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Abstract
To ensure their quality of life, people adapt tomultiple changes bymaintaining 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 to transformation of the governance system and socio-
economic sectors. This analysis highlights existing path dependencies that could hinder future adaptation.
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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 interac-
tions for adaptation regards nature’s contributions to people
(NCP), defined as the contributions of living nature to peo-
ple’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 gover-
nance 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 fo-
cused 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 rare-
ly address a critical dimension of adaptation, which is agency,
i.e., the capacity of people to make choices and act conscious-
ly, 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 eco-
logical processes, constituting a process of NCP co-
production 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) ecosys-
tem 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 com-
plements socio-technical studies of transitions (e.g., Geels and
Schot 2007) by explicitly considering the role of natural cap-
ital 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 recon-
figure capitals and the co-production of NCP to maintain live-
lihood. This perspective on adaptation improves our under-
standing 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 condi-
tions, they have undergone continuous adaptation (Klein et al.
2019) and are experiencing rapid changes in response to cur-
rent and anticipated global change (Palomo 2017).

This study aimed to understand past SES adaptation mech-
anisms as sets of causal relationships between drivers of
change and social–ecological responses by reconfigurations
through human agency for a mountain social–ecological sys-
tem. We identified periods of historical adaptation and
hypothesised that adaptation occurred through changes in
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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 influ-
enced NCP co-production? (3) On which NCP have adaptive
responses relied? (4) How have capitals involved in NCP co-
production been reconfigured for adaptation? Our results
allowed us to characterise different types of adaptive re-
sponses and further discuss how such knowledge of adapta-
tion mechanisms along historical trajectories of NCP can in-
form 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 ac-
commodation 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 transhu-
mance, 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 influ-
ences. Forest exploitation in the Middle Ages produced an open
landscape on the south-facing slopes, shaped by terrace cultiva-
tion. Subsistence agriculture changed to livestock farming during
the early twentieth century and now maintains a cultural land-
scape 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 off-
track skiing basin.

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 over-
view 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 data-
bases 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 sub-
systems, 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 con-
struction follows four steps. First, we defined the problem ad-
dressed 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 identifiedmain themeswhere change
has occurred over this period. Based on our preliminary analy-
sis, we selected eight themes: external policies, local gover-
nance, social dynamics, agriculture, tourism, landscape dynam-
ics, ecosystem management and climate. Third, we set mile-
stones which are moments or periods associated with key
events (punctual, repeated) and trends (with gradual changes
or possibly state changes). Fourth, we described how interac-
tions amongmilestones (e.g., causality, feedback loops, succes-
sion, 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 identi-
fied by the participants were, as far as possible, compared with
information obtained from the literature, public information and
databases available and were integrated into the narrative. The
chronosystemic timeline obtained was presented to local stake-
holders 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 inves-
tigated 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
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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 classifica-
tion (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, so-
cial, 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: societal transformation fol-
lowing 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 mul-
tiple sources of information (Fig. 3).

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 farm-
ing and livestock rearing (cow and sheep for meat, dairy prod-
ucts 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 build-
ing 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 agricul-
ture 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 poten-
tial 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 pro-
duction (Girel et al. 2010). From 1900, supported by the de-
velopment of milk transformation infrastructure, farming fam-
ilies gradually transformed their activity towards dairy farm-
ing 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 tech-
nical innovation that emerged in the 1950s (motorised
mower). This process was facilitated by the improved ac-
cessibility, with the Lautaret pass opening to vehicle traffic
during winter (1955). This especially supported food sup-
ply, 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 co-
production at all steps. By taking advantage of the opportunity

Good quality of life

Nature, Ecosystems, 
Landscape units

Nature’s 
contribu�ons 

to people
(NCP)

Drivers  
(what has 
induced 

changes in the 
SES)

Impacts on 
SES (and  

nature, NCP co-
produc�on or 
quality of life)

Adapta�ons

Adapta�ons  
(responses of 

the SES to 
address 

problems)

a Basic descrip�on of the changes in the SES over �me

b Detailed descrip�on of how adapta�ons rely on
co-produc�on and affect NCP and ecosystems 

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 response cascade. b
Description of how adaptation occurs and affects NCP co-production
steps (CP1: ecosystem management; CP2: mobilisation, harvesting and
physical access; and CP3: appropriation, appreciation and social access to
benefits). Based on Bruley et al. (2021)
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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 simpli-
fied from harvestingmultiple products (cereals, vegetables, fod-
der, pasture, etc.) to mowing and grazing, supported by
mechanisation from the 1950s. Finally, the multiple forms of
appropriation and transformation of benefits (CP3) were pro-
gressively abandoned, replaced by larger infrastructure (dairy
cooperative) to support milk transformation and trade. There
was a profound change in the capitals mobilised for the co-
production of these NCP with less labour, 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 busi-
ness. 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).

