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Abstract  

In this interdisciplinary thesis, I aimed to understand how the dynamic interplay of social and 

ecological resources and social processes underpin socioeconomic activities. For that, I 

combined the concept of nature’s contributions to people (NCP) with the development-based 

capability approach. I applied this conceptual framing in the cooperative Beaufort cheese 

production system of the Maurienne valley, in the Northern French Alps. I suggest considering 

the Beaufort production system as a territorial capability structured by the complex interactions 

between ecosystems and society, and within society. This social dynamics combines local 

biophysical constraints, unique social-ecological capital and universal production factors 

towards an outcome that contributes to multiple aspects of quality of life and its long-term 

persistence. The results of this thesis support a stronger role of social sciences in 

interdisciplinary research on social-ecological system to fully account for their complexity.  
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Chapter I Introduction 

 

Maurienne valley (credits: Bruno Locatelli/2018)  
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1 Context   
A good quality of life is intrinsically linked to the flows of material and non-material resources 

between societies and surrounding ecosystems (IPBES, 2018). The academic consensus in 

sustainability research acknowledges good quality of life as an overarching focus. Good quality 

of life encompasses various dimensions, ranging from basic physical needs such as food, shelter 

health to more context-dependent ones such as good social relationships, cultural identity, 

freedom of choice and participation in society. These multiple factors are valued differently by 

different people (Díaz et al., 2015a; Max-Neef et al., 1989; Sen, 2000). Socioeconomic 

activities are crucial for a fulfilled life in modern societies, on the other hand they greatly 

contribute to the deterioration of ecosystems and the decrease of finite resources on the local 

and global scale (IPBES, 2019, 2018; IPCC, 2014; Rockström et al., 2009). This ultimately can 

lead to considerable (possible unequally distributed) decreases in quality of life and within 

societies. Technological solutions that aim to substitute ecological resources by anthropic ones 

frequently focus on material human needs and are insufficient to address multiple dimensions 

important to different people. These one-dimensional approaches threaten the longevity of 

ecosystems and ultimately different societies. Approaches that explicitly study the multiple, 

frequently subtle interdependencies between societies and ecosystems from an interdisciplinary 

perspective can facilitate a better understanding of how and which benefits from ecosystems 

can sustain various aspects contribute to a good quality of life for societies and ecosystems on 

a long term (Chan et al., 2018; Díaz et al., 2015a).  

Based on the multidimensionality of a good quality of life the concept of nature’s contributions 

to people (NCP) formalizes and structures these aspects that derive out of the interactions 

between societies and ecosystems. It acknowledges that societies and ecosystems have been 

jointly producing them in various ways. The concept of NCP co-production describes and 

acknowledges these social involvements with ecosystems through material resources (e.g. 

labour) and non-material resources (e.g. knowledge) (Lele et al., 2013; Palomo et al., 2016). 

Further, research increasingly focuses on non-material aspects such as underlying value 

systems between people and nature and among people to widen the understanding of societies’ 

motivations and interrelated activities in these interactions (IPBES, 2018; Schröter et al., 2020). 

This view considers societies as a group of interacting beings and not as a an aggregate of self-

interested, autonomously acting individuals (Vatn, 2005). At regional scale, collective 

structures frequently shape and govern these social-ecological interactions. The explicit 

integration of social structures (e.g. formal or informal institutions) in the analysis of social-
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ecological interaction is thus paramount to understand the underlying subtle drivers, such as the 

surrounding context and associated value systems. Interdisciplinary approaches that explicitly 

consider humans as social beings are needed to align sustainability research with real world 

situations.   

My PhD research is embedded in the field of territorial ecology, one research area close to the 

broader field of ecological economics. Ecological economics views economic activities as 

integral part of social-ecological systems and not as an isolated entity (Daly, 2007). This 

rethinking of society requires to extend the boundaries of economic production to ecosystems 

and to measure economic flows beyond material and monetary measures. The emerging field 

of territorial ecology that explicitly focuses at regional scale, proposes new valuation 

approaches that accounts for these multidimensional flows so as to conciliate the way people 

intend to live in a local context and the material consequences of human activities and puts a 

good quality of life in the centre of analysis (Buclet, 2021). This re-conceptualisation requires 

methodologies to assess these valuation systems.  

In this chapter I first position my work in the academic landscape. Then I introduce the four 

major concepts I used. I close this chapter with the scientific objectives of my work. The aim 

is to provide a short overview of key concepts that can facilitate the understanding of how 

territorial systems can shape aspects that contribute to a good quality of life.  

2 Positioning in and within ecological economics –Territorial ecology  

2.1. Ecological economics  
The quality of life of human societies is intrinsically linked to resources of their surrounding 

ecosystems (Daly, 2007; Díaz et al., 2015a). In order to better comprehend these complex 

linkages, I anchor my research in territorial ecology, an emerging field close to ecological 

economics. It addresses economic activities and the associated production modes as part of 

social and ecological systems where constant flows and exchanges of material and non-material 

resources take place at various spatial and temporal scales (Braat and de Groot, 2012). Former 

classical economic theories regarded ecosystems mainly as resource pools and treated related 

questions mainly from a utilitarian perspective of resource constraints or scarcity (e.g Adam 

Smith, Thomas Malthus and David Ricardo). Ecological economics challenges a radical 

rethinking of this perspective and questions how humans’ quality of life and ecosystems can be 

jointly managed (Costanza, Cumberland, et al. 1997). This perspective implies that economic 

activities are embedded in social dynamics and ecological systems, and they cannot be regarded 
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as separated entities. This is in contrast to conceptions of sustainability in economic activities, 

such as the triple bottom line (TBL) that considers “people, planet and profit” as equally 

relevant dimensions (Henriques and Richardson, 2013). However, in a certain regard the TBL 

can be regarded as the consequence of the general view on sustainable development 

(Brundtland, 1987). Moreover, economic activities form the interface where society and 

ecosystems meet and overlap. The field of ecological economics research (its actual foundation 

reaching back to the 1980s) has been influenced by the work of systems ecologists and 

heterodox economists (Gómez-Baggethun et al., 2010; Røpke, 2004). To refine their 

intellectual and methodological foundations, ecological economics drew on ideas and concepts 

within economics (e.g. Kenneth Boulding and Hermann Daly) but it also adopted concepts well 

beyond its initial discipline (e.g. from the ecologist Eugene Odum and the biologist Eugene 

Odum) (Folke et al., 2016). 

 

2.2. Social-ecological systems 
To position my research in ecological economics I adopted the ontological lens of social-

ecological systems (SES) This lens acknowledges that society, thus also economic activities are 

embedded in the biosphere. Societies depend on, evolve and shape this biosphere (Folke et al., 

2016). Studies on these complex coupled systems centre on the deep interlinkages of social and 

ecological systems. The SES perspective allows considering and including impacts, feedbacks 

on various spatial and temporal scales. In contrast to the above described TBL the SES concept 

of sustainability views economic activities as an integral part of the interactions between the 

social and the ecological system. This implies that (1) societies depend on ecosystems and (2) 

humans are recognized as drivers in shaping the ecosystem in order to achieve aspects of a good 

quality of life (de Schutter et al., 2019; MEA, 2005). In addition, the SES perspective reinforces 

the ideal of strong sustainability in research. This view considers social and ecological resources 

as complementary, whereby weak sustainability argues that technological solutions can 

substitute ecological resources (Daly, 1997; Stiglitz, 1997). The integration of economic 

activities (such as the modes of production) into the SES perspective leads to the reasoning that 

societies and the ecosystems jointly produce aspects that contribute to a good quality of life. It 

acknowledges that social and ecological processes have co-evolved over a long period of time 

and are thus embedded in a social-ecological context (McGinnis and Ostrom, 2014). In my 

thesis I side with Berkes (2017) and favour the term “social-ecological” over “socio-ecological’ 

to underline that these two subsystems and their internal dynamics are equally relevant in an 

analysis of social-ecological interactions. The term “socio” could be regarded as a mere 
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supplement that is attached to an ecological system (Colding and Barthel, 2019). The concept 

of social–ecological systems is not rigid but research has developed over the years multiple 

frameworks to analyse these relations at various scales and with various focal points (Fischer 

et al., 2015; Scholz, 2011).  

2.3. The concept of territories in Latin academia  
“Territoire” (English: territory) is a central concept in human geography, urban planning and 

regional development in Latin countries, mostly in Italy and France. For example, one of the 

precursors, an Italian economist analysed the textile industry in the Italian city of Prato 

(Becattini et al., 2003). Subsequently the territoire concept was advanced to other 

socioeconomic areas. The French economist Bernard Pecqueur applied it to rural areas 

analysing the valorisation of agricultural products (Pecqueur, 2001). French academia views 

territory as the linkages between space and its cultural and social uses. In this research I align 

with the definition of previous research and define the territory “a space that is socially 

constructed, culturally marketed and institutionally regulated.” (Lopéz and Muchnik, 1997). It 

thus encompasses the material and the non-material dimensions of a spatially defined area (Di 

Méo, 2017). Anglophone research rarely applies the approach. The French term territoire is 

frequently loosely translated with “place” (Del Biaggio, 2015), whereby the literal English 

translation “territory” commonly relates to political demarcation lines (Barreteau et al., 2016). 

However, in the following I use the term “territorial system” emphasizing that this refers in this 

work explicitly to a space constructed by actors and their activities at regional scale (Moine, 

2006). I use the term SES when I refer to these coupled human-ecosystems from a broader 

perspective. 

2.4. Territorial ecology  
Territorial ecology links ecological questions to territorial issues (Buclet, 2021). The emerging 

interdisciplinary field originating in France strives to understand the organisation of human 

activities and the observable interactions with their natural environment (Buclet, 2021). 

Territorial ecology is one of the dynamic fields close to ecological economics designed to 

address social-ecological interactions at regional scale. Territorial ecology deliberately includes 

the social dimension when measuring social-ecological interactions based on material flow 

analysis. Initially this field of research was related with industrial ecology and therefore focused 

on industrial activities (Erkman, 2004). While sharing fundamental communalities with the SES 

approach, the concept territory emphasizes non-material dimensions deriving out of social-

ecological interactions, such as the notion of sense of place and identities. Further the ability of 

local actors to coordinate and control their system is a recurrent research focus (Barreteau et 
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al., 2016). Actors are interacting with the objects within a space and shaping it. By this they 

modify their own social interaction and produce a territorial system with its own cultural 

specificities. The territory is the result of actors’ interaction sharing a common geographical 

space which specificities are the result of such interactions (Buclet, 2021). This dynamic 

creation leads consequently to the situation that multiple territories can exist simultaneously 

(Kebir and Crevoisier, 2004). This means the approach assigns a crucial role to actors, their 

activities and the ways how they conceive their territorial system. The concept of territory can 

focus on certain specific (e.g. economic) activities relevant only for some parts of the population 

and differs in that regard from conventional SES approaches. In order to understand these 

dynamics territorial ecology uses the concept of metabolism to assess and understand flows 

which make up a territory (Buclet and Barles, 2011). In this context metabolism describes an 

exchange of matter between an organism and its environment. In modern societies, this is best 

exemplified by the flow of materials and energy by management, mobilisation, production, 

consumption and disposal of resources. From the early 19th century social sciences (among 

them Karl Marx and Friedrich Engels) occasionally borrowed the concept “metabolism” from 

biology and biochemistry to describe labour processes within societies (Fischer-Kowalski and 

Hüttler, 1998; Foster, 1999). Advancing the idea of metabolism some researchers such as 

Herbert Spencer and Wilhelm Oswald concluded that social process is related to energy surplus 

which allows social differentiation (Fischer-Kowalski and Hüttler, 1998). Other material 

resource dimensions of social-ecological interactions remained largely unnoticed until the 

1960s for social sciences apart from some notable applications in anthropology (e.g. Julian 

Stewart) and social geography (e.g. Lewis Mumford). The early works of the physicist Robert 

Ayres and the economist Allen Kneese in 1969 eventually led to what have become known as 

material flow analysis (Fischer-Kowalski and Hüttler, 1998). This approach measures the flows 

of natural resources (e.g. water, biomass, energy, minerals and metals) within and across 

national states (EC, 2018). Studies focus mostly on national level and although regional 

assessments exist they remain exceptions (Singh and Haas, 2016). In addition they focus on the 

material flows between societies and the natural system, but they focus less on non-material 

flows within societies (Fischer-Kowalski and Haberl, 2007). Territorial ecology builds up on 

the idea of metabolism and the method of material flow analysis. The field advances this 

analysis to the inclusion of non-material flows. It assumes that these material flows come along 

with non-material aspects, such as social relations (Buclet, 2021). Thus, territorial ecology 

contextualises resources in their social-ecological setting. By establishing the clear links 
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between society and resource flows, territorial ecology seeks to analyse how social-ecological 

interactions contribute to good quality of life.  

Inspired by territorial economy, territorial ecology favours the term “resource” over “capital” 

when investigating the flows and stocks in the SES. The notable epistemological difference 

between these two terms explains this insistence. The Cambridge Dictionary defines resources 

as a “a useful or valuable possession or quality of a country, organisation, or person”, while 

capital is defined as “money and possessions, especially a large amount of money used for 

producing more wealth or for starting a new business” (CD, 2021). Both terms follow an 

anthropocentric perspective; yet the definition of capital not only implies monetary 

quantification but also a tendency to accumulate. Research on social-ecological interactions 

frequently applies capital-based approaches, distinguishing between natural, social, human, 

manufactured and financial capitals. While it is easy to quantify material types of capital, social 

capital can rarely be measured. Further this approach does not consider the multiple 

interdependencies between different types of capitals. Some research explicitly distinguishes 

between these two characteristics within their analysis, and use the term resource for objects 

that are presently used and consumed, but the term capital for objects that are stocked for future 

use or consumption (Ostrom, 1999). Following this reasoning, the focus of territorial ecology 

on the flows within the territoire implies present use and consumption patterns of resources. 

However the strong focal point on the social-ecological context of the territoire implies that 

capital (in the meaning of accumulated stocks) is implicitly integrated. It is viewed though as a 

potential resource. Social choice determines how and if a resource is then valued and utilized.  

Territorial ecology serves as the architecture of my research. I focus in chapter III explicitly on 

the social-ecological embeddedness of SES. I advocate considering social-ecological legacies 

as an integral part of the analysis. Chapter IV investigates the role of non-material resources, 

such as perceptions and values for the quality of life. Chapter V explores quantitatively the role 

and composition of non-material and material resources for quality of life. In chapter VI, the 

discussion I link these different findings and discuss their advantages and limitations.  

3. Organisational positioning – The Trajectories project  
My doctoral thesis is part of the Trajectories project, funded by national programme for 

university excellence (ANR-IDEX) of University Grenoble Alpes. The Trajectories cross 

disciplinary project (CDP) assembled over the duration of three years (2017-2020) over 100 

researchers from social and natural sciences. As the name Trajectories already implies the aim 

of the project was to explore and understand social-ecological interactions at various time scales 
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in mountain areas. The approach of territorial ecology to perceive these mountain areas as 

territorial systems featuring unique characteristics allowed to further integrate the social 

dimension into social-ecological research. Three research areas with pre-existing social-

ecological research on global change impacts and temporal dynamics were selected, the Arve 

valley, the Maurienne valley and the Meije region.  

During my thesis I was part of a self-organised group of around 15 PhD students and 

postdoctoral researchers that aimed to apply the principles of interdisciplinary and 

transdisciplinary methods in the Maurienne valley and the Meije region. The first case study 

was based on an interdisciplinary approach. We reconstructed the social-ecological trajectory 

of the Meije region (that is composed of two municipalities) from 1800-2050. We 

communicated the results with a poster presentation at the international mountain conference 

in August 2019 in Innsbruck/Austria. The second case study focused on transdisciplinarity and 

took place in Villarodin-Bouget, a municipality in the Maurienne valley. During one week we 

elicited with local stakeholders their most relevant questions about climatic change impacts at 

local scale. Following the reasoning of transdisciplinarity we opted for an unconventional way 

of formalising our results. An external team of film students filmed the scientific process and 

condensed it to a 24-minute documentary. In collaboration with the municipality we organised 

a public screening. Currently (May 2021) some members of the group plan to summarize the 

findings of our three-year collaboration as a hands-on-practice article in a scientific journal in 

2021.  

My doctoral thesis contributes in various ways to the overarching objective of the Trajectories 

project. By the conceptual integration of legacies in a social-ecological systems framework, I 

highlighted the relevance of temporal scales in these interactions (see chapter III). More 

broadly, I translated the term ‘trajectories’ into an analytical component for further reflections. 

I further anchored the social dimension in social-ecological research, a discipline frequently 

underrepresented in interdisciplinary research (see chapter IV). From a broader perspective, my 

research project also highlighted the challenges in communication, because the terminologies 

across disciplines can greatly vary or sometimes don’t even exist. I present in chapter VI, 

section 5 a certainly not exhaustive overview of these still existing communication barriers. 
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4. Conceptual foundations of the thesis   

4.1 From ecosystem services to the co-production of nature’s contributions to 

people  
The good quality of life of society depends intrinsically on ecosystems. In the last decades, 

sustainability research has started to formalise and structure these different types of flows by 

various concepts and evolving recognition of societies’ active role in these interactions. This 

section briefly outlines and describes the conceptual journey from the beginning of ecosystem 

service research to the current state of the art – the IPBES framework.   

4.1.1. The historical background 

The ecosystem service (ES) concept provides the foundation to conceptualise material and non-

material flows to and from ecosystems that contribute to a good quality of life. In the broadest 

possible manner, these flows are different benefits (such as clean air, food, safety) that people 

obtain from ecosystems with varying inputs such as labour, technology or infrastructure (MEA 

2005; Palomo et al. 2016). Research dates the idea that ecosystems contribute to a good quality 

of life up to the accounts of Plato describing the impacts of deforestation on soil erosion. But 

the term and its conceptual implication was only coined in the 1980s by Ehrlich and Ehrlich 

(Ehrlich and Ehrlich, 1981; Gómez-Baggethun et al., 2010). From the beginning research 

framed ecosystem services as a strong communication and policy tool. Initially the field of 

conservation biology aimed to raise public awareness about ecosystem degradation (Ehrlich 

and Ehrlich 1981; Braat and de Groot 2012). Subsequently ecological economics adopted the 

idea in the 1990s. Some researchers attempted to internalise externalities (broadly defined as 

the uncompensated environmental costs of trade mechanisms) into the conventional market 

system. For that, they consequently adapted the ecosystem service concept to integrate 

ecological benefits to society (Gómez-Baggethun et al. 2010). Following the publication of the 

seminal Millennium Ecosystem Assessment (MEA) the concept gained a wider political 

audience in 2005 (MEA, 2005). However, the wide uptake in multiple disciplines and by 

different publics led some research to dilute the initial concept and its philosophical and 

theoretical implications to a more broadly formulated approach. The MEA affirmed the role of 

ecosystems for various constituents that contribute to a good quality of life (MEA, 2005). The 

MEA had an important role in communicating and mainstreaming social-ecological approaches 

(Folke et al., 2016). In 2010 the economics of ecosystem and biodiversity project, commonly 

known as TEEB specifically aimed to include public and private decision makers in their 

audience (TEEB, 2010). The explicit monetary valuation of benefits derived from ecosystems 

prompted mixed feelings in the research community. Some cherished the fact that the universal 
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valuation showed the true costs of ecosystem services in conventional economics, others 

rejected the concept due to methodological and ethical considerations (Kallis et al., 2013; 

Spash, 2008) (see chapter I, section 4.2. on valuation systems). The Intergovernmental Platform 

on Biodiversity and Ecosystem Services (IPBES) built on the MEA framework and published 

an evolved concept in 2015 (Díaz et al., 2018). This widely circulated and hotly debated article 

called for the redefinition of ecosystem services as “nature’s contributions to people (NCP)”. 

These are “all contributions, beneficial or harmful, that individuals, communities, societies, 

nations or humanity as a whole derive from nature” (Díaz et al., 2018). This characterization 

encompasses a variety of material (e.g. food), regulating (e.g. water provision) and non-material 

(e.g. identities) aspects that different people value differently. In particular it emphasizes the 

profoundly context-dependent character of these flows between people and ecosystems (Díaz 

et al., 2018). This re-specification fortifies inter- and possible transdisciplinary approaches by 

accommodating varying stakeholder interests and world views on ecosystems and its associated 

benefits (Díaz et al., 2018).  

4.1.2. The power of conceptual frameworks 

Research on social-ecological interactions frequently relies on graphic conceptual frameworks. 

These serve as visual communication supports within and across science and society. 

Researchers need to communicate results in a transparent and intuitively easy to understand 

manner. Conceptual frameworks summarize in words or pictures social-ecological interactions 

and their changes over time (Potschin-Young et al., 2018). They provide the basic vocabulary 

of terms and concepts which facilitates the development of causal explanations of a theory 

(McGinnis and Ostrom, 2014). They support the understanding or even operationalizing of 

complex real-world phenomena by simplification and provide a checklist for supposedly 

relevant variables (Meyfroidt et al., 2018; Schlager, 2019). From an analytical perspective, 

frameworks provide a meta-language that is useful to compare theories (McGinnis/Ostrom, 

2014). All these facts together mean that prominent frameworks can become important factors 

for the shaping of research agendas (Carney et al., 2003).  
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Figure 1: The graphic comparison between the ecosystem service and the nature’s 

contributions to people framework highlights the evolution of humans as passive beneficiaries 

to active co-producers and the integration of spatial and temporal scales (Díaz et al., 2015a; 

MEA, 2005). Yellow arrows indicate the conceptual shifts from individual well-being to quality 

of life for all people, 2. independent flows to human interference and 3. static flows to circular 

flows  

The conceptual shift from ecosystem services to NCP is striking when comparing the MEA 

framework (2005) with the IPBES framework (Díaz et al., 2015b; MEA, 2005) (Figure 1). 

Without going into detail, I highlight in particular three major developments that reflect the 

changes in current interdisciplinary research on interactions between societies and ecosystems. 

First, the conceptual shift from “well-being” to “good quality of life” is surprisingly little 

discussed in the current scientific literature within and outside research on NCP (see Figure 1, 

arrow 1). The human dimension in the MEA and the IPBES frameworks strongly builds on 

preceding theoretical concepts from development economics (Max-Neef et al., 1989; Sen, 

2000). They focus on the actual outcomes of NCP to a variety of people. However, the MEA 

limits the definition of well-being to individual humans. The IPBES definition advances the 

definition of “good quality of life” to an ecological (“living in harmony with nature”) and a 

metaphysical (“living well in balance and harmony with mother earth”) dimension (Díaz et al., 

2015b; MEA, 2005). The extension to these two dimensions can be considered as an attempt to 

reinforce more pluralistic values in scientific research. Further, by the notion of relational 

values, that explicit account for value construction within society the IPBES concept integrates 

more thoroughly the collective dimension of well-being (Chan et al., 2018). The well-being 

definition of the MEA appears to be quite complete, covering all areas of individual human 
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needs and wants, but the conceptual shift to “good quality of life” implies the recognition that 

NCP cannot be solely constructed at individual level but encompass social structures. Second, 

the IPBES framework acknowledges the crucial role of human action in generating benefits 

from ecosystems to people. The uni-directional concept where ecosystem services flow without 

explicit human interference from ecosystems to society (Haines-Young and Potschin, 2010; 

MEA, 2005) changed to a circular concept underlining the interconnectedness and 

interrelatedness of societies and ecosystems (Díaz et al., 2015b) (see Figure 1, arrow 2). This 

human agency implies a number of material and non-material components such as institutions 

and infrastructure (Díaz et al., 2015a). Some researchers have criticized that the framework has 

failed to sufficiently incorporate the natural, non-living components in their framework 

(Pandeya et al., 2016). Third, in contrast to the MEA the IPBES framework integrates an 

implicit temporal dimension. Thus, it at least theoretically acknowledges the possible impacts 

of feedback loops and legacies in SES (Turner et al., 2020). Nevertheless, the temporal 

dimension in the framework does not explicitly permit to account for the accumulation of 

different material or non-material resources that are major constituents of the context territorial 

systems are embedded in.  

This very brief comparison of two major concepts in social-ecological research depicts the 

intellectual and practical efforts of interdisciplinary science to create a common thought system 

that permits to reflect on social-ecological interactions. Some promising novel approaches such 

as the co-production approach which I detail below, indicate that this radical 

reconceptualization has already prompted some shifts in empirical research. However, only the 

results of ongoing future and ongoing research will be able to compare and assess the results 

and draw conclusions from this shift.  

4.1.3. NCP co-production 

Although the MEA framework acknowledged the active human role in the generation of 

ecosystem services, the IPBES framework emphasized explicitly that societies create NCP in 

interaction with ecosystems (Díaz et al., 2018; MEA, 2005; Palomo et al., 2016). Various 

articles published almost in parallel pointed out the need to further investigate the active role 

of societies in generating NCP. Notable examples are Spangenberg et al. (2014) who underlined 

the role of human agency for ecosystem service production and Ernstson (2013) who advocated 

to integrate the social dimension in value creation. Prior to the adoption of the term “co-

production” in NCP research “co-production” was used to describe the sector of public 

administration (Ostrom, 1996), the social context of science (Latour, 1990) and the role of 
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transdisciplinary knowledge creation in sustainability science (Miller and Wyborn, 2020). In 

ecosystem service research “co-production” has been gaining a wider audience with the 

publication by Lele et al (2013). The article specifically underlined that human labour along 

with other human-created assets and the general socio-technical context are primordial for the 

analysis of ecosystem services. Following this path, Palomo et al. (2016) further systemized 

this approach by estimating varying degrees of human intervention in ecosystems. The current 

literature broadly considers co-production as the mobilization of ecosystems by human assets 

such as infrastructure, labour, technology and knowledge at various spatial and temporal scales 

(Bruley et al., 2021; Fedele et al., 2017; Outeiro et al., 2017). Society’s co-producing role has 

become current scientific consensus though no systematic, structured analysis of these 

contributions has been undertaken yet (Berbés-Blázquez et al., 2016; Fischer and Eastwood, 

2016; Outeiro et al., 2017; Plieninger et al., 2015a).  

The concept of NCP co-production corresponds well to underlying larger currents of ecological 

economics, such as Odum’s energy flow approach. NCP require some investment of energy, be 

it labour or capital (Braat and de Groot, 2012; Crawley and Odum, 1984). More specifically it 

strongly aligns with and supports a better understanding of SES (Berkes et al., 2000; McGinnis 

and Ostrom, 2014). The integration of labour and capital in also bridges the gap of natural 

sciences to environmental justice and distributional equity issues (Lele et al., 2013). It allows 

society more agency but at the same time assigns more responsibility to act in light of the 

growing population in a world with finite resources (Spangenberg et al., 2014). The 

differentiation between producers and beneficiaries of NCP presented a milestone in ecosystem 

service science. It allowed explicitly focusing on mismatches in governance, management and 

benefits between stakeholders. In a next step, research further refined the roles of stakeholders 

along the main steps of co-production based on the cascade framework (Fedele et al., 2017; 

Haines-Young and Potschin, 2010).The cascade framework, published in 2010, thus prior to 

the IPBES framework initially aimed to render the role of ecological functionings to human 

well-being more understandable and to disaggregate the links of biodiversity to ecosystem 

services (Haines-Young and Potschin, 2010). The cascade framework structures the 

interactions of ecosystems and society into four interlinked mechanisms of action. The initial 

cascade framework indicated that biophysical processes and their consequences for society 

don’t exist in isolation from humans but didn’t specify human material and non-material assets 

on these steps (Haines-Young and Potschin, 2010).    
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Figure 2: The advanced cascade framework by Fedele et al. (2017), based on Haines-Young 

and Potschin (2010) 

Conceptual refinements of the framework enabled accounting explicitly for human agency in 

the co-production of NCP and led to  account for feedbacks from society to ecosystems through 

management and decisions (Fedele et al., 2017). The steps differentiates not only between the 

physical or theoretical steps of co-production, moreover it assigns the different steps to different 

various stakeholders (Fedele et al., 2017; Vallet et al., 2019) (Figure 2). Basically these four 

steps structure the ways in which society engages with ecosystems to derive various benefits. 

The first step manages the ecosystem (e.g. by fertilising fields, ploughing or seeding), the 

second step mobilises these flows (e.g. harvesting) and the third steps translates these 

mobilisation to a function that is meaningful to fulfil the need of a respective society (e.g. food). 

The fourth step accommodates different ways of valuation and appreciation either by monetary 

or non-monetary means (chapter I, section 4.2. provides more information on valuation 

systems). Fedele et al. (2017) adopted the cascade framework and integrated specific human 

functions and conditions, such as values, assets, rules and space on the four mechanisms. 

Revisiting the cascade framework and associated studies more than a decade later, Potschin-

Young et al. (2018) suggested that the framework lays out how values and benefits determine 

people’s interaction with ecosystems. It does not deny that in particular the transition from 

benefits to values is a very complex process because this appreciation deeply depends on social-

ecological context (Braat and de Groot, 2012). Thus, while the human role in NCP production 

constitutes an undeniable part of the interdisciplinary research agenda, the question of how and 

which value to put on ecosystems has remained a scientific battlefield with conflicting types of 
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valuation systems existing at the same time (Farber et al., 2002; Gomez-Baggethun and Martin-

Lopez, 2015).  

4.2 The values of ecosystems   
Values and associated value systems are central to current discourses about social-ecological 

interactions. In line with the conceptual advancements described above, conceptualisations of 

nature’s values have evolved from initially utilitarian to more holistic approaches. This section 

briefly summarizes the major developments and their possible implications for future research.  

4.2.1. Valuation systems in ecological economics 

The valuation of NCP constitutes one of the main fields in ecological economics (Pirgmaier, 

2021). I base my definition on previous analysis of valuation languages and define valuation as 

the fact of assessing, appraising or measuring value or importance (Gomez-Baggethun and 

Martin-Lopez, 2015). Ecosystem valuation broadly distinguishes between systems based on 

exchange value and those based on use value (Pirgmaier, 2021; Schumpeter, 1954). Exchange 

value is defined as the “ratio between any two commodities or services”(Pirgmaier, 2021; 

Schumpeter, 1954) It remains the centre of classical economic analysis. Usually money 

constitutes the universally accepted unit of exchange. Use value on the other side means the 

features of an object that satisfies human needs or requirements. Those can be highly subjective, 

context-dependent and change over time (e.g. social norms, historical background, cultural 

customs or individual tastes) (Pirgmaier, 2021). NCP valuation therefore depends on the kind 

of value system (exchange or use). It also implies that same NCP can have different types of 

values for different people.  

4.2.2. Valuation systems in ecosystem sciences 

Two major research paths in valuation systems have evolved in ecosystem valuation since the 

1990s. One research path advocates the application of ecosystem valuation based on the 

exchange value. This approach condenses the diversity of ecosystem service values into one, 

market-based (economic) value. In practice, this means the mainstreaming of ecosystem 

services into market-based systems (such as payment for ecosystem services schemes, 

www.teebweb.com). The article by Costanza et al. (1997) perhaps best exemplified this 

systematic application of the exchange value in ecosystem valuation. This study measured the 

total economic value of the global natural capital. It can be considered as one of the classic 

examples of the efforts to internalise ecosystems into conventional economic thinking (Braat 

and de Groot 2012; Costanza et al. 2017). The view on ecosystems from an instrumental angle, 

thus considering only aspects of ecosystems that are valuable to people was criticised as the 

commodification of nature. It raised a number of concerns of the potential detrimental effects 

http://www.teebweb.com/
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such as the replacement of ecological resources by social resources or the reinforcement of 

social inequalities (Gómez-Baggethun et al., 2010; Kallis et al., 2013; Kosoy and Corbera, 

2010). The second research path favours the use over the exchange value and integrates social 

or cultural values in the concept (Braat and de Groot 2012). It implicitly encompasses the 

assumption that exclusively economic values lack the explanatory power to decipher the 

complex, subjective notions of a good quality of life. This approach was in particular 

exemplified by the publication of the MEA framework, which underlined the multiple 

dimensions of well-being despite economic considerations (MEA 2005) (see chapter 1, section 

4.1.1). The evolved IPBES framework then again reaffirmed by its holistic approach the 

diversity of values and viewpoints of individuals and societies (Díaz et al., 2015a). 

4.2.3. Valuation systems in nature’s contributions to people (NCP) 

The NCP approach democratizes the diversity of values and emphasizes in particular their 

multiple, sometimes conflicting, frequently overlapping and non-commensurable character 

(Gomez-Baggethun and Martin-Lopez, 2015; Pascual et al., 2017a). The IPBES framework 

allows to consider besides instrumental values (ecosystem provide benefits that are of value to 

a person) and intrinsic values (values that are inherent of the ecosystem) a third dimension - 

relational values (Chan et al., 2016). These are the results of social processes and social-

ecological interactions (Pascual et al., 2017a; Schröter et al., 2020). Relational values subsume 

the entirety of social, cultural, social-cultural aspects that derive out of social-ecological 

interactions (Gomez-Baggethun and Martin-Lopez, 2015). What unites them is their 

subjectivity, their non-materiality and their strong dependence on the spatial, temporal and 

social context (Chan et al., 2018). In particular the recognition of the social embeddedness 

stands in stark contrast to the conception of neoclassical economics seeing humans as self-

interested individuals who base their values on rational choice (Vatn, 2005). Broadly, relational 

values describe the sum of collective values derived from interactions within SES (Muraca, 

2011; Riechers et al., 2020). It is relevant to add that those relationships go beyond the mere 

physical needs (such as food) to an end (pleasure of working in a garden) (Chan et al., 2018; 

Schröter et al., 2020). The focus of the IPBES framework on values that are not necessarily 

scientifically pre-determined requires a profound analysis of value construction of societies in 

social-ecological interactions.   
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The overlaps between the heated debates over ecosystem valuation with the ongoing 

discussions over new metrics to measure the good quality of life in development economics 

(Stiglitz et al., 2018) highlights dependence of societies on ecosystems. Apart from the zeitgeist 

and the urgency of action in view of earth system degradation, these two discourses share the 

same views on the multidimensionality of a good quality of life. Both agree that satisfactions 

of needs, the experience of freedom, health, personal security, good social relations and healthy 

natural environment are integral parts of a good quality of life (Alkire, 2008; Díaz et al., 2015a; 

Sen, 2000). However, understanding how societies collectively define and achieve socially 

valued outcomes in their territorial systems and at global scale remains a challenge across 

science, society and policymaking and can best be advanced by interdisciplinary approaches 

(Raworth, 2017).  

4.3. The capability approach (CA) for studying social-ecological interactions   
The capability approach (CA) is a value-based approach that measures the good quality of life 

based on the freedom to choose what people consider as meaningful. Contextual factors, such 

as social background, but also personal conditions affect these capabilities. In order to be 

consistent with the premise of this work that sees humans as social beings, I extend the 

definition of freedom to a collective centered notion and discuss the CA from the viewpoint of 

collective capability. This provides the analytical support to comprehend the non-material 

dimensions of social-ecological interactions. I advance that the original CA who has the 

individual as a normative basis does not form part of this study and is therefore only briefly 

outlined (Ballet et al., 2018; Evans, 2002; Sen, 2000). 

4.3.1 The capability approach  

The capability approach (CA) developed by the economist thinker and philosopher Amartya 

Sen in the 1980s reshaped how science and politics consider and measure the multiple 

dimensions of ‘a good quality of life” (Sen, 2000). Good quality of life, rephrased in a much 

subtler notion as the “freedom to choose” forms the focus of his analysis. Inspired by Isaiah 

Berlin (Berlin, 1969) and his seminal work on freedom, Amartya Sen considers that the degree 

of freedom is expressed as a capability that “reflects a person’s ability to choose between 

different ways of living” (Sen, 2003). Thus, the capability set reflects the sum of potentials 

(possibilities and opportunities) of individuals to choose to achieve what they consider as 

meaningful (Forsyth, 2015; Sen, 2000). This is in contrast with former economic theories that 

were based on instrumental approaches to well-being. They assumed that good quality of life 

can achieved by an increase of happiness frequently quantified by economic measures 

(Robeyns, 2006; Sen, 2000). However, these approaches might not be able to capture the other 
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aspects people consider as meaningful (see chapter I, section 4.2.3.). Thus, freedom in this 

aspect means the capability to choose between different options that people value.  

4.3.2 A modest attempt to define freedom or what is a good quality of life?  

What lies behind these seven letters that compose this ideal called “freedom”? Without even 

attempting to dive into the multiple definitions this term has entailed for humanity since its 

earliest days, I very briefly introduce two starkly different conceptions of freedom. This 

juxtaposing allows integrating the idea of freedom into my research that is based on the premise 

that humans are social beings. Modern, liberal interpretations, emphasize freedom as doing 

what one wishes to do as long as it doesn’t limit the freedom of another person. Regulations 

and laws mostly accomplish this type of freedom. This conception of freedom is firmly 

anchored in the “Declaration of the Rights of Man and of the Citizen” of the French revolution, 

one of the foundational documents for modern understanding of democracy. Article IV states: 

“Liberty consists of doing anything which does not harm others: thus, the exercise of the natural 

rights of each man has only those borders which assure other members of the society the fruition 

of these same rights. These borders can be determined only by the law” (France: Declaration of 

the Right of Man and the Citizen, 1789). This thus implies an underlying image of humanity as 

naturally evil in the sense of Thomas Hobbes (Hobbes, 1996). The opposing pole is the 

assumption that humans are naturally good and social beings who can organise themselves in 

the sense of Jean-Jacques Rousseau (Rousseau, 2009). This position consequently leads to a 

very different definition of freedom. The contemporary Italian philosopher Roberto Esposito, 

who is interested, among a multitude of other themes, in communities and how they evolve, 

emphasizes the collective level of freedom. He argues that the first meaning of freedom, before 

the modern one, was radically different. He defines freedom as “a power of connection, of 

aggregation, of pooling: even if it is more in the sense of belonging to a common root that grows 

and develops according to its internal law”(Esposito et al., 2019). Thus, while the former 

conception states “freedom in spite of the others”, Esposito argues “freedom because of the 

others”(Buclet, 2021; Schröter et al., 2020). Thus, from a philosophical perspective, the 

construction of relational values in NCP co-production (see chapter I, section 4.2.3.) could be 

therefore regarded as the achieved freedoms of people, which translates to a “a good quality of 

life”. Based on this definition, social interaction is indispensable for the achievement of 

freedom.  
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4.3.3. Collective capabilities in NCP co-production  

The term ‘collective capabilities’ was first used by Peter Evans (Evans 2002; Rauschmayer et 

al. 2018) and extensively further developed by Ibrahim (2006). I broadly define collective 

capabilities in this study as “capabilities that can only be achieved socially … as a result of 

social interaction” (Comim and Carey, 2001). (Buclet, 2021) building on the collective 

character of freedom argues that collective action can help to empower members in a society to 

decide and shape activities according to their own objectives. Other research on the capability 

approach already stated this collective character of freedom by implicitly arguing that the 

adherence to a group that shares the same goals and interests represent an achievement in itself 

(Evans, 2002). These can be generated by social structures, place or territory and collective 

action (Dissart, 2012). Collective capabilities are the result of the voluntary involvement of 

people in a collective process (Buclet, 2021; Pelenc et al., 2015). They are not simply the sum 

(or average) of individual capabilities, but rather new capabilities that the individual alone 

would neither have nor be able to achieve without a collective structure (Ballet et al., 2007; 

Ibrahim, 2006). However, the overview Rosignoli (2019) provides over the variety of other 

versions such as group capabilities (Stewart 2013), relational capabilities (Giraud et al. 2013), 

external capabilities (Foster and Handy 2008) and joint capabilities (Hall 2017) reflects the 

ongoing discourse on finding valid characteristics of collective capabilities.   

 

Figure 3: Simplified representation of the dynamic interaction between NCP-co production and 

collective capabilities  

The integration of relational values emphasizes the role of these collective structures in 

achieving the freedom people aim to achieve in NCP co-production (Buclet, 2021; Schröter et 

al., 2020). Collective structures and common action are crucial for collective capabilities 

(Buclet, 2021). They generate in dynamic interaction collective capabilities (see Figure 3). The 

achievements what collective structures consider as valuable govern then the modes of NCP 

co-production. The coupling of collective capabilities and the associated collective character of 
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freedom with NCP co-production might fill out the knowledge gaps related to the dynamic 

interactions between institutions, value systems and ecosystems (Mastrángelo et al., 2019). It 

could offer an explanation why people act as they act.  

However, systematic approaches that explore the interlinkages between collective capabilities 

and ecosystem service research have remained scarce (Ballet et al., 2018; Griewald and 

Rauschmayer, 2014; Pelenc et al., 2015; Polishchuk and Rauschmayer, 2012). This might be 

explained by the fact that the initial CA approach does not explicitly consider society-

ecosystems interactions in their analysis, but it rather merges them with other external factors 

vaguely termed “environmental” (Sen, 2000). This might be owed to sociological conventions 

and humanities in general that social factors can only be explained by other social facts (Fischer-

Kowalski and Erb 2016). Additionally, initial ecosystem service assessments considered 

ecosystem services as neutral entities and considered society only as rational individuals 

(Costanza et al., 1997; Vatn, 2005). Lastly, only by redefining freedom, one is able to 

conceptually transfer the individual based CA with the underlying principle of social justice to 

a collective dimension, which operates on the premise of solidarity.  

This value pluralism necessitates a strong interdisciplinary approach. Initial scientific analysis 

in ecosystem services focused on a limited number of values, however diversifying these values 

can identify a larger number of leverages and pathways (Lele et al., 2013). This broader 

approach implies a methodological pluralism (Gomez-Baggethun and Martin-Lopez, 2015). 

For that, in my doctoral research I integrated quantitative and qualitative mixed methods. Those 

can render these multiple aspects of values visible. The deliberate integration of non-material 

aspects to a good quality of life in scientific analysis might eventually contribute to a 

democratization of these different, non-monetary value systems (Chan et al., 2018).  
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4.4. Scientific objects   
This dissertation work aims to contribute to a better understanding of the effectiveness of further 

embedding NCP co-production within its social-ecological context by bringing a greater focus on the 

role of societies at territorial scale. Based on territorial ecology, my interest lies in particular in the non-

material aspects of these social-ecological interactions that contribute to a good quality of life. 

Consequently, the overall research question that this work aims to answer is the following:    

What are the material and non-material flows that contribute to a good quality of life in a social-

ecological system at territorial scale? 

