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Research

Driving factors behind subjective resilience on organic dairy sheep farms
Augustine Perrin 1 and Guillaume Martin 1

ABSTRACT. Organic sheep milk production under a protected designation of origin for Roquefort cheese in Aveyron, France, has
developed over the past several years. This niche market provides farmers with a favorable economic context due to high and stable
milk prices. However, a variety of risks threatens this favorable context. This raises questions about driving factors behind resilience
of organic dairy sheep farms. Unlike previous studies, we assessed the subjective resilience of farms from the perspective of farmers.
We assumed that the maintenance or improvement of farmers' satisfaction over time, despite a variety of disturbances, demonstrates
the ability of farms to maintain their productive functions without undermining natural resources, while ensuring fair income and
good working conditions. Based on analytical frameworks from research on livestock farming systems and social-ecological resilience,
we aimed to understand the combined evolution of farm structure, farming practices, and farmers' satisfaction to identify the driving
factors behind subjective resilience on organic dairy sheep farms. We observed a general trend for an increase in farm size. We also
used sparse partial least squares analysis to relate changes in farmer satisfaction to changes in farm structure and farming practices.
On the 36 organic dairy sheep farms studied, increasing ewe productivity was the main driving factor improving subjective farm resilience
in a context of high milk prices. An increase in ewe productivity was often associated with high rates of feed concentrate distribution
and a sharp decrease in grazing duration on a few farms. The change in farming practices resulting from this productivity paradigm
highlighted a trend toward the conventionalization of organic sheep milk production. Underlying principles of this conventionalization
were sometimes at odds with resilience factors of social-ecological systems reported in the literature. This calls for caution when using
farmers' satisfaction as a proxy of farm resilience and suggests combining subjective assessment with more objective approaches.
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INTRODUCTION
Livestock farms evolve in a disturbed, uncertain, and challenging
context. Climate change impacts the quality and yields of crops
and pastures (Olesen and Bindi 2002) and livestock health (Gauly
et al. 2013), which requires livestock farmers to develop
adaptation and mitigation strategies (Rojas-Downing et al. 2017).
Livestock products are sold on competitive globalized markets,
and volatile prices result in a lack of economic viability for most
farmers (Garrido 2016, Schulte et al. 2018). Besides
environmental and economic instability, livestock farmers must
also respond to new societal concerns about animal welfare and
the environmental impacts of their practices (Caracciolo et al.
2016). This uncertain context challenges the ability of farms, as
social-ecological systems, to cope with disturbances of variable
intensity, which may result in consequences that remain over the
long term (Dedieu and Ingrand 2010).  

The concept of social-ecological resilience has gained interest in
the field of agricultural science. Consequently, the resilience
framework has been adapted to farms as complex and dynamic
systems (Darnhofer 2014). A resilient farm is able to maintain its
productive functions over the long term despite disturbances (e.
g., sudden shocks, unpredictable “surprises,” slow-onset changes).
Integrating the buffer capacity (i.e., ability to absorb disturbances
without modifying the state of the system), adaptability (i.e.,
ability to adapt to current or potential future disturbances), and
transformability (i.e., ability to make drastic changes and redesign
a farm completely) enables farms to be resilient (Darnhofer 2014).

As in other fields of application (e.g., ecology, engineering
sciences, psychology), the concept of resilience applied to
agricultural systems remains abstract and multidimensional, and

thus difficult to render operational (Cumming et al. 2005). The
few studies that have assessed resilience in agroecosystems often
focused on the evolution of objective performance indicators such
as crop yields (Li et al. 2019) and economic profitability (Groot
et al. 2016). However, these resilience indicators remained at the
subsystem scale (e.g., field) and lacked a holistic view of farms as
units that consist of multiple, interrelated subsystems (e.g., land,
flock, farmer). These assessments also often ignored the social
component of farms. Cabell and Oelofse (2012) developed an
indicator framework that includes the social component by using
indicators related to the ability to learn from experiences or to
build human capital. This framework later served as a basis for
the SHARP farm-resilience assessment tool (Diserens et al. 2018).
However, this tool focuses on farm resilience to a single type of
disturbance—climate change—whereas holistic approaches are
required to assess farm resilience over the middle-to-long term
and to a diversity of disturbances (e.g., economic crises, life risks)
(Kaseva et al. 2019, Meuwissen et al. 2020).  

Farmers lie at the heart of farms as social-ecological systems.
Each farmer has his/her own perceptions of the world and thus
his/her own subjectivity (i.e., cognitive ability to effectively self-
evaluate their farm’s resilience). Because previous assessments of
household/farm resilience have ignored this subjectivity, Jones
and Tanner (2017) recommended assessing subjective resilience
in addition to applying objective methods. Doing so requires
giving relevance to farmers’ cognitive self-evaluation of their
farms’ resilience over time. Farmers can be questioned about
subjective farm resilience in many ways, each with its own
advantages and biases, from fully qualitative approaches based
on semi-structured interviews to more quantitative and structured
approaches based on multiple-choice questions (Jones and
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Fig. 1. Analytical framework used to relate the evolution of subjective resilience to farm structure and farmers’ management
practices over time. “Inter.” means intermediate.

Tanner 2017). For both approaches, collecting information about
subjective resilience remains challenging due to ambiguities
surrounding the term.  

We studied the subjective resilience of organic dairy sheep farms
that produce milk in the area of Roquefort cheese production in
Aveyron, France. This case study of livestock farms was chosen
for two main reasons:  

1. To date, few studies have addressed the performance of
organic dairy sheep farms (Toro-Mujica et al. 2011, 2012),
and no study has addressed the dynamics of the performance
over the long term to assess farm resilience. However,
organic dairy sheep farms in southwestern France have faced
many disturbances over the past several years. 

2. Organic farming is often highlighted as a way to improve
farm resilience to a variety of disturbances (Milestad and
Darnhofer 2003). For example, organic farms that produce
under protected designation of origin (PDO) certification
are more resilient to price fluctuations. However, farm
resilience in the unique context of organic farming and a
well-known PDO (for Roquefort cheese) needs to be studied. 

