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ABSTRACT. Farming systems in Europe are perceived by stakeholders as having a low level of resilience and sustainability when
confronted with shocks and ongoing stresses. Specifically, European extensive livestock systems are faced with challenges such as low
farm income, uncertain policies, and changing meat consumption patterns, which are causing these systems to decline. Focused on the
extensive sheep farming system in Huesca (Spain), our aim with this paper is to analyze the dynamics that have driven this system close
to collapse and propose strategies that can reverse its dynamics to make the system both resilient and sustainable. This assessment is
framed under an integrated resilience and sustainability approach, in which resilience variables (challenges, functions, and resilient
attributes) and sustainability dimensions (economic, social, environmental, and institutional) are considered. Drawing on qualitative
system dynamics and participatory causal loop diagram mapping, we show that the extensive sheep production system is threatened not
only by challenges (e.g., increasing feeding costs), but also by weakly expressed resilience attributes (e.g., lack of diverse policies) and
diminished functions (e.g., declining number of farms). There are delayed vicious circles in the system’s dynamics that are interrelated
across sustainability dimensions, implying that time will be required to reverse the system’s dynamics. Hence, to foster the resilience of
farming systems, specifically extensive livestock systems, a coordinated range of long-term strategies and policies (agricultural,
environmental, sanitary, urban, labor, consumption, and innovation) are needed, aimed at responding to challenges, weak attributes, and
diminished functions across different sustainability domains.
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INTRODUCTION
Many stakeholders perceive farming systems in Europe as having
low resilience and sustainability (Reidsma et al. 2020). In this
context, the European Commission’s Farm to Fork strategy aims
at increasing the resilience and sustainability of European food
systems (EC 2020). Specifically, extensive livestock systems in
Europe are facing a broad array of environmental, economic,
social, and institutional challenges (Belanche et al. 2021) that
threaten their stability and possibly push them toward collapse
(Xu et al. 2015). A collapse implies an undesirable and abrupt
regime shift, which is difficult to predict and manage (Groffman
et al. 2006, Kinzig et al. 2006, Scheffer et al. 2009). It also implies
a loss of resilience (Holling 2001, Walker et al. 2006, Cumming
and Peterson 2017), understood as the ability of a system to
maintain its functions even when it is affected by challenges,
shocks, or stresses (Darnhofer 2014, Meuwissen et al. 2019).
Sustainability refers to the capacity of the system to balance the
integration of environmental, economic, and social development
(Kharrazi et al. 2019).  

Attempting to make systems both resilient and sustainable
simultaneously may lead to tensions and complexities in decision
making and policy (Lizarralde et al. 2015, Marchese et al. 2018).
For example, resilience does not include a long-term dimension,
while the core concept of sustainability is intergenerational
renewal (Saunders and Becker 2015, Xu et al. 2015). To overcome
potential contradictions, resilience and sustainability goals
should be managed as complementary outcomes (Saunders and
Becker 2015). In this regard, Meuwissen et al. (2020) suggest that
the concurrent assessment of resilience and sustainability
facilitates the exploration of pathways that a farming system can
follow to provide its main functions without disregarding other

functions that shape it, while responding to shocks and stresses. The
integrated assessment of resilience and sustainability makes it
possible to address multi-scale and multi-level challenges (Anderies
et al. 2013) and to exploit the complementarity of these two
approaches (Bocchini et al. 2014).  

Analyzing the resilience and sustainability of a farming system thus
inevitably implies exploring system dynamics across time and space
(Darnhofer et al. 2010, Herman et al. 2018, Perrin et al. 2020). The
assessment of system dynamics allows one to integrate indicators
and identify feedback loops within the system. Feedback loops
determine system behavior and, therefore, are foundational to
reflecting upon a system’s resilience (Gallopin 2002, Matthews and
Selman 2006, Selman and Knight 2006, Xu et al. 2015). Feedback
loops self-regulate system behavior (balancing loops) or incite it
(reinforcing loops) toward a desired (virtuous circles) or undesired
(vicious circles) transformation (Matthews and Selman 2006,
Tidball and Krasny 2014). This type of assessment also makes it
possible to identify system delays, i.e., the time lag between a change
in one component and its impacts on other components of the
system. Analyzing delays in feedback loops is important because
they are often the source of imbalances in the system (Sterman 2000)
and may help to visualize pressures building up in the system that
create abrupt changes when they hit a critical value (Tip 2011).  

The system dynamics approach has been widely used and has proved
to be useful in analyzing resilience and sustainability because it
captures the emergent behaviors and dynamics that characterize
complex systems (Fiksel 2006). A number of studies have applied
a system dynamics perspective to assess the sustainability of social-
ecological systems (Li et al. 2012, Banos-González et al. 2015),
natural resources management (Baur and Binder 2015, Sanga and
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Mungatana 2016), and value chain functioning (Lie and Rich
2016). Additionally, other system dynamics studies have focused
on resilience assessment of food systems (Brzezina et al. 2016),
social-ecological systems (Tenza et al. 2017, Herrera and
Kopainsky 2020), and cities (Datola et al. 2022). Although
integrated assessment of resilience and sustainability has been
previously addressed by applying quantitative (Bocchini et al.
2014) and qualitative methods (Maleksaeidi and Karami 2013,
Lizarralde et al. 2015, Saunders and Becker 2015, Xu et al. 2015),
the literature lacks studies analyzing sustainability and resilience
simultaneously by applying a system dynamics approach, most
particularly in farming systems.  

To ensure the integrated assessment of resilience and
sustainability of a farming system, we follow the resilience
assessment framework presented by Meuwissen et al. (2019). In
this framework, the relationships between challenges, functions,
and resilience attributes are addressed, taking note of the
interactions with the economic, social, environmental, and
institutional sustainability dimensions of the system, as proposed
by Saunders and Becker (2015).  