In order to answer this, I analyse major components of a territorial system with the following questions: 

a) What is the role of social-ecological legacies of regional systems for NCP co-production?   

b) What is the role of collective capabilities in NCP co-production?  

c.) What is the interplay of social-ecological resources for NCP co-production in a heterogeneous 

territory? 
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Chapter II – Social-ecological systems in the European 

Alps 

 

Maurienne valley (credits: l’Atelier S.Madelon/SDB) 
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In this chapter, I briefly describe my study area. First, I describe the general context of the 

European Alps and particularly highlight the most relevant instruments through which society 

aims to protect the multiple values of these European landscapes. I then introduce and describe 

the relevance of cheese production for identity-related dimensions in France and underpinning 

cooperative structures in the French Alpine region. A brief illustration of the French cow cheese 

Beaufort that forms the study object of my thesis follows. I conclude with a description of the 

Maurienne valley, that forms part of the Beaufort production area.  
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1. The European Alps  

1.1. The area 
The European Alps are considered as a geographic area with an important cultural heritage 

influencing co-evolution between societies and ecosystems over a long period. Along with other 

mountain regions they contribute in various ways to the good quality of life of local and global 

societies (Martín-López et al., 2019) The Alps are Europe’s second largest biodiversity 

reservoir with over 30,000 animal species and 13,000 plant species (representing over over 20% 

of Europe’s plant species (EEA, 2010; Väre et al., 2003). They are considered as water towers 

providing freshwater to a wide range of ecosystems, societies and associated socioeconomic 

activities (EEA, 2010). Land cover and associated land use comprise largely cultural landscapes 

that reflect a series of complex and interacting factors over the timescales of both geological 

and social-ecological history (EEA, 2010). The Alps heterogeneous landscapes spread over 

190,700 km² on eight countries and are characterized by extensive lowlands, deep valley and 

high elevations peaking at 4800 m (Gobiet et al., 2014).  

 

Figure 1: Overview of the Alpine Convention area. The map shows the position of the Alpine 

convention area extending 190,700 km² on eight countries in Europe 

1.2. The people 
The Alpine Convention area hosts 14. 2 million people (74.6 inhabitants/km²) in over 5,700 

municipalities in an overall rural setting (Elmi, 2018)). Settlements are found in the most 

accessible areas, notable the valleys, while more remote areas experience depopulation (Elmi, 

2018). Along with the general European aging trend the Alpine area’s population has a share 

of 19.5% of residents over 65 years. However, there are large differences between the different 

countries that largely align with the national average age. For example, in the French Alps, 

where my study area is found, 16.9% of residents are over 65 years, which corresponds well to 
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the national average (17%) (Permanent Secretariat of the Alpine Convention, 2015). In line 

with the economic structures of industrialized countries, the service sector (includes tourism) 

presents the largest income generating sector with a share ranging from below 50% to 75% of 

total labour force. The secondary sector linked to industry still represented 36% of jobs in the 

early 2000 but is- again corresponding to the general European trend- decreasing (Price et al., 

2012). Despite the relative low direct share of agriculture on total work force (2-3%), 

agriculture is crucial for the maintenance of landscapes and identities and in economic terms 

closely linked to tourism and forestry (Elmi, 2018). Further many people pursue agriculture as 

a second income generating activity (Schermer et al., 2016; Tappeiner et al., 2008). In contrast 

to urban areas, these economic activities are frequently closely tied to and intrinsically depend 

on the surrounding ecosystems.  

Local and global societies’ values for the European Alps vary widely and underline the 

multifunctionality of the region. Instrumental values are frequently tied to agricultural 

production, wood fuel and timber, water quality and risks of regulations; intrinsic values are 

related to endemic species and overall biodiversity, relational values can encompass the 

appreciation of landscape appearance, sense of place or other attachments (Bruley et al., 2021; 

Klein et al., 2019; Lavorel et al., 2019; Martín-López et al., 2019).  

1.3. Agriculture 
Alpine farming shares a number of communalities with other mountain farming system, such 

as biophysical constraints, lower production levels and extensive farming practices (FAO, 2013). 

European Alpine farming systems features several distinctive characteristics that render 

comparisons at global scale challenging. The region is embedded in a number of highly 

developed and (post)industrialised countries with agriculture playing a minor role in 

conventional economic terms and hosts a mostly urbanized population (Flury et al., 2013). 

Additionally, changing lifestyle patterns coupled with urbanisation led to a reduction of the 

production factors of labour and land. As noted above, Alpine agriculture depends on subsidies 

that aim to combat the ongoing trend of decreasing farms. Further, agricultural production 

mainly focusses on high-value added, premium products, such as quality labelled dairy products 

and to a lesser extent on food security (Flury et al., 2013; Santini et al., 2013). Lastly, as 

exemplified above, agriculture takes place in a highly institutionalized setting effective at 

various scales and is considered as an integral part of the European cultural heritage (Egarter 

Vigl et al., 2016). Agricultural practices have been influenced by market pressures and 
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economic policies, however climate change can become another crucial factor governing the 

future dynamics in agricultural systems (Lavorel et al., 2019).   

1.4. The institutions 
At institutional level various treaties, conventions and policies with varying objectives 

administer these multiple values. The following, certainly not exhaustive listing shall exemplify 

the relevance society allocates to the multiple values of this region. The more than 1,000 

protected areas aim to preserve these landscapes and the associated biological biodiversity and 

encompass 28% of the Alpine convention area (Elmi, 2018). At global level, notable 

recognition of the value of the European Alps include 14 listings as World Heritage 

Sites(UNESCO, 2020a) and a number of biosphere reserves (UNESCO, 2020b), and sites 

designated under the Ramsar Convention on Wetlands (Ramsar, 2020). At European Union 

(EU)-policy level values deriving from social-ecological interactions such as high biodiversity 

and landscapes are recognised through the Natura 2000 sites which cover 19.7% of the total 

Alpine area (EEA, 2010). At macro-regional scale, the Alpine Convention was signed by the 

eight Alpine states (Austria, France, Germany, Italy, Liechtenstein, Switzerland, Slovenia and 

Monaco) and the European Community, and in 1991 and is the legally binding regional 

agreement and was preceded by the International Commission for the Protection of Alpine 

Regions from 1952 (EEA, 2010). Its overall aim encompasses the protection of the fragile 

ecosystems but it also explicitly names the maintenance of associated cultural identities in its 

protocol for mountain farming(AC, 2006). The environmental non-governmental organisation 

(NGO) CIPRA unites more than 100 national and local associations to foster awareness of these 

crucial social-ecological systems (CIPRA, 2020). In addition, states within the Alpine region 

host in total 13 national parks and a number of regional parks with varying environmental 

protections. At territorial level, there is a number of collective structures with varying objectives 

and foci such as pastoral land associations, agricultural cooperatives, and agricultural 

development. At municipal level the “Alliance in the Alps”, an association of over 300 member 

municipalities and communities implements some of these targets (Alliance in the Alps, 2020). 

Regarding agriculture, the European Alpine area comprises of over 20% of High Nature Value 

(HNV) area of utilized agricultural area (Oppermann et al., 2012). The EU and its member 

states support and maintain in particular through Rural Development Programmes (EEA, 2010). 

These farming systems are characterized by mainly extensive practices, Alpine meadows and 

pastures, smaller than the national average farm sizes (Santini et al., 2013). The EU Common 

Agricultural Policy (CAP) and notably its second pillar, the Rural Development Policy, 
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formalised by the directive on mountain and hill-farming (Directive 75/268 OJ No L128) has 

been an indispensable support for the maintenance of Alpine agriculture since 1975.  

1.5. Challenges of Alpine agriculture  
The Alpine area and in particular agriculture faces in line with other mountain system a number 

of challenges in the next decades, with rural abandonment, land use and climate as major drivers 

(Martín-López et al., 2019). In terms of landscape, physical space constraints have resulted in 

intensive land use in the bottom of the valleys, while less accessible parts face land 

abandonment. In addition, the number of agricultural holdings in the Alpine region has almost 

halved from 1980 to 2010, with probably less than 260,00 farms left today (Elmi, 2018). 

Frequently cited reasons for the decline of Alpine farming are individual preferences for other 

income generating activities; at a general level, the increasing densification of economic 

activities; at institutional level the impact of varying policies and subsidy schemes, spatial 

planning and municipal budgets; and in economic terms soaring land costs and land (EEA, 

2010; Elmi, 2018). The multiple, partly interrelated major activities such as tourism, agriculture 

and industry coupled with a relatively high population density and exacerbated by the risk of 

natural hazards frequently result in conflicts over land use in the valleys (EEA, 2010). On the 

other hand, less accessible areas experience depopulation and associated land abandonment 

ultimately leading to the closing of aesthetically highly appreciated pastureland. In addition 

current climate change scenarios predict that the Alpine region will be considerable affected by 

rising temperatures, greater variability in precipitation, and temperatures and associated 

impacts like floods, droughts, snow cover and other natural hazards (Gobiet et al., 2014). 

Temperatures in the Alps have increased by 2ºC since the end of the 19th century, since the 

annual mean decadal temperature records a augmentation of 0.5ºC (Gobiet et al., 2014). This 

will have impacts on biodiversity, the fundamental base for NCP co-production (Lavorel et al., 

2019) . On the other hand, mountain regions have been known for their large adaptive capacities 

when encountering new challenges, for example the marketing of agricultural products by 

geographical indications (GI) has proved to be an effective response to combat land 

abandonment in the 1960s in various French regions (Lamarque and Lambin, 2015; Lavorel et 

al., 2019).  
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2. Cheese production in France  

2.1. Importance of cheese production for identities 
In France, cheese is an iconic product with many small differences, such as the use of local 

livestock breeds, local fodder, the adherence to non pasteurised transformation techniques 

which have evolved frequently by collective structures in social-ecological interactions over a 

long time (Ricard, 2015). Research on local French cheese products frequently underlines the 

identity related dimensions of these production systems (Bérard et al., 2008; Delfosse, 2007). 

In a very anecdotal way, the importance of cheese for local identities is exemplified by the brief 

and shallow comparison of the Wikipedia entry for the word “cheese” in the English and French 

version. The English entry has a total word quantity of around 6,200, whereby the French entry 

hosts more than double, with 15,000 words (Cheese, 2021; Fromage, 2021). However, it is also 

necessary to point out that GIs in general can play a crucial role for identities and maintain or 

revive local agricultural systems all over the world (Delfosse, 2012; Gervais, 2015; Pachoud et 

al., 2020).  

2.2. Quality labels 
Local French cheese production systems are - in contrast to other more quantity oriented 

production regimes (such as Dutch Edam cheese) - frequently tied to the respective territories 

(Bérard et al., 2008). In today’s economic global market system Geographical indications (GI) 

play an important role to legally protect these linkages between products, place and production 

(Quiñones Ruiz et al., 2018). The best-known GI within the European Union is the label 

“protected designation of origin (PDO)” (see Figure 2). Further, in mountain agriculture, the 

quality label “mountain products” acknowledges the specificity of these products since 2012 

(Santini et al., 2013). Currently, France has registered 45 different types of cheese under these 

labels (CNAOL, 2016). A department of the French ministry of agriculture, the institut national 

de l'origine et de la qualité (national institut of origin and quality/INAO) is responsible for the 

regulation of these products. At European scale, the European commission and the associated 

administrative bodies oversee these products.  

  



37 

 

 

 

Figure 2: The EU-PDO label links the product to its place of origin 

2.3. Cheese production in territorial systems 
In the French mountains, Ricard (2015) identified well over 200 cooperative dairy systems. In 

the French Alps the precursor of today’s cooperative systems was the “fruitière”, dating back 

as early as 1800 (Ricard, 2015). Pull factors, such as the improved accessibility, new production 

techniques coupled with the demand of an increasing urban population led to the emergence of 

new types of dairy cooperatives after the World War II (Delfosse, 2007; Ricard, 2015). On the 

other hand, these collective structures were also a reaction to combat agricultural decline and 

to maintain agricultural production and more broadly mountain territories in general (Buclet, 

2021). The heterogeneous characteristics of these products are intrinsically tied to their 

territories and their own specific governance sets was partly summed up by a (not confirmed) 

quote of the former French president General Charles de Gaulle “How to rule a country where 

there are 258 types of cheese?” (Ozouf-Marignier, 2008). Despite my focus on these regional 

cheese production systems the industrial player are present in French cheese production since 

the beginning of the 1960s (Delfosse, 2007). For example, the largest dairy product group in 

the world, the French company Lactalis has a major influence on the well-known French quality 

labelled cheeses such as Camembert and Roquefort (Léraud and Kronlund, 2020).  

I used as the main entry point for my thesis about social-ecological interactions French cheese 

for various reasons. First, it presents an iconic product frequently deeply related to the 

surrounding ecosystems and collective structures and cannot dislocated to another territory. 

Second, it presents the stocked, condensed, value-added (and economically viable) result of 

social-ecological legacies derived through specific farming, management and transformation 

practices. Third, I see mountain cheese production as a multibeneficial activity contributing in 

various aspects to a good quality of life.  
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3. The Beaufort production system  
My thesis focuses on the nationally well-known raw milk cow cheese Beaufort. Compared with 

other French quality cheeses, Beaufort production with a comparable small production quantity 

of 5,000 t/yr is lower than neighbouring PDO cheeses such reblochon (15,000 t/yr) or Saint-

Nectaire (14,000 t/yr), not to mention the French PDO leader in cow milk cheese comté (55,000 

T/yr) (CNAOL, 2016). In the Savoy department where Beaufort production takes place there 

are eight high quality labelled types of cheese, and many less structured, private producers.  

 

 

Figure 3: The logo of the Beaufort cheese (credits: L’Atelier S.Madelon/SDB) 

The origin of the institutionalized Beaufort production system dates back to the 1960s in the 

adjacent Beaufortain valley. The omnipresent “rural exodus” coupled with mounting pressure 

on land due to the development of ski resorts and hydropower led to a decline of Alpine French 

agriculture(Faure, 1999). The leading founding figure Maxime Viallet challenged this trend by 

involving actors from all scales such as scientific research, local agricultural organisations and 

municipalities to engage in a collectively organised cheese production system(Lynch and 

Harvois, 2016). The idea to unite farmers and share resources, notable by task division and 

collective transformation facilities was considered as a “local revolution” (Faure, 1999). The 

PDO label Beaufort was formally registered in 1968. 
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Figure 4: The Beaufort cheese loaf has a weight of around 40 kg. Characteristic is the 

concave heel (credits: l’Atelier S.Madelon/SDB)  

Fourteen cooperatives in three adjacent valleys, the Beaufortain valley, the Tarentaise valley 

and the Maurienne valley compose today’s production system. The consortium (Syndicat de 

défense du Beaufort/SDB) offers and regulates legal and technical assistance and control of 

Beaufort specifications. The marketing of the Beaufort cheese particularly emphasize the role 

of the mountainous environment (see Figure 3). There are various specifications, however my 

work focused on the three main rules that shape the type of agriculture and the associated 

resource use along the NCP co-production steps (INAO, 2015). The first rule links production 

quantity to the territory (grassland covers 26% of total area) by requiring that 75% of fodder is 

regionally sourced. The second rule limits production through absolute milk quota at both the 

livestock unit, farm and cooperative levels. This keeps farm size at a moderate level (average: 

32 ha). The third rule requires that low yielding, regional cattle breeds (‘Abondance’ and 

‘Tarine’) constitute 100% of livestock. The Beaufort production system started in the early 

1970s. It has been predominantly catering to local winter tourism. Initially conceived as a 

“crazy” idea, these direct sales succeeded to circumvent less profitable whole sale and 

contribute in monetary and non-material values to the maintenance of collective identities and 

their associated values (Lynch and Harvois, 2016). In the following work the term Beaufort 

production system is exclusively used for the Beaufort production system in the Maurienne 

valley. I specifically highlight when referring to the entire production Beaufort production that 

encompasses the three valleys.   
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4. The Maurienne valley  

 

Figure 5: Land use cover map and location of Maurienne valley (Copernicus Land Monitoring 

Service, 2018; IGN-F, 2006, 2019). 

The Maurienne valley falls within the boundaries of the PDO Beaufort production. Situated in 

the department Savoy it is the longest valley (120 km long) in the French Alps shaped by the 

river Arc. The area hosts over 100 summits over 3000 meters. The land use classes with e.g. a 

share of 30% pasture land correspond to the average land use features of the Alps (EEA, 2010; 

SPM, 2020). The climate ranges from a humid pre-alpine climate in the west to a continental 

alpine climate in the east. The 40,000 inhabitants live in 62 municipalities in an overall rural 

setting. Three urban centres at the bottom of the valley have a population of more than 2,000 

inhabitants. With a density of 22 inhabitants/km² it is well below average in the Alps (75/km²) 

(Elmi, 2018; SPM, 2020). No significant changes in population numbers in the last 20 years are 

noted. A large part of the work force (25%) links to winter tourism, with around 20 skiing 

resorts; the industrial sector constitutes an income source for 19% of the working population 

(SPM 2020). Livestock farming is the prevalent farming activity and represents with around 

350 farms 2% of the total workforce (SPM, 2020).   
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Figure 5: Grazing Tarine cows are a common sight in the Maurienne valley (credits: Bruno Locatelli)  

Agriculture is based on livestock farming, where the Beaufort production system unites 38% of 

the 350 agricultural holdings. 25% of agricultural holdings focus on small livestock and 10% 

of holdings produce beef. Diversified production (e.g. beekeeping, vegetable production) has a 

shared of 19%. Transhumant activities play a major role, whereby 66% of small livestock 

grazing is coming from the outside of the valley (SPM, 2020). At territorial scale, agricultural 

activities are organised around various institutions. Three Beaufort cooperatives that unite 80 

producers are spread evenly across the valley with historically evolved collection areas. There 

is no comparable structure for other livestock farming activities within the Maurienne valley. 

Two agricultural associations assemble according to their own statements 80% of economically 

relevant agricultural holdings. At municipal scale 22 pastoral land association with the aim to 

consolidate the historically evolved land fragmentation provide easier access to land for farming 

activities. While irrigation systems have been in place since the 18th century, local actors have 

established five irrigation associations in the Eastern part of the valley since 2015. The latest 

central territorial planning instrument the “schéma de coherence territorial” (SCOT) 

emphasizes explicitly the relevance to maintain primary cropland around municipalities for 

agriculture and introduced guidelines. In a broader context, some agricultural activities are 

affected by the regulations of the National Park Vanoise that encompasses a large part of the 
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Eastern part of the valley. Further there are 18 Natura 2000 sites, two regional parks and well 

over 340 zones of faunistic or floristic interests ((SMB, 2020)..  

Along with the above-mentioned challenges common across the Alpine Convention area, the 

Maurienne valley might encounter more localized future questions to solve. In particular, the 

currently ongoing large infrastructure project, the Turin-Lyon high-speed railway link might 

affect the territory in the long term by modifying the accessibility of valley. Some worry about 

the associated closure of smaller train stations and expect negative impacts on the ecosystem, 

others are favourable in view of the better connectivity to urban centres (SPM, 2020). Further, 

the liberalisation of the European electricity market prompts mixed reactions regarding the 

possible establishment of micro-scale hydroelectric energy by private investors.  

Within the Trajectories project several Phd-students have been working in the Maurienne valley 

from a social-science perspective. Bevione, (2021) currently analyses the Beaufort production 

system by the metabolism approach. Jaume, (2019) compiled an extensive overview over 

different types of legacies in the Maurienne. Sheperd, (2020) analysed the social-ecological 

vulnerability to climate change based on the collective capability approach.  In the discipline 

history .Lachello (2021) works on the social-ecological history of forests from 1815-1940.  
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Chapter II – Social-ecological systems in the European 

Alps 

 

Maurienne valley (credits: l’Atelier S.Madelon/SDB) 
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In this chapter, I briefly describe my study area. First, I describe the general context of the 

European Alps and particularly highlight the most relevant instruments through which society 

aims to protect the multiple values of these European landscapes. I then introduce and describe 

the relevance of cheese production for identity-related dimensions in France and underpinning 

cooperative structures in the French Alpine region. A brief illustration of the French cow cheese 

Beaufort that forms the study object of my thesis follows. I conclude with a description of the 

Maurienne valley, that forms part of the Beaufort production area.  
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1. The European Alps  

1.1. The area 
The European Alps are considered as a geographic area with an important cultural heritage 

influencing co-evolution between societies and ecosystems over a long period. Along with other 

mountain regions they contribute in various ways to the good quality of life of local and global 

societies (Martín-López et al., 2019) The Alps are Europe’s second largest biodiversity 

reservoir with over 30,000 animal species and 13,000 plant species (representing over over 20% 

of Europe’s plant species (EEA, 2010; Väre et al., 2003). They are considered as water towers 

providing freshwater to a wide range of ecosystems, societies and associated socioeconomic 

activities (EEA, 2010). Land cover and associated land use comprise largely cultural landscapes 

that reflect a series of complex and interacting factors over the timescales of both geological 

and social-ecological history (EEA, 2010). The Alps heterogeneous landscapes spread over 

190,700 km² on eight countries and are characterized by extensive lowlands, deep valley and 

high elevations peaking at 4800 m (Gobiet et al., 2014).  

 

Figure 1: Overview of the Alpine Convention area. The map shows the position of the Alpine 

convention area extending 190,700 km² on eight countries in Europe 

1.2. The people 
The Alpine Convention area hosts 14. 2 million people (74.6 inhabitants/km²) in over 5,700 

municipalities in an overall rural setting (Elmi, 2018)). Settlements are found in the most 

accessible areas, notable the valleys, while more remote areas experience depopulation (Elmi, 

2018). Along with the general European aging trend the Alpine area’s population has a share 

of 19.5% of residents over 65 years. However, there are large differences between the different 

countries that largely align with the national average age. For example, in the French Alps, 

where my study area is found, 16.9% of residents are over 65 years, which corresponds well to 
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the national average (17%) (Permanent Secretariat of the Alpine Convention, 2015). In line 

with the economic structures of industrialized countries, the service sector (includes tourism) 

presents the largest income generating sector with a share ranging from below 50% to 75% of 

total labour force. The secondary sector linked to industry still represented 36% of jobs in the 

early 2000 but is- again corresponding to the general European trend- decreasing (Price et al., 

2012). Despite the relative low direct share of agriculture on total work force (2-3%), 

agriculture is crucial for the maintenance of landscapes and identities and in economic terms 

closely linked to tourism and forestry (Elmi, 2018). Further many people pursue agriculture as 

a second income generating activity (Schermer et al., 2016; Tappeiner et al., 2008). In contrast 

to urban areas, these economic activities are frequently closely tied to and intrinsically depend 

on the surrounding ecosystems.  

Local and global societies’ values for the European Alps vary widely and underline the 

multifunctionality of the region. Instrumental values are frequently tied to agricultural 

production, wood fuel and timber, water quality and risks of regulations; intrinsic values are 

related to endemic species and overall biodiversity, relational values can encompass the 

appreciation of landscape appearance, sense of place or other attachments (Bruley et al., 2021; 

Klein et al., 2019; Lavorel et al., 2019; Martín-López et al., 2019).  

1.3. Agriculture 
Alpine farming shares a number of communalities with other mountain farming system, such 

as biophysical constraints, lower production levels and extensive farming practices (FAO, 2013). 

European Alpine farming systems features several distinctive characteristics that render 

comparisons at global scale challenging. The region is embedded in a number of highly 

developed and (post)industrialised countries with agriculture playing a minor role in 

conventional economic terms and hosts a mostly urbanized population (Flury et al., 2013). 

Additionally, changing lifestyle patterns coupled with urbanisation led to a reduction of the 

production factors of labour and land. As noted above, Alpine agriculture depends on subsidies 

that aim to combat the ongoing trend of decreasing farms. Further, agricultural production 

mainly focusses on high-value added, premium products, such as quality labelled dairy products 

and to a lesser extent on food security (Flury et al., 2013; Santini et al., 2013). Lastly, as 

exemplified above, agriculture takes place in a highly institutionalized setting effective at 

various scales and is considered as an integral part of the European cultural heritage (Egarter 

Vigl et al., 2016). Agricultural practices have been influenced by market pressures and 
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economic policies, however climate change can become another crucial factor governing the 

future dynamics in agricultural systems (Lavorel et al., 2019).   

1.4. The institutions 
At institutional level various treaties, conventions and policies with varying objectives 

administer these multiple values. The following, certainly not exhaustive listing shall exemplify 

the relevance society allocates to the multiple values of this region. The more than 1,000 

protected areas aim to preserve these landscapes and the associated biological biodiversity and 

encompass 28% of the Alpine convention area (Elmi, 2018). At global level, notable 

recognition of the value of the European Alps include 14 listings as World Heritage 

Sites(UNESCO, 2020a) and a number of biosphere reserves (UNESCO, 2020b), and sites 

designated under the Ramsar Convention on Wetlands (Ramsar, 2020). At European Union 

(EU)-policy level values deriving from social-ecological interactions such as high biodiversity 

and landscapes are recognised through the Natura 2000 sites which cover 19.7% of the total 

Alpine area (EEA, 2010). At macro-regional scale, the Alpine Convention was signed by the 

eight Alpine states (Austria, France, Germany, Italy, Liechtenstein, Switzerland, Slovenia and 

Monaco) and the European Community, and in 1991 and is the legally binding regional 

agreement and was preceded by the International Commission for the Protection of Alpine 

Regions from 1952 (EEA, 2010). Its overall aim encompasses the protection of the fragile 

ecosystems but it also explicitly names the maintenance of associated cultural identities in its 

protocol for mountain farming(AC, 2006). The environmental non-governmental organisation 

(NGO) CIPRA unites more than 100 national and local associations to foster awareness of these 

crucial social-ecological systems (CIPRA, 2020). In addition, states within the Alpine region 

host in total 13 national parks and a number of regional parks with varying environmental 

protections. At territorial level, there is a number of collective structures with varying objectives 

and foci such as pastoral land associations, agricultural cooperatives, and agricultural 

development. At municipal level the “Alliance in the Alps”, an association of over 300 member 

municipalities and communities implements some of these targets (Alliance in the Alps, 2020). 

Regarding agriculture, the European Alpine area comprises of over 20% of High Nature Value 

(HNV) area of utilized agricultural area (Oppermann et al., 2012). The EU and its member states 

support and maintain in particular through Rural Development Programmes (EEA, 2010). These 

farming systems are characterized by mainly extensive practices, Alpine meadows and pastures, 

smaller than the national average farm sizes (Santini et al., 2013). The EU Common 

Agricultural Policy (CAP) and notably its second pillar, the Rural Development Policy, 
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formalised by the directive on mountain and hill-farming (Directive 75/268 OJ No L128) has 

been an indispensable support for the maintenance of Alpine agriculture since 1975.  

1.5. Challenges of Alpine agriculture  
The Alpine area and in particular agriculture faces in line with other mountain system a number 

of challenges in the next decades, with rural abandonment, land use and climate as major drivers 

(Martín-López et al., 2019). In terms of landscape, physical space constraints have resulted in 

intensive land use in the bottom of the valleys, while less accessible parts face land 

abandonment. In addition, the number of agricultural holdings in the Alpine region has almost 

halved from 1980 to 2010, with probably less than 260,00 farms left today (Elmi, 2018). 

Frequently cited reasons for the decline of Alpine farming are individual preferences for other 

income generating activities; at a general level, the increasing densification of economic 

activities; at institutional level the impact of varying policies and subsidy schemes, spatial 

planning and municipal budgets; and in economic terms soaring land costs and land (EEA, 

2010; Elmi, 2018). The multiple, partly interrelated major activities such as tourism, agriculture 

and industry coupled with a relatively high population density and exacerbated by the risk of 

natural hazards frequently result in conflicts over land use in the valleys (EEA, 2010). On the 

other hand, less accessible areas experience depopulation and associated land abandonment 

ultimately leading to the closing of aesthetically highly appreciated pastureland. In addition 

current climate change scenarios predict that the Alpine region will be considerable affected by 

rising temperatures, greater variability in precipitation, and temperatures and associated 

impacts like floods, droughts, snow cover and other natural hazards (Gobiet et al., 2014). 

Temperatures in the Alps have increased by 2ºC since the end of the 19th century, since the 

annual mean decadal temperature records a augmentation of 0.5ºC (Gobiet et al., 2014). This 

will have impacts on biodiversity, the fundamental base for NCP co-production (Lavorel et al., 

2019) . On the other hand, mountain regions have been known for their large adaptive capacities 

when encountering new challenges, for example the marketing of agricultural products by 

geographical indications (GI) has proved to be an effective response to combat land 

abandonment in the 1960s in various French regions (Lamarque and Lambin, 2015; Lavorel et 

al., 2019).  
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2. Cheese production in France  

2.1. Importance of cheese production for identities 
In France, cheese is an iconic product with many small differences, such as the use of local 

livestock breeds, local fodder, the adherence to non pasteurised transformation techniques 

which have evolved frequently by collective structures in social-ecological interactions over a 

long time (Ricard, 2015). Research on local French cheese products frequently underlines the 

identity related dimensions of these production systems (Bérard et al., 2008; Delfosse, 2007). 

In the French context, in a very anecdotal way, the importance for cheese as a symbol of local 

identities is partly exemplified by the brief and shallow comparison of the Wikipedia entry for 

the word “cheese” in the English and French version. The English entry has a total word 

quantity of around 6,200, whereby the French entry hosts more than double, with 15,000 words 

(Cheese, 2021; Fromage, 2021). However, it is also necessary to point out that GIs in general 

can play a crucial role for identities and maintain or revive local agricultural systems all over 

the world (Delfosse, 2012; Gervais, 2015; Pachoud et al., 2020).  

2.2. Quality labels 
Local French cheese production systems are - in contrast to other more quantity oriented 

production regimes (such as Dutch edam cheese) - frequently tied to the respective territories 

(Bérard et al., 2008). In today’s economic global market system Geographical indications (GI) 

play an important role to legally protect these linkages between products, place and production 

(Quiñones Ruiz et al., 2018). The best-known GI within the European Union is the label 

“protected designation of origin (PDO)” (see Figure 2). Further, in mountain agriculture, the 

quality label “mountain products” acknowledges the specificity of these products since 2012 

(Santini et al., 2013). Currently, France has registered 45 different types of cheese under these 

labels (CNAOL, 2016). A department of the French ministry of Agriculture, the institut national 

de l'origine et de la qualité (national institut for origin and quality/INAO) is charged with the 

regulation of these products. At European scale, the European commission and the associated 

administrative bodies oversee these products.  
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Figure 2: The EU-PDO label links the product to its place of origin 

2.3. Cheese production in territorial systems 
In the French mountains, Ricard (2015) identified well over 200 cooperative dairy systems. In 

the French Alps the precursor of today’s cooperative systems was the “fruitière”, dating back 

as early as 1800 (Ricard, 2015). Pull factors, such as the improved accessibility, new production 

techniques coupled with the demand of an increasing urban population led to the emergence of 

new types of dairy cooperatives after the World War II (Delfosse, 2007; Ricard, 2015). On the 

other hand, these collective structures were also a reaction to combat agricultural decline and 

to maintain agricultural production and more broadly mountain territories in general (Buclet, 

2021). The heterogeneous characteristics of these products are intrinsically tied to their 

territories and their own specific governance sets was partly summed up by a (not confirmed) 

quote of the former French president General Charles de Gaulle “How to rule a country where 

there are 258 types of cheese?” (Ozouf-Marignier, 2008) Despite my focus on these regional 

cheese production systems the industrial player are present in French cheese production since 

the beginning of the 1960s (Delfosse, 2007). For example, the largest dairy product group in 

the world, the French company Lactalis has a major influence on the well-known French quality 

labelled cheeses such as camembert and roquefort (Léraud and Kronlund, 2020).  

I used as the main entry point for my thesis about social-ecological interactions French cheese 

for various reasons. First, it presents an iconic product frequently deeply related to the 

surrounding ecosystems and collective structures and cannot dislocated to another territory. 

Second, it presents the stocked, condensed, value-added (and economically viable) result of 

social-ecological legacies derived through specific farming, management and transformation 

practices. Third, I see mountain cheese production as a multibeneficial activity contributing in 

various aspects to a good quality of life.  
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3. The Beaufort production system  
My thesis focuses on the nationally well-known raw milk cow cheese Beaufort. Compared with 

other French quality cheeses, Beaufort production with a comparable small production quantity 

of 5,000 t/yr is lower than neighbouring PDO cheeses such reblochon (15,000 t/yr) or Saint-

Nectaire (14,000 t/yr), not to mention the French PDO leader in cow milk cheese comté (55,000 

T/yr) (CNAOL, 2016). In the Savoy department where Beaufort production takes place there 

are eight high quality labelled types of cheese, and many less structured, private producers.  

 

 

Figure 3: The logo of the Beaufort cheese (credits: L’Atelier S.Madelon/SDB) 

The origin of the institutionalized Beaufort production system dates back to the 1960s in the 

adjacent Beaufortain valley. The omnipresent “rural exodus” coupled with mounting pressure 

on land due to the development of ski resorts and hydropower led to a decline of Alpine French 

agriculture (Faure, 1999). The leading founding figure Maxime Viallet challenged this trend by 

involving actors from all scales such as scientific research, local agricultural organisations and 

municipalities to engage in a collectively organised cheese production system (Lynch and 

Harvois, 2016). The idea to unite farmers and share resources, notable by task division and 

collective transformation facilities was considered as a “local revolution” (Faure, 1999). The 

PDO label Beaufort was formally registered in 1968. 
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Figure 4: The Beaufort cheese loaf has a weight of around 40 kg. Characteristic is the 

concave heel (credits: l’Atelier S.Madelon/SDB)  

Today’s production system is based on 14 cooperatives in three adjacent valleys, the 

Beaufortain valley, the Tarentaise valley and the Maurienne valley. The consortium (Syndicat 

de défense du Beaufort/SDB) offers and regulates legal and technical assistance and control of 

Beaufort specifications. The marketing of the Beaufort cheese particularly emphasize the role 

of the mountainous environment (see Figure 3). There are various specifications, however my 

work focused on the three main rules that shape the type of agriculture and the associated 

resource use along the NCP co-production steps (INAO, 2015). The first rule links production 

quantity to the territory (grassland covers 26% of total area) by requiring that 75% of fodder is 

regionally sourced. The second rule limits production through absolute milk quota at both the 

livestock unit, farm and cooperative levels. This keeps farm size at a moderate level (average: 

32 ha). The third rule requires that low yielding, regional cattle breeds (‘Abondance’ and 

‘Tarine’) constitute 100% of livestock. The Beaufort production system started in the early 

1970s. It has been focussing on direct sale and caters mostly to the local winter tourism sector. 

Initially conceived as a “crazy” idea, these direct sales succeeded to circumvent less profitable 

whole sale and contribute in monetary and non-material values to the maintenance of collective 

identities and their associated values (Lynch and Harvois, 2016). In the following, work the 

term Beaufort production system is exclusively used for the Beaufort production system in the 

Maurienne valley. I specifically highlight when referring to the entire production Beaufort 

production that encompass the three valleys.   
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4. The Maurienne valley  

 

Figure 5: Land use cover map and location of Maurienne valley (Copernicus Land Monitoring 

Service, 2018; IGN-F, 2006, 2019). 

The Maurienne valley falls within the boundaries of the PDO Beaufort production. Situated in 

the department Savoy it is considered as the longest valley (120 km long) in the French Alps 

shaped by the river Arce. The area hosts over 100 summits over 3000 meters. The land use 

classes with e.g. a share of 30% pasture land correspond to the average land use features of the 

Alps (EEA, 2010; SPM, 2020). The climate ranges from a humid pre-alpine climate in the west 

to a continental alpine climate in the east. The 40,000 inhabitants live in 62 municipalities in an 

overall rural setting. Three urban centres at the bottom of the valley have a population of more 

than 2,000 inhabitants. With a density of 22 inhabitants/km² it is well below average in the Alps 

(75/km²) (Elmi, 2018; SPM, 2020). No significant changes in population numbers in the last 20 

years are noted. A large part of the work force (25%) is linked to winter tourism, with around 

20 skiing resorts; the industrial sector constitutes an income source for 19% of the working 

population (SPM 2020). Livestock farming is the prevalent farming activity and represents with 

around 350 farms 2% of the total workforce (SPM, 2020).   
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Figure 5: Grazing Tarine cows are a common sight in the Maurienne valley (credits: Bruno Locatelli)  

Agriculture is based on livestock farming, where the Beaufort production system unites 38% of 

the 355 agricultural holdings. 25% of agricultural holdings focus on small livestock and 10% 

of holdings produce beef. Diversified production (e.g. beekeeping, vegetable production) has a 

shared of 19%. Transhumant activities play a major role, whereby 66% of small livestock 

grazing is coming from the outside of the valley (SPM, 2020). At territorial scale, agricultural 

activities are organised around various institutions. Three Beaufort cooperatives that unite 80 

producers are spread evenly across the valley with historically evolved collection areas. There 

is no comparable structure for other livestock farming activities within the Maurienne valley. 

Two agricultural associations assemble according to their own statements 80% of economically 

relevant agricultural holdings. At municipal scale, 22 pastoral land association with the aim to 

consolidate the historically evolved land fragmentation provide easier access to land for farming 

activities. While irrigation systems have been in place since the 18th century, local actors have 

established five irrigation associations in the Eastern part of the valley since 2015. The latest 

central territorial planning instrument the “schéma de coherence territorial” (SCOT) 

emphasizes explicitly the relevance to maintain primary cropland around municipalities for 

agriculture and introduced guidelines. In a broader context, some agricultural activities are 

affected by the regulations of the National Park Vanoise that encompasses a large part of the 
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Eastern part of the valley. Further there are 18 Natura 2000 sites, two regional parks and well 

over 340 zones of faunistic or floristic interests ((SMB, 2020)..  

Along with the above-mentioned challenges common across the Alpine Convention area, the 

Maurienne valley might encounter more localized future questions to solve. In particular, the 

currently ongoing large infrastructure project, the Turin-Lyon high-speed railway link might 

affect the territory in the long term by modifying the accessibility of valley. Some worry about 

the associated closure of smaller train stations and expect negative impacts on the ecosystem, 

others are favourable in view of the better connectivity to urban centres (SPM, 2020). Further, 

the liberalisation of the European electricity market prompts mixed reactions regarding the 

possible establishment of micro-scale hydroelectric energy by private investors.  

Within the Trajectories project several (Phd) students have been working in the Maurienne 

valley from a social-science perspective. Bevione, (2021) currently analyses the Beaufort 

production system by the metabolism approach. Jaume, (2019) compiled an extensive overview 

over different types of legacies in the Maurienne. Sheperd, (2020) analysed the social-

ecological vulnerability to climate change based on the collective capability approach.  In the 

discipline history .Lachello (2021) works on the social-ecological history of forests from 1815-

1940.  
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Chapter III- A conceptual framework to embed the co-

production of nature’s contributions to people (NCP) in 

social-ecological systems 

 

The Mont Cenis water reservoir is a typical example of social-ecological legacies in the Maurienne 

valley (credits: Bruno Locatelli/2018))   
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In order to understand the various flows between societies and ecosystems for NCP co-

production I considered it crucial to embed these interactions in the territorial system. For this, 

based on previous research on NCP co-production and inspired by the IPBES framework, we 

developed a conceptual framework to answer the following question: “What is the role of 

social-ecological legacies of regional systems for NCP co-production?” We illustrated its 

relevance through the analysis of the Beaufort production system. In particular, we were 

interested in the role of the broader social-ecological context, that we defined by social-

ecological legacies, social dynamics and current resources for NCP co-production.  

In this chapter, we addressed the following specific questions:  

 What defines/are social-ecological legacies?  

 What are the temporal, organisational spatial system boundaries of social-ecological 

legacies and current resources?  

 What is the role of social dynamics in the organisation of social-ecological legacies for 

NCP co-production  

This conceptual approach structured my further research by providing the analytical base to 

understand major components of a social-ecological system at territorial scale.   

This chapter is presented in the form of an article in the journal Sustainability Science.   

 

 

 

 

 

  

Grosinger, J.; Potts M.D.; Buclet, N.; Lavorel S. Memory over matter? – A conceptual framework to 

integrate social- ecological l legacies in agricultural NCP co-production. Sustainability Science (in 

revision) 



58 

 

Memory over matter? – A conceptual framework to integrate social-ecological l 

legacies in agricultural NCP co-production  

Grosinger Julia12, Potts Matthew D.3, Buclet Nicolas1, Lavorel Sandra 24 

Submitted to Sustainability Science : accepted  

1Université Grenoble Alpes, CNRS, Sciences Po Grenoble, PACTE, 38000 Grenoble, France 
2Laboratoire d’Ecologie Alpine, CNRS – Université Grenoble Alpes – Université Savoie 9 

Mont-Blanc, 6 38000 Grenoble, France.  
3Department of Environmental Science, Policy, and Management, University of California, 9 

Berkeley, 130 Mulford Hall #3114, Berkeley, CA 94720, USA.  
4Manaaki Whenua – Landcare Research, Lincoln, New Zealand 

 

Abstract 

To better account for how social-ecological legacies of social and ecological systems jointly 

shape the current composition, quality and quantity of Nature’s contribution to People (NCPs), 

we integrate the concept of NCP co-production into social-ecological system thinking. Our 

expanded framework highlights how NCP co-production is frequently entangled within its 

social-ecological context, such as legacies, current resources and social activities. Additionally, 

we underline the relevance of non-material and material dimensions of resources in NCP co-

production. To illustrate the potential of this expanded framework, we explore its application 

to an agricultural system of the French Northern Alps. We conclude that this framework (1) 

facilitates the understanding of society-ecosystem interactions in a specific regional social-

ecological context; (2) helps to better conceptualise the interdependencies between resources 

and social activities; (3) demonstrates how current rule sets to organise social-ecological 

legacies affect the entire NCP co-production chain. The framework’s further implementation 

requires more research to better understand the complex interlinkages between the social and 

the ecological subsystems that underpin socioeconomic activities.   

Keywords: social-ecological legacies, nature’s contributions to people (NCP), social-

ecological systems, co-production  
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1. Introduction 
Societies and surrounding ecosystems have co-evolved over a long period in their various 

interdependent material and non-material aspects. In order to support pathways to 

sustainability, there is a critical need to understand how this interplay of resources and social 

dynamics underpins current socioeconomic activities in their specific social-ecological context 

(Ostrom 2009; Meyfroidt et al. 2018; Mastrángelo et al. 2019). To explain these dynamic 

interrelationships, we use the multidimensional concept of “co-production” of “nature’s 

contributions to people” (NCP). Broadly defined, NCP encompass “all contributions, beneficial 

or harmful, that individuals, communities, societies, nations or humanity as a whole derive from 

nature” (Díaz et al. 2018). Expanding on the ecosystem service concept, the NCP concept 

explicitly acknowledges that flows from nature can have not only different qualities (material, 

non-material and regulating) but also offer different aspects of appreciation to people (MEA 

2005; Díaz et al. 2018; Pascual et al. 2021 Mar 25). In addition, the NCP approach 

acknowledges that the material and non-material categories are fluid, thus e.g. a material NCP 

such as milk, can also have a non-material aspect such as the maintenance of identities (Díaz et 

al. 2015). The co-production concept as applied to NCP describes how people use different 

resources in diverse ways to generate with ecological systems outcomes that people consider 

as meaningful(Barnaud et al. 2018; Muhar et al. 2018). Palomo et al. (2016) and Jones et al. 

(2016) initiated the formalisation of NCP co-production (CP); they defined NCP co-production 

as the process by which societies and individuals organise and manage resources to mobilise 

material and non-material flows from nature to contributions to people’s good quality of life. 

