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Abstract

Nature’s contributions to people (NCP) do not flow automatically from ecosystems to society, but they result from a co-
production process of interactions between societal and ecological systems. In this study, we used the collective capabilities
approach to address the social dimensions of co-production of the material NCP of cheese. These are the benefits collective
structures retrieve from social-ecological interactions that individuals could not have achieved on their own and which fre-
quently 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 iden-
tify the different levels and types of collective investment mobilised by actors to generate collective capabilities. We found
that collective capabilities involved in NCP co-production contributed to common perceptions and to specific dimensions
of local identities. These can be viewed as the results of relational value 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-societal relations for NCP co-production.

Keywords Nature’s contributions to people (NCP) - Collective capabilities - Local identities - Common perceptions -
Co-production
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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 (Diaz
et al. 2018; Mastrangelo et al. 2019). The various dimensions
of a good quality of life supported by nature relate to the sat-
isfaction 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 and identity are intrin-
sically 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-eco-
logical interactions highlight that NCP often require soci-
ety’s inputs, referred to as NCP co-production (Spangenberg
et al. 2014; Diaz 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 soci-
ety (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 et al., 2021a).

NCP co-production depends on individual actions or
resources and on interactions among actors, along with col-
lective capabilities. The concept of collective capabilities
are the benefits people retrieve from social-ecological inter-
actions 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 dif-
ferent forms of social capital. These underlying social struc-
tures and resources (e.g. social relations, social behaviour,
collective structures, norms...) support activities (Ostrom
1999; Lehtonen 2004). For example, agricultural coopera-
tives are collective structures using social capital to bun-
dle and provide services to farmers like marketing, sharing
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machines or equipment (e.g. irrigation systems), transfor-
mation facilities or procuring inputs. They allow farmers to
specialise in some production activities to save transaction
costs and can facilitate the local maintenance of agricultural
activities (Ostrom 1990; Filippi and Torre 2003). Thus, col-
lective structures can be identified as important engines to
mobilise collective investments of social capital for collec-
tive capabilities in rural and marginalised landscapes includ-
ing mountains (Ibrahim 2006; Pachoud et al. 2020).
Collective capabilities rely on common perceptions, shared
interests and associated (less evident) identity-related dimen-
sions 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 evalu-
ate 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 percep-
tions 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 percep-
tions 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 iden-
tities, 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 main-
taining iconic biodiversity and cultural landscapes (Martin-
Lépez 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, experi-
ences of nature and hazard regulation (Grosinger et al. in
review; Bruley et al., 2021b). Secondly, farmers in moun-
tain areas are often organised collectively to be competi-
tive, for instance through cooperative systems specialised in
local products (Ricard 2015; Pachoud et al. 2020). Actors in
mountain landscapes generate and establish collective capa-
bilities, especially in the cheese production sector (Dissart
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2012; Pachoud et al. 2020). The cheese cooperative system
is therefore highly relevant to analyse how common percep-
tions 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-pro-
duction activities implemented by actors; (2) identify collec-
tive capabilities and associated collective investments of social
capital mobilised by actors for different co-production activities
and (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
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/km?) (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
(Fig. 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 pro-
vides 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 Beau-
fort cow cheese (INAO 2015). This EU-wide regulatory
framework promotes specific agricultural products, their
distinctive regional features and associated modes of pro-
duction (Quifiones Ruiz et al. 2018). A consortium of four-
teen cooperatives manages the production of the PDO cheese
Beaufort (annual production: 5,000 t/year) in three adjacent
valleys of Savoy. The Maurienne’s three cooperatives with
about 80 producers (900 t/year) are an integral part of this
system since the registration of Beaufort in 1968. Each coop-
erative 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 institutionalised (SPM

D=2# 4 8 12 16
O Kilométres

45°30'0"N 4
Legend

. Major cities
— ArC river
D Arc watershed borders
Corine 2018 Landcover Type
- 112 Discontinuous urban fabric
- 121 Industrial or commercial units
- 122 Road and rail networks
- 131 Mineral extraction sites

