. Individually for operators, establishing a production cost makes it possible 
to think of an initial pricing grid. Collectively, reasoning about costs is impor-
tant in SYAMs, since it allows them to be shared or mutualized, or at least pro-
vides the opportunity for discussion on the subject. It can also allow for the tar-
geting of certain possible aids. 

The identification of costs thus allows: 
• Definition of the data to be collected to evaluate them. 
• A better understanding of which costs are borne individually, and which can 

be shared or assisted. 
• Identification of strategic costs at different stages of the process (and there-

fore enabling some of them to be anticipated or deferred).  
Several costs were identified in the work: 

• Production costs (farm scale, collective structure scale). These costs are often 
higher in local production approaches, especially when these are intended to 
be qualitative. It is therefore important for farmers to evaluate them. To face 
the difficulty that the diversity of these costs represents, collective actions can 
be performed to harmonize them. 

• Investment, coordination, and management costs of a collective agricultural 
or agri-food structure. Grouping together within an association or a platform 
can have different costs depending on the infrastructure and investments re-
quired for the activity. It is therefore important to evaluate this. The man-
agement time of the collective activity is also to be considered, as is the man-
agement of employees. Finally, it seems particularly important for these costs 
to anticipate and to evaluate the overload resulting from the increase in vo-
lumes during the growth phases of these structures. These periods are indeed 
periods of tension for the structures. 

• Processing costs. This cost can be borne by the collective structure, a SYAM 
partner or on their behalf by a service provider external to SYAM. Evaluating 
this cost allows us to understand how value is created throughout the chain 
and how margins are created and shared. 

• Cost of setting up a strategic partnership. Here, the cost/benefit ratio is not 
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easy to evaluate. It is, however, costly in terms of learning and time spent on 
these new forms of governance. It requires the construction and application 
of new operating rules. 

• Marketing costs. We can include here the costs involved in searching for 
commercial partners, those of setting up new contracts, those linked to the 
uncertainties of the arrival of new partners. 

• Qualification costs. These costs are linked to the identification of products, 
production processes and the “values” conveyed by the approach, but also to 
the work of credibility and, if necessary, the control and certification of these 
specific characteristics (registration of a brand, management of an official of 
quality and origin). 

• Cost of changing practices. SYAMs are innovative, uncertain systems in which 
practices evolve and constant adjustments must be made. The approach ad-
vances by trial and error. The cost of learning can therefore be high. It is im-
portant to take this into account. 

• Supply chain management costs. These costs include much more than just 
the storage and transport of raw materials and products circulating in the 
SYAM. The costs of organizing the chain can be included in this category. 

• Communication costs. The costs we are thinking of here are the costs of pub-
licizing, informing, and making the process transparent. 

• Support costs. These are the costs of finding “partners” who can help the 
process, their possible financing and the time and means devoted to the learn-
ing process. Indeed, when project leaders start structuring such approaches, 
they do not always know whom to contact for support. 

The set of costs identified in these approaches is vast and evaluating them is 
often difficult. On the other hand, anticipating that they will arise and be met 
according to certain constraints is a factor of success. Associating the costs with 
a cartography makes it possible to better understand who is responsible for them 
and how to better share them. The evaluation of these costs is also necessary 
when applying for grants or traditional financial aid. 

The interest of the proposed mapping also relates to logistical issues. By hig-
hlighting the diversity of distribution channels but also their coexistence, the 
number of retailers and their localization, the mapping will a better analysis of 
this issue. However, a question arises: what do we mean by logistics? 

A common mistake when talking about logistics is to limit our thinking to the 
issue of transportation. Transportation consists in moving products from point 
A to a point B. Logistics is the organization of the whole production and distri-
bution chain to bring to the consumer the product he needs with acceptable ex-
pectations of place, time, quality and competitiveness. Transport (material flows) 
is only one part of logistics. Logistics is composed of material flows (products) 
but also of information flows and financial flows which allow the flow of prod-
ucts (cf. Figure 3 Agri-food supply chain representation from (Tsolakis et al., 
2014)). All of these flows must therefore be taken into consideration. 
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Figure 3. Agri-food supply chain representation from (Tsolakis et al., 2014). 
 

In some cases, transportation will be a problem and last mile logistics, for 
example, will become a critical point in the system. For example, how to provide 
farmers with a large network of distributors (catering, mass and commercial ca-
tering, supermarkets) in a city far from their production sites? The question of 
transportation does not, however, seem to be the most challenging issue in a 
SYAM. This competence can be outsourced to a subcontractor, and the volumes 
transported often enable this. In other cases, it is the flow of information that 
will cause problems, for example, failures in the transmission between a distrib-
utor and its supplier. This can lead to supply disruptions, misunderstandings, 
conflicts and ultimately the loss of markets.  