The hyphen in ‘co-production’ stresses that these social activities for the production of NCP 

can vary to different extents (Palomo et al. 2016). For example, some NCP can benefit society 

without social intervention, such as some regulating NCP like soil erosion reduction, regulation 

of hydrological flows and nutrient cycling. However material NCP (e.g. food production) 

require in most cases some minimum human intervention (Bruley, Locatelli, and Lavorel 2021).  

Research has yet to fully integrate NCP co-production in its social-ecological context. This 

means considering the diverse surrounding material and non-material resources and the 

associated social activities (Díaz et al. 2015). Research that has targeted the society-ecosystem 

interface has often analysed NCP co-production using a capital-based approach (Guerry et al. 

2015; Jones et al. 2016). This approach distinguishes between social capital and manufactured 

capital, but neglects that non-material and material resources are mutually dependent 

(Chaigneau et al. 2019). For example, a material resource, such as a farm or other physical 
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infrastructure can also be the carrier of non-material aspects such as knowledge, habits or the 

feeling of belonging for different people (Winner 1980).The integration of social activities can 

facilitate understanding these multiple dimensions. As an example, co-production was used to 

evaluate the impact of varying degrees of human input (technology, infrastructure, etc.) in 

different Portuguese small-scale fisheries on one material NCP (Outeiro et al. 2017). In the 

French Alps, research suggests that material NCP require potentially more human intervention 

than non-material or regulating NCP (Bruley, Locatelli, and Lavorel 2021). (Fedele et al. 2017) 

applied the concept of co-production along the different mechanisms of the ecosystem service 

cascade framework (Haines-Young and Potschin 2010). What unites these various approaches 

is the explicit or implicit acknowledgement of non-material aspects such as traditional 

knowledge (Outeiro et al. 2017), identities (Fischer and Eastwood 2016), shared values (Bruley, 

Locatelli, and Lavorel 2021), value articulation (Ernstson 2013) or other cognitive dimensions 

(Palomo et al. 2016) to co-produce NCP. A systematic interpretation of co-production that 

accounts how societies apply these non-material and material dimensions in NCP-co-

production has yet to come (Bennett et al. 2015; Mastrángelo et al. 2019). We assert that the 

perspective of regional coupled social-ecological systems (SES) provides a means to 

contextualise and explain NCP co-production (Reyers et al. 2013).  

The SES approach considers social (e.g. institutions) and ecological (ecosystems) factors as 

deeply interlinked (Berkes et al. 2000; McGinnis and Ostrom 2014; Colding and Barthel 2019). 

They are composed of multiple subsystems with overlapping processes (such as farms, 

municipalities or pasture land) that interact across scales (Folke 2006; Ostrom 2009). From a 

spatial and organisational perspective, they are nested in or are linked to other political, 

socioeconomic, technological, cultural and biophysical structures (Folke 2006; Plieninger et al. 

2015). The drawing of system boundaries can be challenging (Walker et al. 2002). Frequently 

research designs them based on political or administrative units (Dearing et al. 2014; Hanspach 

et al. 2016), biophysical measures (Martín-López et al. 2017), institutional management 

divisions (Ostrom 2009), or broad concepts such as resilience (Alessa et al. 2009). Social-

ecological system studies often do not appropriately address the definition of system boundaries 

(Colding and Barthel 2019).   

SES are embedded in social-ecological legacies that continue to influence current types and 

forms of NCP co-production. These social and ecological memories are the result of numerous 

interactions between and within social and ecological processes for centuries to millennia (Cook 

et al. 2012). We consider social-ecological legacies as resources that contain social and 
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ecological elements that co-evolved in time and space, resulting in integrated entities. These 

can be places like alpine pastures (Quétier et al. 2010; Egarter Vigl et al. 2016), cultural 

landscapes (Tengberg et al. 2012; Plieninger et al. 2015) or resources for management, like 

local livestock breeds (Vilá and Arzamendia 2020 Oct 26) or agricultural knowledge (Berkes 

et al. 2000; Kim et al. 2017). Legacy effects of past society-ecosystem interactions such as 

modified ecosystems, altered ecosystem functions or social path dependencies have shaped and 

will continue to shape the type and modes of NCP co-production (Renard et al. 2015; Wu et al. 

2020; Bruley, Locatelli, Vendel, et al. 2021). Current resources may become legacies if their 

material or non-material forms and functions continue to influence future processes (Foster et 

al. 2003). For example, pasture fertility is a current material, ecological resource supporting 

fodder production, which will carry over to future soil nutrient status due to slow 

biogeochemical dynamics (Spiegelberger et al. 2006; Quétier et al. 2007). The same holds true 

for social resources such as cultural specificities or attachments to places that can transform 

into common value sets, institutional settings and routinized behaviour (Upton 2008). Non-

material dimensions such as knowledge (Hernández-Morcillo et al. 2014) or collective 

identities (Pachoud 2019) depend on the type of social activities. They are frequently linked to 

visible social-ecological legacies such genetic diversity (Essl et al. 2015) and regional cultural 

landscapes (Oppermann et al. 2012; Plieninger et al. 2015). Policies related to agricultural land 

use have recognised these historically evolved co-production processes in more or less explicit 

ways. A notable example in Europe is the classification of farmland as High Nature Value 

(HNV) (Feranec et al. 2016) or regulations for protected areas that require sustained human 

intervention (Europarc 2018). The European food quality label “Protected Designation of 

Origin” (PDO) promotes distinct regional agricultural products, and can be regarded as an 

attempt to preserve social-ecological legacies through economic mechanisms (Quiñones Ruiz 

et al. 2018). Still, the role of social-ecological legacies for NCP co-production remains 

underexplored in conceptual and empirical research (Herrero-Jáuregui et al. 2018; Mastrángelo 

et al. 2019). In order to fill this knowledge gap we propose a conceptual framework that links 

NCP co-production to the SES approach. This allows us to effectively integrate social-

ecological legacies and more robustly distinguish between social (infrastructure, knowledge, 

etc.) and ecological (biomass, livestock, etc.) resources (Anderies et al. 2004; McGinnis 2011).  

The rest of the paper is organised as follows: First, we present an expanded SES framework to 

fully account for the role of social-ecological legacies and social activities in the NCP co-

production. In particular, we discuss the challenges regarding the delineation of system 
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boundaries within these frameworks between the organisational (social, ecological), temporal 

(legacies, current resources) and spatial (biophysical, economic) dimensions. In the subsequent 

section, we apply this framework to a regional SES. In Europe, agricultural mountain 

production systems rely on social-ecological legacies to ensure the maintenance of regional 

rural economies. The integration of social-ecological legacies and interlinked social activities 

can explain varying transformation strategies of the same products (Madelrieux et al. 2018) or 

entirely different agricultural production systems in adjacent regions with similar physical 

endowments (Bruley, Locatelli, Vendel, et al. 2021). It allows us to show how different 

trajectories are based on the previous experiences of a system and how they are linked to 

different appreciations and values of NCP co-production. Specifically, we illustrate the 

applicability of our framework for a regional mountain SES and its cheese production.  

2. An expanded SES Framework for NCP co-production in 

agricultural systems  
We present a framework to embed NCP co-production in its social-ecological context. We 

defined the social-ecological context as social-ecological legacies, current resources and social 

activities. We separated the social from the ecological subsystem (Fig. 1, boxes) following 

previous epistemological and analytical considerations on NCP co-production (Díaz et al. 2015; 

Palomo et al. 2016; Bruley, Locatelli, and Lavorel 2021) and the current IPBES framework 

(Díaz et al. 2015). We decided on this delineation because social activities are widely 

considered as dominant drivers of change in SES (Folke 2006; Kofinas and Chapin 2009; 

Spangenberg et al. 2014). Further, the two systems exhibit their own processes that can (1) act 

independently (Anderies et al. 2004; Colding and Barthel 2019), (2) have different rates of 

change, (Ostrom 2000; Foster et al. 2003; Walker et al. 2006) and (3) imply different 

understandings of scale (Winkler et al. 2021 Mar 16). We link these two subsystems with four 

subsequent steps (Fig. 1, black arrows) that describe social activities.  
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Fig. 1: The figure presents social (a, orange box) and ecological system (b, green box) as two 

subsystems along with their associated social-ecological legacies and current resources. The 

dashed lines within the two subsystems shows the porous boundaries between legacies and 

current resources. The terms NCP capacity (ecological system) and NCP flow refer to the 

cascade framework (Haines-Young and Potschin 2010). The two circles (c, d) describe the 

intermediate steps of NCP co-production. The different positions of the common rule set(c) and 

NCP flow (j) indicate that the steps of co-production can happen at different points of time. 

External demand (i, white box) affects NCP flow. The four straight arrows (e, f, and g, h) mark 

the social activities that link the successive steps of NCP co-production. We illustrate the 

organisation of the resource system with the crooked arrow (i), to underline the negotiation 

process between diverging interests. The text in the boxes is illustrative. The grey arrows (j) 

between the social and the ecological subsystems emphasizes there can be unnoticed flows 

between them.  

We used an economic delineation of the boundaries based on material NCP, which are 

frequently agricultural or forestry products. This permits the identification of social activities 

and their actors. It allows for the possible modifications of social activities for future adaptation. 

More broadly, agricultural activities frequently present an “umbrella” for other non-

monetarized NCP (such as pest control, pollination) (Lescourret et al. 2015). However, 

economic boundaries are more diffuse than biophysical boundaries and not spatially explicit. 
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Our top-down approach is in contrast to other (bottom-up) NCP studies based on biophysical 

boundaries that subsequently identify NCP in a given spatial area (Reyers et al. 2013). 

Economic boundaries are non-spatial, and actors involved in different NCP may share the same  

resources (Eakin et al. 2017). In the context of an Alpine region, for example, tourism shares 

the same pastureland as the agricultural system, but each of these socioeconomic activities 

represents different, yet linked, types of NCP co-production. In order to accentuate social 

activities interacting with their surrounding ecosystem, we limit this framework to the regional 

scale. To consider demand (see Fig. 1, white box), we integrate monetary flows (such as 

subsidies, tourist spending, etc.) that can influence the resource use in NCP co-production 

(Carrasco et al. 2017). For example, increased profits may lead to increased technology use 

(e.g. investments in new time saving machinery that leads to increases in farm size). Non-

monetary, exogenous factors such as climate change (e.g. droughts), water pollution, higher-

scale governance decisions or the externalised production of energy intensive products 

highlight the porosity of these human boundary constructs (Martín-López et al. 2017). Lastly, 

we assume there are unidentified flows (Fig.1, grey arrows) between the social and the 

ecological system that cannot be analysed with our conceptual framework. 

2.1. Social-ecological legacies and current resources  
Disentangling social-ecological legacies (landscape, livestock breeds, farm infrastructure, etc.) 

into social and ecological components is complex and often not straightforward (Remme et al. 

2014; Jones et al. 2016). Based on Remme et al. (2014), we assign social-ecological legacies to 

the ecological or the social  subsystem by identifying those for which ecological processes play 

a significant role. This allocation also acknowledges that current ecological processes cannot 

be substituted by technological or social innovations (Edens and Hein 2013). We incorporated 

this consideration into our framework. For example, we consider farm infrastructure as a social-

ecological legacy in the social subsystem, which contains ecological resources (timber) 

previously mobilised by human intervention. Biomass is an ecological resource and if not 

extracted will become a social-ecological legacy (potentially leading to an increase in soil 

carbon) in the ecological subsystem. We easily identify these boundaries for common material 

resources (milk, biomass, etc.) utilized for later NCP co-production processes. In contrast, these 

distinctions are less evident for ongoing livestock husbandry. We regard mobilised resources 

of livestock husbandry (e.g. wool, milk, meat) as leaving the ecological subsystem, while 

grazing livestock (and its manure) remain in the ecological subsystem. When livestock is sold 

(and serves than as an NCP for various aspects of appreciation), we consider it as leaving the 
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ecological subsystem. However, the non-material dimension, such as genetic diversity remains 

in the subsystem. The knowledge and values to maintain this breed is a social-ecological legacy 

in the social subsystem and exhibits its own processes. While the notion of social-ecological 

legacy strongly emphasizes the intimate interlinkages between the social and the ecological 

system, we opted for didactic purposes for an analytical (and accordingly graphical) 

presentation of two separate spheres. In doing so, we also align with Riechers et al. (2020) 

reasoning that most resource types (e.g. infrastructure, genetic diversity, etc.) are best measured 

in social, respective ecological indicators.  

Legacies and current resources can influence each other and are linked. For example, current 

practices such as irrigation and fertilisation along with the legacies of former land use and social 

values affect the amount of the current resource of biomass (Quétier et al. 2007). In addition, 

society can agree on maintaining extensive, labour intensive management practices based on 

previous experience coupled with current resources. For example, Alpine agricultural systems 

maintain traditional haymaking for winter livestock feed, but they have considerably reduced 

manual labour by increasing mechanization. Aspects of appreciation from NCP co-production 

can thus feedback into the social subsystem and influence how and which social-ecological 

legacies and current resources are used. In Table 1, we present an illustrative overview about 

possible variables for the analysis for co-production of a regional agricultural NCP (more 

information on indicators is provided in SM1).  

  



66 

 

Resource 

categories  

Definition Social 

subsystem 

Examples of 

variables 

Data for 

study 

area*  

Main 

CP 

Ecosystem  Example 

of 

variables   

Data for 

study area** 

Main 

CP 

Social-

ecological 

legacies  

Experiences 

from past 

society-

ecosystem. 

Common 

Values* 
Views and 

preferences 

that influence 

how 

ecological 

resources are 

governed over 

time (van 

Riper et al. 

2018; Chan et 

al. 2012). 

Regional  

breeds of total 

livestock  

% local fodder of 

total fodder 

Mean farm size 

100% 

 

 

75%  

31 ha 

CP0 Genetic 

information 

Persisting impact 

of human 

activities (e.g. 

agriculture) on 

the abiotic or 

biotic 

characteristics of 

ecosystems 

(Cuddington 

2011). 

 

Taxon 

richness of 

grassland (in 

nr.) 

432 

Vanpeene-

Bruhier, 

Moyne, and 

Bru(Vanpeene-

Bruhier, 

Moyne, and 

Brun 1998) 

 

CP1 

Traditional 

ecological 

knowledge* 

The evolving 

body of local 

knowledge, 

practice and 

belief, handed 

down through 

generations by 

cultural 

transmission 

(Berkes, 

Colding, and 

Folke 2000). 

Grazing or 

harvest dates and 

duration (days) 

adjusted to 

interannual 

climate 

variability 

 

 

Annual 

changes  
CP0/ 

CP1 

Agricultural 

landscape 

Ancestral 

landscapes can be 

the foundation of 

current 

agricultural 

production 

(Koohafkan and 

Altieri 2011) 

Grassland 

cover  

 

26% 

(RGDSMB 

2014) 

CP1  
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 Biophysical 

or physical 

memory 

from the past  

 

Physical 

infrastructure  

Geographical 

proximity to  

production 

facilities can 

play a relevant 

role for social 

dynamics in 

regional 

production 

chains 

(Madelrieux, 

Bergeret, and 

Fillion 2018; 

Pachoud et al. 

2020). 

Travel time to 

transformation 

facility  

30 min  CP2  Amount of 

carbon stored in 

above and below 

ground biomass 

Agricultural 

practices (e.g. 

grazing) can be, 

beneficial or 

detrimental for 

soil organic 

carbon (Smith 

2014)(Garcia-

Pausas et al. 

2017). 

Carbon 

stock  

 

70 – 120 

Mg/ha 

(Poulenard 

2020, in prep.)  

 

CP1  

Current 

resources 

The results of 

current 

society-

ecosystem 

interactions 

influenced by 

external 

drivers  

Activity 

attachment 

Motivation of 

individuals to 

pursue an 

activity 

despite purely 

economic 

objectives 

(Hinojosa et 

al. 2016; 

Madelrieux, 

Bergeret, and 

Fillion 2018). 

Change in 

producer between 

2012 and 2019  

-3% 

 

CP3  Ecosystem 

productivity   

Biophysical and 

social factors 

influence the net 

amount of carbon 

(Haberl et al. 

2007) 

Biomass 

production 

in grassland 

areas   

Mean average 

for European 

Alps: 9.8 (+/- 

3.8)  (Jäger et 

al. 2020) 

CP2 
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 Place 

attachment 

The feeling of 

relatedness to 

a place is a 

relevant factor 

in mountain 

farming 

(Hinojosa et 

al. 2016) 

Change in utilised 

agricultural area 

between 1988-

2010 

-15%** CP3 Biomass 

production 

Fodder 

harvest  

0.6 -9 t DM/ha  CP1  

 Labour   

Labour is an 

input for 

agricultural 

production 

(Lescourret et 

al. 2015; Erb 

et al. 2013).  

Labour force 

unit/holding 

2.06 Labour 

force 

Units/ha  

 

CP1  Livestock 

density  

 

Livestock 

Unit (LSU)/ 

ha   

0.39 LSU/ha) 

 
CP1 

 Technology  

Factor of 

production for 

agricultural 

products (Erb 

et al. 2013).  

Irrigated surface 

of total 

agricultural 

surface   

4% CP1 

Table 1: Illustrative overview of indicators and respective sources for the conceptual framework application to Maurienne Beaufort cheese 

production (MBP). * Sources if not otherwise indicated (Clavel 2014; Schoch 2014, 2013; INAO 2015) **Sources for entire Maurienne valley 

 



69 

 

2.2. Activities along the NCP co-production chain 
Social activities make use of social-ecological legacies and current resources along the different 

steps of co-production. They define and affect the types of co-production (Spangenberg et al. 

2014; Plieninger et al. 2015). Following the ecosystem service cascade framework (Potschin-

Young et al. 2018) and its refinement for accounting explicitly for human agency in the delivery 

of benefits from ecosystems to people (Fedele, Locatelli, and Djoudi 2017; Bruley, Locatelli, 

and Lavorel 2021), we structured NCP co-production as a four step process (illustrated by the 

four arrows in Fig. 1). This disaggregation enables the more precise identification of the various 

actors (e.g. individual or collective) and eventually assessing their role along the entire NCP 

co-production process.  

We define co-production step zero (CP0; organising) as a precursor which describes how 

different actors, either collectively or individual agree on a rule set over the types and modes 

of co-production. This step is in biophysical and spatial terms separate from the local ecological 

subsystem. In democratic structures this organisation of resources requires collective agreement 

on common values and knowledge (Ostrom 2000). It depends on the social-ecological context, 

hereby the social-ecological legacies, current resources and the involved actors. The crooked 

arrow indicates these rule sets are the consolidated result of often long negotiations among local 

stakeholders and government or regulatory authorities. Empirical research analyses these 

formalised relationships to capture the non-material collective values of a given social 

subsystem (Ostrom 1990). However, we advance that these formalised collective values only 

can only present a compromise between the different actors and they do not capture the totality 

of collective values.   

Co-production at step one (CP1) is the stage of biophysical ecosystem management, such as 

fertilisation of agricultural fields. For example, actors apply different management practices 

based on the agreed rule set, their current resources (available labour, technology etc.) and their 

personal considerations on the management of the cultural landscape as shaped by social-

ecological legacies. Thus, the combination of CP0 and individual perceptions of the involved 

actor underpin the management of the social-ecological legacy landscape.   

Co-production at step two (CP2) is where activities of extraction of current resources (e.g. 

biomass) from the social-ecological legacies (livestock breed, landscape) occur, such as milking 

or haymaking. Mobilisation does not necessarily depend on the current management at CP1, 

but on the social-ecological legacies such as the amount of pastureland or infrastructure. Picking 

berries in a forest does not require targeted management for the production of these fruits, but 
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does require access (e.g. a path). However, current resources can modify type and quality of 

current ecological resources (e.g. fertilisation increases biomass yields). CP2 usually requires 

some social resources, such as permanent infrastructure, e.g. a form of physical access to 

mobilise ecological outputs (Bruley, Locatelli, and Lavorel 2021).  

Co-production at step three (CP3) relates to the translation to a final NCP benefit, e.g. the sale 

or transformation of milk and other aspects of appreciation (happiness to be in nature, place of 

belonging, etc.) that co-producing actors consider as relevant. It requires multiple, frequently 

subtle cognitive factors e.g. feeling of attachment (Fedele, Locatelli, and Djoudi 2017). These 

appreciations feedback into the social subsystem as current resources. 

3. The Maurienne Beaufort cheese production system  

 

Fig. 2: Location of the study area 

Beaufort cheese production takes place in three adjacent valleys (Beaufortain, Tarentaise and 

Maurienne) of the Northern French Alps. Since 1968, the EU-label “Protected designation of 

origin” (PDO) entails binding product specifications. This commonly agreed rule set guarantees 

the characteristics of the final product and the maintenance of associated management and 

production techniques (INAO 2015; Lynch and Harvois 2016). In the following, we exclusively 

discuss the Beaufort production system in the Maurienne valley; however, the rule set applies 

to the whole production area. The Maurienne valley with its three cooperatives representing 

about 80 producers (900 t of cheese / yr), has been an integral part of the Beaufort PDO since 

its inception in 1968. All 14 cooperatives in the three valleys are associated to a consortium. 

The consortium offers and regulates legal and technical assistance and control of the product 
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specifications. The Maurienne valley shaped by the Arc River spans almost 120 km and is the 

longest Alpine valley in France. Its 40,000 inhabitants live in predominantly rural settings with 

only three of the 56 municipalities exceeding 2,000 inhabitants (SPM 2020). The climate ranges 

from a humid pre-alpine climate in the west to a continental alpine climate in the east. 

Representing one third of the whole area, grasslands are a characteristic feature of landscape 

(Fig. 2). Today, the local economy largely reflects the general picture of European mountainous 

areas with a large part of the work force (25%) linked to the service sector, 19% to the industrial 

sector and 2% to the primary sector (EC 2009; SPM 2020).  

To apply our framework to the Maurienne Beaufort production system, we conducted 20 semi-

structured interviews with actors associated to the system. We first identified 100 actors directly 

economically affiliated with Beaufort production and selected interviewees based on internet 

searches and subsequent purposive snowballing (Bryman 2016). Seventeen of them were active 

in the Maurienne Beaufort production system during the research period, among which four 

actors in managing positions of the three cooperatives, one of the consortium and twelve 

Beaufort producers. In addition, we included three actors as “time witnesses” who were actively 

involved in the establishment of the Beaufort production system from the 1960s onwards. The 

interviews were conducted between February to September 2019 (see SM2). The interviews 

focused on the role and background of respective actors and their views on and relations to the 

Beaufort production system (Interview guide is provided in SM3).  

Using qualitative manual coding with NVivo, we identified the main activities and associated 

resources used along NCP co-production by a predefined typology (Clarke and Braun 2014; 

QSR International 2020). This typology built on previous studies of agricultural NCP co-

production and was iteratively improved during coding (Palomo et al. 2016; Vallet et al. 2019; 

Bruley, Locatelli, and Lavorel 2021). We drew the economic system boundaries as 

encompassing all resources, e.g. livestock, biomass or carbon storage and actors associated with 

the Beaufort production system in the valley.  

3.1. Organising resources (CP0) 
In our framework, we defined CP0, the organisation of a regional collective rule set, depending 

on social-ecological legacies and current resources of the social subsystem with its actors. The 

Beaufort consortium oversees the rule set of product specifications for the entire production 

area. It regularly consults its board composed of representatives of the cooperatives and 

producers (Lynch and Harvois 2016; INAO 2015). This rule set has not been externally 
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imposed, but actors have negotiated it over the years. An actor casually remarked: “It’s the 

history, which governs the conduct of the people.”  

In the interviews, actors repeatedly referred to three main rules that shape the type of agriculture 

and the associated resource use along the NCP co-production steps (INAO 2015). The first rule 

links production quantity to the social-ecological legacy landscape (grassland covers 26% of 

total area) by requiring that 75% of fodder be regionally sourced. The second rule limits 

production through absolute milk quota at both the livestock unit, farm and cooperative level. 

This keeps farm size at a moderate level (average: 32 ha). The third rule requires that low 

yielding, regional cattle breeds (‘Abondance’ and ‘Tarine’) constitute 100% of livestock. These 

rules couple production to the landscape’s social-ecological legacies. This collectively agreed 

rule set over social-ecological legacies of both the social and ecological subsystems maintains 

small-scale agriculture with extensive management embedded in a regional social-ecological 

context.  

We consider this rule set as the consolidated result of negotiations between differing interests 

over common values and knowledge and current resource use (activity attachment, technology, 

etc.) that has been evolving over time. The limited choice of cattle breeds is the result of a long 

negotiation process in the 1980s, where some farmers favoured high yielding cattle breeds over 

the local low yielding types in order to increase production quantity (Lynch and Harvois 2016). 

More recently, a debate focussed on the easing of the 75% local fodder requirement. While 

some actors prefer low production quantities, others would prefer more flexible fodder 

requirements to allow for higher production. Some actors question the third rule, which limits 

farm size. A fraction of farmers proposes stricter rules, such as a shift to organic labelling. Thus, 

the modification of these social social-ecological legacies could affect the NCP co-production 

steps and the ecological subsystem (landscape, genetic diversity). However, any modification 

prompts lengthy administrative processes at consortium level followed by a public enquiry and 

national approval by regulatory authorities. The results of the public enquiry are not binding, 

but as a leading actor on this level stated: “In any case, for modifications to be accepted in the 

field there must be maximum consensus and a majority of producers who ask for them.”  

3.2. Producing fodder (CP1) 
In the Beaufort production system, CP1 consists of the sum of available resources at farm level 

as limited by the commonly agreed rule set. Individual farmers manage the ecological 

subsystem by livestock grazing across different altitudes and by the management of meadows 

for haymaking in valley bottoms. These actors are represented in the management board of the 
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consortium and can voice their opinion in an annual general assembly. The consortium controls 

the compliance to the rule set. Actors apply the currently formulated rule set (CP0) and use their 

current resources, labour and technology to manage (and maintain) the social-ecological 

legacies of the ecological subsystem. Individual perceptions of exogenous factors (recurrent 

droughts, urban spread) and financial flows (subsidy schemes) have led some actors to change 

how they use the resources available to them. They have increased technological input through 

irrigation since 2015. Still, the used amount of labour (2.06 LFU/h), irrigation (4% of 

agricultural surface) and livestock unit density (0.39 LSU/ha) of the Beaufort cooperative 

system are extensive management practices in a biophysically limited spatial area. But, even 

within a common rule set that regulates social-ecological legacies, management strategies are 

evolving, due to changing current resource use and possible individual preferences. Overall, 

farmers considered their agriculture as extensive and adjusted to the local conditions: “The PDO 

Beaufort and our practices are reasonable. It’s important to stay coherent in what you’re 

doing.”  

3.3. Mobilising ecological resources (CP2) 
In our framework, mobilising ecological resources (CP2) is defined as a function of current 

resources and social-ecological legacies from the social and the ecological subsystems. In 

Maurienne, individual farmers mobilise the current resources of the ecological subsystem by 

milking cows. They must comply with high quality and hygienic standards. Cooperatives 

collect the milk once a day from individual farms. The nearby transformation facilities enable 

the mobilisation and subsequently easy access to markets. The relevance of physical 

infrastructure in farms proximity for mobilisation has been shown to be important in other 

Alpine regions (Bruley, Locatelli, Vendel, et al. 2021). Actors were aware of the relevance of 

mobilisation: “Here, no big player would come and get my milk. It just wouldn’t pay off for 

him.” 

3.4. Appreciating NCP (CP3) 
In the Beaufort production system CP3 (appreciating NCP) can be considered as the multiple 

outcomes of the entire production chain. These appreciations feedback as current resources into 

the social subsystem. Cooperatives transform the milk and sell the Beaufort cheese through 

whole or direct sale. Individual farmers use the remuneration for different aspects they consider 

as meaningful. The sale of the product supports households’ socioeconomic livelihood and 

implies by its specific local production a certain lifestyle. Actors use (and reproduce) current 

social resources such as activity attachment and place attachment to appreciate the outcomes. 
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The activity attachment of the Beaufort cooperative system appears to be only slightly 

declining; there was a reduction of -3% of Beaufort producers over the past 7 years (2012-

2019). However, 15% of the Maurienne’s grassland area was retired from agriculture from 1988 

to 2010. In interviews, farmers expressed satisfaction with their socioeconomic livelihood 

(Grosinger et al., in review). The different steps of co-production interact. For example, the 

outcomes of CP3 such as place attachment and of the CP0 rule set reflect and shape each other. 

Place attachment affects how actors organise their rule set. For example, the compliance to the 

75% local fodder requirement can be explained by the willingness of farmers to maintain certain 

landscape features (such as summer high pastures). Conversely, discussions about more flexible 

management rules may reflect the declining activity and place attachment of some farmers. 

Farmers might be less eager to pursue labour intensive, time-consuming activities in parcels 

difficult to access. In addition, a high appreciation of exclusive monetary benefits could 

motivate the desire for more flexible rule sets that favour greater production. The 

interdependency between place and activity attachment and rule sets is in particular evident 

when looking at the history of Beaufort. Actors with a strong activity and place attachment 

formalised and institutionalised their agricultural practices by the Beaufort cooperative in order 

to combat rural emigration and the decline of Alpine agriculture in the 1960s (Dubeuf 1996). It 

is yet unclear though how and if the Beaufort cooperative will be as effective to respond to 

ongoing and future challenges such as evolving life style expectations.   

In analytical terms, the multiple individual cognitive dimensions of appreciations can render 

homogeneous, systemic quantification difficult. These deeply personal motivations might be 

difficult to upscale without losing the specific nature of such dimensions that contribute to a 

good quality of life. For example, an actor described her current activity as a realised desire 

from her childhood: “Since I’ve been a child, I always wanted to have a farm. Me, the pasture 

land, I only see myself there.”  

4. Discussion   
We conceptualised NCP co-production within the context of a coupled SES. This allowed us to 

analyse the intentional society-ecosystem interactions within the SES and to elucidate the 

importance of social-ecological legacies and social activities for NCP production. Below, we 

first discuss possible applications and empirical limits of this framework. We then explore the 

complexities of integrating social-ecological legacies into NCP research. We conclude by 

highlighting the interplay between social-ecological legacies and social dynamics.  
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4.1. General applications of the framework  
We believe this conceptual framework may most easily be applied in systems where social and 

ecological boundaries are delineated by formal institutions, such as areas falling within 

geographical indications (Santini et al. 2015; Belletti et al. 2017). This enables detailed analysis 

of linkages between collective rule sets and landscape features. Nevertheless, the framework 

could also be applied in less strongly structured systems like cultural landscapes. Their 

boundaries are delineated by informal rule sets and only subsequently regularized by formal 

institutions such as official labelling bodies (e.g. high nature value landscapes) (Oppermann et 

al. 2012; Beaufoy and HNV Link Partners 2017; Benedetti 2017). In addition, the framework 

might not be able to adequately assess structures with a high inflow of external resources, such 

as industrialized agricultural systems with possible less social-ecologically evolved patterns. 

We suggest that the framework is best applicable where society is intrinsically linked to local 

ecosystems by physical and cultural interlinkages that are expressed by common norms and 

practices.  

From an academic perspective, the framework can facilitate collaboration between different 

fields. First, it can raise awareness of natural scientists about the relevance of social-ecological 

legacies and social activities for NCP-co-production at a regional scale (Hysing and Lidskog 

2021). Secondly, the framework can accommodate a variety of interdisciplinary research 

questions, including the relations between collective values, ecosystems and regional 

governance rules (Ostrom 1990; Bodin 2017). From an analytical perspective, it integrates the 

economic dimensions of NCP co-production and associated actors with their surrounding 

ecosystem. In particular, the disaggregation of the steps of NCP co-production can highlight 

the multitude of actors and their social characteristics (and associated power in decision 

making) who are intimately linked by the resources used throughout co-production. Thus, it can 

facilitate a further integration of social sciences into assessments of society-ecosystem 

interactions (Stenseke and Larigauderie 2018).  

Interdisciplinary approaches face the challenge of finding appropriate terms and underlying 

concepts that are intuitive and logical for multiple disciplines. For example social sciences 

frequently use the term “capital” when referring to what we named social-ecological legacies 

(Guerry et al. 2015). On the other hand, natural sciences consider social-ecological legacies as 

memories from the past and not as a potential resource for NCP co-production (Essl et al. 2015). 

We believe that our framework can support meaningful exchanges for reconciling these 
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diverging conceptualisations of available resources. We expect this will help further advancing 

research on value generation and associated modes of production in SES.  

The framework deliberately emphasizes the complementarity of resources from the social and 

ecological subsystems to co-produce different dimensions of appreciation. Thereby, it 

embodies the vision of strong sustainability (Daly 1997). The aim of analysing NCP co-

production is not to quantify the relative share of co-production between the two subsystems 

(e.g. 1 ton of maize is co-produced by 60% social and 40% ecological input.). The continuation 

of this thought would inevitably imply substitutability of ecological by social resources (Stiglitz 

1997). Further, substitutability does neglect the impact of social-ecological legacies in NCP co-

production processes. Nevertheless, we support suggestions from other research to investigate 

the effects of increasing levels of social resources in co-production on ecological degradation 

more thoroughly (Palomo et al. 2016; Outeiro et al. 2017). From a methodological perspective, 

the integration of social-ecological legacies like infrastructure might enable bridging the gap 

between research on NCP and other methods to analyse human-nature interactions, such as 

Material Flow Analysis or Life Cycle Analysis. The framework is relatively flexible. It does 

not assume to what extent NCP co-production is driven by social-ecological legacies or social 

activities. Some research suggests that NCP co-production is not based on natural resource 

endowments but on human agency (Ballet et al. 2011; Spangenberg et al. 2014; Schröter et al. 

2020). On the other hand, long term studies on legacies suggest that biophysical drivers might 

have more explanatory power than socioeconomic variables for current land use patterns (Price 

et al. 2017). The application of our framework can incorporate both approaches.  

Empirical application of the framework might encounter several challenges to account for 

external factors. Our case study describes a system whose boundaries were defined from the 

perspective of regional economic dynamics. The framework cannot capture the larger social 

structures that influence the regional SES. This is in particular evident for the different aspects 

of appreciation in the Beaufort production system in the Maurienne. The declining activity and 

place attachment reflect the general trend of decreasing farms in Europe. For that it cannot 

entirely be explained by the variables in our framework (EC 2009; Flury et al. 2013). In 

addition, the Beaufort production system depends on larger institutional structures, such as the 

European PDO label, that ensures an above market prize and the persistence of the this regional 

production system (Quiñones Ruiz et al. 2018). Also changing consumer patterns, such as 

favouring high quality can support this low yielding extensive agricultural system (Lamarque 

and Lambin 2015). The framework incorporates these diverse drivers as one black box factor 
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(demand). Thus, we suggest linking this framework with recent telecoupling approaches that 

consider such indirect external factors more explicitly (Hull and Liu 2018). We acknowledge 

that distinguishing social-ecological legacies in the social and ecological subsystems remains 

complex and requires further quantification and systematisation. This is in particular evident 

when comparing the framework with comparable conceptualisations that frequently consider 

livestock as anthropogenic assets and not, as in the reasoning of this framework, as a social-

ecological resource within the ecological subsystem (Díaz et al. 2015; Lescourret et al. 2015).  

The framework is in line with the IPBES-framework that underlines the pervasiveness of non-

material, cognitive elements in all components of NCP (Díaz et al. 2018). However, a structured 

assessment of these cognitive factors, such as values and aspects of appreciations usually 

requires some level of simplification. For that, the framework might not be able to capture the 

various aspects of appreciation by different actors (Schröter et al. 2020). For example, the 

indicators we used for place and activity attachment measure its effects, but not its intrinsic 

underlying mechanisms. This weakness is shared across NCP research overall (Schulz and 

Martin-Ortega 2018), though recent developments help addressing multiple values of nature 

and their incorporation into analyses of SES (Schröter et al. 2020; Pascual et al. 2021 Mar 25). 

While we support the use of a simple range of qualitative and quantitative key indicators (e.g. 

Schröter et al. 2020), we believe that applying the framework starts with qualitative research.  

4.2. Integrating social-ecological l legacies for understanding NCP co-

production  
The regional rule set of a given landscape emerges as a complex integration of interacting norms 

and behaviours over a period of time. The illustrative example of Beaufort NCP co-production 

in the Maurienne valley indicates that the way in which social-ecological legacies are organised 

by a common agreement (such as a collective rule set) among actors can affect the entire 

production system. For example, compliance to regional livestock breeds and fodder sourcing 

influence farm size and presumably different aspects of appreciation. The organisation of 

resources by a rule set can only be understood by integrating social-ecological legacies such as 

common values as a key resource. In case of the Beaufort production system, the organisation 

of collective values allowed an otherwise not competitive product to ensure the maintenance of 

mountain agriculture (Lynch and Harvois 2016). This suggests that the (re)organisation of non-

material social-ecological legacies can facilitate possible adaptation strategies to other 

challenges (e.g. climate change) for regional SES (Berkes et al. 2000; Oteros-Rozas et al. 2013; 

Lavorel et al. 2020). To advance agroecological transitions, collective institutions may 
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(re)formulate or adjust collective rule sets in accordance with the anticipated aspects of 

appreciation (Lamine et al. 2019). Thus, collective rule sets can be relevant for the preservation 

of landscapes with a specific biodiversity and cultural values, such as High Nature Value 

(HNV) landscapes. Recent research explicitly studying these linkages in Slovenia has 

highlighted the relevance of collective rule sets and associated collective value sets for these 

landscapes (Rac et al. 2020). Some research suggests that collective rule sets can promote 

biodiversity conservation, but more numerous and standardized, or at least comparable, studies 

exploring these interlinkages are needed (Chappell et al. 2016). However, as can be seen in the 

case study actors currently rather favour easing restrictions (e.g. 75% local fodder requirement) 

and only a fraction support stricter environmental measures. Social-ecological legacies can 

impede the introduction of new practices, for example the proposition of organic labelling for 

the Beaufort production is considered as controversial. This is in line with a recent meta-

analysis on the modifications of PDO-labels which suggests that ecological considerations only 

play a minor role in the amendment processes of the products (Marescotti et al. 2020). Thus, 

collective rule sets can either facilitate or hamper (e.g. by institutional inertia, path dependency 

or “stickiness”) the continuation or change of NCP co-production (Waylen et al. 2015; Colloff 

et al. 2020; Lavorel et al. 2020). 

4.3. Evolving current resources and types of appreciation  
We showed that actors need to comply with a certain rule set, but are then relatively free to set 

their current resource use in their management activities. Changes in energy and material 

regimes, embodied as current resources can profoundly impact current and future NCP co-

production and subsequently modify these social-ecological legacies (Plutzar et al. 2016; Le 

Noë et al. 2020). In line with previous studies on natural resource management, our analysis of 

the Beaufort production system showed that the rule set could influence the use of current 

resources in management practices (Ostrom 1990). Social-ecological legacies coupled with 

evolving current resources and aspects of appreciation can lead to new management practices 

like increasing irrigation (Waylen et al. 2015). In our case study, new irrigation technology can 

lead to undesirable effects on the social-ecological legacies of the ecosystem (e.g. modifying 

soil carbon) (Mudge et al. 2021). Therefore, the rigidity of collective rule sets combined with 

changing current resources can lead to social-ecological traps, with the unintentional 

degradation of ecosystems (Boonstra and de Boer 2014). On the other hand, social-ecological 

legacies and evolving types of appreciations have also led to new forms of non-material NCP, 

such as landscape appreciation. In the case of the Beaufort production system, the cooperatives 
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acknowledge this aspect and offer regular tourist visits to their transformation facilities or to 

grazing cattle on nearby pastures. On a larger scale, some European national or supranational 

subsidy schemes prioritise this non-material dimension of NCP co-production indirectly. The 

subsidies favour landscape management over production quantity to maintain a desired 

aesthetic appearance (von Glasenapp and Thornton 2011; Flury et al. 2013; Daugstad 2019). 

More research investigating the links between current resources, social-ecological legacies, 

individual management practices and types of appreciation are needed to better understand the 

role of social-ecological legacies in NCP co-production. 

5. Conclusion   
Our conceptual framework showed how regional societies make use of available resources for 

aspects they consider as relevant. We integrated social-ecological legacies and social activities 

to thoroughly analyse biophysical constraints and modifiable conditions SES are embedded in. 

The framework highlights the relevance of consensus among actors on the management of 

regional landscapes. We argued that a balanced recognition of social-ecological legacies of the 

social and the ecological subsystem is essential for describing agricultural systems. Further, the 

relations of outcomes with collective rule sets facilitate the understanding of actors’ choices in 

their resource use. While the framework is conceptually complex and requires knowledge from 

multiple disciplines, we argue it will advance analyses of agricultural development, social-

ecological legacies and regional governance systems because it decidedly focusses on the 

contextual specifics of these systems. Additionally it allows rapidly identifying relevant key 

stakeholders. We believe that the explicit linking of society and ecosystems through social-

ecological legacies provides a common ground for natural and social sciences in a regional 

context. This can nurture the discourse on value pluralism and foster research of non-material 

aspects that people consider as meaningful to their life.  
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Annexes  
 Supplementary materials 1 Overview and reasoning of indictors  

 Supplementary materials 2 Conducted interviews  

Supplementary materials 1 Indicators   

Resource 

categories  

Social 

subsystem 

Examples of 

variables 

Reasoning *  Ecosystem  Example 

of 

variables   

Reasoning  

Social-

ecological 

legacies  

Common 

Values* 
. 

% of regional  

breeds of total 

livestock  

 

The maintenance of 

regional breeds can 

indicate the willingness 

to maintain traditional 

farming structures. 

Research also suggests 

that regional breeds are 

more prevalent in small-

scale agricultural 

holdings such as 

mountain farming 

systems (Hiemstra et al. 

2010; Battaglini et al. 

2014). 

Genetic 

information 

 

Taxon 

richness of 

grassland 

(in nr.) 

Species richness in European 

mountain areas can serve as  a rough 

approximate average value for 

biodiversity (Väre et al. 2003). We 

used a case study that measured plant 

diversity in pastures with varying 

management intensity between 1300-

2000 m altitude (Vanpeene-Bruhier, 

Moyne, and Brun 1998). 

 % local fodder of 

total fodder 

 

This farm management 

practice can reflect 

common perceptions 

and readiness to 

maintain traditional 

farming practices (EC 

2017; van den Pol-van 

Dasselaar, Hennessy, 

and Isselstein 2020).  
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 Mean farm size We suggest that smaller 

farm size can reflect the 

maintenance of farming 

traditions.  

Traditional 

ecological 

knowledge* 

. 

Grazing or 

harvest dates and 

duration (days) 

adjusted to 

interannual 

climate 

variability 

 

 

This indicator 

underlines that 

traditional ecological 

knowledge is constantly 

evolving and shaped by 

ecological and social 

circumstances. For 

example grazing 

duration can favour  

higher quantity of 

biomass or different 

grass composition (von 

Glasenapp and 

Thornton 2011)  

Agricultural 

landscape 

 

Grassland 

cover  

 

The extent of grassland cover can 

reflect a social-ecological legacy in 

cultural landscape such as mountain 

areas (Foster et al. 2003) 

 Physical 

infrastructure  

. 