In this paper we focus on the extensive sheep farming system in
Huesca (Spain), a system that is close to collapse (Paas et al.
2021a). Ovine production and transhumance practices have long
been an important part of the economy in Huesca and a driver
of rural population integration (Navarro 1992). Based on a
participatory assessment, Paas et al. (2021a) concluded that some
of the challenges, functions, and resilience attributes of this
system have already reached their critical threshold, indicating an
urgent need to reverse this trend. For example, the number of
sheep in Huesca has reached its threshold, with a 43.7% reduction
since 2005 (MAPA 2022). Reinforcing the resilience of extensive
sheep farming systems is key given that extensive livestock systems
provide not only private goods, such as ensuring sufficient farm
incomes and delivering high-quality food at affordable prices, but
also public goods that are not specified as such by other farming
systems. Grazing improves soil quality (Peco et al. 2017) and
biodiversity (Rodríguez-Ortega et al. 2014, Silva et al. 2019, Ornai
et al. 2020), prevents forest fires by keeping the area clean of dry
matter (Casasús et al. 2007, Ruiz-Mirazo and Robles 2012) and
keeps rural areas attractive (Bernués and Olaizola 2012).  

In this context, the aim of this paper is to analyze the dynamics
of the extensive sheep system in Huesca that have driven it to near
collapse and identify strategies that could reverse these dynamics
and turn the system into one that is both resilient and sustainable.
Strategies are defined here as the actions needed to be
implemented by the actors in the system, actions that shape the
system’s dynamics and its resilience (Rounsevell et al. 2012). These
actions are diverse and may range from using new seeds adapted
to climate change and adopted by farmers to developing new
financial products targeting farmers’ needs and promoted by
financial institutions (Soriano et al. 2023).

METHODOLOGY

Case study
This case study investigates the extensive sheep farming system
located in Huesca province, Aragón, Northeast Spain. Huesca
covers 15,626 km² with two main regions. In the North the
Pyrenees and pre-Pyrenees, a mountainous area, cover about 6000
km², with an average annual temperature of 5 °C and 1500 mm

of precipitation. Agricultural activity is confined to extensive
livestock raising in this area, which often overlaps with protected
areas. The southern part of the province is characterized by the
plains of the Ebro depression extending approximately 9000 km²,
with an average annual temperature of 14 °C and 400 mm of
precipitation, where extensive/semi-extensive farming (sheep,
goat, and cattle), intensive farming (pigs and broiler chickens),
and crop farming (rainfed and irrigated) co-exist.  

Although traditionally the extensive sheep farming sector was a
strong economic motor in this region, it has experienced a drastic
decline over the last 20 years (Government of Aragón 2016). The
number of farms has decreased from 2902 (1995) to 863 (2022)
and the number of sheep from 923,399 (2005) to 347,800 (2022;
Government of Aragón 2023a). This system faces a wide range
of challenges. In the economic domain, sheep farmers’ profits
have been negative since 2014, reaching −57.3 €/livestock unit in
2020 (MAPA 2023a). Low productivity partly explains the sector’s
high dependency on European Union (EU) subsidies (63% of the
net value added in 2021; MAPA 2023b), as well as its vulnerability
to changing agricultural policy requirements and goals (Milán et
al. 2003, Pardos et al. 2008, Soriano et al. 2022).  

Farmers in the region also have to manage limited access to
pasture lands. There is increasing competitiveness for land,
especially in the flat areas of the region. More profitable sectors
(e.g., irrigated crops) acquire hectares for cropping, leading to
increased land prices, which are not affordable for sheep farmers.
In addition, environmental legislation related to wildlife and
nature park protection influences access to pasture lands
(Buitenhuis et al. 2019). Access to communal mid-mountain areas
in the region is limited because they are close to or are part of a
protected area (e.g., Sierra y Cañones de Guara Nature Park),
where grazing is restricted. Moreover, the inclusion of the Iberian
wolf on the list of protected species throughout Spain (MITECO
2023) might lead to less available land because farmers avoid
shepherding in areas inhabited by wolves. More frequent and
severe droughts are also decreasing the number and the quality
of available pastures (Turner 2004, Hernández-Mora et al. 2012).

Finally, rural areas in Aragón are also experiencing severe
depopulation (Bosque and Navarro 2002; Government of Aragón
2017), the population is ageing, and public investments (schools,
medical centers, etc.) are on the decline, factors that discourage
family succession and reduce the number of skilled workers
(Bertolozzi-Caredio et al. 2020).

Resilience and sustainability assessment framework
Building on the need to integrate resilience and sustainability
objectives, the theoretical framework followed in this paper is an
extended version of the resilience assessment framework
proposed by Meuwissen et al. (2019), which integrates the
interdependences between resilience and sustainability. A
sustainable system needs to be resilient (Maleksaeidi and Karami
2013) and a resilient system needs to be sustainable (Saunders and
Becker 2015).  

The framework is dedicated to assessing general resilience, i.e.,
the capacity of a system to meet all types of challenges, including
unknown ones (Folke et al. 2010). It embraces the five resilience
questions proposed by Meuwissen et al. (2019), which are
answered by considering four sustainability dimensions (Ostrom
2009; Fig. 1).
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 Fig. 1. Farming system’s resilience and sustainability
assessment framework. Adapted from Meuwissen et al. (2022).
 

According to Meuwissen et al. (2019), when assessing resilience,
the first question to answer is resilience of what? A farming system
is a social-ecological system (Folke et al. 2005, Rounsevell et al.
2012) defined by the main product(s) of interest, the regional
context (the local agroecological context, climate conditions,
infrastructures, and identity), and the actors involved in them
(farmers and any other individuals who have a close mutual
connection to them). The second question is resilience to what?
Challenges affecting a farming system can be classified into
shocks (with an impact over the short term) and long-term
pressures. The third question is resilience for what purpose?
Functions provided by a farming system can be classified into the
provision of private goods (i.e., the provision of food and a
reasonable livelihood for people involved in farming) and public
goods (i.e., natural resources conservation). The fourth question
is what enhances resilience? Resilience attributes are those
individual and collective abilities whose presence enables a
system’s general resilience (Cabell and Oelofse 2012). When these
attributes are disappearing or absent, it suggests that the system
is moving away from resilience. Appendix I shows the description
of the resilience attributes. The fifth question is what resilience
capacities? The resilience capacities are robustness (capacity to
withstand stresses and [un]anticipated shocks), adaptability
(capacity to change the composition of inputs, production,
marketing, and risk management in response to shocks and
stresses but without changing the structures and feedback
mechanisms of the system), and transformability (capacity to
significantly change the internal structure and feedback
mechanisms of the system in response to either severe shocks or
enduring stress that make business as usual impossible, also
entailing changes in the functions of the system).  