In SYAMs this difficulty appears frequently, even if the actors communicate 
on the values they want to share, on a qualification process or on the pricing of a 
product; difficulties related to supply, or quality are sometimes more difficult to 
express. Let us take an example in a long circuit: a farmer sells to intermediaries 
according to the quality of his animals, without any control over the down-
stream part of the chain and with little control over prices. The buyer makes a 
phone call and receives the quality he wants when he wants. In a SYAM, the 
breeder and the buyer recognize each other as partners to set up and develop 
their supply chain. Other actors, such as processors and wholesalers in the region, 
must also be involved and committed. Transparency is required regarding each 
other’s objectives and margins, and this transparency fosters mutual trust. The 
quality of communication is at the heart of the process. All of this only works 
because there is a real desire for a local partnership. For this partnership to 
work, the flow of information must be fluid to tolerate imperfections in the im-
plementation of the system, in a dynamic of continuous improvement. Taking 
an interest in logistics in SYAMs means doing much more than merely address-
ing the issue of transportation. 
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Here are some of those questions: 
• A common definition of quality: do producers, processors and distributors 

have the same understanding of quality? How can this notion be made expli-
cit, through contractual specifications? 

• How to adapt the entire value chain to deliver the desired quality? 
• How to organize communication within the group? How to centralize infor-

mation, requests and offers? 
• How to ensure a homogeneous quality for all the farms involved? How to pay 

for this quality? 
• How to plan and ensure scaling up? 

The tool we propose here is a diagnostic tool and indicates ways to progress 
according to the diagnosed situation. It is used from the creation of the SYAM 
and throughout its life, in the framework of continuous improvement. 

The diagrams that we propose in the following are the result of several re-
search studies and the findings of a statistical study of 88 companies from a pan-
el of 5 sectors (automotive electronics, textiles, food processing, pharmaceuti-
cals) (Estampe et al., 2010). The two major results are: 

1) There is a very strong correlation between the maturity level of a supply 
chain (next section) and its performance. 

2) 58 processes grouped into 7 categories contribute significantly to the crea-
tion of value for the entire chain. It is then sufficient to look at the status of each 
process to estimate the maturity, and therefore the efficiency, of the SYAM in 
terms of logistics. 

Paché & Spalanzani (2007) propose five levels of logistics maturity: 
• Level 1 intra-organizational maturity: The objective is to manage performance 

by associating the different functions of the company (design, marketing, pro-
duction, etc.). 

• Level 2 inter-organizational maturity: performance is managed more globally 
by integrating the company’s close stakeholders (suppliers, service providers, 
direct customers etc.). 

• Level 3 extended inter-organizational maturity: all the players in a chain are 
involved in the search for performance. This extended chain approach cor-
responds to the definitions of the Supply Chain. 

• Level 4 multi-chain maturity: the company is integrated into a complex net-
work of relationships where each company in the network can be the “pilot” 
or “pivot” of the relationship. This “multi-company” level allows each com-
pany to gain height by proposing inter-sector performance approaches; GMA 
(Mutualized Supply Management) is a good example (Efficient Customer Re-
sponse, https://www.ecr-community.org/). 

• Level 5 societal maturity: companies in a global network integrate the per-
formance dimensions associated with sustainable development (environment, 
society) and seek performance that is valued in the wider environment of so-
ciety. The work of the Déméter club (Déméter, 2009) in France, which brings 
together the various players of industry and distribution with the aim of 
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achieving global and societal performance, is an example of this. 
A classic logistics chain develops by following the levels of maturity in chro-

nological order (orange arrows in the Figure 4 Logistics maturity and growth 
(Paché & Spalanzani, 2007)). 

The essence of societal maturity is to move from “for me” to “for us” in a 
“doing together” mindset. Governance clearly has a crucial role with respect to 
the final objective of the SYAM and the commitment of all the actors of the 
process. It is a logic of performance optimization sought on several levels (SYAM) 
versus a logic of maximizing profits alone (large groups). 

SYAMs, from their birth, are strong in societal maturity, which is their reason 
for being. Paradoxically, however, observations show that they are weak on the 
operational levels, which are fundamental to the survival of the SYAM. 