Travel time to 

transformation 

facility  

Local proximity to 

transformation saves 

time for farmers, can 

foster social relations 

and it can facilitate the 

maintenance of 

agricultural production 

system (Madelrieux, 

Bergeret, and Fillion 

2018; Pachoud et al. 

2020) .  

Amount of 

carbon 

stored in 

above and 

below 

ground 

biomass 

. 

Carbon 

stock  

 

We used carbon stocks as a widely 

available proxy (2b) (Teillard et al. 

2016). Soils hold material legacies of 

the ecological system that are 

particularly important to livestock 

production. Pastoral management 

practices are important drivers of the 

amount of nutrients in the soil of 

mountain pastures (Pittarello et al. 

2020).  

Current 

resources 

Activity 

attachment 

. 

Change in 

producer between 

2012 and 2019  

We suggest that 

quantitative changes of 

farmers can indicate 

changing activity 

attachments of farmers 

on a regional level.  

 

Ecosystem 

productivity   

 

Biomass 

production 

in grassland 

areas   

Biomass production in mountain areas 

is mainly governed by the ecological 

subsystem ( growing season length, 

elevation,location of climate zone) 

and social factors (Jäger et al. 2020; 

Haberl et al. 2007) 
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Place 

attachment 

Change in 

utilised 

agricultural area 

between 1988-

2010 

This indicator can show 

agricultural decline and 

associated impacts on 

the cultural landscape 

(e.g. changes in 

biodiversity) (Teillard 

et al. 2016). 

Biomass 

production 

Fodder 

harvest  

Fodder harvest can indicate potential 

mismatches between biomass 

productivity and fodder demand. 

However, a detailed analysis was 

beyond the scope of this illustrative 

case study. Information on fodder 

harvest for the Maurienne was based 

on a feasibility study about irrigation 

from the local department of the 

Agricultural chamber (Clavel 2013). 

These results are in line with 

comparable case studies in French 

mountains (Graux et al. 2020; 

Grigulis and Lavorel 2020).  

 

 

Labour   

 

Labour force unit 

(LFU)/holding 

This is a common 

indicator to measure 

labour force in 

agricultural production 

in agronomic studies at 

various scales (van 

Ittersum et al. 2008; Erb 

et al. 2013). 

Livestock 

density  

 

Livestock 

Unit 

(LSU)/ha   

This indicator can reflect agricultural 

practices (Lebacq, Baret, and Stilmant 

2013). In the context of mountain 

farming, this indicator can vary 

considerable due to biophysical 

constraints.  

Technology  

Production 

factor for 

agricultural 

products 

Irrigated surface 

of total 

agricultural 

surface   

Irrigation serves here as 

a proxy-indicator for 

technology. Biophysical 

constraints can limit 

some other 

intensification strategies 

(e.g. mechanization) in 

mountain 

farming(Flury, Huber, 

and Tasser 2013).  

Table 1: Overview about the different indicators along the NCP co-production chain  
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Supplementary Materials 2 Conducted Interviews  

Table 1: Overview of conducted interviews with the corresponding actors’ characteristics  

Socio demo Age group Type  Gender 

Int. 1  >62 Farmer M 

Int. 2 36- 45 Employee M 

Int. 3 18-35 Employee F 

Int. 4 46-55 Employee F 

Int. 5 36- 45 Farmer F 

Int. 6 18-35 Farmer F 

Int. 7 56-62 Farmer M 

Int. 8 56-62 Farmer F 

Int. 9 36- 45 Farmer M 

Int. 10 46-55 Farmer M 

Int. 11 36- 45 Farmer M 

Int. 12 18-35 Farmer M 

Int. 13 36- 45 Employee M 

Int. 14 56-62 Farmer M 

Int. 15 36- 45 Farmer M 

Int. 16 >62 Farmer M 

Int. 17 56-62 Employee F 

Int. 18 >62 Time witness M 

Int. 19 >62 Time witness M 

Int. 20 >62 Time witness M 
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Supplementary Materials 3: Interview guide 

First part: Interviewee/institution presentation  

1. Could you present yourself, your profession and your background? 

2.  Could you present your institution and the history of your institution? 

1. What is the main activity of your institution in relation to the agricultural sector in the 

Maurienne?  

2. How many people are working in your institution? 

3. How many members are affiliated to/controlled by your institution?  

Second part: interactions with other actors 

4.  Who are the other actors you are working with? 

5. Do you have relations to …. (name of different institutions)  

6. Who is in your mind the most powerful (in terms of decision-making) actor in the 

agricultural sector of the Maurienne?  

7. Who is in your mind the most competent (knowledge) actor in the agricultural sector 

in the Maurienne?  

8. With whom would you like to work more together?  

Third part: Describing the agricultural sector in the Maurienne valley  

9. How do you describe the agricultural sector in the Maurienne?  

10. What are the challenges of the agricultural sector in the Maurienne?  

11. How do you see agriculture in the Maurienne in 2050?  

12. Do you think that climate change will have an impact on the agricultural sector? 

Fourth part: Co-production activities 

13. How to you intervene in the management of pasture land?  

14. Can you describe the milking process in summer and in winter? How long does it take 

you?  

15. How many hours are you working per week?  

16. What is your motivations? 

17. What would you improve if you could? 

18. What do you think about the specification requirements of Beaufort cheese?  

  



95 

 

References for Supplementary Materials  

Battaglini, L., Bovolenta, S., Gusmeroli, F., Salvador, S., and Sturaro, E. (2014). 

Environmental sustainability of Alpine livestock farms. Ital. J. Anim. Sci. 13, 3155. 

Clavel, C. (2013). L’irrigation aujourd’hui (Aussois). 

EC, E.C.-D.-G. for H. and F.S. (2017). Welfare of cattle on dairy farms: overview report. 

Erb, K.-H., Haberl, H., Jepsen, M.R., Kuemmerle, T., Lindner, M., Müller, D., Verburg, P.H., 

and Reenberg, A. (2013). A conceptual framework for analysing and measuring land-use 

intensity. Curr. Opin. Environ. Sustain. 5, 464–470. 

Flury, C., Huber, R., and Tasser, E. (2013). Future of mountain agriculture in the Alps. In The 

Future of Mountain Agriculture, S. Mann, ed. (Berlin, Heidelberg: Springer Berlin 

Heidelberg), pp. 105–126. 

Foster, D., Swanson, F., Aber, J., Burke, I., Brokaw, N., Tilman, D., and Knapp, A. (2003). 

The importance of land-use legacies to ecology and conservation. BioScience 53, 77. 

von Glasenapp, M., and Thornton, T.F. (2011). Traditional ecological knowledge of Swiss 

Alpine farmers and their resilience to socioecological Change. Hum. Ecol. 39, 769–781. 

Graux, A.-I., Resmond, R., Casellas, E., Delaby, L., Faverdin, P., Le Bas, C., Ripoche, D., 

Ruget, F., Thérond, O., Vertès, F., et al. (2020). High-resolution assessment of French 

grassland dry matter and nitrogen yields. Eur. J. Agron. 112, 125952. 

Grigulis, K., and Lavorel, S. (2020). Simple field-based surveys reveal climate-related 

anomalies in mountain grassland production. Ecol. Indic. 116, 106519. 

Haberl, H., Erb, K.H., Krausmann, F., Gaube, V., Bondeau, A., Plutzar, C., Gingrich, S., 

Lucht, W., and Fischer-Kowalski, M. (2007). Quantifying and mapping the human 

appropriation of net primary production in earth’s terrestrial ecosystems. Proc. Natl. Acad. 

Sci. 104, 12942–12947. 

Hiemstra, S.; de Hass, Y., Maeki-Tanila, A., Gandini, G. (2010). Local cattle breeds in 

Europe: development of policies and strategies for self-sustaining breeds (The Netherlands: 

Wageningen Academic Publishers). 

van Ittersum, M.K., Ewert, F., Heckelei, T., Wery, J., Alkan Olsson, J., Andersen, E., 

Bezlepkina, I., Brouwer, F., Donatelli, M., Flichman, G., et al. (2008). Integrated assessment 

of agricultural systems – A component-based framework for the European Union 

(SEAMLESS). Agric. Syst. 96, 150–165. 

Jäger, H., Peratoner, G., Tappeiner, U., and Tasser, E. (2020). Grassland biomass balance in 

the European Alps: current and future ecosystem service perspectives. Ecosyst. Serv. 45, 

101163. 

Lebacq, T., Baret, P.V., and Stilmant, D. (2013). Sustainability indicators for livestock 

farming. A review. Agron. Sustain. Dev. 33, 311–327. 

Madelrieux, S., Bergeret, A., and Fillion, L. (2018). Forms of territorial embeddedness in 

dairy value chains-  Case of the Chartreuse massif (French Alps): geographical and historical 

perspectives. Open Agric. 3, 618–631. 



96 

 

Pachoud, C., Delay, E., Da Re, R., Ramanzin, M., and Sturaro, E. (2020). A relational 

approach to studying collective action in dairy cooperatives producing mountain cheeses in 

the Alps: the case of the Primiero cooperative in the Eastern Italians Alps. Sustainability 12, 

4596. 

Pittarello, M., Lonati, M., Ravetto Enri, S., and Lombardi, G. (2020). Environmental factors 

and management intensity affect in different ways plant diversity and pastoral value of Alpine 

pastures. Ecol. Indic. 115, 106429. 

van den Pol-van Dasselaar, A., Hennessy, D., and Isselstein, J. (2020). Grazing of dairy cows 

in Europe—An in-depth analysis based on the perception of grassland experts. Sustainability 

12, 1098. 

Teillard, F., Assumpcio, A., Dumont, B., Finn, J.A., Henry, B.., de Souza, D.M., Manzano, P., 

Mila i Canals, L., Phelps, C., Said, M., et al. (2016). A review of indicators and methods to 

assess biodiversity: application to livestock production at global scale- Livestock 

Environmental Assessment and Performance (LEAP) Partnership. 

Vanpeene-Bruhier, S., Moyne, M.-L., and Brun, J.-J. (1998). La richesse spécifique : un outil 

pour la prise en compte de la biodiversité dans la gestion de l’espace - Application en Haute 

Maurienne (Aussois, Savoie). 47–59. 

Väre, H., Lampinen, R., Humphries, C., and Williams, P. (2003). Taxonomic diversity of 

vascular plants in the European Alpine areas. In Alpine Biodiversity in Europe, L. Nagy, G. 

Grabherr, C. Körner, and D.B.A. Thompson, eds. (Berlin, Heidelberg: Springer Berlin 

Heidelberg), pp. 133–148. 

 



97 

 

Chapter IV- Applying collective capabilities to understand 

the co-production of nature’s contributions to people 

 

Most of the Beaufort production takes place within collective structures (credits: l’Atelier 

S.Madelon/SDB)  
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Based on the conceptual framework (see Chapter III), we focused in this chapter on social 

dynamics, which we identified as a major component for the functioning of social-ecological 

systems at territorial scale. Based on the main scientific objective of this chapter: “What is the 

role of collective capabilities in NCP co-production?” we specifically questioned:  

 Who are the actors of involved in the Alpine agricultural system?  

 Which and how co-production activities generate collective capabilities?  

 How do collective capabilities contribute to local identities   

We found that a number of actors within and outside of the Beaufort production systems 

generate collective capabilities by different types of social capital along the NCP co-production 

chain. Our approach underlined the importance of relational values emphasized by dimensions 

of local identities that are generated along these co-production activities. This allows an 

otherwise non-competitive agricultural system to maintain its production and the associated 

options for actors to freely choose a life they have reason to value. We found that the integration 

of collective capabilities in NCP co-production can uncover the subtle relational values of 

people in social-ecological interactions at territorial scale.  
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Abstract  

Nature’ Contributions to People (NCP) do not flow automatically from ecosystems to society, 

but they result from a co-production process of interactions between social and ecological 

systems. In this study we focussed on the social dimensions of NCP co-production by using the 

collective capabilities approach. These are the benefits collective structures retrieve from 

social-ecological interactions that individuals could not have achieved on their own and which 

frequently exceed pure instrumental values. Collective structures mobilise different types of 

social capitals in order to generate these collective capabilities. Here, we specifically 

investigated linkages between collective capabilities and their contributions to common 

perceptions and local identities. We conducted 44 semi-structured interviews with two distinct 

different actors’ groups in a French Alpine agricultural system surrounding the production of 

the quality labelled Beaufort cow cheese. We analysed the interviews qualitatively, and 

conducted quantitative analyses as well as content and sentiment analysis to identify the 

different levels and types of collective investment mobilized by actors to generate collective 

capabilities. We found that collective capabilities via NCP co-production contributed to 

common perceptions and to specific dimensions of local identities by relational values 

construction. Further, the analysis suggests that collective capability relies on dense social 

interactions between actors that contribute to a good quality of life in itself. This study advances 

previous attempts to further investigate the role of intra-social relations for NCP co-production.  

Key words: Nature’s contributions to People (NCP), collective capabilities, local identities, 

common perceptions, co-production   
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1. Introduction 
Ecosystems contribute to the multiple facets of people’s good quality of life (Russell et al. 2013; 

Bratman et al. 2019). Nature’s contributions to people (NCP) are subjective, and highly context-

dependent, and the understanding of their intricate material and non-material dimensions stands 

out as an enduring knowledge gap in social-ecological science (Díaz et al. 2018; Mastrángelo 

et al. 2019). The various dimensions of a good quality of life supported by nature relate to the 

satisfaction of human needs, including material NCP like food and shelter, and often highly 

subjective non-material NCP like belonging or identity (Max-Neef et al. 1989; Sen 2000). 

Therefore, a good quality of life is not exclusively quantified by material outcomes but also “on 

one’s ability to choose the life one has reason to value” (Sen 2000), including in relation to 

others, as sense of place, belonging, identity are intrinsically collective. This is crucial to 

understand the complex choices people make, like trade-offs between dimensions of a good 

quality of life to align with their values (e.g. lower salary vs. more leisure time).  

Recent conceptual frameworks representing social-ecological interactions highlight that NCP 

often require society’s inputs, referred to as NCP co-production (Spangenberg et al. 2014; Díaz 

et al. 2015; Lescourret et al. 2015; Palomo et al. 2016). For example water quality can be 

improved by ecosystems along with human infrastructure to benefit society (e.g. treatment 

plants, pipeline networks) (Palomo et al. 2016). Co-production processes and society’s 

underpinning material (e.g. labour) and non-material (e.g. social capital) inputs need to be 

considered along the several steps from ecosystems to benefits to people (Fedele et al. 2017; 

Vallet et al. 2019a; Bruley et al. 2020). Co-production activities are tightly linked to actors’ 

capabilities and their use and access to different capitals, also called resources (labour, 

technology, infrastructure,…) (Leach et al. 1999; Fischer and Eastwood 2016; Bruley, Locatelli, and 

Lavorel 2021).  

NCP co-production depends on individual actions or resources, and on interactions among 

actors, along with collective capabilities. The concept of collective capabilities are the benefits 

people retrieve from social-ecological interactions, that individuals could not have achieved on 

their own (Comim and Carey 2001; Ibrahim 2006). Social capital broadly describes social relations 

and interactions between people (Ibrahim 2006). In practice, collective capabilities can be 

achieved by collective investments to mobilise different forms of social capital. These 

underlying social structures and resources (e.g. social relations, social behaviour, collective 

structures, norms...) support activities (Ostrom 1999; Lehtonen 2004). For example, agricultural 

cooperatives are collective structures using social capital to bundle and provide services to 
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farmers like marketing, sharing machines or equipment (e.g. irrigation systems), transformation 

facilities or procuring inputs. They allow farmers to specialize in some production activities to 

save transaction costs and can facilitate the local maintenance of agricultural activities (Ostrom 

1990; Filippi and Torre 2003). Thus, collective structures can be identified as important engines 

to mobilize collective investments of social capital for collective capabilities in rural and 

marginalized landscapes including mountains (Ibrahim 2006; Pachoud et al. 2020).  

Collective capabilities rely on common perceptions, shared interests, and associated (less 

evident) identity related dimensions like a sense of belonging to a place or group (Evans 2002; 

Pelenc et al. 2015). Common perceptions are the way in which people observe, understand, 

interpret and evaluate social-ecological systems and processes (Bennett 2016; Partelow et al. 

2021). In southern Brazil, the involvement in producers’ associations or cooperatives was found 

to be tightly related to common perceptions and farmers’ local identities. Farmers were more 

likely to represent themselves through the typicality of their Serrano cheese, and the belonging 

to Serrano and Rio Grande do Sul landscapes (Pachoud 2019).  

Therefore, collective capabilities, common perceptions and local identities are dynamically 

interlinked. There are several published examples showing how common perceptions about 

natural resource management can encourage the implementation of more sustainable practices 

and policies (Frey and Berkes 2014; Forster et al. 2017; Dendoncker et al. 2018; Partelow et al. 2021). 

Indeed, NCP co-production exemplifies how collective capabilities, common perceptions and 

local identities drive (collective) action (Kramer and Tyler 1996; Rudd 2000). How these emerge 

from social-ecological interactions, actors’ organisation, cooperation, or legacies are avenues 

for research in ecological economics and social ecology (Bennett 2016; Ballet et al. 2018). More 

precisely, there is a need to understand which kind and level of collective capabilities are useful 

for NCP co-production, and conversely how co-production contributes to local identities, and 

hence to a good quality of life (Cook et al. 2012; Lessmann and Rauschmayer 2013; Forsyth 2015).   

Mountain social-ecological systems are exemplary to address these questions. First, mountain 

traditional farming systems can co-produce a diversity of NCP, while maintaining iconic 

biodiversity and cultural landscapes (Martín-López et al. 2019; Vallet et al. 2019b). For 

instance, Alpine extensive livestock farming supports co-production of fodder for cheese or 

meat, along with aesthetic enjoyment, experiences of nature and hazard regulation (Grosinger et 

al. in review; Bruley, Locatelli, Vendel, et al. 2021). Secondly, farmers in mountain areas are often 

organised collectively to be competitive, for instance through cooperative systems specialized 

in local products (Ricard 2015; Pachoud et al. 2020). Actors in mountain landscapes generate and 
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establish collective capabilities, especially in the cheese production sector (Dissart 2012; Pachoud 

et al. 2020). The cheese cooperative system is therefore highly relevant to analyse how common 

perceptions and collective capabilities relate to NCP co-production. As existing studies focus 

on the economic benefits of such collective institutions, this study aimed to bring new insights 

into sense of place, belonging and other identity-related non-material dimensions meaningful 

to Alpine traditional farming systems (Koohafkan and Altieri 2011; Buclet and Donsimoni 2018; 

Fagerholm et al. 2020; Petway et al. 2020).  

In this study, we focused on co-production of the NCP of the cattle milk cheese “Beaufort” in 

the Maurienne valley (Savoy, France). The objectives of this paper are to: (1) unravel co-

production activities implemented by actors; (2) identify collective capabilities and associated 

collective investments of social capital mobilized by actors for different co-production 

activities; (3) analyse whether actors with specific perceptions and feelings about collective 

capabilities also have specific local identities. We conducted 44 semi-structured interviews with 

local actors that we analysed using text and sentiment analysis.  

Materials and methods 

Study area  

Figure 1: Map of the Maurienne valley in the French Alps. Source:(IGN-F 2006; Copernicus Land Monitoring Service 2018; 

IGN-F 2019). 

The Maurienne valley is located in Savoy, a French region known for its traditional mountain 

agricultural systems. The 40,000 inhabitants live in predominantly rural settings; only three of 

the 62 municipalities exceed 2,000 inhabitants (SPM 2020). Population density is well below 

the average in the Alps (22 vs. 75 inhabitants/km²) (Elmi 2018). The climate ranges from a humid 

pre-alpine climate in the west to a continental alpine climate in the east. Covering one third of 

the valley, grasslands are a characteristic land cover (Figure 1). Consistent with other Alpine 

regions, a quarter of the work force is linked to winter tourism, with 24 skiing resorts. At the 

bottom of the valley, the industrial sector provides income for 19% of the working population. 

Livestock farming is the prevalent farming activity and represents with around 350 farms 2% 

of the total workforce (SPM 2020).  

The Maurienne valley falls within the boundaries of the Protected Designation of Origin (PDO) 

label for the Beaufort cow cheese (INAO 2015). This EU-wide regulatory framework promotes 

specific agricultural products, their distinctive regional features and associated modes of 

production (Quiñones Ruiz et al. 2018). A consortium of fourteen cooperatives manages the 
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production of the PDO cheese Beaufort (annual production: 5,000 t/yr) in three adjacent valleys 

of Savoy. The Maurienne’s three cooperatives with about 80 producers (900 t/yr) are an integral 

part of this system since the registration of Beaufort in 1968. Each cooperative organises milk 

collection, transformation and sale. Milk production for Beaufort cheese within this cooperative 

system constitutes the major structuring agricultural activity in Maurienne, and concerns 38% 

of farms. Beef and small livestock (sheep, goat) are much less institutionalized (SPM 2020). The 

history of Beaufort as a high quality consumer brand dates back to the 1960s when local actors 

looked for an effective response to combat rural emigration and the associated decline of Alpine 

agriculture (Dubeuf 1996). Similar to other PDO cheese production systems, the cooperatives 

are currently associated within a consortium, which regulates and facilitates modes of 

production and market relations. The mandatory compliance to specification requirements 

protects the uniqueness of the product (INAO 2015; Lynch and Harvois 2016). These collectively 

agreed regulations are to various extents historical (limiting livestock to two regional breeds: 

“Tarine” and “Abondance”); economic (restricted milk quantity at cooperative and farm level) 

or technical (75% of the forage originates from the valley). These various restrictions guarantee 

the uniqueness and homogeneity of the product (INAO 2015; Lynch and Harvois 2016).  

2. Materials and Methods 

2.1. Study area  

 

Figure 1: Map of the Maurienne valley in the French Alps. Source:(IGN-F 2019, 2006; Copernicus Land Monitoring Service 

2018). 
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The Maurienne valley is located in Savoy, a French region known for its traditional mountain 

agricultural systems. The 40,000 inhabitants live in predominantly rural settings; only three of 

the 62 municipalities exceed 2,000 inhabitants (SPM 2020). Population density is well below 

the average in the Alps (22 vs. 75 inhabitants/km²) (Elmi 2018). The climate ranges from a humid 

pre-alpine climate in the west to a continental alpine climate in the east. Covering one third of 

the valley, grasslands are a characteristic land cover (Figure 1). Consistent with other Alpine 

regions, a quarter of the work force is linked to winter tourism, with 24 skiing resorts. At the 

bottom of the valley, the industrial sector provides income for 19% of the working population. 

Livestock farming is the prevalent farming activity and represents with around 350 farms 2% 

of the total workforce (SPM 2020).  

The Maurienne valley falls within the boundaries of the Protected Designation of Origin (PDO) 

label for the Beaufort cow cheese (INAO 2015). This EU-wide regulatory framework promotes 

specific agricultural products, their distinctive regional features and associated modes of 

production (Quiñones Ruiz et al. 2018). A consortium of fourteen cooperatives manages the 

production of the PDO cheese Beaufort (annual production: 5,000 t/yr) in three adjacent valleys 

of Savoy. The Maurienne’s three cooperatives with about 80 producers (900 t/yr) are an integral 

part of this system since the registration of Beaufort in 1968. Each cooperative organises milk 

collection, transformation and sale. Milk production for Beaufort cheese within this cooperative 

system constitutes the major structuring agricultural activity in Maurienne, and concerns 38% 

of farms. Beef and small livestock (sheep, goat) are much less institutionalized (SPM 2020). The 

history of Beaufort as a high quality consumer brand dates back to the 1960s when local actors 

looked for an effective response to combat rural emigration and the associated decline of Alpine 

agriculture (Dubeuf 1996). Similar to other PDO cheese production systems, the cooperatives 

are currently associated within a consortium, which regulates and facilitates modes of 

production and market relations. The mandatory compliance to specification requirements 

protects the uniqueness of the product (INAO 2015; Lynch and Harvois 2016). These collectively 

agreed regulations are to various extents historical (limiting livestock to two regional breeds: 

“Tarine” and “Abondance”); economic (restricted milk quantity at cooperative and farm level) 

or technical (75% of the forage originates from the valley). These various restrictions guarantee 

the uniqueness and homogeneity of the product (INAO 2015; Lynch and Harvois 2016).  
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2.2. Overview of the approach 
We used a three-step methodology to analyse the collective capabilities mobilized along NCP 

co-production of Beaufort cheese and understand if well-perceived co-production activities also 

contribute to local identities (Figure 2): (1) stakeholder analysis; (2) Beaufort co-production 

activities analysis; (3) description of the local identities surrounding the Beaufort production 

system in Maurienne. In order to highlight potential differences in perceptions, all analyses 

were replicated for two groups of actors, defined on whether they directly participate in the 

Beaufort production chain.  

 

Figure 2: The three step-methodology to determine common perceptions about the Maurienne Alpine agricultural system 

2.3. Actor selection 
Stakeholder analysis supports the identification of actors and the analysis of their behaviour, 

concerns and roles (Reed et al. 2009). We defined relevant actors as the user groups who 

influence or benefit from Beaufort production in Maurienne (Reed et al. 2009; Herzog and Ingold 

2019). This encompasses actors from the wider agricultural sector like regulatory authorities 

and agricultural associations; and actors from the tourism and industrial sectors who indirectly 

derive benefits from Beaufort production. Ultimately, we identified around 400 actors relevant 

to Maurienne’s Beaufort production system, among which three cooperatives, 10 agricultural 

associations, 62 municipalities, 355 farm holdings (of which 80 are cooperative members), 22 

pastoral land associations, one major industrial actor, 24 tourism actors and 5 services of the 

regional authority. We restricted our analysis to 43 actors from this list (Supplementary 

Materials 1), in line with our resources. The 43 selected actors were identified based on a 

preliminary internet search of academic and grey literature and a brainstorming process with 
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four academic experts of the region representing different disciplines. We then iteratively 

updated this list over the course of field research by purposive snowballing (Bryman 2016). The 

composition and distribution of the selected actors reflect to a certain extent the composition of 

the agricultural sector in Maurienne, so we consider the interview data set as a representative 

sample of the 400 actors relevant to its Beaufort production system (SPM 2020). 

We classified actors into two groups, to determine whether specific cooperative structures built 

around Beaufort production foster different perceptions of NCP co-production activities and 

the associated collective capabilities than actors not directly linked economically to the 

Beaufort production system. The first group, hereafter referred as “within Beaufort production” 

group (WB, n=17) included actors directly involved in the Beaufort production chain. It 

included eleven full-time farmers, eight of which with different roles in Beaufort production. 

The six remaining actors were full-time employees in cooperatives. Actors representing the 

interest of Beaufort farmers, like in agricultural associations or trading unions were also 

included in this first group. In contrast, the second group hereafter referred to “outside Beaufort 

production” (OB, n=27) represented actors who either benefit indirectly (e.g. by non-material 

aspects like landscape appearance, tourism) or who contribute or manage indirectly Beaufort 

production (e.g managing pasture land, road infrastructure, knowledge sharing). For example, 

agricultural associations provide guidance, technical or administrative assistance to individual 

farmers, but do not interfere directly in the production chain. Actors of the OB group act in a 

social-ecological landscape shaped by Beaufort production that they influence indirectly 

through their action on land use (e.g. protection of biodiversity or cultural heritage, land 

consolidation). This group was composed of local and regional state institutions, agricultural 

associations, one industrial company and included two farmers outside of the Beaufort 

production system (beef and small livestock). It is worth noting that almost all farmers 

producing Beaufort cheese in the study area are affiliated to one of the three cooperatives: in 

2019 there were only two farmers who produced Beaufort independently all-year-round, and 

ten seasonally.  

2.4. Data collection  
We conducted 44 semi-structured interviews, representing the 43 selected actors. We selected 

interviewees based on their involvement in their institutions. They included farmers, officials 

(e.g. agricultural chamber), collective institutions (e.g. associations for agricultural 

development, pastoral land associations) or skiing resorts (Supplementary Materials 1). For 

collective actors or regional authorities, we selected interviewees in either leading or managing 
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positions, or actively involved in Beaufort production. For instance, we conducted interviews 

with chairs of six pastoral associations. Thirteen interviewees were full time farmers. Consistent 

with other Alpine agricultural systems, most of them had representative, managing, leading or 

technical roles (often voluntary) in collective institutions (e.g. cooperatives, pastoral land 

associations), in addition to managing their farm (Schermer et al. 2010).  

To elicit interviewees’ perceptions of agriculture, semi-structured interviews focused on the 

role and background of respective institutions, on their professional position, their perceptions 

and relations to the Maurienne agricultural landscape, including the agricultural sector and 

Beaufort production (Interview guide in Supplementary Materials 2). With institutional 

representatives, we specifically asked interviewees to explain the role of their organisation. 

Interviews took place from February to September 2019 in the actors’ working environment, 

with an average duration of 60-90 minutes. We transcribed and uploaded the dataset of 350 

pages in the original language (French) into the qualitative data analysis software NVivo, 

release 1.2 (QSR International 2020).  

3. Data analysis  

3.1. Unravelling collective capabilities at different steps of Beaufort co-

production 

We considered that NCP co-production follows three steps along the NCP cascade from 

ecosystems to society and good quality of life (Bruley et al. 2020). Co-production step 1 (CP1) 

refers to ecosystem biophysical management, like fertilisation. Co-production step 2 (CP2) 

refers to activities of extraction of material or non-material outputs from the social-ecological 

system, like milking or haymaking. Co-production step 3 (CP3) relates to translation to a final 

NCP benefit, e.g. milk, a transformed dairy product or to nature’s appreciation and other non-

material NCP.  

Our analysis focused on deliberate co-production activities mentioned by actors from the two 

groups. First, we coded all co-production activities in NVivo, using a predefined typology. This 

typology was built using existing studies on co-production of agricultural NCP (Palomo et al. 

2016; Vallet et al. 2019a; Bruley, Locatelli, and Lavorel 2021). The typology was then iteratively 

improved while coding the interviews; the final version is provided in Supplementary Materials 

3.  
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Then, for each co-production activity, we qualitatively determined what types and levels of 

collective investment were mobilized for collective capabilities using interview materials (see 

Table 1 and Supplementary Materials 3). For types of collective investment, we followed 

Ostrom’s typology for social capital, distinguishing: actors’ networks (formal and informal 

interactions), shared norms (e.g. trust, reciprocity), social beliefs and knowledge (held values), 

conventions (replicating prior individual decisions), collective rule systems (institutionalized 

rule sets) and family structure (e.g. family lineage and composition) (Ostrom 1999). We note 

that a clear differentiation between types remains difficult and might be contextual.  

The levels of collective investment for collective capabilities refer to the existence of 

coordination and frequent interactions between actors, about goals, management practices and 

rules associated to the Beaufort production system. The sharing of common pool resources 

(communal pastures, irrigation network...) requires more social coordination of individual 

objectives and practices between involved actors than the choice of agricultural practices 

implemented on individual farms (fertilization levels, crop rotation...) (Ostrom 1990). Therefore, 

we distinguished between three levels of collective investment: low, medium and high. 

Although actors, for instance farmers, are embedded in a collaborative system ruled by a set of 

norms, they can autonomously set their own goals and decide their agricultural practices (e.g. 

decreasing herd size in winter due to limiting infrastructure). Those activities can be 

implemented with low levels of collective investment. Actors do not necessarily share the same 

goals, nor implement identical activities: duration of grazing period, herd size, accessibility, 

grass harvesting or time resources can differ across farms. These individual farmer decisions 

only marginally affect the Beaufort production system. In contrast, some activities require 

actors to coordinate and agree on the management and the associated rules for the social-

ecological system, for instance deciding the use of common lands. These medium-levels of 

collective investment corresponds to situations where actors collectively agree on rules over 

the use or management, but with possible different goals, that do not affect the logic of the 

Beaufort production chain. For instance, farmers can be involved in the same collective 

irrigation systems, while pursuing different objectives (e.g. supplementary hay for winter 

fodder vs. increase total livestock). Finally, high levels of collective investment correspond to 

activities where actors share the same goals and agree on the activities and rules to implement. 

If actors would modify this co-production activity (e.g. change the type of cattle allowed in 

Beaufort production), then entire Beaufort production chain would be impacted.  
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3.2. Analysing perceptions and associated sentiments about Beaufort co-

production 
In a second step, we analysed the associated sentiments expressed by actors about different co-

production activities. Sentiment analysis is widely used for marketing or communication 

purposes (Twitter, customer related review sites), but less commonly for qualitative interview 

data (Liu and Zhang 2012; Lee et al. 2020). In social-ecological research, it has been applied to 

measure place-based perceptions of non-material NCP (Jones et al. 2020). We used sentiment 

analysis to test whether actors share similar positive or negative sentiments about Beaufort co-

production activities. We used a four-level Likert-scale (very positive, moderately positive, 

moderately negative, very negative) to code and systemize interviewees’ overall feeling 

associated to each of the identified activities. Sentiments were coded manually using the NVivo 

node system, considering the whole sentence and the general context of the discussion with the 

interviewee (Neuendorf and Skalski 2009; Liu and Zhang 2012). Very positive sentiments 

corresponded to sentences where interviewees used highly sentiment-loaded words like 

“admire” and “love”, and very negative sentiments to sentences with overall negative words 

like “struggle” or “difficult”. Moderately positive and moderately negative categories 

corresponded to less obvious negative or positive meaning. Sentiments were not coded for each 

specific co-production activity, but for broad sets at each step (CP1, CP2 and CP3) of co-

production (twelve in total). They encompass for example categories like technology, transport 

and work-life balance, (see Table 1 and refer to Supplementary Materials 3 for the detailed list).  

Finally, we analysed the links between collective capabilities and sentiments to identify if 

activities associated with high levels of collective investment are perceived differently in the 

two actors’ groups.  

3.3. Content analysis for detecting local identities  
Content analysis is a research technique to identify and systemize intentions, themes, trends in 

texts like online media, journals or transcribed interviews (Gheyle and Jacobs 2017). Content 

analysis has been used extensively to reveal collective notions like understanding, perceptions, 

identity in diverse contexts especially in the field of political science (Neuendorf and Skalski 

2009). In social-ecological research, content analysis has been widely applied to analyse the 

evolution of the discipline (Stojanovic et al. 2016), social and environmental disclosures of 

organisations in social and environmental reporting (Vourvachis and Woodward 2015) and visual 

and textual representation of ecosystem services in social media (Weber et al. 2017; Oteros-Rozas 
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et al. 2018). Further, content analysis has been applied to understand perceptions of NCP in 

relation to agricultural practices at regional scale (Bernués et al. 2016). 

To implement content analysis, first, we used NVivo built-in tool for word frequency analysis 

to identify the most frequently mentioned nouns (called ‘terms’ in the following) across all 

interviews, and separately within each group of actors (Jones et al. 2020). We hence identified 

the most frequent terms separately for each group, and checked common terms. We first treated 

plural and singular forms separate as synonyms and totalled them in a second step for the most 

frequent terms. We limited our selection to the 16 most frequent terms in each group as the 

following less frequent terms were overall synonymous or related to the top 16 (Supplementary 

Materials 4); this kept the number of selected terms tractable for the next step of the analysis 

(manual sentiment analysis). We grouped these terms into three categories: institutions, place 

and resources. These are fundamental components on studies on collaborative structures in 

natural resource management (Ostrom 1990) and were used in other studies on collaborative 

structures (Pelenc and Ballet 2015). Terms not falling in these categories were grouped in an 

“other” category.  

Secondly, for each term we conducted a sentiment analysis, following the same approach as for 

the sentiment analysis described in the previous section (i.e. we used the same four-levels 

Likert-scale, and the same detection criteria for coding sentiment levels).  

Finally, we identified the underlying themes related to the most frequent terms, one for each of 

the three categories (place, institution, resources). These corresponded to the major topics of 

interviews, which interviewees repeatedly mentioned and therefore constituted a relevant part 

of their perceptions of the Beaufort production system.  

3.4. Comparing content and sentiment between actors’ groups 
We analysed whether term frequencies and sentiment levels varied between the two groups of 

actors (WB group vs. OB group) using Student t-tests and standardized residual analysis 

(Agresti 2007). More precisely, we tested: (1) the effect of actors’ group on each word 

frequency and sentiment levels (Student t-test); (2) the effect of actors’ group on the sentiment 

levels expressed for each term (residual analysis).  

Standardized residuals describe the difference between expected (if there was no pattern of 

association between actors’ group, terms, and associated sentiment levels) and observed 

frequencies in contingency tables. As they follow a standard normal distribution (mean = 0, 

standard deviation = 1), residuals with an absolute value that exceeds 2 or 3 mean that there is 
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a significant statistical association between the variables (i.e. residuals are greater than we 

would expect if the variables were truly independent). In contrast, residuals with values close 

to zero mean that there is no association. The sign of the residuals describes the nature of the 

association (positive or negative) (Agresti 2007). Standardized residuals were represented as 

mosaic graphs (Meyer et al. 2006). The mosaic plot was drawn with the vcd package and R 

version 4.0.2 (Meyer et al. 2006; Zeileis et al. 2007; R Core Team 2020; Meyer et al. 2020). 

All graphs were created with R, and the tidyverse (Wickham et al. 2019), ggpubr (Kassambara 

2020a), rstatix (Kassambara 2020b) and viridis (Garnier 2018) packages.  

4. Results 

4.1. Beaufort co-production activities 

A total of twelve co-production activities were identified along the Beaufort production chain 

in the interviews, for a total of 974 quotes (Table 1 and SM 3). In the first step (CP1), 

representing fodder production, actors mentioned four types of activities: modifying the share 

of regional fodder (to comply with the 75% specification), improving the technological 

equipment (irrigation, machinery…), increasing land extension (exchanges, purchases...), and 

managing the crop calendar and the main agricultural practices on the farm (harvest date, herd 

size...). CP2 considers the mobilisation of ecological resources, e.g. only milk from the two 

regional cattle breeds (which we consider as an ecological resource) is legitimate for the 

production of Beaufort cheese. In CP2, actors cited as activities: regional cattle breeds (Tarine 

and Abondance), increasing milk quantity, improving milk quality (protein and fat levels, 

hygiene indicators) and transporting the milk to the cooperative. In CP3 (product sale), actors 

listed socioeconomic livelihood, landscape appearance, personal satisfaction and work-life 

balance as main elements.  

Co-production activities related to personal satisfaction (CP3) received the highest number of 

quotes, then followed by land expansion (CP1) (Table 1). The number of quotes each activity 

received during the interviews varied across actors’ groups: actors involved directly in the 

Beaufort chain (WB group) mentioned much more activities related to the translation of 

agricultural activities to a final NCP benefit CP3) than other actors (Table 1). This highlights 

the importance of Beaufort production for their good quality of life.  

4.2. Collective capabilities surrounding Beaufort co-production 
Co-production activities required different types of collective social capital, listed in Table 1, 

and that we further classified into three levels of collective investment (low, medium and high), 
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depending on the social coordination of individual objectives and practices between involved 

actors for Beaufort co-production. 

The types and levels of collective investment of social capital mobilized for the NCP co-

production varied along the co-production cascade (Table 1). For CP1, crop calendar 

management was an individual decision, reflecting each farmer’s preferences and possibilities 

and less interactions with other actors (low levels of collective investment): this involved only 

social beliefs and knowledge and household structure. Improving the technological equipment 

and increasing land extension received the highest number of quotes in both groups. This 

activity required the actors to coordinate at some point, across or within the two groups, using 

conventions and actors’ networks (medium levels of collective investment), as illustrated by 

this quote:  

“[About land exchange] They don’t necessarily like each other, everyone does things 

differently, but still they work together on that”. (Int. 1, Farmer, 07/2019) 

The easing or tightening of the 75% regional fodder requirement required high levels of 

collective investment. This rule is part of a set of PDO specifications (i.e. a collective rule set) 

that shapes the entire production system. Actors from the OB group are less involved in this 

activity and quoted them accordingly less. However, it was subject to many discussions for 

actors from the WB group:  

“We need to evaluate the restrictions for Beaufort for all farms. But, for 

sure we must not change them, it’s on us to adapt.” (Int. 36, Farmer, WB, 

08/2019)  

Activities in CP2 were mainly cited by the WB group and less by the OB group, suggesting the 

latter are less involved at this step of co-production (Table 1) Activities related to increasing 

milk quantity, improving quality (both mobilized collective rules) and transporting milk from 

farm to cooperative level (norms, networks) required medium-levels of collective investment. 

They corresponded to each farmer’s individual objectives and strategies to have a viable 

business while complying with PDO specifications, national regulations (hygiene, milk storage) 

and the individual cooperatives’ habits for transport. The restriction to local cow breeds (also 

based on collective rules) relies on high levels of collective investment as the restriction to low 

yielding cattle implies extensive farming, a strong symbol for the Beaufort cheese. Any 

modification would entail fundamental changes in the current production, as expressed in this 

quote:  
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“If you want another cattle breed that produces more, it’s because of its genes, but then the 

hay is not sufficient, it needs more grains. And then you lose the link with the region” (Int. 02, 

Employee, WB, 07/2019) 

At CP3, activities were more frequently mentioned by actors from the WB group (Table 1 and 

SM 3/Table 2). As personal satisfaction and work-life balance can be considered as individual 

choices which depend on individual appreciation, most of the social capital mobilized (i.e. 

social beliefs and family structure) corresponded to low collective investment, except landscape 

appearance (medium levels of collective investment) and socioeconomic livelihood (high levels 

of collective investment) which rather mobilized networks and collective rules. Overall, the 

PDO specifications (controlling livestock breed, milk quantity at CP2 and forage origin at CP1) 

effectively limit the farm size and set as a rule small-scale traditional farming systems. The 

specifications also provide a financial security as farmers can sell their milk to Beaufort 

cooperatives at almost double the market price. This is illustrated by the following quote:  

“Thanks to the cooperative I have money on my bank account.” (Int. 23, 

Farmer, WB, 08/2019) 
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NCP co-production 

activities 

Description # of 

quotes 

Types of social 

capital involved  

Levels of 

collective 

investment  

Example citations 

 

CP1- fodder 

production 

Modifying the 

share of regional 

fodder 

Current Beaufort PDO 

requires a minimum of 75% 

of regional fodder. Some 

actors suggested to maintain, 

soften, or increase this value.  

WB: 8  

OB: 10 

Collective rule system 

(PDO certification)   

High  “We made some temporary exceptions 

regarding the share of regional fodder a 

few years ago. But, at the moment, we 

don’t ask ourselves to ease that 

requirement, there is too much behind 

it.” (Int. 11, Employee, WP, 07/2019) 

Land expansion Actors’ different strategies to 

fight land fragmentation. It 

includes land acquisition, 

land exchange and the 

collaborative management of 

pastures through land 

pastoral associations.  