In this study, challenges, functions, and resilience attributes are
indicated as “resilience variables” and are analyzed considering
their contribution to the economic, environmental, institutional,
and social sustainability dimensions. It has been defined that
functions are diminished and attributes are weak when they are
at or beyond their critical threshold.

The system dynamics approach
The methodological approach used in this paper is based on
system dynamics, simulation modeling that is useful to examining
the internal mechanisms of a system and feedback loops that drive
its outcomes and performance over time (Sterman 2000,
Richardson 2011). Wolstenholme (1982, 1999) differentiates
between qualitative and quantitative system dynamics. Although

quantitative approaches, aided by computer simulation, are often
required to anticipate system behavior and evaluate timing,
sequencing, and calibration of interventions (Richardson 2011),
qualitative approaches can be sufficient to understand the
problem and explore potential options for intervention
(Wolstenholme 1999, Lane 2001). In this research, a qualitative
system dynamics approach is applied to organize observations
into a theory or hypothesis of how the system generates the
problematic behavior, in this case the decline of the extensive
sheep farming system in Huesca. The problematic behavior
emerges from the interplay of vicious and virtuous circles and
delays in the system (Matthews and Selman 2006). Furthermore,
the use of a qualitative system dynamics approach allows delving
into the social dimension of the farming system (Hirsch et al.
2007), which is a key dimension in shaping the resilience of social-
ecological systems (Soriano et al. 2023).  

We use the causal loop diagram (CLD), a tool widely used in
system thinking (Bala et al. 2017) and often applied when building
diagrams with stakeholders in participatory workshops (Inam et
al. 2015). The CLD nomenclature uses arrows to indicate causal
links between variables, i.e., whether a variable will cause another
variable to change. In a CLD, a cause variable is the variable at
the base of the arrow and an effect variable is the variable at the
end of the arrowhead. Because a CLD is a qualitative description
of the system, the nature of this link is simply indicated by a plus
(+) or a minus (−) to indicate if  variables move in the same or
opposite directions, respectively (Richardson and Pugh 1997).
Using this same nomenclature, feedback loops (close circular
connections between variables) are identified in the diagram using
either an “R” to indicate that variables reinforce each other
(reinforcing loop) or a “B” to indicate that variables regulate each
other (balancing loop). Delays in the feedback loops are identified
by using the symbol “//” on the arrows.  

There is not a standard research strategy for generating a system
dynamics model (Forrester 1993, Sterman 2000, Walters et al.
2016). In this paper the strategy followed is a participatory
approach (Vennix 1996, Tenza et al. 2017, Herrera and Kopainsky
2020), which combines researcher and stakeholder-driven
research. The methodology to build the CLD (Fig. 2) follows the
three-phases methodology defined by Paas et al. (2021a),
consisting of a preparation phase conducted by researchers, a
participatory phase with local stakeholders, and an evaluation
phase conducted by researchers.

The preparation and participatory phases
The first phase (preparation) mainly consisted of conducting a
literature review on the current state and performance of the
resilience variables (i.e., challenges, functions, and resilience
attributes) of the extensive sheep farming system studied. The
second phase (participatory) consisted of the organization of the
Participatory Impact Assessment workshop (FoPIA-SURE
Farm 2). It was conducted in Huesca on 14 February 2020, with
19 participants, representing different stakeholders of the system
under study: farmers (7), veterinarians (3), cooperatives (1),
distributors (1), research institutes and universities (3), and the
local public authorities (4).  

The FoPIA-SURE Farm 2 workshop was built on the previous
FoPIA-SURE Farm 1 workshop conducted in Huesca in January
2019. The aim of FoPIA-SURE Farm 1 was to define the
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 Fig. 2. Methodology to build the causal loop diagram. Adapted from Paas et al. (2021a).
 

resilience variables of the system, select their indicators, and
evaluate their trends and contributions to the robustness,
adaptability, and transformability capacities of the system
(Becking et al. 2019, Paas et al. 2019, Reidsma et al. 2020).  

The aim of the FoPIA-SURE Farm 2 workshop was to identify
the resilience variables at critical thresholds, analyze the
interactions between critical thresholds, and assess a possible
system decline and the desired alternative systems (Paas et al.
2021a). The activities during the workshop were structured in four
steps: Step (1) Assessment of the critical thresholds of the
indicators of the system’s resilience variables (identified in FoPIA-
SURE Farm 1). To this end, the participants were informed of
the past trends and current state of the indicators of the resilience
variables. Once the meaning of the critical threshold level was
explained, the participants were asked to reflect on the relative
closeness of the current state of the indicators to their critical
threshold (“not close,” “somewhat close,” “close,” and “at/beyond
critical threshold”). The participants also provided the value of
the critical threshold of resilience indicators when they had such
information (Table 1; Step 2) and analysis of the dynamics of the
resilience variables when critical thresholds were exceeded. To this
end, participants were asked to individually draw a CLD to
explain the behavior of the system when the critical thresholds of
the challenges, as the main drivers of change, were exceeded. They
had a printed template of an empty CLD to draw arrows linking
the resilience variables and include the new variables they
considered relevant to explaining the dynamics (auxiliary
variables). The CLDs built individually served as the basis to
design a commonly agreed upon CLD on a blackboard during a
plenary session afterwards. Step (3) Identification of possible
desired changes of the extensive sheep production system toward
the future (desired alternative systems). In a plenary session the
participants discussed the desired alternative system or systems
that they could foresee for the future (2030). Step (4) Identification
of strategies to carry out alternative systems. Participants,
organized in small groups, were asked to identify the set of

strategies to be implemented to reach the desired alternative
system or systems over the long run. Following a backcasting
approach, participants freely identified the actions to enable the
desired transition, to be performed by each actor in the system,
including farmers, cooperatives, technicians, distributors,
research institutes, and policy makers. By defining strategies as
the actions implemented by the actors in the system, a diverse list
of strategies was expected.