142 Sport and leisure facilities

45°20'0"N 4

211 Non-irrigated land
231 Pastures
242 Complex cultivation pattemns

243 Land principally occupied by
agriculture with areas of natural vegetation

311 Broad-leaved forest
- 312 Coniferous forest

313 Mixed forest
[ 321 Natural grassland

322 Moors and heaths

45°10'0"N 4

324 Transitional woodland scrub
332 Bare rocks
333 Sparsely vegetated areas

- 511 Stream courses
-

512 Water bodies

Fig. 1 Map of the Maurienne valley in the French Alps. Source: IGN-F (2006), Copernicus Land Monitoring Service (2018) and IGN-F (2019)
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Fig.2 The three-step methodol-
ogy to determine common per-
ceptions about the Maurienne

Alpine agricultural system Actor’s selection

Qualitative analysis

Who are the actors’ involved in the Alpine
agricultural system?

What are their activities in the landscape?

44 semi-structured
interviews

What are the Beaufort co-production activities
mplemented by actors ?

,;‘ Do these co-production activities generate collective

~ capabilities? Which? How?

How perceptions about co-production activities vary

between groups of actors ?

Collective capabilities

analysis

. on What are the themes and sentiments most
Beanort local Identltles commonly used to describe the Alpine agricultural
system?

Word frequency analysis

How themes and sentiments varies between

Sentiment analysis
different actors’ groups?

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 coop-
eratives 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 live-
stock 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).

Overview of the approach

We used a three-step methodology to analyse the collective
capabilities mobilised along NCP co-production of Beau-
fort cheese and understand if well-perceived co-production
activities also contribute to local identities (Fig. 2): (1)
stakeholder analysis; (2) Beaufort co-production activities
analysis and (3) description of the local identities surround-
ing 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.

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
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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 Beau-
fort production system, among which three cooperatives,
10 agricultural associations, 62 municipalities, 355 farm
holdings (of which 80 are cooperative members), 22 pasto-
ral 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 Mate-
rials 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 four academic experts of the region representing dif-
ferent disciplines. We then iteratively updated this list over
the course of field research by purposive snowballing (Bry-
man 2016). The composition and distribution of the selected
actors reflect to a certain extent the composition of the agri-
cultural sector in Maurienne, so we consider the interview
dataset 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 Beau-
fort production foster different perceptions of NCP co-pro-
duction 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 rep-
resenting the interest of Beaufort farmers, like in agricultural
associations or trading unions, were also included in this
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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 contrib-
ute or manage indirectly Beaufort production (e.g. managing
pasture land, road infrastructure, knowledge sharing). For
example, agricultural associations provide guidance, tech-
nical 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 com-
posed of local and regional state institutions, agricultural
associations and 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.

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 farm-
ers, officials (e.g. agricultural chamber), collective institu-
tions (e.g. associations for agricultural development, pas-
toral land associations) or skiing resorts (Supplementary
Materials 1). For collective actors or regional authorities,
we selected interviewees in either leading or managing
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. coop-
eratives, 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 land-
scape, including the agricultural sector and Beaufort produc-
tion (Interview guide in Supplementary Materials 2). With
institutional representatives, we specifically asked interview-
ees to explain the role of their organisation. Interviews took
place from February to September 2019 in the actors’ work-
ing environment, with an average duration of 60-90 min.
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).

Data analysis

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 activi-
ties mentioned by actors from the two groups. First, we
coded all co-production activities in NVivo, using a pre-
defined typology. This typology was built using existing
studies on co-production of agricultural NCP (Palomo et al.
2016; Vallet et al. 2019a; Bruley et al., 2021a). The typology
was then iteratively improved while coding the interviews;
the final version is provided in Supplementary Materials 3.

Then, for each co-production activity, we qualitatively
determined what types and levels of collective investment
were mobilised 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), con-
ventions (replicating prior individual decisions), collective
rule systems (institutionalised rule sets) and family structure
(e.g. family lineage and composition) (Ostrom 1999). We
note that a clear differentiation between types remains dif-
ficult and might be contextual.