In this study, we (i) monitored the evolution of farm structure
and farming practices over long timeframes (5 years and more),
(ii) described subjective resilience of organic dairy sheep farms to
a variety of disturbances, and (iii) characterized relations among
the evolution of farm structure, farmers’ practices, and subjective
farm resilience to identify driving factors behind resilience.

MATERIALS AND METHODS

Analytical Framework
We defined the resilience of organic dairy sheep farms as their
ability to cope with all types of disturbances over the long term
while successfully maintaining their productive functions (Walker
et al. 2004). We built the dynamic component of the analytical
framework using two bodies of literature: studies of livestock
farming system trajectories and social-ecological resilience,
especially farm resilience (Fig. 1). Both consider the evolution of
farms over time as a process of responding to internal or external
disturbances (Moulin et al. 2008, Darnhofer 2014). To understand
this dynamic process further, it is recommended to identify stable
periods (i.e., “consistent phases”) (Davoudi et al. 2012). Each
period is characterized by temporal consistency in farm structure
and the farmer’s management practices and objectives. In each
period, the farmer relies mainly on the farm’s buffering capacity
and occasionally on minor adaptations (e.g., purchasing fodder)
to cope with disturbances. The period lasts until the farmer’s
objectives and farm performances no longer match, or when the
impacts of disturbances force the farmer to adapt or transform
the farming system to obtain new temporal consistency. We thus
considered farm trajectories as a sequence of farmer-defined
periods that corresponded to relative stability in structure and
management practices despite disturbances and changes. We did
not study the transition between two periods in detail, but instead
considered long-term trends of variables to identify key attributes
of farm resilience (e.g., incorporating diversity (Dumont et al.
2020), increasing autonomy (Heiberg and Syse 2020)).  
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We built the subjective resilience component of our analytical
framework based on the literature on job satisfaction (Green
2010) and global life satisfaction (Cohn et al. 2009). Between
2005–2016, the number of livestock farms in the European Union
decreased by 37.6% (European Commission 2019). Key factors
for this decrease include inadequate income and the working
conditions of livestock farming (Maucorps et al. 2019), which
decrease job satisfaction and often overall life satisfaction. Lack
of job satisfaction is associated with an increase in quitting (Green
2010), which holds true for the farming sector. Thus, monitoring
farmers’ satisfaction over the long term appears to be a simple
way to determine subjective farm resilience to multiple
disturbances. Armitage et al. (2012) demonstrated the potential
of well-being, which is strongly related to job satisfaction (Green
2010) and overall life satisfaction (Cohn et al. 2009), to reflect
subjective resilience holistically. Previous studies highlighted
interactions between resilience and well-being (Greenhill et al.
2009, Armitage et al. 2012). Thus, we assumed that the evolution
of farmers’ satisfaction with the condition of their land, flock,
and economic and social life over time can be used as a proxy of
farm resilience to multiple disturbances over the middle-to-long
term. Thus, farms with satisfactory land and flock conditions and
that provide a fair income and good working conditions over the
long term are better able to maintain their productive functions
despite disturbances. In contrast, farmers’ dissatisfaction
compromises the long-term continuity of farming and
progressively erodes the identity of farms as production units. We
thus considered subjective farm resilience as a long-term trend
that maintains or improves farmers’ satisfaction. We then related
these trends to variables that represented farm structure and
farmers’ management practice to identify driving factors behind
subjective resilience.

Case Study
Aveyron is located on the southern border of the Massif  Central,
France. It is the main sheep milk production region in France,
where Roquefort cheese is produced. Roquefort cheese was the
first PDO product in France in 1925. Although the PDO is
supposed to ensure high and stable milk prices for farmers,
conventional Roquefort cheese production has encountered many
difficulties, including a 15% decrease in production from 2007–
2017 (Spelle and Daudé 2019). At the same time, costs of
conventional milk production have increased (Institut de l’élevage
(IDELE) 2018). Faced with this unstable situation, conventional
farmers have increasingly converted their farms to organic
farming (Fig. 2b), in part due to a higher and increasing price for
sheep milk (Fig. 2a). This trend has increased the percentage of
organic dairy sheep farms in the region (Fig. 2c).  

Along with this expansion, the organic dairy sheep sector faced
a number of disturbances. Like many other livestock farms in
France, organic dairy sheep farms in Aveyron experienced a
sudden increase in input prices after the economic crisis of 2008–
2009. The climate in Aveyron is Mediterranean, which limits land
productivity, and climate change has resulted in frequent summer
droughts, which decreased pasture yields and worsened the farms’
already low self-sufficiency in fodder (Vial 2017). These farms
also experienced the recent arrival of wolves in the area, along
with unexpected international political disagreements (e.g., the
Chinese embargo on Roquefort cheese in 2017 threatened
production and the market (Boffet 2017)).

Fig. 2. (a) Mean organic and conventional sheep milk prices in
the Roquefort protected designation of origin production area
in France during milk-collection campaigns from 2014–2018
(BioReferences Project, 2016–2020). (b) Number of sheep milk
farmers (total and organic) in the Aveyron department and
Occitanie region from 2014 to 2018 (Agence Bio 2018,
FranceAgriMer 2020). (c) Share of organic sheep milk farmers
in total sheep milk producers in Occitanie from 2014 to 2018
(Agence Bio 2018, FranceAgriMer 2020).

Data Collection
We interviewed 36 organic dairy sheep farmers in Aveyron (Fig.
3) in winter 2017–2018. Interviewers came from several
organizations (i.e., a Chamber of Agriculture, two farmers’
associations, an agricultural high school, and a research institute)
involved in the “Résilait” project (Institut de l’agriculture et de
l’alimentation biologiques (ITAB) 2017). The status of the
interviewers varied (i.e., researchers, advisers, veterinarians,
interns, and students). Interviewers helped design the survey
guide, from defining the list of variables of interest to formulating
the questions. All interviewers were trained in using the survey
guide to ensure homogeneity in the survey process.

https://www.ecologyandsociety.org/vol26/iss3/art13/
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Fig. 3. Number of organic dairy sheep farms per department in
France in 2018. It peaked in the Aveyron department, where 36
organic dairy sheep farms were surveyed in winter 2017–2018.
(Adapted from Agence Bio (2018).)