WB: 87 

OB: 84  

Family structure, networks, 

convention (land contracts, 

regulations and land 

consolidation) 

Medium  “Is it better to make housing for 50 

people in the village or better to keep 

the farmer? That’s often the question.” 

(Int. 22, State official, OB, 07/2019)  

Improving 

technological 

equipment 

Irrigation systems, additional 

seeding or machinery. 

WB: 50 

OB: 40  

Networks, Convention 

(agreeing over land, timing 

and type of irrigation 

system across actors’ 

groups)  

Medium  “Irrigation is important for the Beaufort 

zone. There is a real economy behind 

these hectares.” (Int. 7, State official, 

OB, 7/2019) 

Managing the crop 

calendar 

Agricultural practices 

implemented on farm: 

harvest dates, grazing 

duration, permanent or 

temporary herd size.  

WB: 50 

OB: 18  

Family structure, social 

beliefs and knowledge 

(habits, traditions and 

exchange over experience 

and knowledge)  

Low  “I stay less time in the mountains, I 

return end of September and cows graze 

on the bottom of the valley. If they stay 

up there, they give less milk. “(Int. 23, 

Farmer, WB, 08/2019) 

CP2- milk 

transfer from 

farm to 

cooperative 

level 

Local cattle breeds  Beaufort PDO currently 

allows only two breeds 

(Tarine and Abondance) for 

milk production.  

WB: 40 

OB: 6  

Collective rule system 

(PDO certification) 

High  “But what is behind the colour of a cow 

is a real fight over a production system” 

(Int. 11, Employee, WB, 07/2019).  

Improving milk 

quality  

Milk quality is frequently 

controlled by cooperatives. 

Beaufort PDO and national. 

regulations define quality 

rules.  

WB: 55 

OB: 1  

Collective rule system 

(PDO specifications) 

Medium  “After changing all the farm system, last 

year the cooperative told me that I’m 

the cleanest producer regarding the 

milk proteins. How was I proud!” (Int. 

14, Farmer, WB, 02/2019) 
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Increasing milk 

quantity 

Milk quantity produced on-

farm is restricted by a quota 

system, often contested by 

actors. The variability of milk 

production during the year is 

difficult for cooperatives to 

manage (milk shortages).  

WB: 67 

OB: 2  

Family structure, social 

beliefs and knowledge, 

collective rule system 

(maintenance of small to 

medium holding size) 

Medium  “There is a real risk of losing quantity; 

we have producers where nobody knows 

if somebody will take the farm after 

them.” (Int. 39, Employee, WB, 

08/2019) 

Transporting milk 

from farm- to 

cooperative  

Cooperatives collect milk 

daily from the individual 

farms. 

WB: 13 

OB: 20  

Norms, networks 

(government institutions 

provide road infrastructure) 

Medium  “It’s important for the farmers that we 

open up the mountain passes in spring 

so that they can access their pasture 

land. (Int.40, State official, OB, 

08/2019) 

CP3-product 

sale 

Socioeconomic 

livelihood 

Economic benefits and 

quality of life generated by 

Beaufort production. 

WB: 74 

OB: 37 

Social beliefs and 

knowledge,  

family structure (attitudes 

towards farming 

profession) 

High  “Here, if there wouldn’t be the 

Beaufort, there would be no agriculture 

here” (Int. 1, Farmer, WB, 07/2019) 

Landscape 

appearance  

The Beaufort production 

maintains by extensive 

grazing activities the cultural 

landscape.  

WB: 16 

OB: 27 

Networks, social beliefs, 

and norms (consensus over 

landscape appearance) 

Medium  That’s an important aspect. The 

maintenance of space. Because if 

agriculture stops tomorrow, the 

vegetation, the landscape will 

deteriorate. For that agriculture needs 

to stay.” ( Int. 25, Employee, OB, 

03/2019) 

Personal 

satisfaction 

Actors’ subjective feelings 

about Beaufort production 

and Alpine agricultural 

systems. 

WB: 125 

OB: 47 

Social beliefs and 

knowledge,  

family structure 

(recognition from other 

actors)  

Low  “It’s more a passion and less a work”. 

(Int. 26, WB, Farmer, 08/2019) 

Work-life balance The ratio between leisure and 

working time. 

WB: 66 

OB: 11  

Social beliefs and 

knowledge,  

family structure 

Low  “I also want to see my daughter. 

Sometimes she asks me when I will sell 

the cows.”(Int. 14, WB, Farmer, 

02/2019) 

Table 1: Description of co-production activities observed for Beaufort production. Three levels of collective investment are distinguished: low collective 

investment (i.e. each actor can independently decide of their goals and activities without any coordination with other actors), medium collective investment (i.e. 

actors pursue different goals, but need to coordinate on the activities they implement to reach them) and high collective investment (i.e. actors pursue the same 

goals and therefore coordinate to reach them together).   
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4.3. Sentiments about Beaufort co-production activities 
In general, co-production activities were described with positive sentiments by the two groups 

(very or moderately positive levels represented more than 65% in both groups), except milk 

quantity, land extension and work-life balance which received higher levels of negative 

sentiments (Figure 3). 

In the WB group, activities receiving the highest share of positive sentiments were local breeds 

(CP2) and landscape appearance (CP3). In the OB group, the best perceived activities were 

milk quality and transport, and landscape appearance (Figure 3). These activities are tightly 

related to the Beaufort PDO, and require high cooperation and interactions between actors 

(medium to high levels of collective investment). This suggests that the Beaufort PDO is not 

seen as a constraint, but as an opportunity that contributes to sustain local agriculture. The milk 

quotas (milk quantity) imposed by the PDO received mixed sentiments: some actors said it 

prevented them from increasing production, which might become a problem in the future if 

milk production does not keep up with the demand for Beaufort cheese. But others also 

indicated that the quota system keeps milk production aligned with available land, 

environmental constraints, infrastructure and workforce, which was positively perceived.  

‘For doing agriculture in the mountains, first you need to love mountains, 

second you need to love agriculture, this means you need to love 

constraints.” (Int. 36, Farmer,WB, 08/2019) 

We did not detect any significant association between the type of social capital mobilized by 

different levels of collective investment co-producing NCP and the associated sentiments. This 

suggests that perceptions about co-production depend more on the nature of the activity and its 

contributions to good quality of life than on the specific social capitals mobilized.  
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Figure 2: Sentiment analysis for activities at the three steps of NCP co-production. Each NCP 

co-production activity is associated with a level of collective investment (+=low, ++=medium, 

+++=high). 

4.4. Highlighting local identities with terms frequency analysis 
Among the 16 most frequent terms analysed in each group, twelve were common to both 

(Figure 4B and 4C), suggesting a common understanding and perception of local identities 

associated to Maurienne agricultural landscapes. These terms were “land”, “Maurienne”, 

“mountain” and “summer pasture” in the place category; “cow” and “time” in the resources 

category; and “Beaufort” (this word is often used to describe the organisational structure, rarely 

the cheese product), “council of municipalities”, “municipality”, and “pastoral land 

association” in the institutions category. The terms “project” and “people” were too general to 

specifically belong to any of these categories, and were merged as “other”. Few terms were 
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specific to each group; they were mainly related to cattle farming in WB and to tourism in OB 

(Figure 4B and 4C). A list of total quotes of terms for each sentiment level is provided in 

Supplementary Materials 4, Figure 1, a qualitative description of the 16 most frequent terms of 

both groups in Supplementary Materials 5 and significance tests in Supplementary Material 6.  

We identified 4134 quotes including at least one of the 20 frequent terms mentioned in the two 

groups. Terms referring to institutions were the most frequent (32% total quotes), followed by 

place (29%) and resources (22%) (Figure 4A). Interestingly, resources terms represented 29% 

of WB quotes, while it concerned only 16% of OB group. This underlines the relevance of the 

key resources cattle and time for agricultural activities. Both groups similarly referred to place 

terms, indicating agreement on the importance of the mountain environment for the Beaufort 

agricultural system and the construction of local identities.  
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Figure 4: 4A: Figure shows the relative distribution of quotes in each group and total. 4B and 

4C: Mosaic plot of the frequency of the sentiment analysis of the 16 most frequent terms for the 

two different groups of actors (Panel B : WB group, Panel C : OB). Each box is associated with 

a term in the left list and a Likert-scale level on the top (++=very positive, +=moderately 

positive, -=moderately negative, --=very negative). The height of a box is proportional to the 

word counts. The width of a box is proportional to the number of counts at each level of the 

Likert-scale, for the two groups of actor separately. Box colour highlights cells which are 

individually significant at approximately α= 0.05, α= 0.01 and α= 0.001 levels, respectively. 

Blue boxes indicate positive residuals (i.e. it is more likely that an actor of a group mentions a 

term with a given sentiment level than expected if the variables were independent), and red 
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boxes indicate negative residuals. For sake of simplicity, boxes with absolute residuals below 

the critical value of 95% are white. 

.  
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4.5. Sentiments differences between groups 
WB actors quoted resource terms “cow” and “time” significantly more than OB actors (Figure 

4B and 4C). Notably, WB actors used the term “time” with significantly more negative 

sentiments. This is because time was often referred to as limiting production, but also life 

quality. It echoes the previous observation from the analysis of co-production activities, where 

we observed that work-life balance was more often mentioned with negative sentiments. As an 

actor exclaimed: 

“Today the farmer works every day. He doesn’t have the time to go to any 

festivities. And that’s also really important.” (Int. 01, Farmer, WB, 

07/2019) 

WB actors also used “summer pasture” and “Beaufort” with significantly more positive 

sentiments. OB actors quoted “Beaufort” less frequently, but with more positive sentiments. 

This highlights the importance of the mountain environment and Beaufort PDO in the sense of 

place and local identities of the Maurienne valley, as illustrated by the following citations:  

“Without Beaufort, without that decision, without this choice, agriculture in 

the mountains would have disappeared.” (Int. 1, Farmer, WB, 07/2019) 

"Beaufort has really saved the agriculture here. Without Beaufort there 

would be no agriculture here” (Int. 22, State official, OB, 07/2019) 

WB actors referred significantly less than expected to institution terms “pastoral land 

association” and “municipality”, while OB actors used them more frequently, with positive 

sentiments only (Figure 4B, 4C, SM 6). This suggests actors might have diverging views and 

opinions on the institutions facilitating agricultural activities in Maurienne, with WB actors 

praising the cooperative systems, while OB actors favoured public institutions. This is not 

surprising given our prior definition of the groups.  

WB actors used the term “land” with significantly less positive sentiments, and OB actors with 

significantly more negative sentiments (Figure 4), which reflects strong land competition, 

including with tourism:  

“What kind of mountains do we want? A protected mountain, one for sport, 

one for only agriculture, an empty one? We have to talk about this” (Int. 7, 

State official, OB, 07/2019)  
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5. Discussion  

5.1. Collective capabilities contributions to NCP co-production 
Our results highlight the importance of several collective capabilities supporting Beaufort 

production. We found that most activities, which structure, organise and maintain Beaufort 

production, including the 75% local fodder requirement and the restriction to local cattle breeds 

rely on high levels of collective investment. The positive sentiments of both actors’ groups 

regarding these activities highlight the importance of shared views across heterogeneous actors 

in regional production systems. This indicates that actors inside and outside these systems are 

aware of the collective capabilities, thus the benefits they retrieve from this type of social-

ecological interaction. It highlights that these benefits surpass pure economic considerations 

that benefit a wide range of actors. In addition, the Beaufort system depends on activities that 

require low and medium levels of collective investment. Interestingly we did not find any 

congruent pattern between the levels of collective investment and the types of mobilised social 

capital. This suggests that collective capabilities depend on current formal or informal 

institutions and less on pre-existing social capital. For future research we suggest to extend 

research on social capital by integrating social network analysis (Pachaud et al., 2020). This 

could evaluate the relevance of the qualitative and quantitative strength of relations between 

individual actors on collective capabilities. Other studies similarly observed that collective 

structures are essential for the co-production of NCP and the maintenance of small-scale 

mountain farming systems, in the French Alps (Lamarque and Lambin 2015), the Italian Alps 

(Pachoud et al. 2020) or Austria and Norway (Schermer et al. 2016). Some results of our 

interviews also suggest that actors’ individual agency and resources were crucial in the 

production and the functioning of relevant collective capabilities. For instance, some 

individuals played a crucial role in mobilising social capital (e.g. by meeting actors across scales 

and professions) during the creation of the Beaufort cooperative system in the 1960s (Dubeuf 

1996; Faure 1999; Lynch and Harvois 2016). This supports the idea that collective capabilities 

result from social interactions coupled with individual agency (Ballet et al. 2007). To better 

address these interlinkages between collective capabilities and agency, future research needs to 

investigate enabling conditions at individual level and regarding actors’ organisation within 

society enabling the emergence and maintenance of collective capabilities (Sen 2000; Ibrahim 

2006). Quantitative methods like social network analysis could support this research (Vallet et 

al. 2019b; Pachoud et al. 2020).  
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5.2. How does NCP co-production via collective capabilities contribute to local 

identities? 
Our analyses identified the Beaufort PDO as an important collective institution generating 

collective capabilities that contribute to local identities. This is consistent with previous 

conclusions that local identity is an incontestable part of the Beaufort production (Dubeuf 1996; 

Faure 1999; Lynch and Harvois 2016). The regional fodder requirement establishes strong links 

between livestock numbers and available land, thus effectively preventing large increases of 

herd sizes. The requirement of regional cattle breeds maintains the cultural heritage. Indeed, 

small-scale milk production for Beaufort cheese appeared central to local identities in 

Maurienne, as supported by interviewees’ frequent mentions of: “summer pasture”, “cattle” and 

“Beaufort”. Additionally, the differences between the two actors’ groups match previous 

findings on differing perceptions regarding agriculture’s contributions to good quality of life 

depending on their activities and actions in agricultural production (Poppenborg and Koellner 

2013). Nevertheless, actors recognised a trade-off between this valued production system and 

its time intensiveness, which aligns with recurring perceptions in agricultural systems (Lunner 

Kolstrup et al. 2013; Naik 2017; Annibal et al. 2019).  

The overall positive sentiments highlight the positive social representation of the Beaufort 

cheese. This intrinsic link between Beaufort production and local identities already identified 

25 years ago (Dubeuf 1996) appears to have persisted. Cheese production can be a defining 

element of local identities (Bérard et al. 2008; Dos Santos 2017). Mountain cheese production 

is linked to the surrounding landscape and traditional farming practices and can thus become a 

symbol of local identities (Delfosse 2006). European quality schemes like PDO labels, and 

since 2012 the “mountain products” label, acknowledge the strong cultural identity and tradition 

of mountain regions (Santini et al. 2013; EC 2020). Similar identity dimensions of quality labels 

were observed for the Jura region in the French Alps Comté cheese (Dos Santos 2017). The 

contributions of collective capabilities to local identities has been observed for products with 

comparable geographical indications labels, like Serrano cheese in Southern Bazil (Pachoud 

2019), olive oil in Spanish Andalusia (Sanz Cañada and Macías Vázquez 2005) or coffee in the 

mountains of Bali (Fournier 2008). These products can maintain regional identities by 

sustaining rural economies (Cei et al. 2018) and contribute to local ecosystem protection 

(Belletti et al. 2015; Lamarque and Lambin 2015; Dos Santos 2017). 
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5.3. Local identities, relational values and contributions to good quality of life 
NCP co-production contributes in multiple ways to a good quality of life (Díaz et al. 2015). The 

Beaufort production system insures socioeconomic livelihood (CP3). In addition, actors 

considered other co-production aspects beyond instrumental/economic benefits. We grouped 

these non-material aspects of personal satisfaction, landscape appearance and work-life balance 

(CP3) under the notion of relational values (Pascual et al. 2017; Schröter et al. 2020). Actors 

quoted different dimensions of personal satisfaction, such as being satisfied with their 

professions, their working environment or their animal husbandry. In addition, actors 

appreciated the appearance of their surrounding ecosystem. Relational values can explain the 

number of quotes for personal satisfaction (172 quotes) against the lower number of quotes and 

low level of positive sentiments for work-life balance (77 quotes). The importance of relational 

values can explain the absence of revenue related terms (e.g. money, capital, income) in the 

discourses. This is consistent with evidence that economic considerations are accompanied by 

questions of lifestyle when choosing mountain farming as a profession (Hinojosa et al. 2016; 

Schermer et al. 2016).These observations also align the capability approach highlighting that 

people engage in activities not only for the pure maximization of joy and happiness, but because 

the process itself aligns with higher goals and contributes to their interpretation of a meaningful 

life (Alkire 2008; Ballet et al. 2018). In addition, collective capabilities theories argue that 

social interactions with people who share one’s interests contribute to a good quality of life and 

are central to the development of identities (Evans 2002). Given this multidimensionality of 

relational values, individuals can appreciate the involvement in collaborative structures for 

diverse reasons (Rauschmayer et al. 2018). Summed up, our analyses showed how in the 

Maurienne’s Beaufort production system collective capabilities contribute in socioeconomic 

terms, subjective feelings, and social interactions to a good quality of life and facilitate in a 

wider framing the maintenance of local identities.  

5.4. Methodological considerations: Unravelling the links between NCP co-

production, collective capabilities and local identities with sentiment analysis 
We evaluated the role of collective capabilities in the different steps of Beaufort cheese co-

production in the French Alps from interviews of 43 actors of the Maurienne agricultural 

system, depending on whether actors were directly involved Beaufort cheese production chain 

or not. Our mixed method enabled integrating qualitative and quantitative information. Word 

frequency, commonly used to analyse general themes in interviews or large corpus data sets 

(Droste, D’Amato, and Goddard 2018), enabled a precise and exhaustive identification of key 

terms.  



125 

 

Post-interpreting sentiment from in-text context rather than explicitly asking interviewees to 

express their sentiment about terms and activities is common practice (Lee et al. 2020). Such 

qualitative information is crucial in sentiment analyses as automated algorithms (e.g. NVivo) 

attributing predetermined sentiment scores to “sentimentally loaded words” (Jones et al. 2020) 

do not always correctly reveal people’s preferences and value-systems. Although manual 

coding was in some cases a difficult and time consuming task, as subtle, less pronounced 

emotions can be difficult to detect in written data sets, we believe it was more efficient for 

determining sentiment scores depending on context. This way, some terms received both 

positive and negative scores, like milk whose production is crucial for Beaufort cheese (and 

justifies positive sentiments), but whose quota restrictions and the associated work load are 

often seen as constraints by farmers (negative sentiments). However, manual coding limits the 

transferability of our method to other contexts, as a profound familiarisation with the dataset 

precedes manual coding. Data mining tools offer promising avenues for future, more sensitive 

coding of themes for sentiment analysis (Liu and Zhang 2012; Hale et al. 2019; Mascareño et 

al. 2020).   

6. Conclusion 
Our empirical analysis of the Maurienne’s Beaufort cheese production system advanced prior 

research on linkages between collective capabilities, identities and their contribution to a good 

quality of life. We shifted the unit of analysis from collective resource management to the entire 

production chain and focused on the social dimensions of NCP co-production. The emphasis 

on the social dimensions of NCP co-production allowed us to unravel the role of social 

interactions, thus going beyond analyses of flows between society and ecosystems. The 

collective capability approach appeared particularly useful in conceptualising multidimensional 

and cross-sectoral benefits of collective action to different dimensions of a good quality of life 

because it renders the different levels and types of interactions between actors visible. However, 

aspects of a good quality of life appeared to be more linked to the type of activity than the form 

of social interaction. Nevertheless, we suggest investigating possible linkages between types of 

social coordination and their contributing role in social-ecological interactions more 

thoroughly. Considering the impacts of evolving lifestyles and consumption patterns on 

regional extensive farming systems, such new approaches are required to understand how 

people relate to their surrounding environment. This will help developing pathways to maintain 

these local production systems. Lastly, our approach offers the opportunity to further investigate 
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and operationalise the role of collective structures in social ecological interactions from a social 

science perspective. 
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Interview  Actors’ 
group  

Actor  Type of actor  Position** Professional 
activity  

Int. 1  WB 
Actor 1  

Beaufort cooperative system leading  Farmer 

Int. 2 WB Beaufort cooperative system managing  Employee 

Int. 3 OB Actor 2 Skiing resort managing  Employee 

Int. 4 OB Actor 3 Environmental non-government organisation technical  Retired 

Int. 5 OB Actor 4 Environmental non-government organisation leading  Retired 

Int. 6 OB Actor 5 Skiing resort managing  Employee 

Int. 7 OB Actor 6 Regional authority technical  State official 

Int. 8 WB Actor 7 Regional authority technical  State official 

Int. 9 OB Actor 8 Agricultural association leading  Farmer 

Int. 10 OB Actor 9 Skiing resort managing  Employee 

Int. 11 WB Actor 10 Beaufort cooperative system leading  Employee 

Int. 12 OB Actor 11 Industry technical  Employee 

Int. 13 OB Actor 12 Agricultural association technical  Employee 

Int. 14 WB Actor 13 Farmer leading  Farmer 

Int. 15 OB Actor 14 Skiing resort managing  Employee 

Int. 16 OB Actor 15 Pastoral land association leading  Employee 

Int. 17 OB Actor 16 Pastoral land association leading  Retired 

Int. 18 WB Actor 17 Slaughterhouse leading  Farmer 

Int. 19 WB Actor 18 Agricultural association leading  Farmer 

Int. 20 WB Actor 19 Agricultural association leading  Farmer 

Int. 21 OB Actor 20 National forestry office managing  State official 

Int. 22 OB Actor 21 Local authority leading  State official 

Int. 23 WB Actor 22 Agricultural association leading  Farmer 

Int. 24 OB Actor 23 Regional authority technical  State official 

Int. 25 OB Actor 24 Skiing resort managing  Employee 

Int. 26 WB Actor 25 Beaufort cooperative system technical  Farmer 

Int. 27 WB Actor 26 Farmer leading  Farmer 

Int. 28 OB Actor 27 Local authority leading  State official 

Int. 29 WB Actor 28 Farmer leading  Farmer 

Int. 30 OB Actor 29 Pastoral land association leading  Retired 

Int. 31 WB Actor 30 Agricultural association technical  State official 

Int. 32 OB Actor 31 Cultural association technical  Employee 

Int. 33 OB Actor 32 Pastoral land association leading  Retired 

Int. 34 OB Actor 33 Pastoral land association leading  Retired 

Int. 35 OB Actor 34 Skiing resort managing  Employee 

Int. 36 WB Actor 35 Agricultural association leading  Farmer 

Int. 37 WB Actor 36 Beaufort cooperative system leading  Farmer 

Int. 38 WB Actor 37 Agricultural association technical  Employee  

Int. 39 WB Actor 38 Beaufort cooperative system managing  Employee 

Int. 40 OB Actor 39 Regional authority managing  State official 

Int. 41 OB Actor 40 Farmer leading  Farmer 

Int. 42 OB Actor 41 National Park technical  State official 

Int. 43 OB Actor 42 Skiing resort managing  Employee 

Int. 44 OB Actor 43 Pastoral land association leading  Retired 
Table 1: Overview of conducted interviews with the corresponding actors characteristics (WP: Within Beaufort production, 

OB: Outside Beaufort production). Leading: encompasses mainly representative roles such as president and chairs. 

Formulating and defending the large principles of the association. Managing: controlling and directing these principles, 

Technical: executing these principles). Interview 1 and 2 represent one actor (the same cooperative)  
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Supplementary materials 2: Interview guide 

First part: Interviewee/institution presentation  

1. Could you present yourself, your profession and your background? 

2.  Could you present your institution and the history of your institution? 

1. What is the main activity of your institution in relation to the agricultural sector in the 

Maurienne?  

2. How many people are working in your institution? 

3. How many members are affiliated/controlled by your institution?  

Second part: interactions with other actors 

4.  Who are the other actors you are working with? 

5. Do you have relations to …. (name of different institutions)  

6. Who is in your mind the most powerful (in terms of decision-making) actor in the 

agricultural sector of the Maurienne?  

7. Who is in your mind the most competent (knowledge) actor in the agricultural sector 

in the Maurienne?  

8. With whom would you like to work more together?  

Third part: Describing the agricultural sector in the Maurienne valley  

9. How do you describe the agricultural sector in the Maurienne?  

10. What are the challenges of the agricultural sector in the Maurienne?  

11. How do you see agriculture in the Maurienne in 2050?  

12. Do you think that climate change will have an impact on the agricultural sector? 

Fourth part: Co-production activities 

13. How to you intervene in the management of pasture land?  

14. Can you describe the milking process in summer and in winter? How long does it take 

you?  

15. How many hours are you working per week?  

16. What is your motivations? 

17. What would you improve if you could? 

18. What do you think about the specification requirements of Beaufort cheese? [Only for 

actors of the Beaufort cooperative system] 

  



137 

 

Supplementary materials 3: Co-production activities related to Beaufort production 

Table 2: Detailed description of the different co-production activities observed for Beaufort production. 

NCP co-production activities Description Detailed co-

production activities  

 

Citation  

CP1- fodder 

production 

Modifying the 

share of 

regional fodder 

Current Beaufort 

PDO requires a 

minimum share of 

75% of regional 

fodder. Some actors 

suggested to 

maintain, soften, or 

increase this value.  

Link the historical 

background with 

present co-production 

activities  

“The fight was hard between the ones who 

wanted more quantity and those who wanted 

more quality”(Int. 11, Employee,WB, 07/2019) 

Maintain or modify 

the regional fodder 

specifications  

“We made some temporary exceptions regarding 

the share of regional fodder a few years ago. But, 

at the moment, we don’t ask ourselves to ease 

that requirement, there is too much behind it.” 

(Int. 11, Employee, WB, 07/2019) 

Land extension Actors’ different 

strategies to fight 

against land 

fragmentation. It 

includes land 

acquisition, land 

exchange, and the 

collaborative 

management of 

pastures through land 

pastoral associations.  

Consolidate 

fragmented land by 

land pastoral 

association 

“If the people are not interested in having a land 

pastoral association, I’m sorry for them, but it 

has to come from them, not from us.”(Int. 38, 

State official, OB, 07/2019) 

Exchange land with 

public and private 

land owners  

“If there is a farmer who don’t want to exchange 

land he not only punishes himself, but also the 

others. But this land exchange demands a lot of 

reflections.”(Int. 26, Farmer, WB, 08/2019) 

Rent land with 

varying conditions 

“As soon as someone dies you call the family. 

You need to react immediately, if not someone 

else will get the land .”(Int. 14, Farmer, WB 

02/2019)  

Improving the 

technological 

equipment 

Irrigation systems, 

additional seeding or 

machinery. 

Maintain permanent 

existing irrigation 

“Last year I was self-reliant for the first time. 

With irrigation it’s possible to make a second 

harvest on the same surface.”(Int. 27, 

Farmer,WB, 02/2019)  

Undertake planned 

irrigation projects 

“With climate change, irrigation is 

indispensable.”(Int.1, Farmer,WB, 07/2019) 

Access new 

machinery  

“Today, everybody has its own tractor, there is 

no sharing anymore.”(Int. 1, Farmer, WB 

07/2019)  

Pursue additional 

seeding  

“If you irrigate, you also need to seed so you can 

make a second cut. “(Int. 27, Farmer,WB 

02/2019) 

Managing the 

crop calendar 

Agricultural practices 

implemented on farm: 

harvest dates, grazing 

duration, permanent 

or temporary herd 

size. 

Decide on harvest 

dates 

“Usually I hay the first time in May, the grass 

grows better afterward.” “(Int. 20, Farmer, WB 

10/2019) 

Grazing duration  “I stay less time in the mountains, I return end of 

September and cows graze on the bottom of the 

valley. If they stay up there, they give less milk. 

“(Int. 20, Farmer, WB, 10/2019) 

Change of permanent 

or temporary herd size 

“In winter I bring the cows back to Chambery 

(town outside the Beaufort zone), so I have more 

time.”(Int. 23, Farmer, WB, 08/2019) 

CP2- milk 

transfer from 

farm to 

cooperative 

level 

 

Local cattle 

breeds 

Beaufort PDO 

currently allows only 

two low-yielding 

(5.000 l/yr) regional 

breeds for milk 

production: Tarine 

and Abondance.  

Type of cattle for 

agricultural 

production  

“But what is behind the colour of a cow is a real 

fight over a production system.” ”(Int. 11, 

Employee, WB, 07/2019) 

Improving 

milk quality  

Milk quality is 

frequently controlled 

by cooperatives. 

Maintain product 

properties such as 

protein and fat content 

“You cannot do what you want. Everybody needs 

to deliver good milk quality.” (Int. 37, 

Farmer,WB, 10/2019) 
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Beaufort PDO and 

national regulations 

define quality rules.  

Maintain sanitary 

conditions and animal 

health 

“For me, the biggest problem is the renowned 

mammitis”(Int. 29, Farmer, WB, 02/2019) 

Increasing 

milk quantity 

Milk quantity 

produced on-farm is 

restrained by a quota 

system, often 

contested by actors. 

In addition, the 

variability of milk 

production during the 

year is difficult for 

cooperatives to 

manage (milk 

shortages).  

Plan milk quantity on 

cooperative level 

“There is a real risk of losing quantity, we have 

producers where nobody knows if somebody will 

take the farm after them.”(Int. 39, Employee, WB, 

08/2019) 

Plan milk quotas on 

farm level 

“I try to keep my quota, I try to increase my herd 

size in the next years. “(Int. 14, Farmer, WB, 

02/2019) 

Improving 

milk quality  

Milk quality is 

frequently controlled 

by cooperatives. 

Beaufort PDO and 

national regulations 

define quality rules.  

Maintain product 

properties such as 

protein and fat content 

“You cannot do what you want. Everybody needs 

to deliver good milk quality.” (Int. 37, Farmer, 

WB, 10/2019) 

Maintain sanitary 

conditions and animal 

health 

“For me, the biggest problem is the renowned 

mammitis.”(Int. 29, Farmer, WB, 02/2019) 

Transporting 

milk from farm 

to cooperative  

Cooperatives collect 

milk daily from the 

individual farms. 

Cooperatives collect 

milk  

“It’s easy. The trucks leave at 6:30 and at 9:15 

everybody is back.” (Int.39, Employee, WB, 

08/2019)  

Quality of road 

infrastructure  

“We are really accessible, even the pasture land 

is well connected We have very good roads.” (Int. 

1, Farmer, WB, 07/2019)  

CP3-product 

sale 

Socioeconomic 

livelihood 

Economic benefits 

and quality of life 

generated by Beaufort 

production. 

Financial security  “Here, if there wouldn’t be the Beaufort, there 

would be no agriculture here.” (Int. 1, Farmer, 

WB, 07/2019) 

Landscape 

appearance 

Appreciation of 

landscape aesthetics  

Feelings about 

landscape  

“We need to maintain this image ,this identity, 

the landscape needs to stay open. We need to 

preserve this.”(Int. 24, State official, OB, 

07/2019) 

Personal 

satisfaction 

Actors’ subjective 

feelings about 

Beaufort production 

and Alpine 

agricultural systems. 

Feel positive or 

negative about 

professional activity  

“It’s more a passion and less a work.”(Int. 26, 

Farmer, WB, 08/2019) 

Balancing 

work life ratio  

The ratio between 

leisure and working 

time. 

Feelings about time 

resources  

“I also want to see my daughter. Sometimes she 

asks me when I will sell the cows.”(Int. 14, 

Farmer, WB, 02/2019) 
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Supplementary materials 4: List of the 20 most frequent terms for the two actors’ 

groups 

Most frequent terms were identified using NVIVO built-in tool for word frequency analysis 

across all interviews (QSR International 2020). For the detailed sentiment analysis, we selected 

the 16 most frequent terms. Word stems of the term “agriculture” (first line of Table 2) were 

not further analyzed, as this was the general focus of the interviews. For each of these 16 terms, 

we conducted a sentiment analysis. We used a four-level Likert-scale (very positive, moderately 

positive, moderately negative, very negative), to code and systemize interviewee’s overall 

feeling associated to each of the 16 frequent terms. Sentiments were coded manually using 

NVIVO node system, considering the whole sentence (i.e. the 10 words preceding and 

following each of the 16 frequent terms) and the general context of the discussion with the 

interviewee (Liu and Zhang 2012; Neuendorf and Skalski 2009). For coding the sentiments, we 

used both singular and plural forms of each term, but not stemmed words. These terms 

corresponded only to noun words.  

Very positive sentiments corresponded to sentences where interviewees used highly sentiment-

loaded words such as “admire” and “love”, and very negative sentiments to sentences with 

overall negative words such as “struggle” or “difficult”. Moderately positive and moderately 

negative categories corresponded to less obvious negative or positive meaning. If a given term 

was used repeatedly several times in the same sentence, sentiment analysis was conducted for 

only one of the occurrences, not for each. Therefore, the total number of term occurrences does 

not always match with the number of coded occurrences, which is the variable used in the results 

(Table 3.  
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Table 3 and Table 4: Overview of the 20 most frequent noun words with their French translation (original language) of WB 

group (Table 3) and OB group (Table 4). We only analysed the 16 most frequent terms for each group.*indicates the terms 

specific to the group  

 Terms of the WB group  Terms in French 

(original language) 

Number 

of 

occurenc

es 

Number 

of coded 

occurenc

es 

Weighted 

Percenta

ge (%) 

1 People gens 513 240 0.54 

2 Beaufort*  Beaufort 392 174 0.41 

3 Cow  Vaches 375 190 0.39 

4 Maurienne  Maurienne 352 139 0.37 

5 Milk  Lait 345 161 0.36 

6 Time Temps 263 119 0.28 

7 Summer pasture  Alpages/alpage 393 155 0.23 

8 Cooperative* Coopérative 202 125 0.21 

9 Production*  Production 157 70 0.16 

1

0 

Mountain/mountains  Montagnes 151 79 0.16 

1

1 

Hay*  Foin 144 65 0.15 

1

2 

Land Terrain 140 67 0.15 

1

3 

Project/projects  Projets 136 35 0.14 

1

4 

Municipality  Commune/Commune 135 44 0.14 

1

5 

Land pastoral association   AFP 134 50 0.14 

1

6 

Council of municipalities Comcom 124 39 0.13 

1

7 

Machinery cooperatives (CUMA= ( 

Coopérative d'Utilisation de Matériel 

Agricole)  

CUMA  

 

124  - 0.13 

1

8 

Zone  zone 122  - 0.13 

1

9 

Tourism  tourisme 117  - 0.12 

2

0 

Book (used to refer to the PDO 

specifications)  

cahier 105  - 0.11 
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 Terms of the OB group  Terms in French 

(original language) 

Number of 

occurences 

Number 

of coded 

occurenc

es 

Weighted 

Percenta

ge (%) 

1 People Gens 521 200 0.45 

2 Maurienne  Maurienne 521 141 0.45 

3 Land pastoral association   AFP 373 254 0.3 

4 Municipality  commune/communes 348 211 0.30 

5 Cow Vaches 305 66 0.26 

6 Land Terrain 287 183 0.25 

7 Beaufort  Beaufort 281 75 0.24 

8 Time Temps 253 75 0.22 

9 Water*  Eau 211 157 0.18 

1

0 

Council of municipalities  Comcom 197 104 0.17 

1

1 

Tourism*  Tourisme 196 104 0.17 

1

2 

Summer Pasture  Alpages 195 88 0.17 

1

3 

Mountain  Montagne/montagnes 184 92 0.16 

1

4 

Project  Projet/projets 179 117 0.15 

1

5 

Park*   Parc 171 82 0.17 

1

6 

Owner* Propriétaires/propriétaire 139 99 0.12 

1

7 

Irrigation  Irrigation 145  - 0.12 

1

8 

Place Place 128  - 0.11 

1

9 

Region  Région 113  - 0.11 

2

0 

Production  Production 110  - 0.09 
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Figure 1: Terms frequency and sentiment analysis for the different groups of actors. Sentiment analysis is presented in the first 

upper two panels for (A) the within Beaufort production group, and (B) the outside Beaufort production group. On the y-axis, 

total counts for each term are presented in parenthesis, followed by mean counts and standard deviation over all actors of the 

group. The terms highlighted in bold and italics are those that are specific to each group. The lower panel (C) shows quotes 

distribution in the three term categories (i.e. different terms were considered to calculate the frequencies in the two groups). 

We grouped the term park in the category institution, as actors predominantly referred to them as a regulatory authority. .  
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Supplementary materials 5: Qualitative description of the 16 most frequent terms 

Table 2: Qualitative description of the 15 most frequent terms in the interviews. Terms in brackets correspond to the original 

French term.  

Category Terms  Description # of quotes Representative citations 

Place Land  

(terrain) 

Not further specified land use 

class  

WB: 67  

OB: 183 

“Here, there is no piece of land left. Everything is 

used.”(Int. 1, Farmer, WB, 07/2019)  

Maurienne The name of the studied 

valley 

WB: 139 

OB: 141 

“They have a really strong culture in the 

Maurienne here, for that the agricultural activity 

is still really dynamic”. (Int. 8, State official, OB, 

07/2019) 

Mountain 

(montagne) 

Significant landscape feature 

in the Alpine region 

WB: 79 

OB: 92 

“Today people can live in the mountains because 

they have a common economic activity”. (Int. 43, 

Employee, OB, 04/2019) 

Summer 

pasture  

(alpage) 

Important land use class in 

Alpine agriculture and 

landscape aesthetics 

WB: 155 

OB: 88 

“One knows that the quality of cheese is related to 

the quality of the mountain pastures, for that we 

need to take care of them.”(Int. 11, Employee, 

WB, 07/2019)  

Institutions  Beaufort Cooperative cheese 

production system 

WB: 174 

OB: 75 

“Agriculture in the Maurienne is the Beaufort, it’s 

like that!” (Int. 7, State official, OB, 07/2019) 

Council of 

municipalities 

(communauté 

de 

communes)  

Federation of municipality 

Specific French 

administrative system 

WB: 39 

OB: 104 

“But in general, in terms of agriculture the 

Comcom does nothing. They don’t have the 

competence. It’s a lot of tourism, waste 

management, but no agriculture.” (Int. 41, 

Farmer, OB, 08/2019) 

Municipality 

(commune) 

Local administrative unit in 

France  

WB: 44  

OB: 211 

“For us, the cooperative, the municipality is our 

first contact partner.” (Int. 39, WB, Employee, 

08/2019) 

Pastoral land 

association 

(AFP) 

Association of public and 

private land owners to 

consolidate fragmented land  

WB: 50 

OB: 254 

“If there wouldn’t be the pastoral land 

associations, we wouldn’t have pasture land 

around the summits anymore”. (Int. 16, Employee, 

OB, 07/2019) 

Resources  Cow  

(vache) 
Mostly referred to as the low 

yielding local cattle breeds 

Abondance and Tarine. To a 

lesser extent other type of 

cattle 

WB: 190 

OB: 66 

“The only interest of a cow is that she can 

transform grass to milk, if you feed here cereals 

you lose the connection to the region 

immediately.” (Int. 2, Employee, WB, 07/2019) 

Time  

(temps) 

Measured period of a 

process, situation or action  

WB: 119 

OB: 75 

“There are many farmers having a problem with 

time, but we don’t have a solution for that.” (Int. 

39, Employee, WB, 08/2019) 
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Other  People  

(gens) 

General term to describe 

other, not further specified 

persons 

WB: 240 

OB: 200 

“Here, the people are very individualistic, they 

want to work alone.” (Int.1, Farmer, WB, 

07/2019)  

Project  

(projet)  

Specific individually or 

collectively coordinated 

activities  

WB: 35 

OB: 117 

“We don’t have a project in common, but we still 

meet each other.”(Int. 13, Employee, OB, 

06/2019)  

 

Supplementary materials 6: Detailed chi-squared and fisher-exact tests 

We analyzed whether term frequencies and sentiment levels varied between the two groups of 

actors (WB and OB groups) using Student t tests. The tests were computed with R, and the 

tidyverse (Wickham et al. 2019), ggpubr (Kassambara 2020a), rstatix (Kassambara 2020b) 

and viridis (Garnier 2018) packages. 

Table 3: Results of the Student t tests for each term separately (ns: non-significant, * p-value <0.05, ** p-value < 0.01). For 

each group, mean number of quotes by actor is calculated, as well as standard deviation (mean ± standard deviation).  

 Terms WB group OB group Adjusted p-value Significativity 

1 Land 2 ± 3 4 ± 4 0.0842 ns 

2 Maurienne 4 ± 4 1 ± 2 0.7150 ns 

3 Mountain 14 ± 10 7 ± 6 0.3541 ns 

4 Summer pasture 1 ± 1 6 ± 7 0.0546 ns 

5 Tourism 7 ± 3 3 ± 2 0.3200 ns 

6 Beaufort 9 ± 8 1 ± 1 0.0141 * 

7 Cooperative 4 ± 4 1 ± 2 0.0141 * 

8 Council of 

municipalities 

11 ± 7 2 ± 4 0.4155 ns 

9 Municipality 3 ± 5 9 ± 12 0.0074 ** 

10 Owner 2 ± 4 3 ± 6 0.3500 ns 

11 Park 2 ± 3 4 ± 4 0.5400 ns 

12 Pastoral land 

association 

3 ± 3 8 ± 7 0.0383 * 

13 Cow 2 ± 3 4 ± 8 0.0013 ** 

14 Hay 7 ± 8 1 ± 1 0.0304 * 

15 Milk 10 ± 11 2 ± 2 0.0017 ** 

16 Time 3 ± 3 4 ± 4 0.0013 ** 

17 Water 9 ± 10 3 ± 4 0.0120 * 

18 People 5 ± 4 3 ± 4 0.0383 * 

19 Production 8 ± 7 9 ± 6 0.0141 * 

20 Project 4 ± 3 7 ± 8 0.0766 ns 
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Figure 21: Results of Student t tests with detailed sentiments levels for each term belonging to the “place” category (++=very positive, 

+=moderately positive, -=moderately negative, --=very negative, * p-value <0.05, ** p-value < 0.01, *** p-value < 0.001, **** p-value < 

0.0001 
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Figure 3: Results of Student t tests with detailed sentiments levels for each term belonging to the “institutions” category 

(++=very positive, +=moderately positive, -=moderately negative, --=very negative, * p-value <0.05, ** p-value < 0.01, 

*** p-value < 0.001, **** p-value < 0.0001). 

  



147 

 

Figure 4: Results of Student t tests with detailed sentiments levels for each term belonging to the “resources” and “other” 

categories (++=very positive, +=moderately positive, -=moderately negative, --=very negative, * p-value <0.05, ** p-value 

< 0.01, *** p-value < 0.001, **** p-value 

  



148 

 

Supplementary materials references 

Liu, B., and Zhang, L. (2012). A Survey of opinion mining and sentiment Analysis. In Mining 

Text Data, C.C. Aggarwal, and C. Zhai, eds. (Boston, MA: Springer US), pp. 415–463. 

Neuendorf, K.A., and Skalski, P.D. (2009). Quantitative content analysis and the measurement 

of collective Identity. In Measuring Identity, R. Abdelal, Y.M. Herrera, A.I. Johnston, and R. 