The evaluation phase: building the causal loop diagram
The CLD resulting from the FoPIA-SURE Farm 2 workshop was
further developed by the research team (without further input
from the stakeholders) to add auxiliary variables that would
improve clarity and logic to answer the main research questions.
First, to show the four sustainability dimensions in the CLD, the
research team classified (resilience and auxiliary) variables into
economic, social, environmental, and institutional variables.
Sustainability dimensions resulted from grouping variables’
relationships in the CLD, for example, within the economic
dimension groups, the relationships between the economic
variables, and the relationships emerging from economic variables
and pointing toward other dimensions’ variables. The same
procedure was followed to develop the social, environmental, and
institutional sustainability dimensions.  

Second, the feedback loops resulting from the relationships
between resilience variables were identified in the CLD. It is
important to highlight that the CLD in this research primarily
revealed reinforcing loops that amplify the ongoing decline of
system functioning, rather than balancing loops that would
counteract these trends. The attention was focused on the
reinforcing loops because of their significant potential to
exacerbate problematic trends (Meadows 1999). Then the
research team identified the delays in the feedback loops. To this
end, they selected the resilience variables whose changes impact
the state of the system with a time lag, generating delayed
reactions.  
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 Table 1. Resilience variables in the casual loop diagram.
 
Nº Class

†
Resilience variable

‡
Indicator (unit) Closeness to

critical threshold
Threshold explanation Delayed

impact

1 C Reducing lamb meat consumption Lamb meat consumption (kg/year/
inhab)

At/beyond
threshold

Lamb meat consumption has decreased 60% in 15 years and reached
1.09 kg/inhabitant/year in Spanish households in 2021 (MAPA 2022).

Delay

2 C Increasing feeding costs Feeding costs (€/year) At/beyond
threshold

Feeding costs’ critical threshold is around 30 €/head (Paas et al. 2021a).

3 C Increasing wildlife attacks Wildlife attacks (attacks/year) Not close Delay
4 C Lack of workforce Available workforce (annual work unit

[AWU]/farm)
At/beyond
threshold

The AWU critical threshold is 1.9 AWU per farm (Paas et al. 2021a). Delay

5 F Economic viability Gross margin (€/year) Somewhat close
6 F Food production Number of sheep (number/year) At/beyond

threshold
It has decreased 62% in 20 years and reached 347,800 sheep in Huesca
in 2022 (Government of Aragón 2023a).

7 F Quality of life Number of farms (number/year) At/beyond
threshold

It has decreased 70% in 20 years and reached 863 farms in Huesca in
2022 (Government of Aragón 2023a).

Delay

8 F Natural resources conservation Pastures grazed (ha/year) Not defined Delay
9 A Production coupled with local

and natural resources
Available pastures (ha) Somewhat close Delay

10 A Diverse policies Subsidies-CAP Pillar 1 (€/year), rural
development programs (RDP)-CAP
Pillar 2 (€/year), environmental, health,
and urban legislation (No. of enabling
policies)

At/beyond
threshold

The critical threshold for subsidies is defined at around 31 € per sheep
(Paas et al. 2021a). Environmental, health, and urban legislation
hinders extensive systems’ resilience (Soriano et al. 2022).

Delay

11 A Socially self-organized Farmers’ cooperation (Index) Not close Delay
12 A Support of rural life Region attractiveness (Index) Close Delay
13 A Infrastructure of innovation Farm technology investment (€/year) Close Delay
14 A Earnings

§
Financial reserves (€) At/beyond

threshold
Because of low gross margin of 25–30 €/head (Paas et al. 2021a),
farmers do not count on financial reserves.

Delay

†
 Challenges (C), functions (F), and attributes (A).

‡
 Resilience variables at or beyond the critical threshold are highlighted in bold.

§
 Reasonably profitable (Cabell and Oelofse 2012).

Third, the research team classified the strategies identified by the
participants in the FoPIA-SURE Farm 2 workshop by inferring
their scale as well as the vicious circles and resilience variables
they were targeting. In the case of the resilience diverse policies
attribute, the link between the strategies and the specific policies
identified in the CLD (e.g., the CAP pillars) was also inferred.

RESULTS

Resilience variables in the causal loop diagram
The CLD representing the dynamics of the extensive sheep
farming system in Huesca included 14 resilience variables, with
four challenges (C), four functions (F), and six resilience attributes
(A; Table 1, Fig. 3). According to the participants in the FoPIA-
SURE Farm 2 workshop, seven out of 14 resilience variables are
at or beyond their critical threshold: three challenges (reducing
lamb meat consumption, increasing feeding costs, and lack of
workforce), two functions (food production and quality of life),
and two resilience attributes (diverse policies and earnings). There
are delays in the system’s dynamics, triggered by challenges (e.g.,
reducing lamb meat consumption), system functions (e.g., natural
resources conservation), and resilience attributes (e.g., production
coupled with local and natural resources).

Feedback loops affecting resilience variables at or beyond the
critical threshold
Four reinforcing loops acting as vicious circles, which are affecting
the resilience variables at or beyond their critical threshold (Table
1), were identified in the extensive sheep system in Huesca (Fig.
3, Table 2). According to the participants, the vicious cycle VC1
shows that the challenge of reducing lamb meat consumption has
been pressuring the sector with a delayed negative impact on the
system’s function of ensuring economic viability (gross margin).
Reduced benefits have been making the sector unappealing for
new generations and new entrants, which in turn have negatively

impacted other systems’ functions related to quality of life
(number of farms) by limiting economic opportunities in the
region. As the number of farms has decreased, farmers found it
more difficult to cooperate, reducing the resilience attribute of
being a socially self-organized system. Among others, constrained
cooperation has reduced farmers’ commitment to pursuing joint
actions to promote lamb meat consumption, closing the loop with
further declining lamb meat consumption.  