For a SYAM, the stages of maturity are not chronological, contrary to the 
process in large groups. The tips of the star grow chaotically, independently of 
each other. It is therefore necessary to have a diagnosis for each level, enabling a 
measurement of where the SYAM is at, and this for all levels at the same time. 
Beyond this diagnosis, we need processes that allow the star to grow in a sus-
tainable way. 

Based on SCORE (Kaplan & Norton, 1996), Efficient Customer Response (Ef-
ficient Customer Response, 2008), Global Scorecard (Global Scorecard, 2008), 
SCALE (Estampe et al., 2010), Excellence Model (EFQM, 2009) in particular, we 
propose 58 processes grouped into 7 categories that contribute significantly to 
the creation of value to the whole chain. These seven categories are summarized 
in the following tables (Tables 1-7). 

What must also be understood is that a SYAM does not have the resources of 
the industrial model and therefore cannot be efficient on each point of the diag-
nosis, nor a fortiori implement the necessary resources. On the other hand, the 
points highlighted here are good questions to ask. It should be noted that these 
questions should be answered collectively, which will energize the group, via 
brainstorming for example. 
 
Table 1. Define a supply chain strategy. 

Category 1: Define a Supply Chain Strategy 

Define the Supply Chain (SC) policy and value creation elements. 

Define Supply Chain management principles for the entire chain. 

Select suppliers according to customer value creation criteria. 

Participate in the choice and/or modification of production sites 
according to logistics criteria. 

Define the distribution network according to logistics criteria. 

Participate in the definition of the assortment policy according to logistics criteria. 

Define a transport policy. 

Participation in the definition of a packaging policy. 
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Table 2. Define objectives. 

Category 2: Define Objectives 

Define customer needs in terms of logistics; implement and monitor them. 

Define objectives in terms of customer service during and after the purchasing act. 

Define supply objectives. 

Define production objectives. 

Define distribution objectives. 

Define the logistics characteristics of products. 

 
Table 3. Establish procedures. 

Category 3: Establish Procedures 

Establish procedures for procurement. 

Establish procedures for production. 

Establish procedures for distribution. 

Establish protocols between distributors, carriers, and suppliers. 

Establish logistics procedures for customer management. 

Establish procedures related to the logistics of promotional products. 

Establish procedures for the management of new products. 

Establish procedures for the return of unsold goods from customers and suppliers. 

Establish procedures for the return, exchange, de-consignment, or processing of 
packaging materials. 

Evaluate major risks and set up emergency procedures. 

 
Table 4. Resource planning. 

Category 4: Resource Planning 

Establish sales forecasts. 

Plan logistics investments. 

Carry out the PDP (Master Production Plan)—supporting the production activity. 

Carry out the DDP (Master Distribution Program)—supporting the distribution 
activity. 

Plan promotional operations. 

Plan transportation. 

Plan after-sales service needs. 

Map the customer network. 
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Table 5. Coordinating the different links in the chain. 

Category 5: Coordinating the Different Links in the Chain 

Establish a method of communication between partners for daily work and emergency 
situations. 

Exchange information with clients. 

Set up agreements in a customer—supplier relationship. 

Define the stocking policy with main suppliers and customers in a concerted manner. 

Integrate suppliers and/or customers in the development of new products. 

Consider the after-sales service in the design and/or referencing of products. 

Optimize sales and production plans with the various partners. 

Ensure product traceability throughout the chain. 

 
Table 6. Evaluate and monitor the performance of each partner and the entire supply 
chain. 

Category 6: Evaluate and Monitor the Performance of Each Partner and the 
Entire Supply Chain 

Audit the Supply Chain performance of each partner. 

Monitor performance. 

Financial reporting of expenses. 

Set up a follow-up of emergencies. 

Evaluate Supply Chain performance with logistic evaluation models. 

Monitor the continuous progress process. 

 
Table 7. Optimize the supply chain. 

Category 7: Optimize the Supply Chain 

Participate in the definition of the forecasting system. 

Make the production tool flexible. 

Optimize locations. 

Optimize transport. 

Optimize inventories. 

Optimize the planning of distribution resources with the various actors. 

Schedule reception. 

Develop human resources and versatility. 

Control and improve health and safety standards in logistics functions. 

Optimize the exchange of information between the different links in the chain. 

Optimize relations between partners. 

Implement and maintain continuous progress. 
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Figure 4. Logistics maturity and growth (Paché & Spalanzani, 2007). 

3.3. Specification-Oriented Meta-Model: Building Resilience 

This section focuses on a set of recommendations that will lead to a guide of 
good practices aiming at the sustainability of a SYAM, i.e., strengthening its resi-
lience. The resilience of a living system is defined by its capacity to quickly re-
cover, after a disturbance, its initial structure, and initial functions. For an or-
ganization or an individual, resilience following a shock is a rebound, but the 
organization or the individual remains marked by the learning that it has ac-
quired from it. 