Agriculture shift towards 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 prioritisation 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 de-
clined, the cooperative closed andmilk collection ended short-
ly before 1970 (Martin-Noel 1962). The future of agriculture
was once again jeopardised, leading to farmland area and farm
number decline until the 1990s (Fig. 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 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. Local
farmers seised this opportunity to establish a trading link with
breeding and selling heifers for these valleys. Livestock farm-
ing adapted to the new context by shifting herds towards heif-
er and lamb 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.
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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 practises (CP2) remained nearly the
same, this adaptation had little impact on ecosystems and NCP
other than animal productions.

Societal transformation following tourism
development (1976–2000)

Benefiting from the first national development plan for moun-
tain resorts (Snow Plan), the creation a small ski resort and a
tourism office in the 1960s was a first attempt to develop

tourismwith 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 re-
spond 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 develop-
ment objectives and associated ecological impacts of the cable

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
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car. Following tough negotiations, the Park decree was ratified
by municipalities (1973), followed by the release of the authori-
sation 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
(Fig. 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 and
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 in-
cludemore tourism professionals (Fig. 3, second row). The entire
local community and many newcomers attracted by nature prox-
imity 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 and 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 NCPs. 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 decreas-
ing representation of the agricultural sector in favour of tour-
ism. There was significant capital involved in CP2 and CP3,
but very limited capital in CP1: physical access (CP2) became
essential to support development through the construction of
transport infrastructure, particularly the cable car. Not only the
professionalisation 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 agricul-
tural 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 land-
scapes 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 require-
ments for obtaining subsidies (Schermer et al. 2016). The live-
stock breeding practises implemented in Pays de laMeije did not
face restrictions to access subsidies, as they were already exten-
sive 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-climatemeasures)
without modifying their practises, 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
fertilisation, in favour of grazed area (Lavorel et al. 2017). Since
the 1980s, fodder availability as well as livestock breeding has
been affected by recurrent droughts and increasing temperatures
(Fig. 3, bottom row), which have led to increasedmowing 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 pastoral-
ists in the Southern Alps and Provence. Finally, tourism devel-
opment has continued to support farming families throughmulti-
activity.