The levels of collective investment for collective capa-
bilities refer to the existence of coordination and frequent
interactions between actors, about goals, management prac-
tices 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 indi-
vidual farms (fertilisation 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 col-
lective investment. Actors do not necessarily share the same
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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)

NCP co-production activi- Description No. of Types of social capital ~ Levels of Example citations

ties quotes involved collective
invest-
ment

CP1— Modifying Current Beaufort PDO WB:8 Collective rule system  High “We made some temporary excep-
fodder the share requires a minimum of ~ OB: 10 (PDO certification) tions regarding the share of
produc- of regional 75% of regional fodder. regional fodder a few years ago.
tion fodder Some actors suggested But, at the moment, we don’t ask

to maintain, soften or ourselves to ease that require-
increase this value ment, there is too much behind it.”
(Int. 11, employee, WP, 07/2019)

Land expan-  Actors’ different strate- WB: 87 Family structure, Medium  “Is it better to make housing for 50

sion gies to fight land frag-  OB: 84 networks, conven- people in the village or better to
mentation. It includes tion (land contracts, keep the farmer? That’s often the
land acquisition, land regulations and land question.” (Int. 22, state official,
exchange and the col- consolidation) OB, 07/2019)
laborative management
of pastures through land
pastoral associations

Improving Irrigation systems, WB: 50 Networks, convention Medium  “Irrigation is important for the
technologi- additional seeding or OB: 40 (agreeing over land, Beaufort zone. There is a real
cal equip- machinery timing and type of irri- economy behind these hectares.”
ment gation system across (Int. 7, state official, OB, 7/2019)

actors’ groups)

Managing Agricultural practices WB: 50 Family structure, social Low “I stay less time in the mountains, I
the crop implemented on farm:  OB: 18 beliefs and knowledge return end of September and cows
calendar harvest dates, grazing (habits, traditions and graze on the bottom of the valley.

duration, permanent or exchange over experi- If they stay up there, they give
temporary herd size ence and knowledge) less milk.” (Int. 23, farmer, WB,
08/2019)

CP2— Local cattle Beaufort PDO currently ~ WB: 40 Collective rule system  High “But what is behind the colour of a
milk breeds allows only two breeds  OB: 6 (PDO certification) cow is a real fight over a produc-
transfer (Tarine and Abondance) tion system.” (Int. 11, employee,
from for milk production WB, 07/2019)
farmto  mproving Milk quality is frequently WB: 55 Collective rule system  Medium  “After changing all the farm system,
coop- milk quality  controlled by coopera-  OB: 1 (PDO specifications) last year the cooperative told me
erative tives. Beaufort PDO and that I’'m the cleanest producer
level national. regulations regarding the milk proteins. How

define quality rules was I proud!” (Int. 14, farmer,
WB, 02/2019)

Increasing Milk quantity produced WB: 67 Family structure, social Medium  “There is a real risk of losing quan-
milk quan- on farm is restricted by ~ OB: 2 beliefs and knowledge, tity; we have producers where
tity a quota system, often collective rule system nobody knows if somebody will

contested by actors. The (maintenance of small take the farm after them.” (Int. 39,
variability of milk pro- to medium holding employee, WB, 08/2019)

duction during the year size)

is difficult for coopera-

tives to manage (milk

shortages)

Transporting ~ Cooperatives collect WB: 13 Norms, networks Medium  “It’s important for the farmers that
milk from milk daily from the OB: 20 (government institu- we open up the mountaint passes
farm to individual farms tions provide road in spring so that they can access
cooperative infrastructure) their pasture land.” (Int.40, state

official, OB, 08/2019)
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Table 1 (continued)
NCP co-production activi- Description No. of Types of social capital ~ Levels of Example citations
ties quotes involved collective
invest-
ment
CP3— Socioeco- Economic benefits and WB: 74 Social beliefs and High “Here, if there wouldn’t be the
product nomic liveli-  quality of life generated OB: 37 knowledge, family Beaufort, there would be no
sale hood by Beaufort production structure (attitudes agriculture here.” (Int. 1, farmer,
towards farming pro- WB, 07/2019)
fession)
Landscape The Beaufort production ~ WB: 16 Networks, social beliefs Medium  “That’s an important aspect. The
appearance maintains by extensive ~ OB: 27 and norms (consensus maintenance of space. Because if
grazing activities the over landscape appear- agriculture stops tomorrow, the
cultural landscape ance) vegetation, the landscape will
deteriorate. For that agricul-
ture needs sto stay.” (Int. 25,
employee, OB, 03/2019)
Personal satis- Actors’ subjective feel- WB: 125  Social beliefs and Low “It’s more a passion and less a
faction ings about Beaufort OB: 47 knowledge, family work.” (Int. 26, WB, farmer,
production and Alpine structure (recognition 08/2019)
agricultural systems from other actors)
Work-life bal-  The ratio between leisure WB: 66 Social beliefs and Low “I also want to see my daughter.
ance and working time OB: 11 knowledge, family Sometimes she asks me when I