McDermott, eds. (Cambridge: Cambridge University Press), pp. 203–236. 

QSR International (2020). NVIVO (released in March 2020). 

  



149 

 

Chapter V- A quantitative comparison of the co-

production of nature’s contributions to people across a 

territory 

 

Alpine valleys feature a variety of different landscape characteristics (credits: Bruno Locatelli/2018)  
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We translated the conceptual framework (see chapter III) and our findings of chapter IV that 

demonstrated the relevance of the Beaufort production system for local identities into a 

quantitative social-ecological resource analysis across the heterogeneous municipalities that fall 

within the boundaries of the Beaufort production system. In doing this, we were interested to 

answer the main scientific question: “What is the interplay of social-ecological resources for 

NCP co-production in a heterogeneous territory? “ We specifically enquired:  

 Which social-ecological resources are involved in this NCP co-production?  

 What is the role of the geographical, historical and social context of the associated NCP 

co-production chain?  

 What is the role of community-based institutions in NCP co-production? 

We showed that biophysical constraints and external drivers from tourism shape the agricultural 

management of ecosystems. Hierarchical clustering allowed us to establish a typology of three 

municipal archetypes. Our analysis showed that each of the three cooperatives assembles at 

least two of these archetypes. We showed that the cooperative production system could buffer 

biophysical and economic differences by a common rule set and the logics of production across 

a territory. These findings suggest the relevance of collective structures for fostering regional 

development at territorial scale. 

This chapter is presented in the form of an article and is submitted to the Journal Mountain 

Research and Development.  
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Abstract  

Livestock systems are vital to socioeconomic livelihoods in mountain territories, yet 

quantitative analyses of their diverse modes of production beyond farm level are missing. We 

used the concept of Nature’s contributions to people (NCP) to account for these various society-

ecosystem interactions. We investigated the role of biophysical constraints, resources and 

community based institutions (CBI) for agricultural production at municipal scale. We asked: 

what are the driving variables that govern the agricultural system at municipal scale in a 

mountain territory and what is the role of territorial community based institutions? Based on 

qualitative research with local informants we identified the most relevant resources for 

agricultural production in 56 municipalities that are part of a cheese producing CBI in the 

Maurienne valley (French Alps). Correlation analyses showed how biophysical constraints and 

external drivers from tourism shape the agricultural management of ecosystems. The inductive 

clustering to three municipal archetypes suggested that CBI could buffer resulting differences 

in economic outcomes. Our results display how such mixed-methods analyses can inform 

policy-making in heterogeneous mountain territories.  

Keywords: mountain agriculture, social-ecological systems, community based 

institutions, nature’s contributions to People (NCP), co-production  
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1. Introduction 
Agricultural livelihoods in mountain areas are deeply embedded in unique social-ecological 

contexts. In the European Alps these local systems enact different society-ecosystem 

interactions against diverse biophysical and resource backgrounds (Martín-López et al. 2019a; 

Altaweel et al. 2015). These heterogeneous settings coupled with a variety of institutions at 

different scales and entry points complicate assessments of the functioning of agricultural 

systems at territorial scale. Comparative, bottom-up typologies offer solutions to facilitate 

territorial-level understanding beyond their social ecological heterogeneities.  

The social-ecological systems (SES) perspective identifies societies and their associated 

production systems (e.g. agriculture) as embedded, interdependent actors on the biosphere 

(Folke 2006; Anderies, Janssen, and Ostrom 2004). Research needs to identify and analyse the 

different social and ecological components that underpin socioeconomic activities and their 

social ecological contexts (Ostrom 2009). In line with research on natural resource management 

we broadly term these components “resources”, including social (e.g. infrastructure, 

knowledge) and ecological (e.g. biomass, livestock) elements (Anderies, Janssen, and Ostrom 

2004; McGinnis 2011). Their use depends on social preferences and is frequently governed by 

formal or informal institutions with differing rule sets and management practices across spatial 

(e.g. local, regional, national) scales (Spangenberg et al. 2014; Ostrom 1990). We consider the 

intermediate scale of ‘territories’ (e.g. a mountain valley) as suited to consider these deep 

interlinkages (Ostrom 1990; Barreteau et al. 2016).  

The concept of nature’s contributions to people (NCP), defined as “all contributions, beneficial 

or harmful, that individuals, communities, societies, nations or humanity as a whole derive from 

nature” (Díaz et al. 2015) emphasises the social dynamics that underlies society-ecosystem- 

interactions (Chan, Gould, and Pascual 2018; Fedele, Locatelli, and Djoudi 2017). Social 

structures determine NCP desired by a society, and are actively involved in coordinating 

resources to manage ecosystems for NCP production (Spangenberg et al. 2014). This process 

is defined as NCP-co-production. It describes the ways societies organise and implement social 

resources to mobilise flows from nature to deliver NCP (Bruley et al. 2020; Palomo et al. 2016; 

Lele et al. 2013; Grosinger, Potts, et al. in review). We have previously shown how the cascade 

framework (Haines-Young and Potschin 2010; Fedele, Locatelli, and Djoudi 2017) can be 

implemented to structure the different resources and actors (e.g. institutions) in four successive 

steps of human intervention along an NCP co-production chain (Bruley et al. 2021; Grosinger, 

Potts, et al. in review). Co-production step 0 (CP0; organising) describes how society organises 
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a rule set for the following steps (Ostrom 1990). Co-production step 1 (CP1; management) 

describes ecosystem management, such as grazing livestock and, in agriculture, mainly takes 

place at farm level. Co-production step 2 (CP2; mobilisation) refers to the mobilisation of 

outputs from the SES, such as milking or haymaking. Co-production step 3 (CP3; appreciation) 

underpins the translation to a final NCP benefit, e.g. milk, and transformed dairy products.  

Collective structures are key to the organisation of social resources in NCP co-production 

(Anderies, Janssen, and Ostrom 2004; Cumming et al. 2020). Institutions are defined as “the 

ways in which people and societies organise themselves and their interactions with nature at 

different scales” (Díaz et al. 2015). Higher-scale institutions (e.g. (supra) national, regional, 

local governments) are usually indirect drivers of NCP co-production at CP0 for instance by 

regulations, subsidies or technical support (Vatn 2005). At local scales community-based 

institutions (CBI) often play a crucial role by collectively agreeing to specific rule sets to 

organise resources within their SES (Ostrom 1990; Bennett et al. 2015; McGinnis 2011). These 

rule sets are specific and rarely transferable (Ostrom 2005; De Moor 2011). CBI can mitigate 

perceived power imbalances of local actors who feel overruled by higher-scale institutions (e.g. 

national parks) (Gómez-Baggethun et al. 2013; Vatn 2005; Maciejewski et al. 2015). Further 

they can buffer social-ecological differences across members, e.g. by providing infrastructure 

or trading opportunities (Ostrom 1990). CBI are crucial in European mountain livestock 

systems. Qualitative analyses have demonstrated their importance within agricultural territories 

(Schermer et al. 2016; Pachoud et al. 2020). However they have so far been poorly included in 

quantitative SES analyses (Muhar et al. 2018; Martín-López et al. 2019b). One of the reasons 

why CBI have remained underexplored might be their context dependency (Ostrom 1990). We 

contend that this could be alleviated by a comparative analysis across similar social-ecological 

contexts (Sietz et al. 2019). 

Archetype analysis can help identifying and understanding recurrent patterns in variables and 

processes that shape SES dynamics (Oberlack et al. 2019). Inductive archetype analyses could 

facilitate sustainability theory development and applications, by distinguishing effects of social- 

ecological context from generic social-ecological processes (Rocha et al. 2020). They could 

help transfer management practices or certain innovations in NCP co-production systems across 

local SES (Eisenack et al. 2019). Thereby, they could advance generic understanding of SES 

functioning at territorial scale (Ostrom 1990; Rocha et al. 2020). Some local inductive 

typologies, such as for irrigation systems in Spain (Villamayor-Tomas, Iniesta-Arandia, and 

Roggero 2020) or mountain communities (Altaweel et al. 2015) describe constellations of 
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collective structures, but overall knowledge of how CBI play out in SES archetypes is missing 

(Rocha et al. 2020; Altaweel et al. 2015). Furthermore, the impact of a same CBI across 

heterogeneous local entities like municipalities has not yet been studied.  

In this paper we aimed to analyse how agricultural production systems in different social-

ecological contexts function within a common, homogenous CBI rule set, and to identify NCP 

co-production archetypes that coexist regionally. Specifically we asked in the case of a 

cooperative system of alpine cheese production:  

(1) Which social-ecological resources are involved in tNCP co-production?  

(2) What is the role of the geographical, historical and social context of the associated NCP 

co-production chain?  

(3) What is the role of community-based institutions (CBI) in NCP-co-production? 

2. Methodology  

2.1. Study site  
The Maurienne valley is located in the French Northern Alps (Figure 1). The valley spans 

almost 120 km and hosts ~ 40,000 people in 62 mainly rural municipalities (SPM 2020). 

Municipalities differ in wealth (gross domestic product/capita: 55,200–73.000 US$; 

unemployment rate: 2.7%–27.5%); size (50-1,640 km²); median altitude (500-2,700 m) and 

population density (3-85 inhabitants/km²). The territory’s economy largely reflects the general 

picture of European mountain areas with strong winter tourism, some industry and to a far lesser 

extent agriculture (EC 2009; SPM 2020). 

The main agricultural sector is the production of the Beaufort raw cow milk cheese by a 

cooperative system. Beef and small livestock (sheep, goat) are much less institutionalized (SPM 

2020). 66% of small livestock grazing is based on transhumant herds from outside the valley 

(SPM 2020). Outside farmers have, despite the necessary land use contracts, little 

socioeconomic ties with the local population. 
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Figure 1: Location and land cover of the study area 

2.2. Materials  
We investigated the 56 municipalities as a heterogeneous set of local SES (Hanspach et al. 

2016). We used qualitative methods to structure a quantitative analysis of municipality 

archetypes (Meinzen-Dick, DiGregorio, and McCarthy 2004).  

We conducted 43 interviews with local actors to understand the functioning of the NCP co-

production chain within the territory between February to September 2019 (Grosinger, Vallet, 

et al. in review; Grosinger, Potts, et al. in review). We combined this information with literature 

research and formalised it as a mental model of the different steps of co-production (Figure 2). 

 

Figure 2: Mental model of the Beaufort co-production chain underpinning the quantitative analysis 
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Then we identified and quantified social-ecological indicators of NCP co-production steps 

(Table 1 / SM1). We selected indicators based on actor knowledge, their direct relations to 

agricultural production, their comprehensiveness and their ability to inform long-term trends 

(Windhorst, Müller, and Wiggering 2004). We prioritized indicators with readily available data 

at municipal scale and straightforward to replicate in comparable SES (Latruffe et al. 2016). 

We included the geographical context (mean altitude) and legacies (e.g. agricultural activities 

in 1988). For CP0 we chose indicators that depict institutions. CP1 broadly encompasses 

agricultural practices. For CP2 we calculated indicators that reflected potential mobilisation 

infrastructure. For CP3 we chose number of sale points. We included a variety of financial and 

other indicators to quantify demand and social and economic outcomes. 

2.3. Data analysis 

A preliminary exploration of value distributions and within CP group correlation structure 

across all indicators (Table 1 / SM 2 )) selected a total of 15 parameters for further analysis of 

interrelationships along the co-production chain. We then examined pairwise Pearman 

correlations among these 15 indicators. Finally, we applied hierarchical clustering with 

Euclidian distance to the matrix of municipality values for the 15 parameters to identify co-

production archetypes. All analyses were computed in R version 4.02. 
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3. Results 

 

Figure 3: Significant relationships in the agricultural NCP co-production chain of the Maurienne 

valley: The different steps of co-production are represented by different colours. Blue arrows: positive 

correlation, Red arrows: negative correlation, arrow thickness is proportion al to the R² of the 

Spearman correlation. 

3.1. Key variables along the NCP co-production chain 
Figure 3 summarises significant relationships between selected variables. The outcome 

GDP/farm is related to at least one variable along each step of the NCP co-production chain. 

The outcome percentage agricultural population over 50 years is correlated with median income 

(demand). The percentage of work force in agriculture was not significantly related to any other 

variable.  

Altitude was positively correlated with several co-production (CP1: agricultural parcels/farm, 

financial subsidies, agricultural workforce; CP2: distance to cooperative) and demand (median 

income, tourist beds) variables. Overall, actors expressed relief over their secured livelihood by 

the Beaufort cooperative. One remarked, “Thanks to the cooperative I have money in my 

account and I know what I will do next year”.  

In CP0, the percentage of farmers in collective organisations, which was tightly correlated with 

indicators of higher-scale institutions (farmers in municipal council, farmers as mayors; SM2) 
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was positively correlated with GDP/farm. Multiple actors emphasised the relevance of CBI for 

agriculture. One explained: “But if there is no collective which fights, nobody can do 

agriculture here.”  

For CP1 three variables (agricultural work force, financial subsidies, farm size) were positively 

correlated with GDP/farm. Number of agricultural parcels/farm (CP1) and agricultural work 

force were positively correlated. This suggests that labour is tied to biophysical constraints and 

might not be easily substituted by technology. Additionally mechanisation of agriculture has 

reached its biophysical and energetic limits in some parts of the Alps (Flury, Huber, and Tasser 

2013; SPM 2020). The share of irrigated surface showed no correlation with other CP1 

indicators (SM2), and was hence not retained in our final analyses, emphasising this non-

substitutability of manual labour in mountains. Financial subsidies and farm size (CP1, CP1) 

were each positively correlated with GDP/farm, but were independent from each other. In 

general, actors seemed to be preoccupied with the general tendency of farm growth. One farmer 

summed up her worries about the associated structural changes « If I have more land, I will 

have more cows, more money, more milk, more, more, more. But, you cannot increase the 

available labour, people break down”. 

The negative correlation of transhumance with percentage of farmers in collective 

organisations, financial subsidies and farm GDP indicated that municipalities with a high share 

of transhumance overall host less intensive agricultural management requiring fewer social and 

financial resources, and are less profitable. Transhumant actors manage and maintain the 

ecological system (e.g. by grazing; CP1), but they don’t partake in other steps of the NCP co-

production chain. Transhumance compensates the lack municipal agricultural management 

activities at CP1, but it does not generate local farm GDP. The negative correlation of 

transhumance to percentage of farmers in collective organisations (CP0) and financial subsidies 

(CP1) suggests that CBI (and public institutions) are relevant for agricultural production at 

municipal level. Actors viewed transhumance rather critically. “They come, they take they go, 

but their involvement in the valley’s agriculture is zero, really zero”.  

The CP2 variable distance to cooperative was positively correlated with GDP/farm. This 

suggests that the cooperative can mitigate geographical distances and associated biophysical 

constraints. The amount of agricultural land per cooperative employee, which denotes the 

efficiency of mobilisation, was positively correlated with distance to cooperative. This may 

indicate that municipalities that are more peripheral might have more agricultural activities (e.g. 

more available area) than is feasible in more central, valley-based municipalities with 
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potentially greater land competition. Actors underlined that access to transformation as crucial. 

“For me, I bring the milk down to the cooperative every day, it’s just down the road, but 

producing cheese, I really don’t have the time.”(Int. 27, Farmer, 07/2019) 

For demand, tourist beds and median income were correlated with selected steps of NCP co-

production. Correlations with tourist beds reveal the mixed effects of tourism on agriculture. 

Contrary to our expectations, tourist beds were not correlated with GDP/farm. Tourist beds 

were correlated with cooperative proximity and area of agricultural land per cooperative 

employee (CP2), indicating co-location between mobilisation activities and tourism. Tourist 

beds were positively correlated with transhumance (CP1). Along with the negative association 

of the median income to agricultural work force with agricultural parcels per farm, this suggests 

that higher median income is obtained from other activities than agriculture, and that, where 

available, municipal work force favours tourism over agriculture. The positive relation between 

median income (Demand) and farmer age reinforces this hypothesis. Actors were fully aware 

of the relevance of tourism for agriculture, however they mostly worried about rapid aging 

among farmers: “If we don’t do anything now, in 10 years there are no farmers here. We’re all 

more than 50 years; the landscape will be completely reforested.”  

3.2. Municipality archetypes 
The hierarchical clustering analysis identified three municipal SES archetypes (Figure 4). 

Median income was the first-order splitting variable, separating municipalities that are more 

affluent. The varying external demand determined the second split. This distinguished a second 

group of municipalities with numerous tourist beds at higher altitudes and, given correlations 

with agricultural systems more extensive farming, with a higher level of transhumance. The 

remaining group comprised lower altitude municipalities with varying levels of co-production 

intensity and outcomes, but overall highly productive and active (including at cooperative level 

and other collectives) systems. 
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Figure 4: Map of the Maurienne valley with the three municipal archetypes (shades of grey) and the 

areas of the three cooperatives (overlays). 

We overlaid the map of municipality types with the collection area of each of the three 

cooperatives (Figure 4). Each cooperative encompasses at least two of the three different SES 

archetypes. Thus, each combines municipalities with differing biophysical constraints and 

varying economic foci on tourism.  
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 SES 1 SES 2 SES 3 

Biophysical constraints 

Altitude (m): p = 0.013 

SES 1 vs. 2: p = 0.0095 
SES 1 vs. 3: p = 0.020 
SES 2 vs. 3: p = 0.090 

 

CP0  Same Beaufort rule set 

CP1  

Level of transhumance: p < 0.001 

SES 1 vs. 2: p = 0.91 
SES 1 vs. 3: p = 0.039 
SES 2 vs. 3: p < 0.001 

 

CP2  

Distance to cooperative: p < 0.001 

SES 1 vs. 2: p < 0.001 
SES 1 vs. 3: p < 0.001 
SES 2 vs. 3: p = 0.137 

 

Demand 

Tourist beds: p = 0.00365 

SES 1 vs. 2: p = 0.026 
SES 1 vs. 3: p = 0.0028 
SES 2 vs. 3: p = 0.26 
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Outcomes 

GDP / farm (€): p = 0.019 

SES 1 vs. 2: p = 0.85 
SES 1 vs. 3: p = 0.50 
SES 2 vs. 3: p = 0.014 

 

Exemplary quotes describing 
agricultural activities  

“Labour is really 
expensive and 
tractors cannot work 
above a certain slope. 
For that, everybody 
wants flat land, that 
we have here ».  

“Here, there are only 3 farms 
left. The herders are coming 
from the South with their 
sheep, the cows from 
Montmélian [100 km from 
Maurienne].” 

There is a lot of 

irrigation at the 

bottom of the valley, 

but here, everything 

is steep. There are 

trees, there are the 

roads, it wouldn’t 

work here. It takes 

too much time.” 
Table 2: Key co-production, demand and outcomes variables for the three archetypes. 

Farmers in municipalities faced with varying conditions and sale opportunities (e.g. being close 

to a skiing resort) enjoy the same access to collection, processing and sales infrastructure (Table 

2), while significantly differing for co-production resources (management, mobilisation), 

demand and outcomes. While further data collection and qualitative analyses would be required 

for supporting this formally, this result suggests the division of roles across the three 

municipality archetypes within the NCP co-production chain of a given cooperative. 

4. Discussion  
The analysis of the multiple variables of the NCP co-production chain in 56 municipalities of 

the Maurienne valley revealed that: (1) Biophysical constraints influence NCP co-production 

at municipal level. (2) Variables that represent CBI (CP0: percentage of farmers in collective 

organisations; CP2: distance to cooperative, area of agricultural land/cooperative employee) 

and external demand (tourist beds, median income) along the NCP co-production chain 

influence farm income. (3) The overall economic structure of municipalities is strongly 

influenced by external factors such as tourism through its effects on median income and on 

intensity of agriculture and financial subsidies. (4) Further, the cluster analysis and its mapping 

to cooperatives suggests that the CBI can buffer differences across three municipality 

archetypes. 

  



163 

 

4.1. The relevance of institutions along the NCP co-production chain 
Our analysis showed that biophysical constraints affect the type of farming (CP1), but that CBI 

organise (CP0) and then provide equal access to infrastructure (CP2) and benefits (outcome). 

NCP co-production thus requires non-land based social resources (Meyfroidt et al. 2018). CBI 

can enable and support NCP co-production within territories by providing transformation and 

trading opportunities. Their relevance for agricultural mountain systems has been 

acknowledged, for instance in a social network analysis of cheese cooperatives in the Italian 

Alps (Pachoud et al. 2020) and qualitative assessments of the role of social capital and 

transformation infrastructure (Bruley et al. 2020; Madelrieux, Bergeret, and Fillion 2018). The 

specific territorial rule sets can support the introduction of stricter environmental regulations 

into already existing legal frameworks (Marescotti et al. 2020). CBI may induce social-

ecological impacts beyond land-use effects, such as reinforcing collective structures, 

maintaining local economic activities and easing rural depopulation trends. For instance, the 

Beaufort production system was an instrument to avoid rural emigration in the 1960s (Lynch 

and Harvois 2016). Nevertheless, in our analyses the impact of financial subsidies highlighted 

the economic dependence of Alpine agriculture on external support, confirming higher-scale 

institutional impacts on mountain farming (Schermer et al. 2016). We still suggest that focusing 

agricultural policies on CP1 might not be sufficient and should further incorporate CBI. 

4.2. Social-ecological archetypes 
Inductive SES archetype analysis by hierarchical clustering can empirically contribute to 

advance middle range theories of land system change. These analyses are well suited for 

targeted SES with specific contexts like particular biophysical conditions, as in Alpine 

mountain territories (Meyfroidt et al. 2018; Oberlack et al. 2019). We suggest that municipal 

archetypes under a homogenous rule set address institutional theories of land use change at 

local level (Meyfroidt et al. 2018; Ostrom 1990). This can offset the inherent weakness of 

inductive typologies, such as the lack of causal explanations and their character as a “territorial 

snapshot” (George and Bennett 2005; Meyfroidt et al. 2018). The aggregation of municipal SES 

to archetypes may facilitate higher-scale policy making by targeting financial support 

(favouring less accessible, extensive agricultural systems) or urban planning (restricting 

construction on agricultural land) (Sietz et al. 2019). Recent descriptive archetypes produced at 

district level in France indicate the possible interest of public institutions to further 

operationalise these approaches (AGRESTE 2019). 
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4.3. Strengths and limitations of the study  

This paper outlined a complementary mixed methods data-driven approach to better understand 

the functioning of SES and their actors and resources within territories (Meinzen-Dick, 

DiGregorio, and McCarthy 2004). Our quantitative indicators relied almost entirely on publicly 

available data. Thus, the entry barrier is relatively low and replicable in other agricultural 

systems (Rocha et al. 2020). 

However, our study has several methodological limitations. The lack of ecological variables at 

municipal scale limits in-depth analysis of relationships between management practices, 

biophysical constraints and institutional influence. For future research, we suggest the 

integration of downscaled biodiversity indicators. It would be tempting to apply our approach 

to larger scales, but the high biophysical heterogeneity within relatively small spatial areas in 

mountain regions may lead to trivial and/or non-significant results. The influence of higher-

scale institutions, like through financial subsidies and external factors such as tourism limits 

the capacity of municipal SES to influence their own functioning. For future research, we 

recommend a more thorough integration of cross-scale interactions, like the influence of higher-

scale institutions and teleconnections on municipal SES (Meyfroidt et al. 2018; Pascual, 

Palomo, et al. 2017). 

Lastly, our simplified definition of equity may limit our analyses. We considered CBI members 

as economically equal regardless of their contextual constraints or preferences (Sen 2003). 

However, social-ecological research has recognised that the benefits of NCP co-production like 

sense of belonging go beyond purely economic criteria, particularly in mountain areas (Pascual, 

Balvanera, et al. 2017; Hinojosa et al. 2016; Madelrieux, Bergeret, and Fillion 2018). We 

suggest that multidimensional approaches like the capability approach could enrich analyses by 

incorporating people’s individual conditions (and objectives) into the analysis of mountain and 

other marginal regions (Sen 2000). 

5. Conclusion  
We demonstrated how the concept of NCP co-production facilitates the structured 

quantification and classification of society-ecosystem interactions across heterogeneous local 

contexts. Our analyses for the French Maurienne valley underlined the crucial role of CBI in 

buffering biophysical constraints across a territory. Further investigations of mountain 

territories could focus on local rule sets and associated governance systems. This research 

confirmed that the steps of NCP co-production can frame inductive archetype analysis of SES 
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at territorial scale. Such systematic approaches, which can be transferred to researchers and 

policy-makers, contribute to developing a comprehensive understanding of how heterogeneous 

mountain agricultural systems provide socioeconomic livelihoods for local populations across 

a heterogeneous territory.  
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Annexes  
 Supplementary materials 1 Materials and methods  

 

 Supplementary materials 2 Supplementary materials 2: Selection of indicators for 

correlation analysis 

Supplementary materials 1: Materials and methods  

Each municipality counts as one administrative unit with various characteristics. We chose as 

a reference year 2014. From this year onwards, the French administration merged a large 

number of municipalities. These administrative considerations could blur the possible 

differences in agricultural production between formerly separated municipalities.  

Co-
prod
uctio
n 
step 

Indicator  Variables  Explanation  Source  

Biop
hysic
al 
const
raint
s  

Geographic  Mean direct insolation  Shows exogenous, non modifiable 
conditions  

(IGN-F 
2021a) 

Impact of solar power  Mean altitude level of 
municipality 

Shows exogenous, non modifiable 
conditions 

(IGN-F 
2021a) 

Socia
l-
Ecolo
gical 
legac
ies  

Agricultural land 
availability 

Pastoral land to total 
surface (%)  

Agricultural land is a crucial factor of 
production.  

(SPM 
and SEA 
2015) 

Agricultural land tenure 
fragmentation  

Nr. of agricultural parcels Indicates agricultural management 
history and can impact the access to 
land  

(IGN-F 
2021b)  

Landscape consolidation Consolidated land (ha) Indicates former efforts to consolidate 
land 

(SMB 
2020) 

Agricultural Past Nr. agricultural holdings 
in 1988  

Indicates the amount of existing private 
infrastructure, but also the associated 
agricultural history of a local community 
at farm level  

(AGRES
TE 
2010) 

Collective infrastructure Nr. production facilities in 
1985-1990 

Indicates the amount of existing private 
infrastructure, but also the associated 
common values of a local community at 
municipal level  

(Lynch 
and 
Harvois 
2016) 

CP0 
Orga
nise  

Power  Nr. mayors who are 
farmers 2015-2020 

Indicates power in decision making over 
agricultural land use  

www.m
on-
maire.fr 
(last 
access : 
18/12/2
020) 

http://www.mon-maire.fr/
http://www.mon-maire.fr/
http://www.mon-maire.fr/
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Interest  Nr. farmers active in the 
municipal council 2015-
2020 

Indicates interest to participate in local 
governance processes 

www.m
on-
maire.fr 
(last 
access : 
18/12/2
020) 

Legitimacy Pastoral land 
management 
organisation  

Willingness to  
maintain agriculture of local population  

(SEA), 

2019  

Social relations Farmers in collective 
organisations (%)  

Willingness to be adhere to collective 
local organisations indicates good social 
relations. 
Calculation: Total membership of six 
leading agricultural organisations/ total 
farmers in municipality.(We balanced 
the varying degrees of involvement of 
these association at the steps of NCP co-
production by assigning ascending 
values for increasing involvement, e.g. 
Beaufort cooperative involved in 
CP1,CP2,CP3 = 1 point, Pastoral land 
management association involved in 
CP1= 0.3 point 

pers. 
commu
nication 
with 
secretar
ies of 
six 
leading 
agricult
ural 
organisa
tions  

CP1 
Man
age 
 

Financial subsidies  Financial subsidies (US$)  Factor of production at farm level  (MAA 
2016) 

Agricultural work force  Agricultural work force 
(hr/week) 

Factor of production at farm level (AGRES
TE 
2010) 

Irrigation  Irrigated area (%) Factor of production at farm level (Clavel 
2013) 

Type of agriculture Farm size (ha) Type of management conditions at 
municipal level  

(AGRES
TE 
2010) 

Number of farms  (AGRES
TE 
2010) 

Agricultural parcels/farm  (IGN-F 
2021b) 

Transhumance  Transhumance (% area)  (SMB 
2020) 

CP2 
Mobi
lisati
on  
  

Geographical proximity  Distance to cooperative 
(minutes)*  

Indicates if time resources (driving 
distance) make a difference to adhere 
to cooperative 
Distance between municipality and 
repective cooperative facilities.  

(Google 
n.d.) 

Organisational 
proximity 

Agricultural land/ coop 
employee (ha)*  

Indicates the efficiency of cooperative 
to convert agricultural land at municipal 
level to a product  

pers. 
commu
nication 

http://www.mon-maire.fr/
http://www.mon-maire.fr/
http://www.mon-maire.fr/
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with 
three 
coopera
tives, 
(SMB 
2020) 

CP3 
Appr
eciati
on 

Purchase possibility  Nr. sale points  Indicates how product serves as value 
construction  

pers. 
commu
nication 
with 
each 
coopera
tive 

Outc
omes 
 

Current activity 
attachment 

Nr. museums related to 
agriculture  

Indicates if society considers agriculture 
as valuable to municipal identity  

(SPM 
2020) 

Activity maintenance % agricultural population 
> 50 yrs.  

Indicates the medium durability of the 
system 

(INSEE 
2017b) 

Place attachment Natura 2000 sites 
maintained by 
agricultural activities 
(%total area)  

Protected sites which that require 
regular agricultural activities 

(INPN 
2020) 

 Socioeconomic 
livelihood  

GDP/farm  Indicates if farms are economically 
viable 

(INSEE 
2017b) 

Dem
and  

Tourist demand  Tourist beds Indicates potential tourist demand (INSEE 
2017a) 

Local demand  Median household 
income (US$) 

Indicates local potential purchase 
powser  

(INSEE 
2019) 

% of tertiary education Indicates potential willingness to buy 
the product  

(INSEE 
2015) 

Table 1: Overview of indicators 
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Supplementary materials 2: Selection of indicators for correlation analysis 

We first examined value distributions for individual parameters in order to identify those whose 

value distributions were highly skewed and/or qualitative variables whose values could be 

captured by a correlated quantitative variable. Secondly, in order to limit redundancy among 

parameters and to select leading variables for a parsimonious analysis of linkages across steps 

in the co-production chain, we analysed pairwise Spearman correlations within each co-

production group. This lead to a final selection of 15 variables for further analysis (Table 2). 

Biophysical CP0 CP1 CP2 CP3 Outcome Demand 

Altitude % farmers in 

collective 

organisations 

Number or 

farms 

Distance to 

cooperative 

Nr. of Sale 

points  

GDP per 

farm 

Tourist 

beds 

  Farm size Number of 

hectares per 

cooperative 

member 

% 

agricultural 

population > 

50 yrs 

% 

agricultural 

population 

> 50 yrs 

Median 

income 

  Number of 

parcels per farm 

 % 

Agricultural 

work force 

% 

Agricultural 

work force 

 

  Agricultural 

workforce 

    

  Proportion 

Transhumance 

    

  Financial 

subsidies 

    

Table 2: The 15 variables for the analysis  

Among legacies, insolation showed no correlations with other parameters. Percentage pastoral 

land was strongly negatively correlated with altitude, which was the retained structuring 

variable due to its multiple correlations with other parameters. 

There were strong correlations among farm system variables including number of parcels (with 

a non-normal distribution), number of farms, work hours and number of production facilities 

(the latter with a skewed distribution to 0’s). We thus retained number of farms and calculated 

number of parcels per farm. Proportion of irrigated land showed no correlation with any other 

variable. The number of livestock units per farm was negatively correlated with % 

transhumance, but with a poorer value distribution and we thus retained % transhumance. 

Parcel size showed no correlations with other parameters, and the discontinuous distribution of 

values for consolidation led to their removal from the data set. The number of pastoral 

organisations showed no correlation with other social variables and was dropped due to its 

skewed and discontinuous value distribution. 
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The numbers of farmers in councils and in collective organisations were correlated with the 

number of farms, and were thus not retained. The numbers of farmers as maires and in councils 

were correlated with the retained variable of number of farmers in collective organisations, 

which had a more normal statistical distribution. 

Distance to cooperative and land area (hectares) per cooperative employee did not have clear 

relationships with any of the system legacy / system resources and were retained as 

hypothesised explanatory variables for CP2. 

For demand, number of tourist beds, % Tertiary education, number of sale points and number 

of museums (with a skewed distribution) were correlated, leading us to retaining number of 

tourist beds with the most normal statistical distribution. 

GDP per farm, % agricultural workers and proportion of agricultural workers over 50-year-old 

were not correlated and thus all retained as independent outcome variables. Proportion of land 

conserved (Natura 2000) showed no correlations with other parameters and was thus dropped 

from further analysis. 
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Chapter VI Discussion 

 

Maurienne valley (Credits: Bruno Locatelli/2018)  
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Social-ecological dynamics shapes the ways in which ecosystems contribute to the diverse 

aspects of a good quality of life. In the previous chapters, I showed that the Beaufort cheese 

production system rests on shared views about fundamental aspects of co-production, as 

collectively agreed rule sets for management practices, and about its associated benefits. I 

proposed various approaches to comprehend the underlying flows between society and 

ecosystems to better conceptualise, quantify and analyse this complexity.  

In order to understand the various material and non-material flows that contribute to a good 

quality of life in a social-ecological system at territorial scale my thesis focused on three major 

components of the territorial system. In chapter III, I specifically questioned the role of social-

ecological legacies and proposed to embed socioeconomic NCP co-production in the social-

ecological context. This highlights the interplay of social-ecological legacies, and the current 

resources and social dynamics of the Beaufort production system. I found that the organisation 

of social-ecological legacies could affect the entire production system In Chapter IV, I 

investigated the role of collective capabilities in NCP co-production. I found that a better 

recognition of relational values could facilitate the understanding of a territorial system. In 

Chapter V, I specifically asked how the interplay of social-ecological resources functions across 

a heterogeneous territory. This article then showed quantitatively the crucial role of the 

biophysical context and collective structures for NCP co-production of the Beaufort. In the 

following discussion, I further develop these main results. I first discuss the relevance of the 

framework of this thesis for real world situations. Furthermore, I include critical reflections 

about my mixed methodological approach. Secondly, I link this discussion to current concepts 

to assess non-monetary value systems and implications for further assessments. Thirdly, I 

propose to consider the Beaufort production system as a territorial capability to further integrate 

the social dimension in social-ecological interactions. Fourthly, I complement my findings by 

investigating the multiple cross-scale interactions of my research area. Finally, I reflect on the 

various terminologies and associated misunderstandings I encountered during my research in 

an interdisciplinary field. 
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1. NCP co-production and collective capabilities  
The SES framework I developed provides the means to focus on the embeddedness of NCP co-

production in the social-ecological context. I briefly present a synthetic version of my 

conclusions in Figure 1 and discuss selected aspects in the following. In particular I highlight 

that the concept of territorial systems, which concentrates on actors’ non-material dimensions 

such as values, identities and associated rules appears more appropriate than the SES concept 

when applying the framework (Barreteau et al., 2016). On the other hand, the incorporation and 

development of the co-production concept aligns with systemic approaches of the social-

ecological system concept (McGinnis and Ostrom, 2014) and enables quantifying social-

ecological interactions with a mix of qualitative and quantitative indicators. In contrast to other, 

relatively precisely defined frameworks focusing on social dimensions, such as the institutional 

analysis and development framework that includes well-defined suggestions for variables, I 

expect my framework to rather serve as a template for inspiring further research (McGinnis and 

Ostrom, 2014). integration of NCP co-production in a defined social-ecological setting by 

incorporating social- This should support further reflections on the ecological legacies,and 

associated collective action structures  

 

Figure 1: A SWOT (strengths, weaknesses, opportunities threats) analysis of the framework 

(not exhaustive)  
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The framework presented in chapter III reflects the logic of economic modes of production 

(organisation, management, mobilisation/extraction, consumption). For that it could 

complement ongoing economic assessments by considering different steps of production from 

a social-ecological perspective. Research has acknowledged the crucial role of institutions on 

the use of ecosystems by people since the 1980s (Blaikie, 2015; Ostrom, 1990), but the IPBES 

framework was the first to anchor them as an integral component in ecosystem service research. 

The already complex IPBES framework does not allow to (or rather is not meant to) go into the 

internal functionings of institutions and their role in value creation. Disaggregating the roles of 

institutions along the NCP co-production cascade allows a more nuanced understanding of their 

roles in their governing functions of NCP co-production processes. The underpinning, non-

ecosystem based mechanism (CP0, organising) allows to see how collective structures structure 

and agree over values and consequently rule sets based on social-ecological legacies. Following 

conceptualisations of territorial systems it could be applied to other production systems that are 

demarcated by non-material characteristics (such as social relations) and that feature tight 

interlinkages to the surrounding ecosystems. For example, it would be interesting to compare 

the differing social-ecological legacies and associated governance systems in other agricultural 

cooperative systems carrying GI labels, such as the cheese tome de Bauges with a comparable 

small production quantity 700 ton/ year located close by the Beaufort zone (CNAOL, 2016; 

Delfosse, 2007). In addition it could be applied on other products or regions, such as serrano 

cheese in Southern Brazil (Pachoud, 2019), olive oil in Spanish Andalusia (Sanz Cañada and 

Macías Vázquez, 2005) or coffee in the mountains of Bali (Fournier, 2008). On the other hand, 

territorial analysis emphasizes local governance of the surrounding ecosystem. It is not clear if 

this conceptualisation could work in other farming systems, or even quality labelled production 

systems that are governed by outside players. For example, the roquefort or camembert cheeses 

are considered as high quality local specialities. However, local producers only exert limited 

control over their modes of production, as rule sets and the possible associated value systems 

are largely controlled by international companies (Léraud and Kronlund, 2020). On the other 

hand, it might be interesting to see what type of value sets emerge in these differently organised 

value systems. This can advance the analyses of agricultural development and regional 

governance systems by focusing on the contextual specifics of these systems. The scientific 

focus on regional governance systems shall not compensate, but rather complement the 

responsibility of higher scale institutions at national or supranational scale in present and future 

social-ecological interactions.  
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My thesis applied methods coming from sociological traditions favouring the meanings of 

words over actions. This approach greatly facilitated the emergence of non-material aspects that 

contribute to the quality of life of people. It helped me to uncover that socioeconomic modes 

of production are deeply connected to underlying value sets. However, such qualitative research 

that focuses on these multidimensional aspects is often self-limiting due to its requirement for 

time-intensive methods (Hernández-Morcillo et al., 2013) In addition, I believe that the 

integration of new types of communication allows to shed more light on the social self-

representation of actors to a greater public, than in a simple one-on-one interview setting. For 

example the use of social media (e.g. Twitter, Instagram) permits to treat large data sets with 

more actors from various backgrounds (Hale et al., 2019; Mascareño et al., 2020). For future 

research, I believe that the integration of humanities (other than sociology, political science), 

but anthropology, history or even fine arts could greatly contribute to the understanding of these 

social-ecological systems at territorial scale. These approaches would enable to unravel and 

explore the fine details of the construction of relational values in a given setting. For example 

the functioning of social-ecological systems can also be assessed by local literature (Kim, 

Vaswani, and Lee 2017), theatre (Brown et al., 2017) or art installations (Bendor et al., 2017). 

Other action-based applications could include the establishment of local social-ecological 

histories for communities e.g. by oral history approaches (Crane, 2010) or the domain of 

“strollology” (the science of strolling) which means learning to understand the SES by 

community walks. (Burckhardt, 2015). These unconventional approaches might offer methods 

to further understand the subtle components of relational values.   

The framework is epistemologically challenging. In particular, the division of social-ecological 

legacies in social and ecological systems remains difficult. In addition, while collective 

capabilities seem to provide a valuable analytical foundation, this strand of thought lacks 

empirical research on formal institutions (Pelenc et al., 2015). It is therefore difficult to advance 

this field as research in social-ecological system mainly uses capital-based approaches. 

Combining social-ecological legacies and collective capabilities into a single framework can 

lead to an excessively complex framework. This opposes the intention of frameworks to provide 

an accessible heuristics. In addition, these two ideas carry both polysemous meanings. For 

future research, I would thus suggest to conduct research combining social-ecological legacies 

and collective capabilities in a chronological three-step methodology. First analysing the 

collective capabilities, secondly their social-ecological resources and thirdly analysing and 

comparing their respective findings. While my study only provides a snapshot of the Maurienne 
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territorial system, the framework encourages specifically considering the feedback loops over 

the long term by the component social-ecological legacies. This is in particular interesting as 

social and ecological processes function at disparate time scales. The recognition of values in 

the framework coupled with collective capabilities also integrates the fact that human needs can 

evolve over time (Farber et al., 2002).  

The decision of analysing a socially defined territorial system with beforehand selected actors 

leads to numerous omissions of flows, other actors and external factors that are out of scope. 

The framework only captures the intentional activities of a society; it does not explicitly 

consider unintentional activities of actors between the ecological and the social system, in 

particular waste disposal (from society). In addition, while it is useful to examine at the internal 

dynamics of a regional governance system, at the same time this excludes other stakeholders 

like other farmers, transhumant herders or tourists. This reflects the major limitation of this 

framework, the certainly insufficient inclusion of external flows. This is in contrast to previous 

territorial analysis, that applies material flow-based methodologies to consider these external 

factors (Barles, 2007). For a precise evaluation of a territorial system in the current global 

system it is indispensable to include these diverse, complex flows. I discuss this shortcoming 

in detail I chapter VI, section 3.  

Being aware of these limitations, I nevertheless consider that the focus at territorial scale greatly 

contributes to the understanding of social-ecological interactions as it allows capturing the 

multiple aspects that an upscaling would render invisible. In particular, it highlights the crucial 

importance of non-material aspects of those relations. I suggest to explicitly integrating social-

ecological legacies as a new term to account for the social-ecological context of a system.  

2. Relational values along the NCP co-production chain  
In this work, I emphasized the value set that governs the co-production of Beaufort cheese. 

Thus, I highlighted the multiple non-material dimensions of a product that is primarily 

conceived in most research on farming systems as a material result of agricultural production. 

I stated that the Beaufort cheese is not a mere dairy product, but that it also ensures the 

maintenance of a territorial system and associated identities and lifestyles. In the following, I 

focus on three perspectives of how relational values could be further integrated in research on 

NCP co-production. First, I focus on the dual material and non-material character of resources. 

Secondly, I expand this thinking to landscape level and discuss how social values can be viewed 

as non-material dimensions of a landscape. Third, I discuss how these relational values play a 

role in relations within society that are in this case presented as a formalised rule set.  
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2.1 The dual character of resources  
The acknowledgement of the non-material dimensions of material resources is in line with the 

NCP concept that explicitly acknowledges that one material flow (cheese in this case) can 

encompass a variety of other non-material aspects, such as relational values (Díaz et al., 2018; 

MEA, 2005; Pascual et al., 2021). I further strengthened this idea by explicating how its plays 

out along the NCP co-production chain and assumed that all material resources have non-

material components. The idea of the dual nature of resources is of particular interest for the 

field of Science and Technology Studies. In the early 1980s, Winner (1980) already stated that 

simple objects (in his example public infrastructure) can express an underlying value set. 