Each organization was responsible for finding farms within its
own network and for contacting farmers. To consider only farms
with a “routine” organic system, farms had to have converted to
organic at least 5 years before the survey. The organizations had
known the sampled farms for several years and had sometimes
monitored their technical and/or financial characteristics. The
organizations selected only farms that delivered milk to dairies (i.
e., not those that processed their own milk) and that had proven
their ability to maintain their productive functions despite the
disturbances they had encountered since they began their
conversion to organic. For example, these organizations knew the
extent to which farms had been affected technically and
economically by the 2017 summer drought and how they had
coped with that event. Ultimately, the 36-farm sample represented
38% of the 95 local organic dairy sheep farms that had been
certified organic for at least 5 years (Agence Bio 2018). Until this
study, data on organic dairy sheep farms had been limited to a
15-farm network in the Massif  Central (De Boissieu et al. 2020).
Compared with these, the farms surveyed in this study had fewer
permanent workers and livestock units (LU) but more utilized
agricultural area (UAA) (Table 1).  

During face-to-face interviews, farmers first divided the history
of their farms into several stable periods on a timeline. Starting
from their conversion to organic farming, farmers thus identified
different stable periods. Farmers then added values to the timeline
for four farm structure variables and 20 agricultural practice
variables (Table 2). The variables were defined by the group of
researchers, advisers, teachers, and farmers (other than those who
were surveyed) who contributed to the project. They are standard
agricultural variables necessary to understand the overall
functioning of livestock farms and were used in previous studies
of the vulnerability and resilience of organic dairy farms in France
(Bouttes et al. 2019, Perrin et al. 2020a).

Table 1. Mean, standard deviation, and range of characteristics
of the farms surveyed in this study (n = 36) and farms in a
previously studied network of organic dairy sheep farms in the
Massif  Central (n = 15) (De Boissieu et al. 2020).
 
Characteristic Surveyed farms Network

farms

Permanent workers 2.5±0.8 ϵ [1;6] 2.9
Utilized agricultural area (ha) 184±124 ϵ [53;769] 117.5
Livestock units 67±27 ϵ [19;204] 99.9
Time since conversion (year) 14±8 ϵ [6;49] No data

Farmers also added values to the timeline to indicate their level
of satisfaction with each of four dimensions defined by the project
group. For each stable period, farmers were asked how satisfied
they were at that time and rated this level on a scale of 1–4 (“very
unsatisfied”, “unsatisfied”, “satisfied,” or “very satisfied”,
respectively) to clearly distinguish satisfactory from unsatisfactory
situations and decrease the attractiveness of a “neutral” answer
(Krosnick et al. 2001). Farmers were not provided with any
indicators (e.g., yield, income) to support their assessment beyond
the names of the dimensions:  

. Land: satisfactory land conditions are necessary to produce
sufficient quantity and quality of feed to cope with
disturbances better. 

. Animal: a satisfactory flock indicates that the farm can
continue to produce milk despite disturbances. 

. Economic: a good economic situation is crucial. Satisfaction
with farm economics indicates sufficient room for farmers
to manoeuvre in response to unforeseen events. 

. Social: satisfaction with one’s social situation is necessary
to farm over the long term without becoming exhausted or
disinterested. 

For each stable period, the four dimensions were summed to
calculate the response variable “overall satisfaction” (OverallSat),
which was used as a proxy for farm resilience:  

Overall Satisfaction= Land Satisfaction +Animal Satisfaction+
Economic Satisfaction+ Social Satisfaction  

This summing created a dynamic and complex proxy for resilience
that is consistent with long-term observations of social-ecological
systems such as farms, in accordance with Carpenter et al. (2005).
Each satisfaction dimension had the same weight when
calculating overall satisfaction. Even though a farmer’s relative
preferences in the four dimensions may have changed over time,
weighting the four dimensions for each stable period would have
made data collection far more complex.  

To assess subjective farm resilience to multiple disturbances,
farmers described the disturbances they had experienced since
their conversion to organic farming and specified the years when
these disturbances had occurred. The interviewer classified
disturbances into six types: climatic (e.g., droughts, hailstorms,
wet years with poor harvests), economic (e.g. economic crises,
increases in input prices), health related (e.g., disease outbreaks,
abortions, parasitism), organizational (e.g., departure of an
associate, personal health problem), technical (e.g., machine
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Table 2. Variables used to describe organic dairy sheep farms and assess their resilience. All variables for structure and practices are
explanatory.
 
Category

Variable Details Abbreviation Unit (calculation)

Farm structure and size
Utilized agricultural area Total area: arable land, permanent grassland, permanent

crops, and kitchen gardens (Eurostat 2017a)
UAA ha

Number of productive
ewes

Number of dairy ewes daily milked on farm during the
milking period

Ewe ∅

Number of lambs Number of lambs born on farm each production season Lamb ∅
Livestock units Grazing equivalent of one dairy cow producing 3,000 kg of

milk per year, without being fed additional concentrates
(Eurostat 2017b)

LU LU = 0.15 × number of ewes + 0.03 × number of lambs

Agricultural practices
Ewes per work unit Number of dairy ewes milked per full-time worker EweW Number of ewes per work unit
Hectares per work unit Number of ha managed per full-time worker HaW Number of ha per work unit
Area used to feed livestock Percentage of the UAA used to produce fodder to feed sheep AFL % of UAA
Permanent pasture area Percentage of permanent pasture in the UAA PerPast % of UAA
Temporary pasture area Percentage of temporary pasture in the UAA TemPast % of UAA
Maize area Percentage of maize in the UAA Maize % of UAA
Non-maize crop area Percentage of non-maize crops in the UAA Crops % of UAA
Other area Percentage of other crops in the UAA Others % of UAA
Percentage of pastures in
UAA

Percentage of permanent and temporary pastures in the
UAA

Pastures % of UAA (PerPast + TemPast)