Regarding the drivers, three vicious circles are triggered by
challenges (VC1, VC2, and VC3) and one of them is triggered by
a weak resilience attribute: diverse policies. The weak attribute of
diverse policies implies that the farming system does not count
on policies stimulating the three resilience capacities to avoid
situations in which the system is locked into a robust but
unsustainable situation (Appendix I). The participants in the
workshop identified that existing policies do not adequately
support resilience capacities. The CAP (Subsidies in Pillar 1 and
Rural development program [RDP] in Pillar 2) does not support
the system’s robustness and adaptability as subsidies are not
sufficient to ensure farms’ income, sector sustainability, and
region attractiveness. Regarding sanitary legislation (animal
health and slaughter practices), many slaughterhouses in the
region have closed in the past 15 years because they were not able
not meet the national application of the EU regulation EC No.
852/2004, thus hindering the system’s robustness capacity.
Slaughterhouses have not been replaced by alternative initiatives
(e.g., mobile slaughterhouses), leading to the closure of local
distribution channels (butchers and other local retailers) and the
increase in farmers’ distribution costs. Environmental and urban
legislation also limits a system’s transformability capacity as it
undermines farmers’ capacity to invest in product transformation
and restoration services. The resilience attribute of diverse policies
is represented in the CLD by four variables related to the vicious
circles identified: (i) the subsidies-CAP Pillar 1, which impact the
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 Fig. 3. Causal loop diagram representing dynamics in the extensive sheep farming system in Huesca (Spain).
 

economic viability function (gross margin) in VC4; (ii) RDP-CAP
Pillar 2 affecting the support of the rural life attribute (region
attractiveness) in VC2); (iii) environmental legislation affecting
the production attribute coupled with local and natural resources
(pastures grazed) in VC4; and (iv) urban and sanitary legislation
affecting the sector’s attractiveness (VC2).  

The vicious circles show that challenges impact the functions
provided by the extensive sheep farming system in Huesca. For
example, reducing lamb meat consumption (C) and increasing
feeding costs (C) affect economic viability (gross margin; F) in
VC1 and VC3, respectively, and the lack of a skilled workforce
(C) reduces the number of farms (F) in VC2. Moreover, the CLD
(Fig. 3) shows that the system’s functions are also influenced by
resilience attributes. For example, the low level of infrastructure
for innovation (farm technology investment; A) negatively
impacts natural resources conservation (pastures grazed; F) in
VC4. On the other hand, the low performance of the system’s
functions may also diminish its resilience attributes. For example,
reduced economic viability (gross margin; F) negatively impacts
social self-organization (farmers’ cooperation; A) in VC1.
Furthermore, functions can also mutually affect each other. For
example, a reduced function of ensuring economic viability (gross
margin), reduces other functions such as the provision of quality
of life (number of farms) in VC1, food production (number of
sheep), and conservation of natural resources (grazed pastures)
in VC4. Finally, resilience attributes are also interrelated. This is
the case, for example, of improved social self-organization
(farmers’ cooperation), which increases production coupled with
local and natural resources (available pastures) in VC4. There are
delays in the four vicious circles, caused by lamb meat
consumption (C) in VC1, the workforce (available workforce; C)
in VC2, food production (number of sheep; F) in VC4, quality of
life (number of farms; F) in VC1 and VC2, and diverse policies
(subsidies- CAP Pillar 1; A) in VC4.  

The vicious circles also affect the four sustainability dimensions.
VC1 shows the interrelations between economic and social
dimensions and VC4 between economic, institutional, and
environmental dimensions. VC2 and VC3 each run in a single
dimension, although they are linked with the other vicious circles
throughout the functions of contributing to quality of life
(number of farms) in VC1-VC2 and ensuring economic viability
(gross margin) in VC3-VC4. These links show the full interrelation
between the sustainability dimensions in the dynamics of the
system.  

Finally, the system is balanced by four balancing loops that
regulate the dynamics of the reinforcing loops across economic,
social, and environmental sustainability dimensions (Table 2).
The balancing loops limit economic benefits (B1), job creation
(B2), technification benefits (B3), and natural resources
availability (B4) through the impacts of prices, workforce cost,
assets management and training costs, and pasture land
availability, respectively. There are also delays in the balancing
loops derived from quality of life (number of farms; F) in B1 and
B4, and earnings (financial reserves; A) and innovation
infrastructure (farm technology investments; A) in B3. There are
no delays in B2.

Strategies to turn vicious into virtuous circles
Most of the strategies (15/21) identified by the participants in the
FoPIA-SURE Farm 2 workshop designed to reach the desired
alternative system or systems, may improve the state of the
resilience variables at or beyond critical threshold levels (columns
1 and 2, Table 3). Participants proposed a set of strategies to meet
the challenges of resilience variables at or beyond their critical
threshold. For example, they suggested reinforcing product origin
to remedy decreasing lamb meat consumption and to promote
generational renewal, which would ease the dwindling workforce.
They also suggested developing financial instruments to hedge
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 Table 2. Feedback loops in the extensive sheep farming system in Huesca (Spain). CLD = causal loop diagram.
 
Vicious circles Resilience indicators† Sustainability dimension

Eco. Soc. Env. Inst.

VC1- Consumption (major
thickness line in CLD)

⇓Lamb meat consumption (C) //→⇓ Lamb meat price →⇓ Farmers’ revenues →⇓ Gross margin
(F) →⇓ Sector attractiveness →⇓ Successors and new entrants →⇓ Number of farms (F) //→⇓ 
Farmers’ cooperation (R) //→ ⇓ Campaigns and awareness →⇓ Lamb meat consumption (C)
(interrelated with VC3 and VC4 through gross margin).