At first glance, in terms of sustainability, the economic, social, and environ-
mental performances of a SYAM are strongly expected and participate in the re-
silience of these systems. But on a closer look it appears that if, for a SYAM, the 
diversity of operators, their complementarity and the quality of the established 
relationships are essential and contribute to its capacity for resilience, this ca-
pacity also requires the presence of other factors that deserve to be finely identi-
fied if we want to co-construct solutions adapted to each operator and each sys-
tem. To build this resilience, it is necessary to define and identify, as early as 
possible, the conditions that must be met in the system and the requirements of 
the system to have the best chance of success. To do this, we propose to use two 
complementary methodological tools: the impact path to have a global vision, 
and the requirements diagram, which will allow us to refine the approach by 
going down to the level of concrete elementary actions. 

The impact path is borrowed from the ImpresS method—Impact des recherches 
au Sud—proposed by the CIRAD (Blundo-Canto et al., 2019). This method allows 
the designers of an organizational system to formulate, from its conception, from 
existing resources, the potential paths of development and the interventions that 
will contribute to the achievement of expected objectives (final impact). This ap-
proach is necessarily co-constructed with all the actors of the system and enables 
them to: 
• Share a representation of the sequence of actions and the results to be ob-

tained. 
• Identify the conditions necessary to obtain them. 
• Highlight possible obstacles. 
• Identify the levels at which support can or must act. 

The impact path is represented by a diagram that highlights different elements 
linked together by causal relationships, represented by arrows that draw the path 
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from the action to the expected final impact. The different items of an impact 
path are: 

1) Actions: they are carried out thanks to resources and means that allow the 
development of the project. The actions and resources combined contribute to 
the production of results. 

2) Boundary objects: these are the coordination tools that will facilitate the 
process of change or innovation. 

3) Results: these are generated by the activities of the system and by the inte-
ractions between actors. These results contribute to initiating the process of in-
novation or change when they are used/appropriated/adapted by the actors. 

4) Changes: they are linked to the appropriation of one or more results by the 
actors of the system. The generation of changes will promote the achievement of 
the expected impacts. 

5) Impacts: these represent the long-term effects induced by the system. They 
can be economic, social, territorial, environmental, political, etc. A distinction is 
made between 1st- and 2nd-level impacts. The first level includes the direct im-
pacts on the actors in the medium or long term. The second level brings together 
the indirect and long-term impacts on the actors, or the spin-offs in other terri-
tories, other sectors, etc. 

Since this methodology has proven to be successful (Lidon et al., 2018; Faure 
et al., 2018; Barret et al., 2018; Blundo-Canto et al.; 2019), we will draw on it for 
application to the SYAM. 

We have used it here to construct a typical ideal SYAM. The impact path pre-
sented here allows us to model the potential development of a SYAM, from the 
most global to the most specific level, to move towards a resilient system. In this 
approach, we propose a schema starting with the actions and resources that 
should be put into place for the SYAM to generate economic, social and envi-
ronmental impacts that will ensure its resilience and sustainability. This scheme 
(Figure 5 impact path applied to SYAM) was developed through twelve case 
studies within the framework of the SYAM project.  

Based on this ideal-typical scheme, each collective can, ex ante or ex post, re-
flect on the impacts generated by the construction of its SYAM. 

The elaboration of the impact path of a concrete SYAM can then allow the 
enrichment of its impact throughout the life of the studied system, following the 
identification of “weak links” in the impact path, following relations that are not 
or are only slightly made between actions and results or between results and 
changes. This reflection on the impact path benefits from being guided by orga-
nizational specialists (chamber of agriculture, consultant, system operational 
manager, etc.). The actors of this support will also have to propose coordination 
tools enabling the evolution of the system. The reflection and attention will be 
focused on the operators and on their role in this process of innovation leading 
to the desired economic, societal, and environmental impacts. The support 
should aim at realistic, shared, and measurable changes, based on the resources  
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Figure 5. Impact path applied to SYAM. 
 
and capacities that can be mobilized. It should also maintain the logic of a con-
tinuous improvement process, tending to strengthen the capacities of the various 
actors. To make this “ideal” or “theoretical” impact path operational, and to be 
able to describe more precisely which human actions to implement to cause such 
a system to evolve, we propose to enrich our approach by completing it with the 
use of the requirements diagram. 