Stocking rate Number of LU per ha of AFL StockRate Livestock units per ha (LU / (AFL × UAA)
Ewe productivity Milk production per ewe per year EweProd L milk/ewe/year
Lambing period Date of the beginning of lambing Lambing Day of year
Date of turnout to grazing Date of the beginning of the grazing period Turnout Day of year
Duration of grazing Length of the grazing period GrazDur Number of months
Duration of full grazing Length of the period during which ewes only graze (no other

feedstuff)
FullGrazDur Number of months

Duration of green feeding Length of the period during which dairy ewes are fed fresh
fodder

GFeedDur Number of months

Concentrate-use efficiency Amount of concentrates distributed to the flock each year,
normalized per L of milk

ConcDist g/L milk/year

Self-sufficiency in fodder Proportion of total fodder consumption met by on-farm
fodder production, on a dry-matter basis

SSFod SSFod = 1 - (fodder purchases / total fodder consumption)

Self-sufficiency in
concentrates

Proportion of total concentrate consumption met by on-
farm concentrate production, on a dry-matter basis

SSConc SSConc = 1 - (concentrate purchases / total concentrate
consumption)

Farmers’ satisfaction
Land dimension e.g., with the quality and yields of crops and pastures LandSat Score from 1-4
Animal dimension e.g., with animal health, prolificacy, and productivity AnimSat Score from 1–4
Economic dimension e.g., with income and financial flexibility EconSat Score from 1–4
Social dimension e.g., with free time and working conditions SociSat Score from 1–4

Resilience proxy
Overall satisfaction Farmer’s overall satisfaction, as the sum of the four

dimensions
OverallSat Score from 4–16

(LandSat + AnimSat + EconSat + SociSat)

breakdown), and “other.” Interviewers also provided a timeline
that specified the main disturbances in Aveyron over the previous
10 years. It was used as a reference to identify whether farmers
cited, and thus experienced, these reference disturbances (Fig. 4).
Farmers were interviewed at their home or workplace for 2–3
hours, which was the most suitable format for collecting the data
and reconstructing the farm history to accurately reflect farmers’
statements and descriptions of stable periods.

Statistical Analysis
The disturbances experienced by social-ecological systems, the
response to these disturbances, and the capacity for adaptive
action are common elements when applying the concepts of
vulnerability and resilience (Adger 2006) to farms. Martin et al.
(2017) developed a method to assess the vulnerability of farms to
climatic and economic variability. We adapted this method to the
resilience framework. The method consists of performing one
linear regression for each variable of each farm throughout the
stable periods the farmer identified. We used the lm() function

(fitting linear models) of the stats package of R software to
perform the linear regressions (Ballesteros 2008). This first step
generated both intercepts and slopes (called “I.<Variable name>”
and “Ev.<Variable name>”, respectively; Table 2). The slopes
showed how farm structure, farmers’ practices, and farmers’
overall satisfaction evolved over time. The intercepts estimated
the state of the farm and the farmer during the period of
conversion to organic farming. These mathematical parameters
were then included in several iterations of partial least squares
(PLS) analysis and sparse PLS (sPLS) analysis performed with
the pls() and spls() functions of the mixOmics package of R
software (Append. 1) (Tenenhaus 1998, Lê Cao et al. 2008). This
method provided a holistic approach to relate the response
variable—evolution of overall satisfaction—to explanatory
variables that were divided into intercepts and slopes. The PLS
results indicated the extent to which models were predictive (Q²
values) and explanatory (R² values). We always performed the
sPLS after PLS to obtain clearer and more robust results. The
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Fig. 4. Stable periods (CP: conversion period, IP1: intermediate period 1, IP2: intermediate period 2, SP: survey period) identified
and disturbances experienced on farms. Although the earliest conversion to organic farming of farms in the sample was in 1984
(farm F26), the temporal scale starts in 1998 to distinguish the disturbances better.

sPLS, which selects variables by introducing LASSO penalization
(Lê Cao et al. 2008), improved the quality of the models. The PLS
and sPLS enabled us to assess the dynamic aspect of the evolution
of farm structure and farmers’ practices over time (i.e., more than
5 years) and relate it to the evolution of the proxy of resilience.

RESULTS

Farm Trajectories in a Disturbed Context
Farmers in the sample identified two to four stable periods that
lasted 1–25 years each over a 5- to 33-year timeframe (Fig. 4). For
each farm, the first stable period included the conversion to
organic (Conversion Period (CP)), as the retrospective survey
started on the conversion date, and the last stable period ended
in winter 2017–2018, the time of the survey (Survey Period (SP)).
If  necessary, farmers identified up to two intermediate periods
(IP1 and IP2, respectively) between the CP and SP. Farms had to
respond to a variety of disturbances over this long timeframe.
Disturbances that farmers had experienced during the 10 years
preceding the survey were compared with those reported by
advisers, which were used as a reference. The type of disturbance
mentioned most often (80 times) was climatic. Summer droughts
in Aveyron had been severe during the previous 20 years, and
farmers considered those in 2003 (9), 2007 (12), 2011 (21), and
2017 (23) as major disturbances. The drought in 2017 concerned
mainly farms in southern Aveyron and had been compounded by

late frosts that damaged lucerne fields. The second-most
mentioned type of disturbance was economic (57), particularly
two main events: the global economic crisis in 2008 (17) and delays
in common agricultural policy payments in 2016 (24). The third-
most mentioned disturbance was related to flock health (46),
which were most frequent in 2017 (13) due to predation by wolves
in plateau areas. As organizational and technical disturbances are
components of the daily management of farms, they were
mentioned consistently among years and stable periods. For the
36 farms, one stable period changed to another 72 times, and most
changes (60%) did not coincide with disturbances. For the
remaining 40% of changes, most (62%) coincided with a
combination of two or more disturbances.