Briefly after, actor-network theory further formalised these thoughts (Latour, 2003). Some early 

social-ecological precursors were e.g. Lewis Mumford who considered technology as a social 

choice that leads to certain production systems and not as a development driven by needs or 

innovation (Mumford, 2010). Conceptualisations of co-production have considered values as 

separated from anthropogenic assets (e.g. infrastructure) (Díaz et al., 2015b; Fedele et al., 

2017). This might be owed to the use of the capital-based approach (Palomo et al. 2016, Jones 

et al. 2015) that separates non-material resources (known under the term social capital) from 

material categories (manufactured capital) or even natural capital (Guerry et al., 2015). The 

Beaufort production system cannot exist without collective values, conversely those cannot 

exist without the material components are reciprocally related to these values. At CP1, these 

collective values might be best exemplified in the management practices, in particular, the 

manual labour people are willing and able to dedicate. At CP2, the material transformation 

infrastructure incorporates the values of small-scale agricultural holdings and ensures a 

localized economic value production system with farmers. The daily transfer of milk from farm 

to cooperative level leads to local labour division. More drastically rephrased, one could say 

that these material resources determine a certain way of production and even lifestyles. At CP3, 

the local control of sale facilitates the maintenance of socioeconomic livelihoods and the 

associated dimensions of local identities (Lynch and Harvois, 2016). However, from this brief 

analysis it is not clear if these values are truly relational, or if they can be considered as held 

values, that means abstract values, exemplified in the used resources (Chan et al., 2018). The 

emerging literature on relational values in NCP co-production research has not yet fully 

incorporated the idea of the dual character of resources. The explicit integration of this thought 

in ongoing research could nurture the understanding of the relations between value sets, 

available resources and activities.  
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2.2. Values and landscapes  
From a broader perspective, relational values can be considered as the non-material social 

mirror of the material cultural landscape. Thus, the social-ecological legacies of the ecosystem 

stand in mutual interdependence with the collective social-ecological value set of a society. 

Recent research focuses increasingly on the interdependences between values and landscapes 

(García-Martín et al., 2020; Plieninger et al., 2015b). For example, the role of collective values 

in shaping grassland plant biodiversity was strikingly demonstrated by the comparative study 

between protestant and catholic communities and their associated heritage traditions (Maurer 

et al., 2006). In addition research indicates that the simplification of landscape by global drivers 

can lead to the loss of relational values, such as identities and sense of place (Riechers et al., 

2020). At policy level the EU acknowledges these interlinkages by the High Nature Value 

(HNV) farming concept (Oppermann et al., 2012) and at supranational they became known as 

“Gobally Important Agricultural Heritage systems (GIAHS)” (Koohafkan, 2019; Quiñones 

Ruiz et al., 2018). At economic level “geographical indications (GI)” present the formalised 

link between products and a specified place of origin (Marie-Vivien and Biénabe, 2017). In the 

context of European mountain farming system, the PDO quality label links a spatially defined 

area to specific management practices (and assumed underlying collective values) (Quiñones 

Ruiz et al., 2018). In the Alpine context, since 2012, the European quality label “mountain 

products” acknowledges the strong cultural identity and tradition of mountain regions (Santini 

et al., 2013). Further the compulsory linkage to a specific spatial area can be termed landscape 

products (García-Martín et al., 2020). Thus, these products offer an interesting starting point to 

analyse the relations between the non-material (values) and material (physical landscape) logics 

of regional farming systems. In addition, an identical production system within a region can 

reconcile biophysical heterogeneities and revive rural marginalized areas. Thus, the integration 

and analysis of relational values can play a crucial role in the establishment of these landscape 

products. However, these values have frequently co-evolved over a long period of time and 

product quality labels are only the institutionalized recognition of these linkages local actors 

are well aware of (Belletti et al., 2017). This raises the question: How can societies establish 

comparable, economic viable farming systems if they cannot rely on former efforts to organise 

these social-ecological legacies? In particular regional societies with disruptive trajectories, 

such as in formerly collectivized landscapes in the Former Soviet Union or regions who had 

undergone great social instability (Baird and Le Billon, 2012) might lack common value sets 

or shared interests and possibly the associated social cohesion. A possible solution might be to 

foster the role of collective structures in these regions. Building on this reasoning, the EU-
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supported project High Nature Value-Link (HNV-Link) explicitly investigated collective action 

in the context of high nature farming (Beaufoy and HNV Link Partners, 2017). The continued 

focus of European policies on collective actors is thus warranted, as with the European 

Agricultural Fund for Rural Development (EAFRD) for regional initiatives like irrigation 

associations. However, within and outside the EU, in light of rapid land abandonment, 

agricultural intensification and decreasing small-scale agriculture, interlinkages between 

cultural landscapes and collective structures and their contributions to a good quality of life 

have remained underexplored (Egarter Vigl et al., 2016; Hinojosa et al., 2016; Santini et al., 

2013). The coupling of landscapes with prevailing value systems could contribute to the 

simultaneous maintenance of ecosystems and of the social fabric in rural areas, thus fully 

encompassing the multidimensionality of NCP co-production.  

2.3. Values and local governance systems  
The focus on relational values in the IPBES framework can be considered as an implicit 

recognition that values determine the actions of society (Schwartz, 2012). Without doubt, 

social-ecological research must embrace the multidimensionality of values in the appreciation 

of NCP (Pascual et al. 2021), but it is not yet clear if these values translate into activities that 

correspond to these values and has yet remained a knowledge gap (Duraiappah et al., 2014). 

For example, the preference to live in a clean environment does not automatically translate into 

using less fossil fuel powered modes of transport. I showed that relational values such as local 

identities are crucial for collective capabilities in extensive farming systems. However, on an 

individual level, research about behavioural economics regularly and recently NCP research 

assert the strong dissonance among different values and activities (Duraiappah et al., 2014; 

Oliver, 2015). What my study suggested is that local collective rule systems can formalise these 

relational value sets into binding rule sets local actors apply in their daily activities. I found that 

the collective rule system (e.g. 75% local fodder requirement, local cattle breeds), appears to 

mainly govern social-ecological legacies rather than controlling current resources (INAO, 

2015). The use of the regional, low-yielding cattle coupled with the local fodder requirement 

effectively limits any large-scale increases in farm size. In addition, the simple requirement of 

providing milk at a certain temperature in order to ensure a homogenous bacteria development 

in the further transformation process discourages automatic milking machines. From the 

perspective of relational values and based on the above reflections of the dual nature of 

landscapes as values and resources, this aligns with other studies that argue that local 
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governance systems can maintain and preserve the landscape and the associated local identities 

(Edge and McAllister, 2009; Stenseke, 2009).  

3. Contextualising collective capabilities in a territorial system  
In the following, I discuss to what extent the collective capability approach coupled with the 

NCP co-production concept enables understanding a territorial system. Based on approaches of 

territorial ecology and the concept of NCP co-production I propose to consider the Beaufort 

production system as a territorial capability. I recall, that my large definition of collective 

capabilities was based on Comim and Carey (2001) and Ibrahim (2006) that defined collective 

capabilities as the capabilities that can be achieved only by social interactions. Freedom in this 

context is achieved by social interaction. .  

3.1. Collective capability  
Following previous research on collective capabilities, the Beaufort production system can be 

considered as a collective capability, because it creates new capabilities for their members to 

choose a life they consider as meaningful (Ibrahim, 2006). Their members organise and 

coordinate local resources, such as cattle breed, pastureland, local labour and the further 

transformation process according to their own values (Lynch and Harvois, 2016). In the 

Beaufort production system, this collective capability can affect the way people view their 

personal goals. For example, the rule set prevents increasing productivity and large scale 

farming extensions. However, there is also no perceived need for these, as the cooperative pays 

an above-market price for milk. In addition, cooperatives are largely responsible for their own 

sales. Although there is wholesale to contracted clients, there is no large enterprise involved in 

the preceding steps of co-production. This aligns with early reflections on the collective 

capability approach, of Evans (2002) imagining that collective capabilities could act as a 

counterweight to large-scale homogenous modes of production and associated unequal power 

relations. However, these identities do not unfold exclusively within an exclusive social 

context, but they emerge from social-ecological interactions.  
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3.2. Territorial capability 
I align with recent approaches in territorial ecology, and define the Beaufort production system 

as a territorial capability. This means it is a “collective capability anchored in a territorial 

context” (Buclet, 2021). The results of this work showed that the capability set of the Beaufort 

production system is intrinsically tied to the territory and is fully embedded in the social-

ecological context. The Beaufort production system presents the result of these social-

ecological interactions, which have evolved over time. Based on Loubet et al. (2011) Dissart, 

(2012) contextualised collective capabilities in a territorial system by two dimensions; 

collective action and the “structures of living together”, that constitutes the territorial system. 

Buclet (2021) further developed and specified the components of this territorial system by 

explicitly naming them “social-ecological resources” and considering their legacies. Relational 

values, hereby emphasized by local identities could be interpreted as achievements of these 

social-ecological interactions generated by the Beaufort production system. These identities, 

which imply “a sense of belonging” in the sense of Roberto Esposito cannot thought neither 

without social structures, nor without the ecosystems (Buclet, 2021; Esposito et al., 2019). The 

Beaufort production system is a territorial capability that generates values evolving out of 

social-ecological interactions over a long period. This sets them apart from collective 

capabilities that are generated by collective action without a specific social-ecological context 

e.g. the collective capabilities in collective currencies are mainly generic and easily to transfer 

to similarly themed groups of collective action (Rauschmayer et al., 2018). The acquired 

identities through territorial capabilities also shape what people consider as achievements, but 

it can also shape how they use their resources (Davis, 2015; Rauschmayer et al., 2018). 

3.3. Territorial capability and sustainability  
The notion of territorial capabilities accentuates that the maintenance of ecosystems is crucial 

and foundational for a good quality of life (Polishchuk and Rauschmayer, 2012). This allows 

in a further step to take the long-term consequences for capabilities of future generations into 

account. Coupled with the NCP co-production approach it could allow to assess and quantify 

the consequences of current activities on future capabilities at territorial scale (Buclet, 2021). 

In particular, the notion of relational values and legacies can prove to be useful markers for 

orientating the analysis. Summed up, the territorial capability of the Beaufort production system 

is based on (1) members who decide their adherence to this system based on free will and not 

economic nor social constraints (2) a collectively agreed rule set over the management and 

mobilisation of social-ecological resources (3) practices that are in line with socially desired 

ecosystem structures. Territorial capabilities can facilitate the understanding of the roles and 
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types of local governance systems that maintain desired social-ecological interactions in the 

long term (Bennett et al., 2015). The approach highlights the ways local actors reconcile by a 

collectively agreed rule set across different actors within a biophysically heterogeneous 

landscape (Barreteau et al., 2016). I found that these institutions could partly buffer biophysical 

constraints like altitude and external drivers such as varying sale opportunities across the 

territory. For example, the Beaufort production system incorporates different types of 

municipalities, some of them closer to the sale market by their skiing resorts, while others 

provide large pasture areas. The collective level allows actors in each of these heterogeneous 

municipalities to make the best achievements out of their surrounding system. Further, the 

analysis also highlighted the relevance of proximity of social resources (infrastructure) for the 

co-production system. A possible precondition for territorial capabilities might be the moderate 

size of the PDO labelled area and the resulting production quantity. This aligns with theories of 

common pool resource management, that favour a moderate group size with a shared interest 

(Ostrom, 1990). The small size can render the brand possible less attractive for larger market 

partners to intervene, although this cannot be always guaranteed. For example, Lactalis, the 

largest player in the dairy market controls some production of the Reblochon cheese in the 

adjacent valleys. From the perspective of quality characteristics, the strict adherence to a raw 

milk product might affect the willingness of export-oriented market partners in view of different 

hygiene regulations at international level as well.  

Research on cooperative production systems frequently characterise their specificity by the ties 

to the territory and the collective dimension of the modes of production (Belletti et al., 2017). 

Existing studies on these agricultural systems frequently focus on economic considerations (Cei 

et al., 2018), collective action ranging from wine and coffee (Belletti et al., 2017), to Italian 

cheese (Pachoud et al., 2020) or aspects of identity-construction for French cheese, such as the 

Comté cheese (Bérard et al., 2008; Dos Santos, 2017). None of them integrates explicitly social-

ecological interactions in their results. However, studies that focus on the possible 

environmental benefits of quality labels (Belletti et al., 2017; Lamarque and Lambin, 2015; 

Marescotti et al., 2020), suggest that these niche products can foster extensive modes of 

production and contribute to the maintenance of HNV farming systems. The approach of 

territorial capabilities could facilitate to couple social-ecological interactions with the notion of 

freedom and related them to sustainability aspects (Buclet, 2021).  

The approach of territorial capabilities shares some analytical overlaps with the commons pool 

rescources (CPR) approach with Elinor Ostrom (Buclet, 2021; Ostrom, 1990). Both strongly 
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insist on the importance of governance arrangements at territorial and local scale. However, 

while the two approaches exhibit large similarities in terms of emphasizing social dynamics 

and collective rule sets in social-ecological interactions, a profound difference is to be found in 

in particular in the explicit notion of freedom. This translates to differing conceptual 

approaches. CPR research deliberately scrutinizes collective rule systems for example in the 

management of pastureland, inshore fisheries or irrigations systems, but it puts less emphasis 

on the conceptually challenging notion of freedom , that derives out of these collective 

structures. Thus, the view of territorial capabilities ties approaches of collective capabilities to 

the social-ecological context and allows to reanalyse the regional development strategies from 

another angle (Dissart, 2012).  

But territorial capabilities might require external recognition (e.g. by the labelling of external 

institutions). External labelling of collective action facilitates and contributes to collective 

capabilities. I suggest that these institutions with their existing, widely accepted specific rule 

sets could develop and implement territorial responses to future challenges like climate change 

or economic insecurities, through tightening environmental regulations or instituting revenues 

based on individual needs(Buclet, 2021; Marescotti et al., 2020; Ostrom, 1990).  

4. Analysing cross-scale dynamics by the telecoupling framework 
My results suggested the relevance of institutional, economic and social cross-scale interactions 

for territorial systems. For example, factors such as the European quality label PDO and 

markets, emphasized as the external demand in my framework are crucial for the maintenance 

of the Beaufort production system. In addition, the steady decrease of agricultural holdings 

cannot be understood without taking larger social transformation trends into account. 

Rephrased, a territorial capability that is based on proximity depends on external recognition in 

an increasingly interconnected, modern world. My research focus did not allow to investigate 

these interlinkages to external systems. This aligns with previous criticism of territorial and 

social-ecological systems approaches for not taking external flow dynamics sufficiently into 

account (Barreteau et al., 2016). In the following I briefly discuss these interdependencies using 

the telecoupling framework (Liu et al., 2013) 

4.1. The telecoupling framework  
The telecoupling framework presents one of the attempts to investigate multiple flows between 

distant SES. It strives to fill out the knowledge of present research that highlights the importance 

of the interdependencies between spatially separated, yet coupled SES (Fischer et al., 2015). 

Several research paths have already proposed to integrate these interdependencies with different 
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terminologies and focal points. For example in the field of land use change, these interactions 

are called land-use spill overs (Meyfroidt et al., 2018) or embodied human appropriation of net 

primary production (HANPP) (Erb et al., 2009), in industrial ecology hidden flows (Ayres and 

Ayres, 2002) or in social and political ecology externalities or environmental burdens 

(Martinez-Alier, 2009). Ecosystem service research terms the detrimental effects of these flows 

on other SES in ecosystem services “leakages” or off-stage ecosystem service burdens (Pascual 

et al., 2017b). The more positive concept of relational values, NCP could be extended to other 

distant SES than one’s own surrounding as well (Chan et al., 2018). 

 National Trade  PDO certification  Winter tourism  Lifestyle  

System 

type  

Sending  Receiving  Receiving  Receiving  

Agents  Whole sale, market 

partners  

EU institutions, 

INAO  

Tourists  Global societies  

Distance economic  institutional  economic  social  

Main CP  CP3  CP0  CP3  CP0  

Values  Instrumental 

(economic)  

Relational and 

instrumental 

(economic) 

Instrumental 

(economic)  

Relational  

Causes  Economic: 

Consumer interest in 

premium products 

Political: Interest in 

maintaining rural 

development 

 

Economic: Regular 

inflow of winter 

tourists.  

Social: Increasing 

individual lifestyle 

modes  

Economic: 

Diversified 

livelihood 

opportunities/ , 

Work related 

structural changes   

 

Effects  Economic local 

value creation  

Maintenance of 

socioeconomic 

livelihoods and 

agriculture 

Cultural: 

Maintenance of 

local livelihoods and 

identities  

 

Economic local 

value creation  

Maintenance of 

socioeconomic 

livelihoods and 

agriculture 

Secondary income 

sources for 

individual farmers in 

the tourism sector  

Socioeconomic: 

Decline of collective 

action  

Economic: Decrease 

of agricultural 

activities  

Cultural: Landscape 

simplification due to 

land abandonment  

Ecological: 

Modification  

 

Table 1: Overview of the major telecouplings that influence the territorial capability of the 

Beaufort production system  
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I consider the emerging telecoupling concept, which encompasses all types of social and 

ecological material and non-material flows (Liu et al., 2013), as the most comprehensive and 

adapted approach for my research area. It describes socioeconomic and environmental 

interactions between different, distant SES along five components, systems, agents, flows, 

causes, and effects (Liu et al., 2013). Interacting systems are classified into either “sending” or 

“receiving” flows. Sending systems are those who present the origin of the flow and receiving 

systems are the recipients of these flows. For the sake of simplicity and to focus on the role of 

distant systems for territorial capabilities I deliberately exclude spill over systems, that are 

affected or that affect the interactions between the sending and the receiving system (Liu et al., 

2013). In the context of agricultural systems the telecoupling approach has been mainly applied 

to global cash crops such as maize and coffee (Eakin et al., 2017) or soybeans (Liu et al., 2013), 

accentuating disproportions in land use change at global scale. Despite some notable 

exceptions, such as case studies in Peru, the USA and Morocco that highlight the relevance of 

public and private institutions at various interlined scales on smallholders (Zimmerer et al., 

2018), studies using the telecoupling framework have not yet focused on flows impacting small-

scale localized unique farming systems. I’m not aware of other research using the telecoupling 

concept to investigate localized unique food production system that emphasize the non-material 

value dimensions of agricultural production systems.  

I define the system as the Beaufort production system. The main agent, thus the body that 

facilitates the flows is the Beaufort production system and composed of the three cooperatives 

(that encapsulates all members) and the consortium which oversees the entire brand (Liu et al., 

2013; Lynch and Harvois, 2016). Other agents, effects and causes may vary according to the 

observed flows (Table 1). Current research on telecoupling surrounds various large themes such 

as institutions, materials, information, migration and tourism disease spread, (Hull and Liu, 

2018). For the following I selected four major flows, which I deem to be of relevance for the 

maintenance of the territorial capability; tourism, trade, the PDO certification and lifestyle (see 

chapter VI, section 3). I do not include agricultural subsidies and the various impacts (e.g. 

regulations) of other higher-scale institutions other then the PDO-label (see chapter II, section 

1.4.4) in this exploratory analysis. I consider them as universal to Alpine agricultural mountain 

systems and they might lack the explanatory power to explain in this case study the territorial 

capability. However, their crucial influence on the socioeconomic viability of these systems 

must not be neglected. .  
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4.2. Trade and tourism   
National trade and tourism are predominantly financial flows, thus mainly instrumental values 

to the receiving Beaufort production system. Depending on their history and sales orientation 

the three cooperatives in the Maurienne valley have a share respectively of 16%, 30% and 60% 

direct sale on total sale. The remaining parts represents wholesale, with few, regular major, 

long-term clients in France. The Beaufort cheese is a luxury product, with prices ranging up to 

50 Euro/kg in high-income areas such as Paris. It is thus not a product of necessity and 

accommodates a valuable niche in national and international food production. Thus, this linkage 

to urban consumption patterns facilitates the livelihoods of an otherwise marginalized, rural 

area, as observed local coffee production in Colombia (Rueda and Lambin, 2013). This 

coupling appears to be influential on CP3, however indirect effects on the ecosystems, such as 

local land degradation due to a higher consumer demand cannot be excluded. However, the 

PDO restrictions effectively limit the production quantity at the levels of livestock, farm and 

cooperative, thus large-scale changes appear to be of less risk. On the other hand, a decrease in 

consumer demand (e.g. economic recession) can severely impact the territorial viability.  

The Beaufort production system, settled in a mountain environment in a highly industrialized, 

stable European country relies on the local winter tourism industry. This ensures revenues 

(instrumental values) from the wholesale, but also higher revenues from direct sales. The 21 

sale points of the cooperatives are conveniently scattered close to the 22 skiing resorts. Further, 

this sale also allows to spread knowledge about the Beaufort brand to a wider public and acts 

as a facilitator for wholesale in distant SES. Similar to trade, tourism influences CP3 by 

monetary values. However, European winter tourism patterns might undergo major 

transformation due to the anticipated detrimental impacts of climate change in the European 

Alps (Haeberli and Beniston, 2021; IPCC, 2014) and structural changes in recreational sports, 

such as stagnating or decreasing demand for smaller skiing resorts (Bourdeau, 2009). 

Nevertheless, the current setting of this coupling is beneficial for the system.  

4.3. PDO certification 

The Beaufort production system is the receiving system for PDO certification. The inflows are 

of mainly regulatory nature coming from higher scale institutions. PDO certification promotes 

distinct regional agricultural products through a market-based economic mechanism and is thus 

related to trade (Quiñones Ruiz et al., 2018). The overall aim of the PDO system and other GI-

labels is to maintain rural agricultural livelihoods by upholding high quality standards and 

protecting them from competition of inferior products (Belletti et al., 2017). In a certain way 
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these could be regarded as relational values, although the underlying economic mechanism is 

definitely an instrumental value. This coupling is predominantly evident at CP0, however it 

protects the collectively agreed rule set at regional level. Thus it pervades all levels of co-

production and is crucial for the entire NCP co-production. At national level, the INAO a sub 

organisation of the French ministry of agriculture is the main contact for PDO labelled products 

in France. This can considered side as institutional fragmentation (Bodin, 2017) with lengthy 

amendment and administration processes. On the other hand, those are in certain regards 

beneficial, as they ensures relatively stable regulations with few fundamental changes in 

production processes. Currently, amendments need be initiated from the receiving systems. 

However an easing or tightening of current regulations or a systemic institutional change of the 

PDO label such as the reduction of the 75% fodder requirement might inflict large-scale 

changes to the current territorial capability by modifying agricultural practices (e.g. reduction 

of grazing). Aesthetic landscape features such as summer pastures are used for marketing and 

communication purposes (www.maurienne-tourisme.com). Furthermore explicit links between 

the Beaufort production system and the tourism sector, such as guided tours of production 

facilities, are proposed by some Beaufort cooperatives (Durrande-Moreau, 2017). 

4.4. Lifestyle  
I consider here the Beaufort production system as a receiving system for lifestyle. I define the 

non-material flows as information that can affect goals and values of individual actors of the 

Beaufort production system. I tentatively suggest that these are of relational values and 

underline their multiple, heterogeneous dimensions. One could interpret the ongoing current 

decline of agricultural holdings in mountain regions as the effect of evolving social value 

systems. In addition current modes of production have steadily evolved and societies find more 

diversified livelihood incomes today, without the need to leave their region (Löffler et al., 

2014). Further, the Maurienne valley hosts a number of international companies and the 

unemployment rate is relatively low (SPM, 2020). The aging farming population, with one of 

three farms without successor, confirms that agricultural activities with their various constraints 

in flexible time management are considered as less desirable options. In my field research, 

actors cited as possible solutions, compatible with the evolving lifestyle patterns forms of 

collective management of farm holdings, but simultaneously they regretted the prevailing lack 

of individual involvement in already existing structures. In a short-term perspective, the impact 

of this coupling is certainly most visible at CP1 and CP2 with the lack of physical labour in a 

region with limited possibilities to compensate by technological factors of production (Flury et 

http://www.maurienne-tourisme.com/
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al., 2013). However, in a longer perspective they threaten the entire production system based 

on a collective value system. This coupling possibly poses the most problem for the Beaufort 

production system.  

In summary, these four coupling mechanisms appear to be particularly powerful at CP0 of the 

Beaufort production system through its higher scale governance mechanism. The Beaufort 

production systems acts thereby as a receiving, benefitting system. The two couplings, national 

trade and tourism indicates that can act complementary. However, the coupling lifestyle appears 

to be the coupling with the least beneficial outcomes for the Beaufort production system. On 

the other hand the inflow of new wealthy rural residents by evolving work patterns (home 

office) could increase the direct sale at territorial scale. This tentative analysis identifies the 

external drivers of the system. However, although I presented each telecoupling flows 

separately I emphasize the strong interactions between them (Liu et al., 2013). Telecoupling 

can offer an excellent systematic, structured framework to better understand territorial 

capabilities to at least partly buffer the spatial and temporal interdependencies frequently 

emerging in research on NCP /ecosystem services (Winkler et al., 2021). The analysis of 

telecoupling shows that the territorial capability of the Beaufort production system also depends 

on larger institutional and social mechanisms outside the sphere of influence. .  

5. Some reflections on interdisciplinarity  
Sustainability research faces in general an underrepresentation of social sciences (Herrero-

Jáuregui et al. 2018). Some social scientists state they are frequently seen as in the role of 

finding solutions, but are not sufficiently involved in the analysis of specific environmental 

problems (Hysing and Lidskog, 2021). In the context of the IPBES framework Stenseke and 

Larigauderie (2018) named as main reasons for this deficiency institutional barriers, missing 

relationships between social scientists and governmental bodies who nominate IPBES authors 

and the lack of self-identification with IPBES research themes. Other attempts to explain this 

underrepresentation range from different research objectives (LéLé and Norgaard, 2005), 

research focal points (MacLeod and Nagatsu, 2018) to different time and spatial scales (Stevens 

et al., 2007). These diverse observations confirm that sustainability research integrates and 

converges increasingly multiple perspectives and disciplines (Droste, D’Amato, and Goddard 

2018). Another relatively overlooked, but seemingly obvious difference is the terminology 

(Hyland, 2004). 

The reasoning of my qualitative approach to understand society-ecosystem relations is based 

on the idea that reality is constructed on the sharing of same language. Underlying values and 
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subsequent activities might be deeply intertwined with the used terms. During the course of the 

last four years I have been constantly challenged with choices of which and why terms deemed 

to be more appropriate than others. I thus propose to briefly revisit the disciplines I frequently 

encountered, their etymological meaning, their focus and their most relevant terms in social-

ecological research (Table 3). Without being endowed with refined, nor trained linguistic 

capacities, I only suggest to rethink the terms we apply to ensure a wider readability and 

understanding among disciplines and the wider audience. I did not explicitly consider 

interdisciplinary fields such as political ecology, ecological economics or landscape ecology. 

The increasing jargonized language is not a unique feature of social-ecological research. A 

synthesis that investigated the readability of 700,000 biomedical and life science related articles 

dating from 1881 to 2015 suggested as well that the readability of scientific articles has 

considerably decreased (Plavén-Sigray et al., 2017).  

A very modest result of my certainly not exhaustive, in some aspects even caricatured 

comparison is that the original meanings of the disciplines exhibit commonalities, but their 

terms have largely dispersed in different epistemological directions. This might be explained 

by the “great divide” at the beginning of the 20th century between social and natural sciences 

reflected by Snow in the 1950s (Snow and Collini, 1993). Another interesting finding was that 

for example that truly interdisciplinary terms such as ‘landscape’ don’t have any equivalent 

terminologies in the compared disciplines. This might indicate that interdisciplinarity is already 

ceating its own specific terminology. However as previous research strongly insists, there is an 

urgent need to reconcile these different disciplines in order to ensure the viability of social-

ecological interactions at all scales (Fischer-Kowalski and Weisz, 2016). If social-ecological 

scientists choose to have an active role in public and in particular in science-policy interfaces, 

they must, maybe more than other disciplines aware of their language use (Crouzat et al., 2018). 

The vibrant research around the IPBES framework might offer a valid platform for academic, 

policy and social actors to continue engaging in this discourse.  
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My thesis Ecology  Economics  Sociology Political science  Territorial ecology  
Defining the disciplines 

Etymology  

  

Greek: eco: household,” 

“home,” or “place to live.” 

Greek: eco  

meaning: “house”; “home,” 

or “place to live.” 

nomos: accounts . 

Latin: socius, meaning 

"companion" 

Greek: affairs of the cities' French: territoire “a space 

that is socially constructed, 

culturally marketed and 

institutionally 

regulated.”(Lopéz and 

Muchnik, 1997). 

Objective  The whole science of the 

relations of the organism to 

the environment including, 

in the broad sense, all the 

“conditions of existence. 

(Haeckel, 1866, (Egerton, 

2013).  

The study of how people 

and society choose, with or 

without the use of money, 

to employ scarce 

productive resources which 

could have alternative uses, 

to produce various 

commodities over time and 

distribute them for 

consumption now and in 

the future among various 

persons and groups of 

society. (Samuelson and 

Nordhaus, 2005)  

The science whose object is 

to interpret the meaning of 

social action and thereby 

give a causal explanation of 

the way in which the action 

proceeds and the effects 

which it produces (Weber, 

1978).  

The branch of knowledge 

that deals with the state and 

systems of government; the 

scientific analysis of 

political activity and 

behaviour(Lexico, 2021). 

The systemic study of 

linking ecological issues 

with territorial issues based 

on questions related to 

thermodynamics (Barles 

2004).  

Interactions  Between living organisms 

and within living 

organisms and their abiotic 

environment 

Actors on the market  Within society  Different groups of power  Within societies and with 

the ecosystem  

Boundaries Ecosystem  Markets  Groups, agents  Administrative boundaries Territorial  

Selected examples of the varying terms 
Social-ecological 

system  

Ecosystem Bioeconomy  Environment  Sphere of influence Territory  

Social-ecological 

legacies  

Legacies Capital Heritage Legacies Heritage 
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Values Behaviour  Attitudes /Preferences  Beliefs/ Nonmaterial 

culture 

Strategies  Non material resources  

Relevance Sensitivity /Dominance  

 

Importance Authority  Power - 

Compensate Buffer/bet hedging  Subsidies Balance/solidarity  Democratize - 

Resources  Disturbance  Goods and services  - Private and public property   

Social dynamics  Human Households/firms/regulator

y authorities  

Agents Groups of interest Actors  

Steps of co-

production  

Mechanisms  Labour division  - - - 

Landscape - - - - Paysage  

Telecoupling Teleconnections  Externalisation  - Globalisation  Politics of proximity  

Collective 

capabilities  

Interference  Social capital  Social relations  - Non material resources  

Mobilise  Consume Extract  Create  Generate  Activate 

Trade-off Trade-off - Reconciliation Compromise - 

Table 3: An exploratory overview of terminologies of different disciplines  
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Conclusion  
In this research, I analysed the various material and non-material flows of an agricultural 

cooperative production system at territorial scale by deliberately focusing on the social 

dimensions of social-ecological interactions.  

Good quality of life was at the centre of my work. The objective of further knitting this 

seemingly abstract concept into the contextual fabric of the real world allowed me to unravel 

the multiple aspects that render life meaningful to people. My interdisciplinary analysis across 

the social-ecological co-production chain showed the deep interlinkages of societies and 

ecosystems. It highlighted that relational values that go beyond commonly used metrics of 

human well-being are constitutive for the understanding of these interactions. I showed how 

the analysis of the interplay of the various components of social-ecological systems, such as the 

biophysical context, social dynamics and current resources can help identifying and naming 

these non-material aspects. This can broaden current scientific discourses on valuation systems, 

democratize these non-material aspects by recognising them as crucial conceptualisations that 

broaden the analysis for sustainability related research questions. More research in this field is 

certainly needed though to draw any final conclusion from this case study.  

The choice of seeing societies as a network of social beings and not as a group of isolated 

individuals embedded the links between collective governance and relational value systems in 

NCP-co-production. This analysis highlighted the importance for territorial societies to engage 

in collective action that results in the freedom of people to choose what they consider as 

worthwhile. At the same time, this freedom in the sense of Roberto Esposito, defined as a “sense 

of belonging” also comes with responsibility for other human and non-human beings (Esposito 

et al., 2019; Latour, 1993). By making the temporal scale in social-ecological interactions 

explicit, the emphasis on social-ecological legacies acknowledges that current activities become 

the legacies of future societies, emphasizing society’s responsibility for non-yet born 

generations. 

Future research on collective capabilities coupled with the IPBES framework can greatly 

facilitate further analysis on regional institutional structures. This approach can raise the 

awareness about the multiple values of ecosystems among local societies and could complement 

ongoing economic assessments on regional development from a holistic perspective. Regional 

governance regimes cannot only influence the activities of their members; they can also be 

crucial in the shaping of values. At larger scale, these findings could incite current incentive 

and subsidy schemes to foster collective structures that align with people’s needs to lead a 
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meaningful life. However, my proposed focus on collective systems neglects neither the role of 

the individual nor that of public policies in outlining the agenda for the future. Thus, consistent 

with sustainability thinking, one must not forget the interconnectedness of all systems at all 

scales.  

This work can be criticised for deliberately favouring self-organised governance systems over 

liberal, individual-based conceptions on society, by emphasizing relational, non-material 

aspects over instrumental values, by considering good quality of life as the emergent result of 

social-ecological interactions and not as a checklist of performance-based individual 

achievements. On the other hand, in light of the current large-scale social, ecological and 

climatic changes that will penetrate and affect our lives in the not so distant future maybe one 

needs to rethink and readjust formerly conventional conceptions of how societies can ensure a 

good quality of life for all. 
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Acronyms  
AC Alpine Convention  

CA Capability Approach  

CAP Common Agricultural Policy  

CD Cambridge Dictionary 

CNAOL Conseil national des appellation d'origine laitières 

CP Co-production  

CPR Common pool resources 

EAFRD European Agricultural Fund for Rural Development 

EEA European Environment Agency  

EC European commission 

ES Ecosystem Service  

EU European Union  

FAO Food and Agriculture Organisation of the United Nations 

GDP Gross Domestic Product 

GI Geographical Indication 

GIAHS Globally Important Agricultural Heritage Systems 

HANPP Human Appropriation of Net Primary Production 

HNV High Nature Value  

INAO Institut national de l’origine de la qualité  

INSEE Institut national de la statistique et des études économiques  

IPBES International Intergovernmental Platform on Biodiversity and Ecosystem Services  

IPCC International Panel for Climate Change  

NCP Nature’s Contributions to People  

MEA Millenium Ecosystem Assessment  

PDO Protected Designation of Origin  

PES Payment for Ecosystem Services  

RGP Registre Parcellaire Graphique 

SCOT Schéma de Cohérence Territoriale 

SES Social-Ecological System  

SDB Syndicat de Défense du Beaufort  
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SMB Savoie Mont Blanc 

SPM Syndicat du Pays de Maurienne   

STS Science and Technology studies  

TBL Tripple bottom line  

TEEB The Economics of Ecosystems and Biodiversity  

UNESCO United Nations Educational, Scientific and Cultural Organisation 
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Annexes  

Summary/ English version  

Multiple aspects of wealth creation in a social-ecological system of the French Alps 

 Many socioeconomic activities that contribute to people’s good quality of life are intrinsically 

linked to ecosystems. Ecosystems provide indispensable material benefits (e.g. food, shelter, 

etc.), but their production can simultaneously greatly contribute to deterioration of natural 

capital, decrease of finite resources, and reinforce social disparities. In order to achieve a good 

quality of life for all within ecological limits, novel approaches that go beyond exclusive 

monetary analyses are needed. In the last decades, interdisciplinary research on coupled social-

ecological systems (SES) has increasingly linked ecosystems to the multidimensional aspects 

that contribute to a good quality of life. Yet, the role of social dynamics in SES has remained 

underexplored. These can help focusing on value generation as part of interactions between 

societies and ecosystems.  

This thesis is anchored in the field of ecological economics and the associated field of territorial 

ecology. I aimed to understand how the dynamic interplay of various resources and social 

dynamics underpin socioeconomic activities in their social-ecological context. For this, I 

combined the concept of nature’s contributions to people (NCP) with the development-based 

capability approach. I proposed a conceptual framework that structures how societies co-

produce with ecosystems aspects they consider as meaningful. In particular, I explored how 

such co-production processes are embedded in a specific social-ecological setting that has co-

evolved over a long period. I hypothesised that social dynamics constitute crucial factors in 

regulating different stages of co-production.  

I operationalised this conceptual framing in the territorial agricultural system of the Maurienne 

valley, in the Northern French Alps. Specifically, I analysed the functioning of the cooperative 

production system of the premium quality cow cheese Beaufort and its associated actors. The 

moderate size of this territory enabled a thorough integration of qualitative and quantitative 

information. To attain a comprehensive understanding, I applied a mixed methods approach. 

Based on 43 semi structured qualitative interviews with local stakeholders I explored the 

multiple resources that govern the co-production of this cheese. I used a systematic content 

analysis to investigate non-material components of co-production, namely common perceptions 

across actors. Further, I analysed quantitative linkages between components of co-production 

and social and economic outcomes at the municipality level. The combination of these two 
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approaches allowed me to analyse the Beaufort cheese production system from an explicit 

interdisciplinary perspective.  

Social-ecological dynamics shapes the ways in which ecosystems contribute to the diverse 

aspects of a good quality of life. I showed that the Beaufort cheese production system rests on 

shared common perceptions about fundamental aspects of co-production, like collectively 

agreed rule sets for management practices, and about its associated benefits. Further, I found 

that these institutions could partly buffer biophysical constraints like altitude and external 

drivers such as varying sale opportunities across the territory. In addition, the analyses also 

highlighted the relevance of proximity of social resources (infrastructure) for the co-production 

system. I suggest that these institutions with their existing, widely accepted specific rule sets 

could develop and implement territorial responses to future challenges like climate change or 

economic insecurities, through tightening environmental regulations or instituting revenues 

based on individual needs. Plenty of research is still needed to fully grasp the impact of 

institutional dynamics on society-ecosystem interactions. In particular, my results suggested the 

relevance of cross-scale interactions for territorial dynamics. For example, external factors such 

as European quality labels or external demand are crucial for the maintenance of the Beaufort 

production system. I suggest considering the Beaufort production system as a territorial 

capability structured by the complex interactions between ecosystems and societies, and within 

societies. This social dynamics combines local biophysical constraints, unique social-ecological 

capital and universal production factors towards an outcome that contributes to multiple aspects 

of quality of life and its long-term persistence. The results of this thesis support a stronger role 

of social sciences in interdisciplinary research on social-ecological system to fully account for 

their complexity. 

Resumé/ version française 

Les multiples aspects de la création de richesse dans un système socio-écologique des Alpes 

françaises 

 

Cette thèse est ancrée dans le domaine de l'économie écologique et le domaine associé de 

l'écologie territoriale. J'ai cherché à comprendre comment l'interaction dynamique de diverses 

ressources et les dynamiques sociétales sous-tendent les activités socio-économiques dans leur 

contexte socio-écologique. Pour ce faire, j'ai combiné le concept de contribution de la nature 

aux populations (NCP) avec l'approche des capabilités basée sur le développement. J'ai proposé 
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un cadre conceptuel qui structure la manière dont les sociétés co-produisent avec les 

écosystèmes les aspects qu'elles considèrent comme significatifs. En particulier, j'ai exploré 

comment de tels processus de co-production s'inscrivent dans un cadre socio-écologique 

spécifique qui a co-évolué sur une longue période. J'ai émis l'hypothèse que les dynamiques 

sociétales constituent des facteurs cruciaux dans la régulation des différentes étapes de la co-

production.  

J'ai opérationnalisé ce cadrage conceptuel dans le système agricole territorial de la vallée de la 

Maurienne, dans les Alpes françaises du Nord. Plus précisément, j'ai analysé le fonctionnement 

du système de production coopératif du fromage de vache de qualité supérieure Beaufort et ses 

acteurs associés. La taille modérée de ce territoire a permis une intégration approfondie des 

informations qualitatives et quantitatives. Pour atteindre une compréhension globale, j'ai 

appliqué une approche de méthodes mixtes. Sur la base de 43 entretiens qualitatifs semi-

structurés avec des acteurs locaux, j'ai exploré les multiples ressources qui régissent la co-

production de ce fromage. J'ai étudié les composantes non matérielles de la co-production, à 

savoir les perceptions communes des acteurs, à l'aide d'une analyse de contenu systématique. 

En outre, j'ai analysé les liens quantitatifs entre les composantes de la co-production et les 

résultats sociaux et économiques au niveau de la municipalité. La combinaison de ces deux 

approches m'a permis d'étudier en profondeur le système de production du fromage Beaufort 

dans une perspective interdisciplinaire explicite.  

La dynamique socio-écologique façonne la manière dont les écosystèmes contribuent aux 

divers aspects d'une qualité de vie. J'ai montré que le système de production du fromage de 

Beaufort repose sur des perceptions communes partagées concernant des aspects fondamentaux 

de la co-production, comme des ensembles de règles convenues collectivement pour les 

pratiques de gestion et les avantages qui y sont associés. En outre, j'ai constaté que ces 

institutions pouvaient en partie amortir les contraintes biophysiques telles que l'altitude et les 

facteurs externes tels que les opportunités de vente variables sur le territoire. En outre, les 

analyses ont également mis en évidence la pertinence de la proximité des ressources sociétales 

(infrastructure) pour le système de co-production. Je suggère que ces institutions, avec leurs 

ensembles de règles spécifiques existantes et largement acceptées, pourraient développer et 

mettre en œuvre des réponses territoriales au changement climatique ou aux insécurités 

économiques futures, par exemple en renforçant les réglementations environnementales ou en 

instituant des revenus basés sur les besoins individuels. De nombreuses recherches sont 

cependant encore nécessaires pour saisir pleinement l'impact de la dynamique institutionnelle 
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sur les interactions société-écosystème. En particulier, mes résultats suggèrent la pertinence des 

interactions entre échelles pour les dynamiques territoriales. Par exemple, des facteurs externes, 

tels que les labels de qualité européens ou la demande extérieure, sont cruciaux pour le maintien 

du système de production de Beaufort. Je suggère de considérer le système de production de 

Beaufort comme une capabilité territoriale structurée par les interactions complexes entre les 

écosystèmes et les sociétés, et au sein des sociétés. Cette dynamique sociétale combine des 

contraintes biophysiques locales, un capital socio-écologique unique et des facteurs de 

production universels vers un résultat qui contribue à de multiples aspects de la qualité de vie 

et à sa persistance à long terme. Les résultats de cette thèse justifient de développer le rôle des 

sciences sociales dans la recherche interdisciplinaire sur les systèmes socio-écologiques afin de 

rendre pleinement compte de leur complexité. 
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Abstract 

To ensure their quality of life, people adapt to multiple changes by maintaining or transforming 

the structure and functions of their socio-ecological systems (SES). A better understanding of 

mechanisms underpinning SES adaptation, especially the contribution of changes in human–

nature interactions, is crucial to facilitate adaptation to future challenges. Using a 

chronosystemic timeline and based on literature, archives and local knowledge of inhabitants, 

we explored the past trajectory of a mountain SES (Pays de la Meije, French Alps) since 1900 

by analysing drivers, impacts and responses. We hypothesised that adaptation has occurred 

through changes in the co-production of nature’s contributions to people (NCP). We identified 

four historical periods of combined changes in agriculture and tourism with associated changes 

in NCP. Results show which and how drivers of changes have influenced NCP co-production, 

how NCP have been mobilised in adaptive responses and how human and natural capitals 

involved in NCP co-production have been reconfigured for adaptation. We show that drivers of 

change have been mainly exogenous and out of the control of local actors, like public policies, 

markets and consumption patterns. These drivers can directly impact the capitals involved in 

NCP co-production like amount of workforce, knowledge or skills, creating not only threats but 

also opportunities for the livelihood of the local community. Depending on the intensity of 

capital reconfiguration and the type of NCP involved, adaptive responses range from resistance 

https://doi.org/10.1007/s10113-021-01760-8
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to transformation of the governance system and socioeconomic sectors. This analysis highlights 

existing path dependencies that could hinder future adaptation. 