structure

will sell the cows.” (Int. 14, WB,

farmer, 02/2019)

goals, nor implement identical activities: duration of graz-
ing period, herd size, accessibility, grass harvesting or time
resources can differ across farms. These individual farmer
decisions only marginally affect the Beaufort production sys-
tem. 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
correspond 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 col-
lective irrigation systems, while pursuing different objectives
(e.g. supplementary hay for winter fodder vs. increase total
livestock). Finally, high levels of collective investment cor-
respond 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.

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 activi-
ties. 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. Sen-
timents were coded manually using the NVivo node sys-
tem, considering the whole sentence and the general con-
text of the discussion with the interviewee (Neuendorf and
Skalski 2009; Liu and Zhang 2012). Very positive senti-
ments 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 capabili-
ties and sentiments to identify if activities associated with
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high levels of collective investment are perceived differently
in the two actors’ groups.

Content analysis for detecting local identities

Content analysis is a research technique to identify and sys-
temize intentions, themes, trends in texts like online media,
journals or transcribed interviews (Gheyle and Jacobs 2017).
Content analysis has been used extensively to reveal collec-
tive notions like understanding, perceptions and 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
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 fre-
quently 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 fre-
quent 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 fre-
quent 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 manage-
ment (Ostrom 1990) and were used in other studies on col-
laborative structures (Pelenc and Ballet 2015). Terms not fall-
ing in these categories were grouped in an “other” category.

Secondly, for each term, we conducted a sentiment analy-
sis, following the same approach as for the sentiment analysis
described in the previous section (i.e. we used the same four-
level 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.
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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 7-tests and standardised residual analy-
sis (Agresti 2007). More precisely, we tested (1) the effect of
actors’ group on each word frequency and sentiment levels
(Student #-test) and (2) the effect of actors’ group on the
sentiment levels expressed for each term (residual analysis).

Standardised 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 devia-
tion=1), residuals with an absolute value that exceeds 2
or 3 mean that there is 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). Standardised residuals were represented as mosaic
graphs (Meyer et al. 2006). The mosaic plot was drawn with
the ved package and R version 4.0.2 (Meyer et al. 2006,
2020; Zeileis et al. 2007; R Core Team 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.

Results
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 tech-
nological 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 qual-
ity (protein and fat levels, hygiene indicators) and transport-
ing the milk to the cooperative. In CP3 (product sale), actors
listed socioeconomic livelihood, landscape appearance, per-
sonal satisfaction and work-life balance as main elements.
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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 impor-
tance of Beaufort production for their good quality of life.

Collective capabilities surrounding Beaufort
co-production

Co-production activities required different types of col-
lective social capital, listed in Table 1, and that we further
classified into three levels of collective investment (low,
medium and high), 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 mobilised for the NCP co-production varied along
the co-production cascade (Table 1). For CP1, crop cal-
endar management was an individual decision, reflecting
each farmer’s preferences and possibilities and less inter-
actions with other actors (low levels of collective invest-
ment): this involved only social beliefs and knowledge and
household structure. Improving the technological equip-
ment 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 col-
lective 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 that the latter are less
involved at this step of co-production (Table 1). Activities
related to increasing milk quantity, improving quality (both
mobilised 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 via-
ble business while complying with PDO specifications,
national regulations (hygiene, milk storage) and the indi-
vidual 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:

“If you want another cattle breed that produces more,
it’s because of its genes, but then the hay is not suffi-
cient, 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 con-
sidered as individual choices which depend on individual
appreciation, most of the social capital mobilised (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 mobilised net-
works 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)

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 bal-
ance which received higher levels of negative sentiments
(Fig. 3).