Evolution of Farmers’ Overall Satisfaction in a Disturbed
Context
During the SP, farmers’ overall satisfaction was high, with a mean
(± 1 standard deviation) score of 11.96 ± 1.69 (out of 16) at the
survey period (Fig 5a). In addition, 25 of those farms had a score
≥ 12 (i.e., high satisfaction with the overall situation) in the same
period. The mean evolution of overall satisfaction from the CP
to SP was positive but variable: 0.11 ± 0.26/year. After the CP,
overall satisfaction increased on the majority of farms (20 out of
36) after the conversion period (Fig.5b). Overall satisfaction
decreased for eight farms (-0.34 to -0.03 for the value of the
evolution of overall satisfaction). The remaining eight farms
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Fig. 5. (a) Mean overall satisfaction during the four stable periods (CP: conversion period, IP1: intermediate period 1, IP2:
intermediate period 2, SP: survey period) identified by farmers. (b) Distribution of the evolution of overall satisfaction from the CP
to SP for the 36 farms. The red line separates farmers with increased satisfaction from those with decreased satisfaction. (c) Relative
contribution of the evolution of farmers’ satisfaction with land, animals, economics, and social situation to the evolution of overall
satisfaction.

maintained the same level of overall satisfaction over time (i.e.,
presented a null value for the evolution of farmers’ overall
satisfaction). Evolution in the economic, animal, social, and land
dimensions of satisfaction differed in their contributions to the
mean evolution of overall satisfaction (64%, 27%, 9%, and 0%,
respectively) (Fig. 5c).

Evolution of the structure, size, and practices of organic dairy
sheep farms
For farm structure, the number of ewes increased in 19 farms
(Table 3), remained the same in nine farms, and decreased in eight
farms. Across the 19 farms that increased their number of ewes,
the increase was on average by 20.2 ± 23.1 ewes/year. Two farms
drove the increase in both mean and variability because their
farmers purchased a second farm and merged a second flock into
the first one in the SP. The number of LU also tended to increase,
but the number of permanent workers tended to remain the same,
which resulted in an increasing trend in LU per worker. The UAA
increased on 21 farms (maximum = +36.3 ha/year) and remained
the same on 14 farms. As increases in UAA and flock size were
proportional, the mean stocking rate remained the same (0.00
± 0.02 LU/ha/year). The workload per hectare also tended to
increase.  

For farming practices, the mean duration of the grazing period
decreased slightly (-0.04 months/year), but it was driven by five
farms that shortened their grazing period the most (-0.60 months/
year). The duration of the grazing period remained the same on
most farms (29/36) and increased on only two farms. The start
date of lambing remained the same on 16 farms, was advanced
on 14 farms, and was delayed on six farms. Concentrate-use
efficiency differed more among farms. After conversion, 21
farmers decreased the mean amount of concentrates distributed
to ewes (by -115.5 g/L milk/year), five farmers provided the same

Table 3. Evolution of variables related to farm structure and size
and agricultural practices.
 

Number of farms concerned by the
evolution

Variable Increase Decrease Stability

Herd size
(number of ewes/year)

19 8 9

Number of livestock units
(LU/year)

19 8 9

Number of ewes per work unit
(Ewes/work unit/year)

22 11 3

Utilized agricultural area
(ha/year)

21 1 14

Number of hectares per work unit
(ha/work unit/year)

22 7 7

Starting day of lambing
(Day of year/year)

6 14 16

Concentrate use efficiency
(g/L/year)

10 21 5

Ewe productivity
(L milk/year)

27 5 4

amount, and the remaining 10 farmers increased this amount.
The mean evolution of concentrate use efficiency thus decreased
but remained highly variable (-11.8 ± 23.6 g/L milk/year). This
trend had little influence, however, on the large amount of
concentrates distributed in this context, which reached a mean of
564 ± 263 g/L milk/year during the SP. Ewe productivity increased
on 27 farms, remained the same on four farms, and decreased on
five farms. Mean ewe productivity thus increased by 4.5 ± 5.6 L
milk/ewe/year.
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Driving Factors that Influenced Overall Satisfaction of Organic
Dairy Sheep Farmers
The sPLS model with the highest and most stable quality on
component 1 (i.e., Q² > the ad hoc threshold of 0.0975; R² = 0.27,
the highest obtained) predicted the evolution of overall
satisfaction mainly with three explanatory variables: estimated
overall satisfaction during the CP (i.e., the intercept predicted by
the model), the evolution of ewe productivity and the evolution
of the duration of the grazing period (association scores of -0.59,
0.52, and -0.47, respectively) (Fig. 6). Thus, increasing ewe
productivity and decreasing the duration of grazing increased
overall satisfaction in our sample.

Fig. 6. Results of the sparse partial least squared analysis. (Top)
Projection of all variables. (Bottom) Network representing the
strongest associations between the evolution of farmers’ overall
satisfaction (“Ev.OverallSat”) and explanatory variables. Gray
lines show negative associations, and the magenta line shows a
positive association. See Table 2 for variable names and
definitions.

Examples of Farms that Followed the Trends
As an illustration of these results, farmers’ overall satisfaction
increased the most (+0.65/year) for F31, after starting at a high
estimated level during the CP (10.58) (Table 4). This increase was
related to a larger increase in ewe productivity than the sample’s
mean increase (+18.46 and +4.55 L milk/ewe/year, respectively)
and a larger decrease in the duration of the grazing period than
the sample’s mean decrease (-0.29 and -0.04 months/year,
respectively). This is characteristic of the main results of the sPLS.

In contrast, overall satisfaction decreased (-0.15/year) for F21,
despite starting at a high level during the CP (12.56). Ewe
productivity decreased (-2.89 L milk/ewe/year), unlike the mean
increase for the sample. The duration of its grazing period was
long (8.00 months) and remained the same over time.

Table 4. Values of the three variables—estimated overall
satisfaction during the conversion period (I. OverallSat),
evolution of ewe productivity (Ev.EweProd), and evolution of the
duration of the grazing period (Ev.GrazDur)—most strongly
associated with the evolution of farmers’ overall satisfaction (Ev.
OverallSat) for two contrasting farms, compared with the mean
of the sample ( x ̄). The symbols “−”, “↗,” and “↘” indicate that
the variable remained the same over time, increased more than
the sample’s mean increase or decreased more than the sample’s
mean decrease, respectively.
 