A requirement makes it possible to specify a capacity, a need, a rule... that must 
be satisfied by a system. It can also specify a function that the system must per-
form or a performance condition that must be met. The requirements diagram 
(or constraints diagram) belongs to the Unified Modeling Language (UML) ap-
proach. It graphically describes the requirements that the system must meet. It 
has been widely proven (Weilkiens, 2008; Grady, 2014) for example. This me-
thod allows the designers of a system to define a priori the condition to be reached 
(final objective), then to formulate and prioritize, from the objective sought, all 
the requirements and sub-requirements that the system must satisfy. The system 
requirements are organized and linked together; thus, a complex requirement 
can be broken down into a hierarchy of sub-requirements and in this case, for 
the complex requirement to be satisfied, all the sub-requirements must be satis-
fied. For our purposes, the final requirement is the sustainability of the SYAM 
(which assumes that each of the partners continues to find satisfaction). 
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The proposed requirements diagram was developed following a detailed anal-
ysis of the various monographs and interviews conducted during the SYAM 
project, i.e., the 12 case studies. For reasons of readability and future processing, 
the requirements diagram is presented here in the form of several tables which 
are linked together. The tables are read from top to bottom and from left to 
right, like paragraphs and subparagraphs. To satisfy a requirement, i.e., a “para-
graph”, all sub-requirements (sub-paragraphs) must be satisfied. 

Thus, Table 1 can be understood as follows: to sustain a SYAM (expected fi-
nal condition), one would need to “have a market” (requirement) and one would 
need to “control costs” and one would need to “have resources locally” and one 
would need to “have an effective network” and, possibly, one would need to “have 
support from institutions (at start-up)”. See Table 8. Requirement’s diagram, main 
requirement.  

This reasoning is recursive; it thus applies to each non-terminal action. We 
therefore propose the following tables to refine the requirements diagram (see 
Tables 9-13). 

3.4. Evaluation and Performance Indicators 

What interests us here is the overall performance of the SYAM assessed by ques-
tioning what makes it a collective success. In this respect, the performance ap-
proach has led us to be interested in the development process and in the path 
taken, and not only in the result of the SYAM. This approach to global, multi-
dimensional performance is much more difficult to measure technically, as it 
aggregates several performance fields. In addition, its assessment is different 
from one SYAM to another, and relies on many debatable criteria depending on 
the operators and the contexts. The various dimensions of overall performance 
were not assessed in a “conventional” way, i.e., based on predefined indicators. 
First, we did not have relevant indicators, as no research had identified any to 
evaluate such systems in their totality. Secondly, the approaches studied were too 
unstable to be able to measure performance satisfactorily. We opted for a qualit-
ative approach to address the multidimensional performance of SYAMs. The 
latter can indeed make it possible to reconstitute the reasons for which such 
steps are initiated, the justifications given for the actions. We therefore tried to  
 
Table 8. Requirement’s diagram, main requirement. 

TO SUSTAIN A SYAM 

1—HAVE A MARKET 

2—CONTROL COSTS 

3—HAVE THE RESOURCES LOCALLY 

4—HAVE AN EFFECTIVE NETWORK 

5—HAVE HELP FROM INSTITUTIONS 
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Table 9. Requirement’s diagram, “Have a Market” requirement. 

1—HAVE A MARKET 

KNOW THE MARKET 

Conduct preliminary market research (customer behavior, needs and purchasing 
capacity) 

Know the costs (production, transformation, logistics, hidden costs) 

STABILIZE AND DEVELOP THE MARKET 

Have fair and remunerative prices 

Raise consumer awareness 

Make consumers aware of the positive and negative consequences of their 
purchases 

Make consumers aware of the concept of proximity 

Make consumers aware of the seasonality of products 

Educate children 

Conduct marketing actions—animations 

Take care of the image 

Ensure traceability and quality label => differentiate to justify higher prices 

Balance and play on the multi-market 

Have short consumer/stakeholder feedback 

Be trained in how public procurement works 

 
Table 10. Requirement’s diagram, “Control Costs” requirement. 

2—CONTROL COSTS 

Know the different costs and control them 

Limit overproduction and waste 

Be able to produce or transform quality products at acceptable prices 

Be able to produce economically viable quantities 

Produce what you can sell 

 
Table 11. Requirement’s diagram, “Have Resources Locally” requirement. 

3—HAVE RESOURCES LOCALLY 

Know the market (prior market research) 

Know your own resources and their sustainability 

Know the risks of failure and resilience plans in case of difficulties 

Have an adequacy of resources/market/ambition 

Identify missing needs 

Strengthen and adapt existing resources as needed 

Help the installation of new farms 

Reorganize businesses by increasing added value 
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Table 12. Requirement’s diagram, “Have Help from Institutions” requirement. 