Keywords co-production . adaptation . transformation . ecosystem services . past 

trajectories . social-ecological system 
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Introduction 

Under global changes, social–ecological systems (SES) must adapt to maintain livelihoods and 

the natural resources they depend on (IPBES 2018). Adaptation is driven by changes in the 

interactions between social and natural systems over time and space (Nelson et al. 2014; Chhetri 

et al. 2019; Fedele et al. 2019). The adaptive capacity of a SES is strongly influenced by its past 

trajectory, as it shapes its current state (Dearing et al. 2015; Egan and Price 2017) and will 

constrain its future dynamics through legacy effects (Nelson et al. 2014; Plieninger et al. 2015; 

Antoni et al. 2019). Studying historical SES trajectories provides valuable information not only 

on how drivers of change have affected SES and led to adaptive responses (Costanza et al. 

2012; Adamson et al. 2018) but also inform about future adaptive capacity (Bussey et al. 2012; 

Grier et al. 2017) and adaptation options (Fazey et al. 2015). One critical dimension of changing 

human–nature interactions for adaptation regards nature’s contributions to people (NCP), 

defined as the contributions of living nature to people’s good quality of life, which can be 

material, non-material and regulating contributions (Diaz et al. 2015). To adapt to changes, 

societies can modify their interactions with nature to ensure the provision of important benefits 

to human quality of life by changing land uses, redefining natural resource governance or using 

new natural resources. These actions can aim to sustain the provision of existing NCP despite 

changes (i.e., NCP resilience) or to develop new NCP in changing contexts (i.e., transformation) 

(Lavorel et al. 2019).  

Most assessments of NCP or ecosystem services have focused on a time snapshot, but there has 

been an increased interest in historical trajectories of NCP (Renard et al. 2015; Rau et al. 2018). 

Studies have linked increasing supply and demand of NCP over history with changing land use 

(Stürck et al. 2015; Egarter Vigl et al. 2016; Lavorel et al. 2017). Other studies highlight how 

historical analyses can help understand NCP synergies and trades-off (Tomscha and Gergel 

2016), showing that NCP bundles depend on local biophysical and socio-economic context 

(Renard et al. 2015; Egarter Vigl et al. 2017), or assessing changing landscape capacity to 

supply NCP (Bürgi et al. 2015; Locatelli et al. 2017). While most studies consider socio-

economic and institutional drivers (Dittrich et al. 2017), land use, landscape or SES dynamics 

(e.g., Munteanu et al. 2014, Ianni et al. 2015, Jepsen et al. 2015, Meyfroidt et al. 2018), few 

consider how these drivers of change of NCP have supported adaptation, or how NCP were 

involved in adaptive responses (Colloff et al. 2020).  

Historical studies of NCP trajectories and their drivers rarely address a critical dimension of 

adaptation, which is agency, i.e., the capacity of people to make choices and act consciously, 
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both individually and collectively (Davidson 2010; Fedele et al. 2017). For historical changes 

in NCP to be understood with an adaptation lens that can inform future adaptation, we need to 

document not only how NCP have changed but also the mechanisms underlying these changes, 

including human agency. Indeed, NCP are the joint outcome of social and ecological processes, 

constituting a process of NCP coproduction that involves human intervention to deliver social 

benefits (Diaz et al. 2015; Palomo et al. 2016). Three steps of co-production can be 

distinguished along the benefit chain of NCP (Lavorel et al. 2020; Bruley et al. 2021): (CP1) 

ecosystem management (i.e., modifying ecosystem structure and function in order to obtain 

benefits, such as planting cereals or trees), (CP2) mobilisation, harvest and physical access (e.g., 

collecting plants or visiting a scenic place), and (CP3) appropriation and appreciation of 

benefits (e.g., transforming and selling dairy products, enjoying local products or feeling 

attached to a place). Different natural, human, social, manufactured and financial capitals are 

required in each of these steps (Palomo et al. 2016). This novel perspective complements socio-

technical studies of transitions (e.g., Geels and Schot 2007) by explicitly considering the role 

of natural capital and its management.  

We posit that the characterisation of adaptive responses over time through the reconfiguration 

of NCP co-production will advance the understanding of adaptation mechanisms. 

Reconfiguration is the process by which people modify their actions to alter ecosystems, NCP 

and ultimately quality of life. This analysis requires to understand how human-derived and 

natural capitals are impacted by internal and external drivers of change and the resulting 

vulnerabilities or opportunities. It also requires understanding how people’s adaptive responses 

reconfigure capitals and the co-production of NCP to maintain livelihood. This perspective on 

adaptation improves our understanding of coupled social–ecological historical interactions and 

human agency involved in ecosystem-based adaptation to inform future responses and create 

opportunities for agency (Nelson et al. 2014; Fazey et al. 2015; Grier et al. 2017).  

Mountain regions provide fruitful contextual settings to study adaptive capacity (Egan and Price 

2017; Klein et al. 2019). Indeed, while they provide key NCP (Martín-López et al. 2019) and 

are biodiversity hotspots (Körner et al. 2005), they are also vulnerable to both environmental 

and socio-economic changes, like land use change, infrastructure, tourism development and 

climate change, with an important role of external drivers (Grêt-Regamey et al. 2012). Because 

of their remoteness, harsh topographical and climatic conditions, they have undergone 

continuous adaptation (Klein et al. 2019) and are experiencing rapid changes in response to 

current and anticipated global change (Palomo 2017). This study aimed to understand past SES 
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adaptation mechanisms as sets of causal relationships between drivers of change and social–

ecological responses by reconfigurations through human agency for a mountain social–

ecological system. We identified periods of historical adaptation and hypothesised that 

adaptation occurred through changes in NCP co-production. Using the NCP co-production 

approach to better understand past adaptation trajectories we asked the following: (1) Which 

drivers of changes have affected the SES and led to adaptive responses? (2) How have drivers 

influenced NCP co-production? (3) On which NCP have adaptive responses relied? (4) How 

have capitals involved in NCP coproduction been reconfigured for adaptation? Our results 

allowed us to characterise different types of adaptive responses and further discuss how such 

knowledge of adaptation mechanisms along historical trajectories of NCP can inform research 

on current dynamics and future adaptation. 

Study site 

Pays de la Meije, at the head of the Romanche valley in the central French Alps, covers 205 

km2 and ranges from 1135 to 3984 m. Located at the edge of two administrative regions the 

two municipalities, La Grave (484 inhabitants) and Villar d’Arène (322 inhabitants), have a low 

population density (less than 5 people/km2), across two villages and seven hamlets with 

numerous secondary and touristic residences (~60% of the accommodation capacity). The 

region reached its largest population (2500 inhabitants) at the beginning of the nineteenth 

century followed by a strong rural exodus from 1850 to 1970. Tourism has become an essential 

sector since 1970 and is now at the core of the local economy, with large contributions to off-

farm jobs and incomes (Schermer et al. 2016). It is based on mountain sports and on cultural 

tourism enhanced by the Ecrins National Park, created in 1973. A traditional mountain livestock 

farming system based on fodder self-sufficiency and summer transhumance, is the second pillar 

of the local economy and identity (Quétier et al. 2010). Local life strongly depends on 

surrounding regions for jobs (in nearby ski resorts) and services (education, health and retail). 

The climate is alpine withMediterranean influences. Forest exploitation in the Middle Ages 

produced an open landscape on the south-facing slopes, shaped by terrace cultivation. 

Subsistence agriculture changed to livestock farming during the early twentieth century and 

now maintains a cultural landscape of terraced grasslands and summer pastures (Quétier et al. 

2007). North-facing, steeper slopes are forested below 2200 m following cessation of timber 

production during the nineteenth century. Sparse vegetation, rocks and ice at higher altitude are 

located in the core area of the Ecrins National Park and in an offtrack skiing basin.  
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Methods 

Our study included three stages: (i) preliminary analysis with secondary literature, databases 

and exploratory interviews, (ii) timeline construction from interviews and workshops, and (iii) 

timeline interpretation. The first stage included two steps in order to obtain an overview of the 

SES dynamics with the main social and ecological trends and events since 1900. First, we 

analysed the history of the valley from existing grey and scientific literature and databases on 

demographic and social data (INSEE 2016), agriculture (Agreste), climate (temperature and 

precipitations—Météo- France), risk (ONF-BD-RTM) and municipality archives (for details on 

data used see appendix 1). Second, the interviews of thirteen inhabitants were done in June 

2018 (farmers, tourism professionals, elected officials, association representatives and 

multisector people) who had lived at the site for at least 20 years and knew its history well 

(details in appendix 2). These semi directed interviews elicited descriptions of the SES and its 

subsystems, the past social, political, economic, ecological changes and their impacts. These 

information and data fed the timeline construction, by the identification of relevant themes.  

In the second stage, we applied a timeline analysis, which is a deductive qualitative method for 

the systemic and temporal analyses of the past trajectory of a SES (Bergeret et al. 2015; 

Spiegelberger et al. 2018). The chronosystemic timeline construction follows four steps. First, 

we defined the problem addressed with the associated spatial and temporal scales, which here 

is the past adaptation of the SES of Pays de la Meije from 1900 to 2015. Second, we identified 

main themes where change has occurred over this period. Based on our preliminary analysis, 

we selected eight themes: external policies, local governance, social dynamics, agriculture, 

tourism, landscape dynamics, ecosystem management and climate. Third, we set milestones 

which are moments or periods associated with key events (punctual, repeated) and trends (with 

gradual changes or possibly state changes). Fourth, we described how interactions among 

milestones (e.g., causality, feedback loops, succession, collaboration, inertia and conflicts) led 

to the changes revealed by the timeline. The last two steps were performed during two 

participatory workshops including respectively two and six local stakeholders (see appendix 2). 

Based on their experience, knowledge and perceptions, participants identified and discussed the 

milestones for each theme and analysed their interactions. Finally, participants also identified 

and dated the main historical periods of change revealed by the timeline. From these, we were 

able to select four periods that display different responses of the SES to changes linked to 

agriculture, tourism or the entire SES. The elements of the timeline identified by the participants 

were, as far as possible, compared with information obtained from the literature, public 
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information and databases available and were integrated into the narrative. The chronosystemic 

timeline obtained was presented to local stakeholders during a feedback event, allowing us to 

validate our construction, enrich and correct it where necessary.  

In the third stage, for the four periods of change, we investigated the processes that led to 

adaptation by identifying (1) the drivers that induced changes in the SES, (2) the impacts of the 

drivers on capitals, NCP or quality of life and the resulting vulnerability or opportunities and 

(3) the adaptive responses of the SES in terms of reconfiguration of NCP co-production (Fig. 

1a). Once these elements and their causal relationships were identified, we investigated their 

implication for the three steps of NCP co-production within the IPBES framework (Diaz et al. 

2015) focusing on the change between “Nature”, “Nature’s contributions to people” and “Good 

quality of life” (Bruley et al. 2021) (Fig. 1b). Thus, NCP impacted by and involved in these 

adaptations were deduced qualitatively from the evolution of human activities based on IPBES 

classification (Díaz et al. 2018); only NCP related to agriculture was analysed based on previous 

work at the site (Lavorel et al. 2017). We also identified the reconfigurations of human, social, 

financial, manufactured and natural capitals involved in the three steps of NCP co-production.  

Results  

The analysis of past social–ecological dynamics through the lens of NCP co-production 

revealed four periods since 1900 with distinct adaptive responses to external drivers. These 

periods of change are related to agriculture (periods 1, 2 and 4) and tourism (period 3), with 

temporal overlaps between the last two periods: (1) 1900–1960: gradual transformation from 

subsistence agriculture to a dairy production system, (2) 1965–1975: shift in livestock 

production towards heifer and lamb breeding, (3) 1976–2000: social transformation following 

tourism development, and (4) 1990–2015: agricultural system resistance to change (Fig. 2). For 

each period, we analyse changes of NCP and their co-production (Table 1). To describe each 

period, we present indicators of the SES trajectory related to population, agriculture, tourism, 

natural disasters or climate emerging from a combination of our multiple sources of information 

Fig. 3). 
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Fig. 1 Analytical framework to describe changes in the social-ecological system (SES) and their links 

to Nature’s contributions to people (NCP) co-production. (a) Drivers-Impacts- Adaptive responses 

cascade; (b) Description of how adaptation occurs and affect NCP co-production steps (CP1: 

Ecosystem management, CP2: Mobilization, harvesting and physical access and CP3: Appropriation, 

appreciation and social access to benefits). Based on Bruley et al. 2021 

  



228 

 

Gradual transformation of the agricultural system (1900–1960)  

In the nineteenth century, because of the steep topography and harsh winters in this high-

altitude SES, people faced severe access restrictions and organised their activities to achieve 

food self-sufficiency through a system of family mixed farming and livestock rearing (cow and 

sheep for meat, dairy products and wool). These practises were essentially based on natural 

capital and widely available human workforce, skills, knowledge and collective organisation 

(Rousset 1992). These assets were central to the farming system, especially for building terraces 

that enabled crop production. The rural exodus caused by the new attractiveness of cities and 

industries led to a gradual population decline (INSEE) (Fig. 3, top row) and in particular the 

departure of youth (Girel et al. 2010). This trend persisted until the 1980s and made labour-

intensive agriculture impossible to maintain; only summer transhumance of sheep and cattle 

persisted. As agricultural supply chains were getting more organised and market demand was 

growing at the national level (Marshall plan 1947), mountain agriculture turned partly into dairy 

production because of the high potential of alpine meadows for fodder production. As a result, 

a market was established in the Briançonnais region, with a cooperative and milk collection in 

the villages for dairy production (Girel et al. 2010). From 1900, supported by the development 

of milk transformation infrastructure, farming families gradually transformed their activity 

towards dairy farming and stopped cropping. Formerly ploughed terraces were transformed; the 

most accessible and least steep ones into hay meadows and the others into pasture (Girel et al. 

2010). The lack of workforce was compensated by technical innovation that emerged in the 

1950s (motorised mower). This process was facilitated by the improved accessibility, with the 

Lautaret pass opening to vehicle traffic during winter (1955). This especially supported food 

supply, which was less and less locally produced.  

During this period, the main driver was the emigration and the associated loss of workforce, 

which affected food NCP coproduction at all steps. By taking advantage of the opportunity 

offered by dairy specialisation, farmers profoundly transformed the agricultural NCP co-

production system. Agroecosystem management (CP1) shifted from ploughed terraces to 

fertilised grasslands. The mobilisation of production (CP2) was simplified from 

harvestingmultiple products (cereals, vegetables, fodder, pasture, etc.) to mowing and grazing, 

supported by mechanisation from the 1950s. Finally, the multiple forms of appropriation and 

transformation of benefits (CP3) were progressively abandoned, replaced by larger 

infrastructure (dairy cooperative) to support milk transformation and trade. There was a 

profound change in the capitals mobilised for the coproduction of these NCP with less labour, 
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less animals and more machinery. This transformation was accompanied not only by a loss of 

traditional knowledge and skills associated with subsistence agriculture but also by a shift in 

families and their lifestyle to a modern system, in which farming is a business. This adaptation 

also significantly impacted natural capital, through a transition from a cultivated to a grassland 

landscape, and a resulting increase in hay meadow biodiversity, fertility and soil stability 

(Lavorel et al. 2017). 

 

Fig. 2 Trajectories of drivers, impacts and adaptive responses of the social-ecological system (SES) of 

le Pays de la Meije, from 1900 to 2020. Grey arrows represent how drivers lead to adaptation. The four 

adaptation periods detailed in this paper are represented by numbers (1,2,3&4) 

Agriculture shift toward heifer and lamb breeding (1965-1990) 

With the establishment of the Common Agricultural Policy (CAP) in 1962, the search for food 

self-sufficiency at national and European levels gradually led to the prioritization of the most 

productive or efficient activities and the decline of others. Because milk production in Pays de 

la Meije had no comparative advantage (Girel et al. 2010), this activity declined, the cooperative 

closed, and milk collection ended shortly before 1970 (Martin-Noel 1962). The future of 

agriculture was once again jeopardized, leading to farmland area and farm number decline until 

the 1990s (Figure 3 – second row). Following a different trajectory, some neighbouring valleys 

(in Savoie and Haute-Savoie for cattle and South French Alps for lambs) maintained agriculture 

by value-adding to products through geographic indication labels, such as the European 

Protected Designation of Origin like the creation of the Beaufort cheese label in 1968 in nearby 
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valleys (Beaufort, Tarentaise and Maurienne). Farmers in these areas did not see value in raising 

non-productive heifers (juvenile and non-lactating cows) on high-quality grazing land. Meije 

farmers seized this opportunity to establish a trading link with breeding and selling heifers for 

these valleys. Livestock farming adapted to the new context by shifting herds toward heifer but 

also lambs breeding during the 1970s. This new production system was strengthened by 

growing mechanisation (tractors) and supported by subsidies from the CAP, in particular the 

compensatory allowances for permanent natural handicaps (ICHN) for disadvantaged regions 

from 1975 (Schermer et al. 2016). The agricultural economy was also supported by the 

concurrent development of tourism, which offered an opportunity for multi-activity.  

During this period, the collapse of the milk supply chain in the region forced local farmers to 

reorient the appropriation of benefits (CP3) from the sale of milk to the sale of heifers and 

lambs. As the management of meadows and pastures (CP1) and mowing and grazing practices 

(CP2) remained nearly the same, this adaptation had little impact on ecosystems and NCP other 

than animal productions. 

 

Table 1 Changes in nature’s contributions to people (NCP) co-production steps (CP1,2&3), 

ecosystems and NCP during the four periods of adaptation of the social-ecological system (↗: 

increasing or gain; ↘: decreasing or loss; ↕: switch or transformation). 
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Social transformation following tourism development (1976-2000) 

Benefiting from the first national development plan for mountain resorts (Snow Plan), the 

creation a small ski resort and a tourism office in the 1960s was a first attempt to develop 

tourism with the objective of reinvigorating the local economy heavily affected by rural exodus 

and a shrinking agriculture (Muscella 2004). However, as customers were attracted by larger 

skiing resorts, several tourism businesses closed in the 1970s (Girel et al. 2010). To address this 

challenge and respond to the growing demand for mountain outdoor activities, the municipality 

of La Grave intended to build a cable car to access the Meije high mountain massif, already 

well known for alpinism (Muscella 2004). This project took more than 10 years to be achieved, 

facing much resistance from public authorities, investors and the local population. Another key 

driver of change in this period was the creation of the Ecrins National Park, which conflicted 

with local tourism development objectives and associated ecological impacts of the cable car. 

Following tough negotiations, the Park decree was ratified by municipalities (1973), followed 

by the release of the authorization and funding for the cable car by regional authorities (1976-

77) (Siniscalchi 2008). Once the cable car was in place, the local society transformed gradually 

from an agricultural to a leisure- and tourism-oriented economy mainly based on nature, as 

evidenced by the increase in accommodation during the 1990s (Figure 3 – third row). The 

transformation process peaked in the 1990s with the popularity of off-piste skiing at La Grave 

(Muscella 2004). The cable car infrastructure brought financial benefits for local businesses 

(e.g. accommodation, shops, tourism professionals). The composition of municipal councils, 

which are competent authorities in many land use decisions, mainly composed of farmers until 

the 1970s, diversified to include more tourism professionals (Figure 3 – second row). The entire 

local community and many newcomers attracted by nature proximity for outdoor sports turned 

their activities towards mountain tourism (Martin 2014). Summer and winter mountain sports 

gradually developed and shifted from elite (alpinism and off-piste skiing) to more popular 

activities. The cable car and the National Park thus contributed to making an array of nature 

activities (e.g., hiking, climbing, skiing, wildlife watching) widely accessible. 

The accessibility provided by the cable-car infrastructure, as well as the national park, 

facilitated the co-production of many non-material NCP. For example, nature experiences, 

leisure activities in the mountain landscape and a new supporting identity driven by a change 

in the values for nature as a playground. Simultaneously, structural adjustments of power 

relations occurred in local institutions with the decreasing representation of the agricultural 

sector in favour of tourism. There was significant capital involved in CP2 and CP3, but very 
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limited capital in CP1: physical access (CP2) became essential to support development through 

the construction of transport infrastructure, particularly the cable car. The professionalization 

and construction of tourist facilities, but also the creation of the imaginary around mountains 

increased social access, appreciation and appropriation of the benefits of nature (CP3). 

However, very limited changes in ecosystem management (CP1) apart from a low level of land 

take and soil sealing were necessary to allow this nature-based tourism development. Tourism 

was based on landscape beauty, which is partly the result of landscape management through 

agricultural activities (CP1). It can also be noted that a large part of the area was protected 

within the core area of the Park, which restricted the consequences of this transformation on 

landscapes and natural environments (CP1). 

Agricultural system resistance to change (1990-2015) 

Since 1990, multiple external drivers have pressured the farming system, which has been able 

to cope with small adjustments, without engaging in major transformation. Firstly, several 

changes in the CAP (in 1984, 1992, 2003 and 2015) to support rural development and the 

environment modified the requirements for obtaining subsidies (Schermer et al. 2016). The 

livestock breeding practices implemented in Pays de la Meije did not face restrictions to access 

subsidies, as they were already extensive enough to meet environmental requirements. 

Moreover, since 2003, with the help of the regional agricultural institutions and the Ecrins 

National Park, local farmers have been able to receive additional subsidies (agri-environment-

climate measures) without modifying their practices, which has supported rural livelihoods and 

regional identity. Local land governance became more collective (creation of pastoral land 

associations) and land distribution changed (with fewer larger farms because of ageing 

population and the low rate of farm takeovers). The decrease in the number of farmers also 

caused a reduction in mown area and fertilization, in favour of grazed area (Lavorel et al. 2017). 

Since the 1980s, fodder availability as well as livestock breeding have been affected by 

recurrent droughts and increasing temperatures (Figure 3 – bottom row), which have led to 

increased mowing in less accessible grasslands or purchases of outside fodder (Lamarque et al. 

2013). At the same time, the demand for transhumant grazing in high altitude grasslands has 

increased from pastoralists in the Southern Alps and Provence. Finally, tourism development 

has continued to support farming families through multi-activity. 
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Fig. 3 Historical changes of indicators related to population (top row - INSEE), agriculture (second 

row - Agreste), tourism (third row- INSEE), and disaster or climate (bottom row – Météo-France; ONF-

BD-RTM) in the study area. For drought, we used a rainfall index representing the mean value over the 

months of April to August of the Standardized Precipitation-Evapotranspiration Index (Vicente Serrano 

et al. 2010) and we highlighted remarkable drought years by displaying only the 10% years with the 

lowest values 

During this period, there was a reconfiguration of capitals without change in the co-production 

of fodder. Financial capital from subsidies supporting CP1 and CP2 has evolved, power 

relations at municipal level did not change significantly, tourism representation remained 

strong, and the governance of land management (CP1) was reorganised by the establishment of 

bottom-up collective strategies. Because of droughts, the least accessible areas were 

remobilized for mowing and grazing (CP2), and the demand for transhumance (CP2) increased. 

Therefore, financial capital and rural identity, as along with the preservation of biodiversity as 

a condition for subsidies, became the main support for the co-production of fodder. These 
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reconfigurations of capital have not led to changes in the landscape, but to declining fertility in 

hay meadows and declining biodiversity in grasslands converted from mowing to grazing 

(Quétier et al. 2007; Grigulis et al. 2013). While non-material NCP (such as recreation, tourism, 

leisure and aesthetic enjoyment) have greatly increased since the 1970s because of tourism, 

material NCP have remained stable and linked to forage production.  

Discussion  

We studied the past trajectory of a social-ecological system to understand adaptive response 

mechanisms by analysing how human-nature interactions have changed over time through 

reconfiguration of NCP co-production. This systemic approach described adaptations through 

actors' agency in NCP co-production. In the following we discuss the drivers of change, their 

impacts on NCP co-production associated mechanisms of adaptive responses and the nature of 

adaptive responses.  

Drivers of change and impacts on nature contributions to people co-production 

We found that multiple external drivers affected directly or indirectly the Pays de la Meije SES 

through multi-scale interactions. In Europe, changes in regional, national and EU policies, 

markets or consumption patterns have strongly influenced agriculture and tourism (Levers et 

al. 2015; Plieninger et al. 2016). Changes also often stemmed from interactions with trajectories 

of others systems (region, national) at various spatial and temporal scales (Fazey et al. 2015). 

For example, as observed in many mountain regions, demographic fluctuations reflect regional 

trajectories, with rural exodus resulting from loss of local farm employment, new job 

opportunities in close industrializing cities of the region, and the national urbanization 

(Hinojosa et al. 2016). We observed that drivers may impact all the co-production steps through 

capital reconfigurations, by affecting NCP supply with ecosystem management or mobilization 

(CP1/CP2), and/or NCP demand through appreciation and appropriation (CP3). For example, 

changes in social demand for food combined to the development of new markets and 

agricultural policies affected all co-production steps, thus affecting both supply and demand of 

agricultural NCP. Social and environmental policies as well as changing leisure preferences 

and habits have led to the emergence of new tourism-related NCP demand and supply. These 

drivers have long been identified as having indirect effects on ecosystems (Nelson et al. 2006). 

However, here we highlight these drivers’ impact through the co-production of NCP. Numerous 

capitals were thus reconfigured, such as access conditions to financial capital, modification of 

power and local agency affecting collective and individual decisions, new perception and 
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relation to nature, or shift in preferences and values of societies. These results reflect the 

prevalent role of external drivers, especially socio-economic and policies, in SES adaptation 

dynamics (Prokopová et al. 2018). 

Commonly with many marginal systems, three drivers played a predominant role in Pays de la 

Meije’s past socio-ecological trajectory. First, accessibility was a prerequisite for the local 

development, for supporting local livelihoods and tourism development (Geneletti and Dawa 

2009; Schirpke et al. 2019). Second, external policies triggered local agency as Common 

Agricultural Policy subsidies, national regional development and tourism policies, national 

urban planning rules and nature protection imposed by national conservation policy (Briner et 

al. 2013; Gretter et al. 2018; Antoni et al. 2019). Finally, outgoing (farm) and incoming 

(tourism) migratory flows have determined population size and composition across time. These 

drivers are shared characteristics of mountain SES, and associated paradoxes of "Policies by 

outsider" and “in and out migration” (Klein et al. 2019), along with aging population (Ianni et 

al. 2015). While many mountain regions have experienced similar trajectories (Locatelli et al. 

2017), other trajectories have been observed, particularly in terms of agricultural and tourism 

development (Spiegelberger et al. 2018). For example, as few regions have been able to 

maintain agricultural activity, land abandonment is widespread in the Alps causing significant 

landscape transformation (Hinojosa et al. 2019; Schirpke et al. 2019). Rural activity has often 

given way to intensive tourism which is still ongoing today (Morán-Ordóñez et al. 2013). 

Moreover, some regions have been able to develop other types of activities such as industry, or 

to take advantage of close proximity to large urban areas. While in their past trajectories each 

SES experiences variations in the NCP mobilized, archetypes of NCP bundles can be found 

depending on the local context and their adaptive responses (Renard et al. 2015). 

We note that in this SES adaptation has occurred in response to socioeconomic changes that 

threatened livelihoods, mainly in relation to economic and employment security. This contrasts 

with many other places where changes in natural capital have been the force towards SES 

transformation (Colloff et al. 2020). However, climatic and environmental drivers were rarely 

perceived by participants as main drivers impacting their livelihoods, although they can play an 

important role on natural capital reconfiguration. When climatic drivers were perceived by 

stakeholders (particularly droughts), we observed a difference between perceptions and climatic 

data. Some droughts did not appear in precipitation records but were perceived as such by 

farmers for years of lower fodder yields due to specific events like cold springs or rainy 

harvests. This finding is consistent with previous studies suggesting that farmers' perceptions 
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are influenced by economic and psychological rather than purely biophysical impacts 

(Foguesatto et al. 2020). Despite actors perceiving recent signals of environmental changes, 

their discourses did not report past reconfiguration of NCP co-production due to change in 

natural capital. While climatic and environmental stressors are central to adaptation research, 

they are often not reported by actors as primary drivers of adaptation or of livelihood 

vulnerabilities (Mcdowell and Hess 2012; Räsänen et al. 2016). This may reflect their diffuse 

nature, along with intrinsic adaptation to harsh environments of SES subject to floods, drought, 

naturals hazards or high climate variations like in mountains regions (Boissière et al. 2013; 

Klein et al. 2019). This may also be due to the interactions between multiple types of drivers, 

which blur the specific roles of individual drivers. 

Mechanisms of adaptive responses 

Changes in the availability or accessibility of capital created vulnerabilities or opportunities 

triggering local communities’ decisions. We observed two types of adaptive responses to these 

changes. First, during periods 1 and 2, farmers were forced to adapt their practices in order to 

avoid the collapse of the agricultural system and livelihoods creating a trade-off between the 

loss of traditional knowledge and skills, and the gain in economic and social conditions. In 

contrast, during period 3, local communities seized the opportunity to improve their livelihoods 

by developing tourism. This observation relates to a distinction often made to explain decisions 

(e.g., entrepreneurship and migration decisions), between push motivation (the need to avoid 

an undesirable situation) and pull motivation (the willingness to reach a desirable situation) 

(Zimmermann 1996; Dawson and Henley 2012). Moreover, types of responses will strongly 

depend on the local context. Indeed, under the influence of the same large-scale drivers, other 

SES will take different trajectories due to local specificities and depending on the role of the 

affected NCP in local livelihoods (Jaligot et al. 2019). Collective or individual agency 

triggering adaptive responses is then facilitated or limited depending on threats or opportunities 

generated by changes among capitals involved in NCP co-production.  

We observed multiple responses to drivers involving reconfiguration of NCP co-production and 

cascading effects on other co-production steps leading sometimes to systemic change. Drivers 

can directly affect one or several capitals involved in NCP co-production. All co-production 

steps may be impacted though cascading effects, as when loss of human capital (workforce) 

due to rural exodus reconfigured the entire food production system (period 1) and crop 

production ceased (CP1). Cascading effects can also be avoided when only one step of co-

production is impacted, such as when change in dairy products markets (period 2) impacted 
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value creation (CP3) and threatened the whole co-production of dairy farming (CP1/CP2/CP3). 

Systemic change was avoided during this period when local farmers seized the opportunity of 

a new market for heifer breeding (CP3) without changing the management or mobilization of 

fodder production (CP1&CP2). This was also observed in period 3 when increased demand 

from tourists for mountains activities (CP3) led locals and newcomers to co-produce new 

recreation NCP by increasing access, infrastructure and technical skills (CP2&CP3) without 

requiring dedicated ecosystem management (CP1). Lastly, part of the capital may reconfigure 

without impacting co-production actions as described in the maintenance of the farming system 

from 1990 (period 4). Mechanisms of adaptive responses can then be characterized by the 

degree of reconfiguration of the capitals they induce. These mechanisms, and thus adaptive 

capacity, therefore depend on the access to different capitals that is facilitated or hindered by 

the drivers of change (Freduah et al. 2019).  

Nature of adaptive responses 

This study has identified adaptive responses of different natures, ranging from incremental to 

transformational based on degree of reconfiguration of NCP and their co-production steps, and 

the amount of capital required for adaptation. We highlighted the role of agency in these 

adaptive responses and how path-dependency and resistance to change have emerged. Our 

analyses showed that the SES has undergone two major transformations since 1900 (periods 1 

and 3), considering that responses are transformative when a SES fundamentally shifts its social 

and/or ecological properties and functions (Feola 2015; Colloff et al. 2017; Fedele et al. 2019). 

We observed that transformative responses required reconfigurations of multiple NCP co-

productions, which were accompanied by important changes in human derived capitals but not 

always in natural capitals (i.e. change in ecosystem types, structures and functions).  

The reconfiguration of NCP co-production leading to transformation can take two forms. First, 

existing NCP can be intensified, as shown by the transformative responses in period 1, when 

people shifted from subsistence agriculture to a market-oriented activity for few families (i.e. 

livestock rearing), creating significant social change and shift in values (Carrer et al. 2020). 

Moreover, transformation of farming practices, here to fodder and dairy production, required 

the reconfiguration of all co-production steps using new capitals, such as skills, knowledge, 

tools and governance (Krausmann 2004) causing change in mountains landscape (Egarter Vigl 

et al. 2016). Second, new NCP whose social or economic value has increased can appear, as 

shown by the transformative responses in period 3, when arrival of new populations in the Alps 

(workers and tourists) attracted by nature and leisure activities caused a social transformation; 
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also called “amenity migrants” (Perlik 2006; Martin 2014). This transformation resulted from 

the massive mobilization of new human-derived capital to co-produce new recreational NCP, 

for example rules, skills, knowledge and funds needed for tourism businesses or building of 

trails and infrastructure (Kariel and Kariel 1982). Thus, the development of a tourism-oriented 

population as well as the transformation of the local economy was generated by 

reconfigurations in values by putting leisure at the centre of local society, knowledge systems 

and in power relations with the growing importance of the tourism sector in decision making 

(Corneloup et al. 2004). The amount of human capital required for NCP co-production appears 

as a characteristic of transformation (Chhetri et al. 2019). Indeed, both transformations were 

accompanied by change in the values, rules and knowledge systems shaping the decisional 

context. This shift in decisional context, influencing community’s agency and adaptive 

capacity, was necessary for a paradigm change leading to social transformation (Gorddard et 

al. 2016; Colloff et al. 2017).  

Transformative adaptation often requires changes in ecological processes and relies on latent, 

sustained or novel NCP (Lavorel et al. 2020). The reported social transformation in period 3 

required only few changes in the ecological system. First, due to the low intensity of ecosystem 

management and the ecosystem protection thanks to limited infrastructure development and 

landscape conservation resulting from national rules and local willingness to preserve the 

landscape. Second, due to the type of NCP, indeed, non-material NCP often required less direct 

ecosystem management and more appropriation and appreciation actions (Bruley et al. 2021). 

Moreover, other NCP co-productions, e.g. food and fodder production management, contribute 

greatly to the development of new non-material NCP, like scenic beauty, by shaping the 

landscape. Also, synergies among different NCP co-production steps were required in 

transformative responses to allow new NCP co-production, such as the combination of natural 

landscape conservation (CP1), creation of access to nature (CP2) and practice of tourism 

professionals (CP3) for many non-material NCP developed. 

We also observed incremental responses characterized by adjustment of the current system 

functioning while maintaining its fundamental characteristics (Chhetri et al. 2019; Fedele et al. 

2019) when adjustments in NCP co-production allowed tourism and agricultural activities to 

persist (period 2 & 4). First, adjustments occurred in the capital involved in NCP co-production 

without changing the nature of co-production. For example, we observed adjustments of 

farmers collective governance, land allocation and farming practices in response to twenty years 

of changing institutional, financial and climatic conditions to maintain local livelihoods (period 
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4) (Schermer et al. 2016). Secondly, some incremental responses modified only one NCP co-

production step to ensure that other co-production steps could be maintained. During period 2, 

farmers adjusted the transformation and valorisation of livestock products (CP3) while 

maintaining the other practices of livestock farming and fodder production (CP1 and CP2). 

While this is not a systemic transformation for the SES, this transition from dairy to heifer 

production resulted in a significant change in the identity of farmers. Indeed, this adaptation led 

to the dependence of their activity on external actors, but also to a loss of added value and local 

valorisation through the relocation of part of the activity (CP3). Thus, a significant change in 

the identity of a sub-system linked to a co-production step was not enough to trigger the 

transformation of the system. In these two examples, farmers maintained “business as usual” 

and avoided the costs and risks of developing new NCP co-production.  

The entire trajectory of the Pays de la Meije SES reveals how path dependency and resistance 

of the system have increased over time, partly because of the dependence of agriculture and 

tourism on external drivers. After their transformation, farmers became dependent on heifer and 

lamb external markets, on European subsidies (more than 60% of farm incomes), and on 

tourism (providing off-farm jobs). The local tourism sector became dependent on the 

consumption patterns or preferences of tourists, on accessibility, and on climatic conditions 

(snow for winter sports). Agricultural subsidies and winter sports constitute powerful economic 

attractors that encourage communities to maintain their activities and resist change (Bussey et 

al. 2012). Local communities have developed resistance to change and the SES is in a phase of 

accumulation of capitals. Using the metaphor of the adaptive cycle defined by Gunderson et al. 

(2002), we can consider that the SES is in a conservation phase, characterized by stabilization 

and accumulation (period 3 & 4). In the adaptive cycle, a conservation phase follows phases of 

reorganisation and growth (which could be our periods 1 & 2) but leads to a progressive loss of 

flexibility and is followed by a phase of collapse or release (Antoni et al. 2019). We believe 

that period 4 and its increased climate change vulnerability illustrates such a conservation phase 

in spite of small adjustments, for example in farmers practices (Lamarque et al. 2014; Nettier 

et al. 2017) and in the subsidy system (Darnhofer et al. 2017). Actors will need to imagine new 

attractors in order to overcome dependencies that weaken the systems resilience over the long 

term.  

The main capitals underpinning these dependencies are social and human capital related to 

institutions (e.g. external policies), formal and informal rules, power relations (e.g. farmers vs 

tourism professionals), values (e.g. leisure society) and preferences (e.g. consumption patterns). 
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Social capital has been shown to play a key role in adaptive capacity, particularly in interactions 

with natural capital (Adger 2010; Barnett et al. 2015). As an example, the Pays de la Meije SES 

experienced a major crisis in 2015, when its main road access kept closed during 9 months after 

a large landslide. Although livelihoods were threatened by this road closure and had to adjust 

temporally, there was not enough coordination among actors to seize the opportunities of this 

crisis, engage in transformative responses, and reduce structural vulnerabilities (Bally et al. 

2020). Resistance mechanisms constitute a barrier to future adaptation if communities cannot 

adjust to ongoing changes, including facing climate change (Chhetri et al. 2019) and fall into 

social-ecological traps (Boonstra and De Boer 2014). There is indeed a risk of entering an 

unwanted future trajectory, linked to the high level of specialisation, the rigidity of the 

agricultural and tourism systems, the lack of local actor’s influence, and marginality of this SES 

facing increasing signals of biodiversity loss and climate change that could alter supporting 

ecosystems (Cumming 2018).  

Conclusion  

The last decade of sustainability research has strongly focused on adaptation of social-

ecological systems, promoting a better understanding of mechanisms underpinning social-

ecological adaptation. Empirical studies of historical trajectories have been suggested as a way 

to evaluate the adaptive capacity of social-ecological systems. In this study, we identified 

several mechanisms, from resistance to transformation, that influence ecosystem-based 

adaptation. We characterize them by the nature of associated changes in natural and 

anthropogenic capitals, the level of reconfiguration of NCP co-production for adapting, and by 

the degree of change in agency, mainly associated with changes in human and social capitals.  

This study highlights the need for scientists to engage with local stakeholders and decision 

makers to co-produce knowledge based on past trajectories for informing future adaptation 

pathways. Along with improving our understanding of transformative adaptation, such 

engagement can help local actors identify their strengths (mechanisms and capitals that 

supported past adaptation) and weaknesses (vulnerability and dependence on certain capitals, 

often external) in facing global changes. Importantly, nature appeared as an important capital 

supporting adaptive responses and on which actors can act. In addition, identifying 

dependencies on capitals on which actors cannot act could be an important step for increasing 

adaptive capacity. This was the case here with subsidies for agriculture: they are indispensable 

but the dependence of farmers on them could be reduced by developing direct sales and moving 

to higher value-added production. Also, the local economic dependence on tourism could be 
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reduced by diversifying winter activities to ensure income despite the impacts of climate change 

on snow cover or by developing activities in other sectors.  

We encourage more numerous historical studies in other socio-ecological contexts for exploring 

adaptation mechanisms. Additional place-based research is needed to better understand how 

future adaptation plans can be informed by the analysis of past trajectories of human and nature 

interactions. Our results also suggest that a more in depth understanding of agency in adaptive 

responses would be required, informing heterogeneity and inequalities in adaptive capacity 

across actors, their power relations and access to capitals for NCP co-production. 
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Appendix 2 Participants description and participation to interviews and workshops 

N° Function Sector Gender 
Time spent 

in the 
region 

Participation 
to 

interviews 

Participation 
to 

workshops 

1 
Mountain guide 
Local councillor 

Tourism 
Decision making 

M 40 years X X 

2 
Farmer 
Ex-Local councillor 

Agriculture 
Decision making 

M 15 years X  

3 
Farmer (retired) 
Local councillor 

Agriculture 
Decision making 

M Since birth X  

4 
Mountain guide 
Truck farmer 
Carpenter 

Tourism 
Agriculture 
Artisan 

M 15 years X  

5 Gite holder Tourism F 10 years X  

6 
Hotel owners  
Former director of the pastoral 
land association (AFP) 

Tourism 
Agriculture 

M/F Since birth X  

7+8 
Gite holder 
Local councillor 

Tourism 
Decision making 

M 40 years X  

9 
President of a cultural 
association 

Culture M 20 years X  

10 
President of a hunting 
association 

Leisure M 
Lives 
outside the 
area 

X  

11+12 
Former public service 
employee 
Local councillor 

Public services 
Decision making 

M/F Since birth X X (+F) 

13 

Researcher (retired) 
Former member of the 
pastoral land association 
(AFP) 

Academic 
Agriculture 

M 60 years X X 

14 
Former Mayor 
Former public service 
employee 

Public services 
Decision making 

M Since birth X X 

15+16 
Ski resort employee 
Secretary 

Tourism 
Administration 

M/F Since birth  X 

17 Municipal employee Public services F 30 years  X 

 

 

 

 

 