In the WB group, activities receiving the highest share
of positive sentiments were local breeds (CP2) and land-
scape appearance (CP3). In the OB group, the best per-
ceived activities were milk quality and transport, and
landscape appearance (Fig. 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
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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 senti-
ments: 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 agricul-
ture, 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 mobilised by different levels of collec-
tive investment co-producing NCP and the associated senti-
ments. This suggests that perceptions about co-production
depend more on the nature of the activity and its contri-
butions to good quality of life than on the specific social
capitals mobilised.
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Highlighting local identities with terms frequency
analysis

Among the 16 most frequent terms analysed in each group,
twelve were common to both (Fig. 4B and C), suggesting a
common understanding and perception of local identities
associated to Maurienne agricultural landscapes. These
terms were “land”, “Maurienne”, “mountain” and “sum-
mer 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 specifi-
cally belong to any of these categories and were merged as
“other”. Few terms were specific to each group; they were
mainly related to cattle farming in WB and to tourism in OB
(Fig. 4B and C). A list of total quotes of terms for each senti-
ment level is provided in Supplementary Materials 4, Fig. 1,
a qualitative description of the 16 most frequent terms of
both groups in Supplementary Materials 5 and significance
tests in Supplementary Material 6.
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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%)
(Fig. 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.

Sentiments differences between groups

WB actors quoted resource terms “cow’ and “time” signifi-
cantly more than OB actors (Fig. 4B and C). Notably, WB
actors used the term “time” with significantly more negative
sentiments. This is because time was often referred to as lim-
iting production, but also life quality. It echoes the previous
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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 disap-
peared.” (Int. 1, farmer, WB, 07/2019)

“Beaufort has really saved the agriculture here. With-
out 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 “munici-
pality”, while OB actors used them more frequently, with
positive sentiments only (Fig. 4B, C, SM 6). This suggests
that 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 (Fig. 4), which reflects strong land com-
petition, 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)

Discussion

Collective capabilities contributions to nature’s
contributions to people 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 require-
ment 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
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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 pat-
tern 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 capa-
bilities. 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 col-
lective 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 condi-
tions at individual level and regarding actors’ organisation
within society enabling the emergence and maintenance of
collective capabilities (Sen 2000; Ibrahim 2006). Quantita-
tive methods like social network analysis could support this
research (Vallet et al. 2019b; Pachoud et al. 2020).

How does nature’s contributions to people
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
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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 differ-
ences 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 intrin-
sic 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). Euro-
pean 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 Brazil (Pachoud
2019), olive oil in Spanish Andalusia (Sanz Cafiada and
Macias 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 con-
tribute to local ecosystem protection (Belletti et al. 2015;
Lamarque and Lambin 2015; Dos Santos 2017).

Local identities, relational values and contributions
to good quality of life

NCP co-production contributes in multiple ways to a good qual-
ity of life (Diaz 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 bal-
ance (CP3) under the notion of relational values (Pascual et al.
2017; Schroter et al. 2020). Actors quoted different dimensions
of personal satisfaction, such as being satisfied with their profes-
sions, 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, capi-
tal, 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 observa-
tions also align the capability approach highlighting that people
engage in activities not only for the pure maximisation 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 capabili-
ties 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 mul-
tidimensionality 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 feel-
ings and social interactions to a good quality of life and facilitate
in a wider framing the maintenance of local identities.

Methodological considerations: unravelling

the links between nature’s contributions to people
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 datasets (Droste, D’Amato, and
Goddard 2018), enabled a precise and exhaustive identifica-
tion of key terms.

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 peo-
ple’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 datasets, we believe it was more efficient for deter-
mining 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
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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; Mascarefio et al. 2020).

Conclusion

Our empirical analysis of the Maurienne’s Beaufort cheese
production system advanced prior research on linkages
between collective capabilities, identities and their contribu-
tion to a good quality of life. We shifted the unit of analysis
from collective resource management to the entire produc-
tion 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 interac-
tions, 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 dimen-
sions of a good quality of life because it renders the different
levels and types of interactions between actors visible. How-
ever, aspects of a good quality of life appeared to be more
linked to the type of activity than the form of social interac-
tion. Nevertheless, we suggest investigating possible linkages
between types of social coordination and their contributing
role in social-ecological interactions more thoroughly. Con-
sidering 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 and
operationalise the role of collective structures in social-eco-
logical interactions from a social science perspective.
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