4—HAVE AN EFFECTIVE NETWORK 

HAVE A REALLY COMMON PROJECT 

Have the same strategy all together 

Agree on efficient governance 

Share the same values 

HAVE ADEQUATE CONTRACTUALIZATION 

Transparency of prices, costs, and margins 

Equitable sharing of value 

Stable prices 

Reduced distances with intermediaries 

HAVE A EFFICIENT SUPPLY CHAIN 

Know the main levers of action of the logistics strategy 

Know how to set up warehouses 

Know how to operate warehouses, know how to manage stocks 

Know how to manage a fleet of trucks 

Know how to decide on outsourcing choices (make or buy) 

Have a good supply chain information system 

Have a good customer service 

Have good distribution channels 

Be able to model your supply c 

In terms of organization 

In terms of costs 

Be able to calculate direct and indirect costs 

Require delivery periodicity (often mentioned as a critical point) 

Locate production and transformation facilities in a judicious way 

Establish the right end points of sale 

Ensure the presence of customers with the right buying potential 

Have an attractive and practical infrastructure (parking) 

Have an efficient reverse logistic (management of downgraded products) 

BE SURE OF THE COMPLETENESS AND RESILIENCE OF THE NETWORK 

Detect and remedy missing links 

Detect weak links and plan for contingencies 

Use collective mutualization 

Price transparency 

Have a good communication between actors 

Have places for exchange and collective work 
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Table 13. Requirement’s diagram, “Have an Effective Network” requirement. 

5—HAVE HELP FROM INSTITUTIONS 

STRUCTURE THE MARKET 

Develop the four proximities 

Proximity of production 

Proximity of transformation 

Proximity of purchase 

Proximity of consumption 

ALLOCATE TARGETED AND EFFECTIVE FINANCIAL AID 

AWARD LEGISLATIVE GRANTS 

Inform the actors about the general laws 

Train the players in public procurement 

Inform legislators about needs (lobbying) 

Demand the adaptation of existing health laws 

Have new laws proposed 

HELP WITH TRAINING IN ALL AREAS OF THIS REQUIREMENT DIAGRAM 

Help to find financing 

Help to find trainers 

 
understand what was of interest to SYAMs and what made it possible to say that 
the approach had a favorable cost/benefit ratio. In other words, we were inter-
ested in what the operators enrolled in SYAMs considered their “success”. This 
work has also led us to propose some indicators and tools to accompany the de-
velopment of SYAMs towards sustainable and resilient approaches. As much as 
the evaluation of a result or a global performance, it was therefore a question of 
working on the evaluation of a process. 

This work has thus shown that beyond a classical perception of performance, 
what made a SYAM successful for the operators was the implementation of al-
ternative models and rules of operation, because they were more collaborative 
than the dominant model. Thus, for example, the interest in creating value goes 
hand in hand with the interest in sharing it equitably. SYAMs must allow eve-
ryone to live from their work. Meeting each other, getting to know each other, 
sharing difficulties, understanding each other’s constraints is another expecta-
tion. Building a project and collective actions also appears as a milestone and an 
important result. To succeed in developing a shared governance, to make it last 
over time especially in growth phases, and developing trust, solidarity and equity 
in relationships are also crucial. Communicating and informing about the values 
endorsed by the approach and about its specific features are also important. The 
aim is to create transparency in commercial relations. Without forgetting, too, 
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everything in a SYAM that contributes to the development of its territory, from 
the pride of participating in health and safety initiatives and the preservation of 
the environment to the relocating of food. Listening to operators shows that the 
main performance of a SYAM lies in the development of an alternative way of 
working and a sum of different reconnections: between the operators, but also of 
the operators to their territory, to their products and to consumers. Reclaiming a 
meaning which is lost in longer systems appears finally as another of these fac-
tors of success. Building performance in a SYAM undeniably means obtaining 
better remuneration, but it also means developing more social and environmen-
tal performance, as well as territorial performance. It means moving towards 
greater equity, solidarity, and attention to the environment. 

In SYAMs, collective operation is not limited to a single sector. Thus, for ex-
ample, it is not a question of accompanying the grouping of a particular type of 
actor according to a sectorial or professional approach (farmers, processors, or 
restaurant owners). On the contrary, it is a matter of accompanying the devel-
opment of a value chain, provoking, and maintaining a collective operation on a 
larger scale. In this respect, we suggest that discussions should very quickly in-
clude both distributors and consumers (or some of their representatives). The 
idea is to work to make these two actors’ strategic partners in the process, to de-
termine with them a price and a quality negotiated by all, while covering pro-
duction costs. Bringing consumers into the process in one way or another makes 
it easier to work with distributors, who thus hear the demand directly. 