X X

VC2- Available workforce
(dotted lines in CLD)

⇓ Available workforce (C) //→⇑ Farmers’ workload→⇓ Farmers’ quality of life →⇓ Sector
attractiveness →⇓ Successors and new entrants →⇓ Number of farms (F) //→⇓ Farm jobs →⇓ 
Region attractiveness (A) //→⇓ Rural population →⇓ Available workforce (C) (interrelated
with VC1 through the number of farms).

X

VC3- Feeding costs (dashed
lines in CLD)

⇑ Feeding costs (C) →⇓ Gross margin (F) →⇓ Financial reserves (A) //→⇓ R&D Investments
→⇓ Farm technology investment (A) //→⇓ Quality animal handling →⇑ Feeding costs (C) 
(interrelated with VC1 through gross margin).

X

VC4- Policy diversity (medium
thick lines in CLD)

⇓ Subsidies-CAP Pillar 1 (A) //→⇓ Aids→⇓ Farmers’ revenues →⇓ Gross margin (F)→⇓ 
Financial reserves (A) //→⇓ R&D Investments→⇓ Farm technology investment (A) //→⇓ 
Pastures grazed (F) //→⇑ Shrub encroachment →⇓ Available pastures (A) //→⇓ Number of
sheep (F)→⇓ Subsidies-CAP Pillar 1 (A) (interrelated with VC1 through gross margin)

X X X

B1- Limited economic benefits ⇑ Gross margin (F) →⇑ Number of farms (F) //→⇑ Number of sheep →⇑ Food production (F)
→⇓ Lamb meat prices →⇓ Gross margin (F) (interrelated with VC1,2,3,4).

X

B2- Limited job creation →⇑ Farm jobs→⇑ Supply/Demand ratio labour maker →⇑ Workforce costs → ⇓ Gross margin
(F)→⇓ Farm jobs (interrelated with VC1,2,3,4).

X

B3- Limited technification
benefits

→⇑ Gross margin (F) → ⇑ Financial reserves (A) //→⇑ R&D Investments → ⇑ Farm
technology investment (A) //→ ⇑ Assets management and training → ⇑ Cost management → 
⇓ Gross margin (F) (interrelated with VC1,2,3,4).

X

B4- Limited natural resources ⇑ Number of farms (F) //→⇑ Number of sheep →⇓ Land available per sheep →⇑ Feeding costs
(C) →⇓ Gross margin (F) → ⇓ Number of farms (F) (interrelated with VC1,2,3,4).

X

† VC: Reinforcing loops functioning as vicious circles; B: balancing loops; in brackets the resilience variables’ classification: C (challenge), F (function), A (attribute); in
bold resilience variables at or beyond the critical threshold; //→: Delays; ⇑ resilience variable increases, ⇓ resilience variable decreases. Columns: Eco. (economic
dimension), Soc. (social dimension), Env. (environmental dimension), and Inst. (institutional dimension).

volatility as a solution to increasing feeding costs. This set of
strategies to deal with challenges is defined at the regional (e.g.,
create shepherding schools) and national levels (e.g., promote
consumption of meat from local breeds outside the region;
column 3, Table 3).  

Almost half  of the strategies proposed by participants (9/21) are
tailored to improve the diverse policies resilience attribute, which
is also at or beyond its critical threshold. The proposed strategies
are related to policies such as the CAP (e.g., remuneration for
provisioning public goods), sanitary legislation (e.g., adapt
legislation to the sanitary conditions of the extensive farming
sector), and urban legislation (e.g., develop new urban legislation
in rural areas that considers coexistence with the livestock sector)
as well as bureaucracy (e.g., use technology for real-time
communication). The scale of this set of strategies ranges from
both the regional (e.g., train local authority staff  in regional
specificities) and national levels (e.g., develop legislation tailored
to environmental management), as well as to the European level
(e.g., reduce excessive and specific regulations).  

The participants also identified strategies tailored to improving
resilience attributes (i.e., production coupled with local and
natural resources and infrastructure for innovation) and functions
(i.e., economic viability and natural resources conservation),
which are not at or beyond the critical threshold. In this case, the
strategies range from the local (e.g., open local slaughterhouses
to reduce farmers’ cost) to the European level (e.g., research on
more prolific and productive breeds to improve the economic
viability of farms).  

There are resilience variables that are not directly addressed by
the set of strategies mentioned by the participants. Some of them
are resilience variables at or beyond their critical threshold such

as the earnings resilience attribute (financial reserves), the food
production functions (number of sheep), and quality of life
(number of farms). The rest of the resilience variables that are
not directly addressed by the strategies identified by the
participants are the socially self-organized and support of rural
life attributes.  

The strategies identified by the participants may contribute to
reversing all the vicious circles identified (columns 4, 5, 6, Table
3) and to shifting the trends away from collapse. The strategies
are mainly oriented to VC3 and VC4 (Table 3). For example, the
participants identified strategies focused on reinforcing farm
technology (infrastructure for innovation attribute), such as
investing in farm efficiency, animal tracking, and grazed pasture
monitoring technology. By implementing these strategies, farmers
in the sheep system will be able to reduce feeding costs and improve
economic viability (gross margin; VC3). Furthermore, increased
farm technology will foster natural resources conservation
(grazed pastures), which in turn will reduce shrub encroachment
and reinforce the resilience attribute of having production
combined with local and natural resources (available pastures).

DISCUSSION
In this article we have applied participatory methods to investigate
the dynamics of an extensive livestock system through the lens of
resilience and sustainability. This analysis has allowed us to map
out the relationship between resilience variables and to
understand specific system dynamics. Many studies on the
resilience and sustainability of agriculture use a static approach
(Slijper et al. 2022, Prat-Benhamou et al. 2024). Others, in an
attempt to generalize knowledge on complex systems, resort to
simple rules of thumb or heuristics (Bennett et al. 2005, Biggs et
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 Table 3. Strategies favoring a desired alternative extensive sheep farming system.
 