Variable F31 F21  x̄

Ev.OverallSat (score out of 16/
year)

0.65 ↗ -0.15 ↘ 0.11

I.OverallSat (score out of 16) 10.58 12.56 11.16
Ev.EweProd (L milk/ewe/year) 18.46  ↗ -2.89 ↘ 4.55
Ev.GrazDur (months/year) -0.29  ↘ 0.00  − -0.04

Alternative Models: Counter Examples
Overall, the results showed an increasing trend in farm size (i.e.,
ewes, LU, and UAA) and a relationship between increasing ewe
productivity and overall satisfaction. However, three farms did
not follow this trend completely. On F2, F9, and F13, the number
of ewes decreased (-6.7, -4.8, and -20.0/year, respectively), and
ewe productivity decreased on F2 and F9 but increased on F13
(+4.0/year). For all three farms, the decrease in the number of
ewes was a direct consequence of the farmers’ strategies. When
these farmers divided their farms’ histories into stable periods,
they specified that the main objectives that had guided their
management decisions included “simplifying the system,”
“having free time,” “reducing flock size while producing a living
for three households.” As a result, these evolutions resulted in an
increase in overall satisfaction (which increased from 9/16 to 14/16
from CP to SP for both F2 and F9) or a slight decrease in an
already high overall satisfaction (from 13 to 12 for F13).

DISCUSSION

Advantages and Disadvantages of Using Farmers’ Satisfaction to
Assess Subjective Resilience
Our study is the first to relate the evolution of subjective farm
resilience to changes in farm structure and farming practices on
organic dairy sheep farms in France and to identify driving factors
behind this subjective resilience. Farmers’ overall satisfaction was
used to provide subjectivity to the resilience assessment, which
has been a major disadvantage of resilience assessments to date
(Jones 2019). Estimating overall satisfaction as the sum of
individual satisfaction with their land, flock, economics, and
social situation enabled the farm to be considered in a holistic
manner, with its diversity of subsystems and performances
(Darnhofer et al. 2012). Using slope to characterize the evolution
of explanatory and response variables over long timeframes
addressed the dynamic aspect of resilience, as required in any
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resilience assessment (Carpenter et al. 2001). The wide timeframes
defined by our sampling protocol (at least 5 years under organic
farming) smoothed situational biases and avoided an overly
positive assessment of non-resilient farms. A farmer may have
overestimated his/her level of satisfaction for a given period, but
if  difficulties persisted, they would have emerged in the long term
and been reflected in the evolution of overall satisfaction.  

Nevertheless, our results should be interpreted and generalized
with caution. Assessing resilience remains a complex task
(Quinlan et al. 2016), and using a single indicator based on
farmers’ remembered levels of satisfaction resulted in some
cognitive biases:  

1. Recall bias can occur when respondents provide their own
retrospective information (Raphael 1987). It is a major
threat to the internal validity of studies that use self-reported
data, and much of the information can be lost in memories
more than 5 years old (Hassan 2005). Identifying stable
periods sometimes several decades in the past (the earliest
conversion in our sample was in 1984) and rating satisfaction
scores for these older periods may have resulted in bias due
to over- or under-scoring satisfaction levels. 

2. Farmers were informed in advance about the purpose of the
survey, which may have generated a subjective bias. Farmers
may have interpreted survey questions in the context of their
general perception and knowledge of farm resilience, and
implicitly tried to meet their perceptions of interviewers’
expectations (Bradburn et al. 1989), such as by forcing an
increase in satisfaction to demonstrate progress. The focus
on farmers’ satisfaction may have ignored other key aspects,
such as ecological decline within the agroecosystems
(Armitage et al. 2012). In addition, no objective
measurements exist for satisfaction with land, animals,
economics, or social situation that could confirm the trends
we observed. As Allen et al. (2018) suggested, additional
quantitative assessment using indicators such as the
evolution of soil organic matter content would help estimate
this knowledge gap and the eventual loss of resilience,
especially if  conducted on slow variables (Biggs et al. 2012). 

3. The favorable production context (organic milk production
in a PDO area) may have introduced an “optimistic bias”
when farmers assessed their satisfaction during the SP. Risk
perception is a pillar of social resilience (Bradford et al. 2012)
and is influenced directly by overconfidence or an illusion
of control (Simon et al. 1999). The favorable context may
have made some farmers overconfident to the point that they
ignored that sudden changes could still occur. This is best
illustrated by the predominance of economic satisfaction in
the evolution of farm resilience perceived by farmers.

Risks of Conventionalization of Organic Dairy Sheep Farms
Overlooked when Using Farmers’ Satisfaction to Assess
Subjective Farm Resilience
The driving factors of subjective farm resilience assessed via
farmers’ satisfaction we identified highlighted an orientation of
organic sheep milk production toward a form of
conventionalization, with organic farming becoming a slightly
modified version of modern conventional agriculture (De Wit
and Verhoog 2007). This phenomenon is highlighted among other

things by the specialization of farms and the intensification of
production (Guthman 2004), which generally implies increased
reliance on off-farm inputs, e.g., livestock feed. We observed a
dominant trend toward an increase in ewe productivity and a high
consumption of concentrates per L milk and a sharp decrease in
the duration of the grazing period on a few farms. For example,
on the one hand, F31 experienced the largest increase in farmer
overall satisfaction, but on the other hand, it consumed a lot more
concentrates per L of milk compared with a network of French
organic sheep farms (336 and 223 g/L milk, respectively; De
Boissieu et al. 2018) although productivity levels were also higher.
Further increases in ewe productivity would require breeding
progress and increasing the energy and protein density of the ewe
diet, which is eased by distributing concentrates. Thus, this
productivity paradigm could progressively promote increased
dependence on feed inputs in organic sheep milk production,
which was clearly identified as an indicator of conventionalization
of organic animal production (Darnhofer et al. 2010).
Conventionalization was also evident in flock management. The
starting date of lambing (the fourth-strongest variable associated
with the evolution of overall satisfaction on sPLS component 1;
see Append. 2) was progressively advanced and moved away from
the “natural” behavior of ewes. Some sheep farmers implemented
that practice to produce more milk outside the “natural” milking
season to obtain higher milk prices. The consequence is a
lengthening of the indoor feeding period, which has the highest
rate of concentrate distribution to compensate for hay’s lower
feed value compared with grazed pasture. The three farms that
had followed alternative pathways to the increasing trend in farm
size (i.e., ewes, LU, and UAA) did not differ much from the general
trend regarding agricultural practices with, e.g., the duration of
grazing decreasing on one farm and remaining stable on the two
others. Conventionalization thus appears as an indirect outcome
of driving factors that lead to higher farmers’ satisfaction.  