While the collective aims to include all participants in the value chain, it must 
not forget the public sector. In the cases we studied that were the most successful 
and stabilized, public actors were present, and their roles were important. The 
Isère department and the Roanne conurbation have strongly encouraged the de-
velopment of several SYAMs. For example, they have financed local processing 
tools, covered the costs of training when quality was not sufficient, set up calls 
for tender for collective catering, provoked meetings between operators (dating, 
internet site), helped to qualify between operators (dating, website), helped to 
qualify products by carrying a brand, had a role of reassurance and facilitating 
governance, etc. They have also made available skills for structuring, technical or 
commercial support, which have encouraged the emergence of more collabora-
tive rules and the resolution of conflicts between actors. 

Finally, we would like to emphasize one last point. The support of such value 
chains cannot be carried by a single support structure. We need to move away 
from sectoral support and the usual discrete approaches. The effectiveness of the 
SYAMs lies in the connections that they generate between different actors in the 
field of support. In Isère, for example, collaborations have been initiated between 
the various consular chambers to bring together farmers and the food industry. 
SYAMs are hybrid models, and this hybridization must also extend to the sup-
port structures to provoke new skills and collaborations. Reconnections must 
therefore also be made in this sector. 
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To question the performance of SYAMs, we propose five major areas: eco-
nomic, social, product-related, environmental, and territorial. For each of these 
performances, we have put forward several questions that we believe are essen-
tial to evaluate the success of a SYAM. 

We have remained at the “question” level because, as for the logistic recom-
mendations, a SYAM and its actors do not have the means of the agri-food giants 
that are the main players in the mass market (large production, processing, dis-
tribution or catering companies) and therefore cannot be efficient on each indi-
cator (we could ask ourselves the question “do these giants perform well on all 
these indicators?” But that is another debate.), nor a fortiori dispose of the ne-
cessary resources. Therefore, it is simply a list of “good questions to ask”, with 
the resulting brainstorming effect. 

Area 1: Economic performance 
• Are production costs shared? Is the price considered fair? 
• Are the costs identified? Are expenses shared? 
• Are new rules negotiated collectively? Does the process allow for learning? 
• Is supply chain management well thought out? Are the flows (financial, in-

formation, products, etc.) studied? Are they optimized? 
• Does the economic performance allow a better profitability of the structures; 

does it allow improved revenues and greater confidence for all operators? 
• Does the approach allow the formalization of new ways of exchanging? Are 

new coordination’s being built? Are new economic models emerging? 
Area 2: Social Performance 

• Does work make more sense? Are working conditions not more difficult? Are 
agricultural and agri-food activities enhanced? 

• Does the approach allow the creation of more links, solidarity, and transpa-
rency between operators? 

• Does the approach allow for the emergence of a strategic partnership? 
• Does the approach encourage more links, transparency, and inter-knowledge 

with consumers (does it make them supportive of the operators)? 
• Does the approach lead to changes in practices? 
• Does the approach create new social and ethical values shared by all? 

Area 3: Product performance 
• Does the product retain its specific characteristics? Has it been revalued? 
• Is the product identifiable? 
• Is the product reassuring and does it create a link between the consumer and 

the operators of the process? 
• Is the product accessible (economically, socially, physically)? Do its distribu-

tion points increase in number? 
• Does the product create learning/synergies and the purchase of other local or 

alternative products? 
• Does the approach promote a transition to sustainable food? 

Area 4: Territorial performance 
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• Are jobs being created or maintained in the territory? Are new structures (in-
termediary or distribution) emerging? 

• Are new relationships or new links being created at the local level between eco-
nomic operators but also between existing circuits, favoring a re-establishment 
of food production? 

• Is there a capacity for collective action at the territorial level? Are new initia-
tives or innovations emerging because of the approach? 

• Do the structures that accompany these approaches collaborate on a local 
scale? 

• Does the approach contribute to a better knowledge of the territory, to a 
stronger attractiveness, to more tourism; does it allow for changes in image? 

• Are new structures and methods of food governance being put in place and 
at what levels? On what scale? 

• Does the approach contribute to greater sustainability and resilience for the 
territory? 