Strategy Resilience variable Scale VC1 VC2 VC3 VC4

Promote consumption of meat from local breeds outside the region Lamb meat consumption (C) National X
Reinforce product origin and certification Lamb meat consumption (C) National X
Promote generational renewal (early retirement, access to land, etc.) Lack of workforce (C) Regional X
Create shepherding schools Lack of workforce (C) Regional X
Develop financial products to cover volatile market input prices Feeding costs (C) National X X
Facilitate access to pastures and stubble fields Diverse policies (A)/ Production coupled

with local and natural resources (A)
Regional X

Remunerate the sector for contribution to public goods Diverse policies (A)/Natural resources
conservation (F)

Regional/ National/
European

X

Develop legislation tailored to environmental management Diverse policies (A) Regional/ National/
European

X

Open local slaughterhouses Diverse policies (A)/Economic viability (F) Local/Regional X
Adapt legislation to the sanitary conditions of the extensive sector Diverse policies (A) Regional/ National X
Develop new urban legislation in rural areas considering coexistence with the
livestock sector

Diverse policies (A) Regional/ National X

Use technology for real-time communication with local authorities Diverse policies (A) Regional/National X
Train local authority staff  in regional specificities Diverse policies (A) Regional X
Reduce bureaucracy and excessive and specific regulations Diverse policies (A) Regional /National/

European
X

Invest in technology to improve efficiency (electronic readers, blood tests, etc.) Infrastructure for innovation (A) /
Economic viability (F)

Regional/National X X

Investment in technology for animal tracking (GPS, mobile phone, etc.) Infrastructure for innovation (A)/
Production combined with local and
natural resources (A)/Wildlife attacks (C)

National X X

Investment in technology to control grazed pastures Infrastructure for innovation (A)/ Natural
resources conservation (A)

National X X

Farmer training in new technology Infrastructure for innovation (A) Regional X X
Research in sanitary control of the ovine sector (new vaccines, medications,
etc.)

Economic viability (F) National/European X X

Research in more prolific and productive breeds. Economic viability (F) National/European X X
Research in net methane emissions from ovine sector Production coupled with local and natural

resources (A)
National/European X X

The classification of the resilience variables is indicated in brackets: C (challenges), F (functions), and A (attributes). Resilience variables in bold are at or beyond the critical
threshold. The vicious circles (VC1, VC2, VC3, and VC4) mainly targeted by strategy implementation are marked with an “X.”

al. 2012, Cabell and Oelofse 2012, Tittonell 2020), without
addressing the interactions between systems. This increases the
probability of missing actionable knowledge that can be applied
to improving the dynamics of the system (Bennett et al. 2005).
The participatory qualitative approach employed also provides
an accessible way to obtain a preliminary, and rather
comprehensive, stakeholder-informed understanding of extensive
livestock system dynamics.

Improved understanding of the relationships between resilience
variables
The qualitative system dynamics approach unveils the
relationships between resilience variables. First, the ability of the
system to provide functions is threatened not only by challenges
(Darnhofer 2014, Meuwissen et al. 2019), such as increasing
feeding costs or reducing lamb meat consumption, but also by
weakly expressed resilience attributes, such as earnings (financial
reserves) and diverse policies (CAP, environmental, sanitary, and
urban legislation). Walker and Salt (2012) found that the
dynamics of change in systems are mainly influenced by the lack
of forms of capital, i.e., system resources, in addition to external
disturbances. Regarding the weak attribute of diverse policies (the
lack of policies supporting the system’s resilience capacities,
robustness, adaptability, and transformability), Soriano et al.
(2022) found that policies contribute very little to the resilience
of the extensive sheep farming system in Huesca because policy
instruments have been mainly tailored to support farmers’
income, instead of strengthening other resilience variables such
as the nature conservation function (pastures grazed) or the
resilience attribute of supporting rural life (region attractiveness).
Tenza et al. (2017) established that external (exogenous) and

internal (endogenous) drivers threaten farming systems’
resilience. By applying a qualitative system dynamics approach,
these authors found that a social-ecological system’s tendency to
collapse (an oasis in Mexico) was triggered by exogenous factors
(e.g., development of modern agriculture in nearby valleys) and
maintained by the endogenous structure (e.g., services and
infrastructure).  

Second, the results also indicate that the system’s functions are
interrelated and influence each other. For example, the diminished
provision of private goods, such as the provision of economic
viability (gross margin), has discouraged farmers from remaining
in the sector, leading to a reduction in the provision of public
goods such as quality of life (number of farms) and natural
resources conservation (pastures grazed). In this regard, previous
studies have shown that the lack of adequate economic incentives,
such as market prices, discourage agricultural landowners from
producing ecosystem services (Kroeger and Casey 2007).
Additionally, farmers with secured income over an extended
period of time are able to gain further awareness and knowledge
of management for multiple ecosystem services (Smith and
Sullivan 2014).  

Third, challenges and resilience attributes are also interrelated.
Regarding the former, Komarek et al. (2020) concluded that the
agricultural sector is confronted with multiple risks that influence
each other and interact. Girdžiūtė (2012) explained that
production risks are related to personal and economic risks, which
in turn arise from political risks and regulations, which also affect
credit risks. In this regard, although the literature addressing
synergies and trade-offs between resilience attributes is scarce,
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previous studies have investigated the relationships between the
resilience attributes identified in this research: (i) The positive
relationship between the socially self-organized attribute
(farmers’ cooperation) and production coupled with local and
natural resources (available pastures) was analyzed by Brekke et
al. (2007). They concluded that farmers’ cooperation stabilizes
the ecosystem and avoids overgrazing under different climate
variations. (ii) The positive relationship between the earnings
attribute (financial reserves) and infrastructure for innovation
(farm technology investments) was assessed by Tey and Brindal
(2012). They found that farm capital (including the proxy
variables farm sales, production value, farm income, and debt-to-
assets ratio) is a significant factor influencing the adoption of
precision agricultural technology. In this way, a farmer who has
greater capital will have a greater financial capacity to innovate
(Edwards-Jones 2006). The in-depth understanding of the
relationships between resilience variables allows us to improve the
starting theoretical framework (Fig. 1) by adding that challenges
and weak attributes threaten farming systems, and that
challenges, functions, and attributes are interrelated (Fig. 4).