Given these facts, using farmers’ satisfaction as a proxy of
subjective farm resilience might incompletely reflect the long-
term resilience of farms as social-ecological systems; identified
driving factors of satisfaction are sometimes at odds with
indicators and factors of social-ecological resilience previously
reported in the literature. Practices compromising a responsible
use of local resources are at odds with the resilience indicators
“Coupled with local natural capital” and “Globally autonomous
and locally interdependent” proposed by Cabell and Oelofse
(2012). Increasing ewe productivity and feed distribution in stalls
while remaining highly reliant on purchased concentrates and
decreasing the use of pasture corresponds to what Darnhofer et
al. (2016) called the “pathology of ‘command and control’”,
which is identified as a threat to farm resilience. Shortening the
grazing period, which often occurs when pastures are used less
often, changes how urine and manure are spread on a farm and
thus increases imbalances in soil fertility among farm fields. In
the long term, it decreases a farm’s ability to ecologically self-
regulate (Cabell and Oelofse 2012). A shorter grazing period can
also encourage woody plants to encroach on areas that are suitable
only for grazing, which are then abandoned to focus on producing
feed in the most productive pastures. This process can degrade
the traditional legacy of landscape management in Aveyron
(Cabell and Oelofse 2012). Although dairy intensification and
higher productivity and efficiency can increase income, they have
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social and environmental costs (Clay et al. 2019) In the long term,
the trend toward conventionalization and the related productivity
paradigm could affect farms’ ability to cope with shocks, as
observed by Sinclair et al. (2014) for dairy cattle farms. This calls
for caution when using farmers’ satisfaction as a proxy of
subjective farm resilience.

Implications
Using the evolution of farmers’ overall satisfaction as a proxy for
farm resilience allowed us to focus on the subjective dimension
of resilience and highlight its driving factors, mainly increasing
ewe productivity and reducing the duration of the grazing season,
enabling organic dairy sheep farms to cope with a variety of
disturbances. We also identified biases in the use of this resilience
proxy. The emphasis on subjectivity in a particular context of
high-priced agricultural products might induce optimistic biases.
Using satisfaction might also overlook the long-term resilience
of the social-ecological systems that farms are. Satisfaction as a
proxy for resilience also highlighted contradictions between
farmers’ discourse and the evolution of practices implemented on
the farms. In a sample of 128 farms (including the 36 farms in the
present study), we observed that farmers identified the search for
autonomy, the reduction of pressure on farm resources, and the
search for diversity as resilience factors (Perrin et al. 2020b). The
context of high milk prices and the observed evolution of
agricultural practices on organic dairy sheep farms in Aveyron
did not match those assertions. Thus, assessing farm resilience
based on the evolution of farmers’ satisfaction requires caution
in interpreting the results. Long-term subjective assessments
should be supplemented with more objective long-term
monitoring of slow variables that reflect farm resilience (e.g., soil
organic matter content, flock genetic potential against drought,
parasite and disease outbreaks, farmers’ knowledge).  

The driving factors increasing subjective resilience highlighted in
this study are relatively specific to French dairy sheep farms in a
context of high milk prices due to organic and PDO certification.
These results may not be relevant for European countries with
lower milk prices, such as Greece or Spain. Nevertheless, these
findings reflect the trend of conventionalization of the organic
sector observed outside of France (Ramos García et al. 2018) and
can raise concrete policy issues. Sensitizing farmers to resilience
issues that result from this conventionalization should be on the
political agenda in rural regions where maintaining agricultural
activities is a concern.

Responses to this article can be read online at: 
https://www.ecologyandsociety.org/issues/responses.
php/12583
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APPENDIX 1  

to Driving factors behind subjective resilience on organic dairy sheep farms  

by Augustine Perrin and Guillaume Martin 

Overview of the statistical analysis 

Initial dataset: 
The following table presents the structure of the initial dataset. Each row contains the values for 

each variable, for each period identified on each farm.  

Farm code Years Period Var1 Var2 … OverallSat 

F1  CP     

F1  IP1     

F1  IP2     

F1  FP     

F2  CP     

F2  FP     

…       

F36  CP     

F36  FP     
Table 1: Structure of the initial dataset. CP = Conversion Period, IP = Intermediate Period, SP = Survey 

Period, Var = Variable, OverallSat = Overall Satisfaction 

  



 

Calculation of slope and intercept values: 
By running a linear regression (lm() function from stats package in R) throughout the stable periods 

available for each farm, the initial dataset is used to calculate the slope and intercept values for each 

variable and for each farm (i.e. ‘Ev.+variable name’ for slopes and ‘I.+variable name’ for intercepts).  

These values are compiled in a table similar to the table below: 

 

 

 

Farm 
code 

Year Period Var1 Var2 … OverallSat Ev.Var1 … Ev.OverallSat I.Var1 … I.OverallSat 

F1  FP           

F2  FP           

F3  FP           

…  FP           

F35  FP           

F36  FP           

 

Table 2: Dataset with final values slopes and intercepts for all variables. Var = Variable 

 

PLS and sPLS rounds 
The dataset with final values, slopes and intercepts is used for performing several rounds of PLS and 

SPLS using the mixOmics package in R (R code available in Appendix B).  

PLS enables explaining and predicting response variable(s) (in our case variables illustrating farmers' 

satisfaction) from explanatory variables (in our case variables regarding farm structure and agricultural 

practices). 

sPLS is always performed after one PLS to improve the model quality which is assessed through the Q2 

value.  

 
 

Values at the final period 
Slopes Intercepts 



APPENDIX 2  

to Driving factors behind subjective resilience on organic dairy sheep farms  

by Augustine Perrin and Guillaume Martin 

Details on PLS, sPLS and main results 
 

This appendix details the R code used for performing PLS and sPLS. 
A complete version of the R code used for the statistical analysis is available upon request to 
the authors.  