During this period, there was a reconfiguration of capitals
without change in the co-production of fodder. Financial cap-
ital from subsidies supporting CP1 and CP2 has evolved,
power relations at municipal level did not change significant-
ly, tourism representation remained strong and the governance
of land management (CP1) was reorganised by the establish-
ment of bottom-up collective strategies. Because of droughts,
the least accessible areas were remobilised for mowing and
grazing (CP2), and the demand for transhumance (CP2) in-
creased. Therefore, financial capital and rural identity, along
with the preservation of biodiversity as a condition for subsi-
dies, became the main support for the co-production of fodder.
These 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 NCPs (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
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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 inter-
actions. In Europe, changes in regional, national and EU pol-
icies, markets or consumption patterns have strongly influ-
enced 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 fluctua-
tions reflect regional trajectories, with rural exodus resulting
from loss of local farm employment, new job opportunities in
close industrialising cities of the region, and the national ur-
banisation (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 mobilisation (CP1/CP2), and/or NCP demand
through appreciation and appropriation (CP3). For example,
changes in societal demand for food combined to the devel-
opment 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 hav-
ing 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 agen-
cy affecting collective and individual decisions, new
perception and relation to nature, or shift in preferences
and values of societies. These results reflect the preva-
lent 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) mi-
gratory flows have determined population size and composi-
tion across time. These drivers are shared characteristics of
mountain SES and associated paradoxes of “Policies by out-
sider” and “in and out migration” (Klein et al. 2019), along
with ageing population (Ianni et al. 2015). While manymoun-
tain 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 trans-
formation (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 mobilised, 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 re-
sponse to socioeconomic changes that threatened livelihoods,
mainly in relation to economic and employment security. This
contrasts with many other places where changes in natural cap-
ital 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 differ-
ence 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 con-
sistent with previous studies suggesting that farmers’ percep-
tions 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 re-
search, 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 ad-
aptation to harsh environments of SES subject to floods,
drought, natural hazards or high climate variations like
in mountain 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.
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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 practises 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 seised the opportunity to improve
their livelihoods by developing tourism. This observation re-
lates to a distinction often made to explain decisions (e.g.,
entrepreneurship and migration decisions), between push mo-
tivation (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 specific-
ities and depending on the role of the affected NCP in local
livelihoods (Jaligot et al. 2019). Collective or individual agen-
cy 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 recon-
figuration 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 avoidedwhen only one step
of co-production is impacted, such as when change in dairy
products markets (period 2) impacted 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 seised the opportunity of a new market for heifer
breeding (CP3) without changing the management or
mobilisation of fodder production (CP1 and 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 and CP3) without requiring dedicated
ecosystem management (CP1). Lastly, part of the capital may
reconfigure without impacting co-production actions as de-
scribed in the maintenance of the farming system from 1990
(period 4). Mechanisms of adaptive responses can then be
characterised 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 na-
tures, 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 trans-
formation can take two forms. First, existing NCP can be
intensified, as shown by the transformative responses in peri-
od 1, when people shifted from subsistence agriculture to a
market-oriented activity for few families (i.e., livestock rear-
ing), creating significant societal change and shift in values
(Carrer et al. 2020). Moreover, transformation of farming
practises, 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 mountain landscape (Egarter Vigl
et al. 2016). Second, new NCP whose social or economic
value has increased can appear, as shown by the transforma-
tive responses in period 3, when arrival of new populations in
the Alps (workers and tourists) attracted by nature and leisure
activities caused a societal transformation, also called “ame-
nity migrants” (Perlik 2006; Martin 2014). This transforma-
tion resulted from the massive mobilisation of new human-
derived capital to co-produce new recreational NCP, for ex-
ample 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 hu-
man capital required for NCP co-production appears as a char-
acteristic 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).
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Transformative adaptation often requires changes in eco-
logical processes and relies on latent, sustained or novel NCP
(Lavorel et al. 2020). The reported societal 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 de-
velopment 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 re-
quired less direct ecosystem management and more appropri-
ation 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 land-
scape. 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 land-
scape conservation (CP1), creation of access to nature (CP2)
and practise of tourism professionals (CP3) for many non-
material NCP developed.

We also observed incremental responses characterised
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 (periods 2 and 4). First, adjustments occurred in
the capital involved in NCP co-production without chang-
ing the nature of co-production. For example, we observed
adjustments of farmers’ collective governance, land allo-
cation and farming practises in response to twenty years of
changing institutional, financial and climatic conditions to
maintain local livelihoods (period 4) (Schermer et al.
2016). Secondly, some incremental responses modified on-
ly 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 prac-
tises 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 not only 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 acces-
sibility and on climatic conditions (snow for winter sports).
Agricultural subsidies and winter sports constitute power-
ful 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 cap-
itals. Using the metaphor of the adaptive cycle defined by
Gunderson and Holling (2002), we can consider that the
SES is in a conservation phase, characterised by
stabilisation and accumulation (periods 3 and 4). In the
adaptive cycle, a conservation phase follows phases of
reorganisation and growth (which could be our periods 1
and 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’ prac-
tises (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., ex-
ternal policies), formal and informal rules, power relations
(e.g., farmers vs. tourism professionals), values (e.g., lei-
sure society) and preferences (e.g., consumption patterns).
Social capital has been shown to play a key role in adap-
tive capacity, particularly in interactions with natural cap-
ital (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 threat-
ened by this road closure and had to adjust temporally,
there was not enough coordination among actors to seise
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 on-
going 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 marginal-
ity of this SES facing increasing signals of biodiversity
loss and climate change that could alter supporting eco-
systems (Cumming 2018).
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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 characterise them by the na-
ture of associated changes in natural and anthropogenic capi-
tals, the level of reconfiguration of NCP co-production for
adapting, and by the degree of change in agency, mainly as-
sociated 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 under-
standing of transformative adaptation, such engagement
can help local actors identify their strengths (mechanisms
and capitals that supported past adaptation) and weak-
nesses (vulnerability and dependence on certain capitals,
often external) in facing global changes. Importantly, na-
ture appeared as an important capital supporting adaptive
responses and on which actors can act. In addition, iden-
tifying 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 agri-
culture: 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 re-
duced 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 mecha-
nisms. 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 interac-
tions. Our results also suggest that a more in depth understand-
ing 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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