Area 5: Environmental performance 
• Does the approach lead to learning (and continuous improvement) towards 

practices that that respect the environment and animal welfare? 
• Has the approach led to the establishment of a set of specifications? Has it 

aroused interest at all levels of the chain? 
• What are the purposes, components, and scales of these practices? 
• Does the approach adhere to pre-existing charters? 
• Is information on changes in practice available for each sector (production, 

processing, distribution)? 
• Does the approach create more environmentally virtuous practices in pro-

duction, processing, and distribution? 
As with the requirements diagram, this system of indicators will evolve as in-

novations are made during the implementation of new SYAMs. 

4. Conclusions and Perspectives 
4.1. Contributions to SYAM 

SYAMs, since their beginnings, have been strong in societal maturity, i.e., very 
strong human relationships, which is their reason for being. However, the field 
observations we have made show paradoxically that they are weak on the opera-
tional levels, which are nevertheless fundamental to the survival of a SYAM. This 
observation justified our approach. By articulating knowledge from the field of 
research and that of practical action, we have produced new knowledge about 
the trajectory and organization of food systems to accompany them towards greater 
sustainability. We have also implemented a continuous improvement process for 
SYAMs via our ontological approach. 

All the deliverables presented in this article are available on the following 
websites: 
https://www.psdr-ra.fr/BOITE-A-OUTILS/Systemes-alimentaires-du-milieu and 
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https://blog.isara.fr/les-outils-innovants-des-syam/. 
These supports are already being widely used by the actors and the Cham-

bers of Agriculture of the AURA REGION. Other Chambers of Agriculture, 
notably in the Jura, have also shown a keen interest. Today, at the request of 
the CRAAURA, a training program will be deployed for project leaders accom-
panying the development of sustainable food systems in their territory. These 
tools are also of interest to those in charge of territorial food projects who wish, 
with these tools, to find solutions to reinforce local distribution channels. 

4.2. Methodological Contributions 

The problem we have tackled is particularly complex and is distinguished by the 
number and different natures of the actors involved and their interactions, by 
the extent and the nature of the performance indicators required to evaluate 
each actor and the system. To a lesser extent, this is a new field with very specific 
practices with a whole vocabulary, unknown to us in the engineering world. It 
should also be noted that we had a duty of education/simplification towards the 
actors involved. It was clear from this observation that existing modeling initia-
tives would be put to a tough test. Inspired by these existing practices, we pro-
posed a new approach for the modeling and exploitation of knowledge:  
• A new approach through its formal and operational ontological level. 
• Implementation of a modeling approach. 

1) Actors/actions 
2) Generic models 
3) Resilience conditions 
4) Performance indicators 

• Innovation and continuous improvement mechanism: a new SYAM increas-
es the catalog and can therefore bring ideas to other actors, including actors 
who already have their own SYAM. A new example can bring new theoretical 
knowledge and thus enrich the metamodel. The actors involved in support-
ing the operators of such a system have a key role to play in the capitalization 
and valorization of this catalog. 

• Continuous improvement for each indicator or recommendation that we have 
highlighted: diagnosis via performance indicators, reaction, and implementa-
tion of new actions since the actors and their roles have been identified, all 
with the global vision that the requirements diagram allows. 

• Highlighting that the levels of logistics maturity proposed by (Paché & Spa-
lanzani, 2007) were not necessarily incremental in a chronological manner. 
In doing so, it was necessary to ensure the presence of the fundamentals to 
guarantee the support of the level of societal maturity to which many organi-
zations are driven by their ideal aspire. 

4.3. Assessment, Limitations, and Future Work 

Our scientific hypothesis, which was to draw inspiration from the methodologies 
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of Industrial Engineering and Systems Engineering to propose a new methodo-
logical framework for the design, organization, and management of local agri-food 
systems, is thus validated. 

Proximity food systems are very complex systems, especially because there are 
many non-formalized human interactions. Our modeling cannot therefore take 
everything into account. We just hope that the essential has been modeled and 
that this formalization approach will show the decision makers of these systems 
the interest of asking the right questions. In this sense, our approach will be able 
to help them because what we have proposed is evolutionary in the sense that 
each improvement will be integrated in the catalog of examples and in the know-
ledge model. 

We see two areas for further work. The first is to refine our modeling of local 
food systems by enriching the different models as we carry out different studies. 
The most abstract contribution is in fact a methodology of discovery and explo-
ration of a new world: finding significant examples and making them into a ref-
erence model, synthesizing this catalog of examples into a knowledge model and 
then building our own systems. The second axis of our work will be to use and 
refine this methodology to use it in other fields. We have also launched a re-
search action in this sense in the Building Information Modeling. 
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