The following R code proposes one example for performing one PLS and one sPLS.  

R code. Example for PLS 1.1  

For this example, explanatory variables are slopes and intercepts and interest variables are 
the evolution of the four dimensions of farmers’ satisfaction.  

X=as.matrix(Data[,c("Ev.UAA","Ev.AFL","Ev.Crops","Ev.Ewe","Ev.EweProd","Ev.
Lambing","Ev.Turnout","Ev.GrazDur","Ev.FullGrazDur","Ev.GFeedDur","Ev.ConcD
ist","Ev.LU","Ev.Pastures","Ev.StockRate","Ev.SSFod","Ev.SSConc","Ev.WorkLU
","Ev.WorkHa","I.UAA","I.AFL","I.Crops","I.Ewe","I.EweProd","I.Lambing","I.
Turnout","I.GrazDur","I.FullGrazDur","I.GFeedDur","I.ConcDist","I.LU","I.Pa
stures","I.StockRate","I.SSFod","I.SSConc","I.WorkLU","I.WorkHa","I.LandSat
","I.AnimSat","I.EconSat","I.SociSat")]) 

#X is the matrix with explanatory variables  
 

Y=as.matrix(Data[,c("Ev.LandSat","Ev.AnimSat","Ev.EconSat","Ev.SociSat")]) 
#Y is the matrix with interest variables  
 

pls = pls(X,Y, ncomp=4, mode="regression") 

# We perform the PLS to explain and predict Y thanks to X 
 

plotVar(pls,cex = c(3.5,3.5),title = "PLS1.1") 

# We plot variables to illustrate associations. The variables X and Y are r
epresented through their projections onto the plane defined either by X-var
iates or Y-variates. The variables X and Y being assumed to be of unit vari
ance, their projections are inside a circle of radius 1 centered at the ori
gin called correlation circle. Strongly associated (or correlated) variable
s are projected in the same direction from the origin. The greater the dist
ance from the origin the stronger the association. Two circumferences of ra
dius 1 and 0.5 are plotted to reveal the correlation structure of the varia
bles (http://mixomics.org/graphics/variable-plots/plotvar/).  



 

par(mfrow=c(1,1)) 

We aim at getting an as satisfying as possible model by performing sPLS after PLS. The quality 
of the pls and sPLS is assessed through graphs showing Q2 total, Q2 for each predicted variable 
and each component, R2 for each predicted variable and each component, and MSEP for each 
predicted variable and each component. 

# Model quality through Q2, R2 and MSEP: 

tune.pls = perf(pls, validation="Mfold", folds=10, criterion="all", progres
sBar=F, nrepeat=50000) 
 
plot(tune.pls$Q2.total, xlab="Number of PLS-components", ylab="Q2 total",ma
in="PLS1.1 quality",ylim=c(-0.6,0.2)) 
  abline(h=0.0975) 



 

Overall quality of the model is below the ad hoc threshold of 0.0975.  

monplot <- function(X, nom){ 
   rang <- range(as.vector(X)) 
   plot(X[1,], ylim=rang, xlab="Number of PLS-components", ylab=nom, col=1, 
type="b") 
   for (i in 2:nrow(X)) { 
     lines(X[i,], col=i, type="b") 
   } 
   legend("topright", rownames(X), col=1:nrow(X), lty=rep(1,nrow(X))) } 
 
monplot(tune.pls$Q2, "Q2") 



 

Low prediction quality for each dimension of satisfaction 

monplot(tune.pls$R2, "R2") 

 

Low explanatory quality for each dimension of satisfaction 

monplot(tune.pls$MSEP, "MSEP")    



 

High Mean Squared Error of Prediction.  

The quality of this PLS is too low.  

We use the sPLS to improve model quality.  
 

R code. Example for sPLS 1.1  
#Selection of variables to be kept in the sPLS, from PLS 1.1:  
 
Tokeep<-tune.spls(X, Y, ncomp = 2) 
select.keepX =Tokeep$choice.keepX 
 
 
#sPLS 1.1 
 
Spls = spls(X,Y, ncomp=3, mode="regression",keepX = select.keepX) 
 

We draw the same graphs as for the PLS (i.e. PlotVar, Q2.total, Q2, R2, MSEP) 







  

 

For the sPLS, Q2 is near the threshold on component 1 but often below and variable (the value 
slightly varies with each execution of the tune.pls() line of the code).  
 
With the variables selected, the quality of the PLS and of the sPLS is too low to conclude.  
 



Using the same code as the one provided above, we performed a series of PLS and sPLS.  
The following table summarizes the results.  
 

 
 

 
All_Var: PLS performed with all variables from the X matrix 
Var_Selected: Variables from the X matrix are selected via sPLS 
I_and_Ev: X matrix contains intercept values (I.) and slope values (Ev. for "Evolution")  
Ev_Only: X matrix contains slopes only  
Four_dim_Sat: Y contains the values of evolution for the four dimensions of satisfaction (Ev.LandSat; Ev.AnimSat; Ev.EconSat; Ev.Soci.Sat) 
Overall_Sat: Y contains the variable "Ev.OverallSat", an aggregation of the four dimensions of satisfaction 
Quality: quality of the model for the different components (comp) according to obtained quality graphs 



 

sPLS 1.2 presented a high and stable value for Q2 on component 1. On this component, 

farmers' overall satisfaction increases when: 

1-Estimated Overall satisfaction is lower at the conversion period  

2-Ewe productivity increases 

3-The duration of the grazing period decreases 

 

Q2 was sometimes over the threshold on component 2 but was unstable 

 

Networks for association scores 
We draw networks to know association scores between response and explanatory variables.  

R code for networks: 

network(Spls, 

        comp=1, 

        color.node = c("dodgerblue2","orange1"), 

        show.edge.labels=TRUE, 

        cutoff = 0.3, 

        lwd.edge=6, 

        interactive = TRUE,  

        color.edge = rep(c("gray","violet"))) 

 

Corresponding graph:  

 

 

 



If we decrease the association score (cutoff=0.178), we obtain the following graph: 

 

 

"Ev.Lambing" appears as a fourth explanatory variable.  
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