 Fig. 4. Improved farming system resilience and sustainability
assessment framework,
 

Feedback loops that lead the system close to collapse
We identified four reinforcing loops, three of them delayed,
functioning as vicious circles in the extensive sheep farming
system, which explain the trend of the system toward collapse.
Some of the resilience variables at or beyond the critical threshold
(meat consumption, lack of workforce, quality of life, diverse
policies, and financial reserves) are embedded in the delayed
vicious circles, indicating that it has taken them a long time to
reach the critical threshold level. This deterioration of the
resilience variables can be explained by the fact that it has not
been perceived or there have not been suitable strategies to stop
or reverse its trend. The participants in the workshop explained
that the extensive sheep production system has not been of interest
to private (value chain actors) and public (policy makers) actors.
Lamb meat is considered particular in taste, difficult to cook, and
expensive, conditions that make it unsuitable for regular
consumption (Martin-Collado et al. 2019) and hence not a core
product for distribution and retailers. The low contribution of
sheep farming to the agricultural production value added at the
national level, which reached 2% in 2022 (MAPA 2023c), may
also explain why policy makers pay little attention to this sector.
Delays can elucidate why previous efforts made in the sector have
failed (Sterman 2000).  

Furthermore, vicious circles are interrelated. In addition to
economic viability (gross margin) as the main system function
variable pivoting the interaction of thresholds (Paas et al. 2021b),
the present study suggests that the quality of life function (number
of farms) and the earnings attribute (financial reserves) also link
the existing vicious circles in the system. Regarding the former,
the reduced number of farms may lead to reducing farmers’
cooperation because they feel isolated (VC1) and to reducing
labor opportunities and hence region attractiveness and rural
population (VC2). If  these variables fall below their critical
threshold, system behavior will be nearly irreversible, given that
the rural population will emigrate, and the rural infrastructure
will no longer be maintained. The latter shows that diminished
financial reserves reduce farm technology investment targeted at
improving herd management, which in turn reduces feeding costs
(VC3), facilitates grazing management, and increases pasture
availability, thus preventing shrub encroachment (VC4).  

This study focused on reinforcing loops that are identified as
places in the system with high leverage potential (Meadows 1999).
This is also a logical choice for the extensive sheep system in
Huesca, with the ongoing decline of the system’s functioning,
hinting at dominant vicious circles. Even so, balancing loops have
been identified that regulate the dynamics of the system,
specifically vicious circles. Once vicious circles are turned into
virtuous circles, balancing loops will increase in strength and
eventually dominate the system’s behavior. From a positive point
of view, balancing loops can provide stability to the system once
desired sustainability levels are reached. However, the stabilizing
function of balancing loops can also resist further improvement
before these levels are reached, thus hindering a full sustainability
transition (de Gooyert et al. 2016). Once vicious circles are being
treated, researchers and stakeholders should pay attention to
balancing loops to be able to guide the transition process.

Integrated assessment of resilience and sustainability
We found that resilience variables’ vicious circles ran across
sustainability dimensions, revealing the interactions between
resilience and sustainability. These interrelations reinforce the
idea that resilience and sustainability are two interrelated
objectives (Saunders and Becker 2015). In our case study,
enhancing resilience by improving the resilience attributes of
economic viability (gross margin), quality of life (number of
farms), and earnings (financial reserves) results in long-term
impacts, including an increase in the attractiveness of the sector
and rural areas, and the conservation of natural resources for
newcomers and existing populations. The dynamics in the
extensive sheep farming system show several resilience variables:
economic (e.g., feeding costs), social (e.g., lamb meat
consumption), environmental (e.g., natural resources conservation),
and institutional (e.g., diverse policies); this indicates that moving
toward a sustainable system requires a system that is already
resilient. The interrelation between resilience and sustainability
shows the need for an integrated approach. Trade-offs between
strategies addressing resilience and sustainability will be less likely
to appear once the interrelations between these two aims have
been identified (Saunders and Becker 2015).  

The results of the present study also show that sustainability
dimensions are interrelated. Previous studies (Hansmann et al.
2012, Galdeano-Gómez et al. 2017) found synergies across
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sustainability dimensions in the agricultural sector. For example,
improving nature conservation (environmental dimension)
benefits protection of the population’s health and safety (social
dimension). Innovation and modernization (economic dimension)
can generate social and economic benefits and promote
sustainable use of natural resources (environmental dimension).
Building social and human capital and better natural resources
management can increase income (economic dimension). Trade-
offs between (inter- and intra-) sustainability dimensions in social-
ecological systems could also exist. For example, the reduction of
cattle herds to control the degradation of vegetation negatively
impacts the endangered population of scavengers (Banos-
González et al. 2015).

Strategies to turn vicious into virtuous circles
The participants in the FoPIA-SURE Farm 2 workshop identified
a set of strategies that target the resilient variables at or beyond
the critical threshold and thus involved in vicious circles (Table
3), which could reverse the trend of the system and turn it toward
collapse. Although the participants proposed a number of
strategies to meet challenges (e.g., reinforcing the labeling of a
product’s origin and quality certification to promote lamb meat
consumption), because it has traditionally been studied in the risk
management literature (Bardají et al. 2016), most of their
suggestions aimed at reinforcing resilience attributes, i.e., diverse
policies and infrastructure for innovation. The strategies to
reinforce the attribute of diverse policies aim at paying for the
provision of public goods and adapting policies that regulate
pasture accessibility, environmental protection, and sanitary
conditions to extensive livestock farming characteristics. These
strategies may impact almost all the vicious circles through the
VC4 as well as the different sustainability domains, contributing
to preventing the system’s collapse. The FoPIA-SURE Farm 2
workshop took place before the enforcement of the new CAP
2023–2027 measure in which eco-schemes were defined to support
the provision of public goods. In Spain, the CAP strategic plan
defines a specific practice (extensive grazing-P1) to support
extensive livestock farmers with payments that range between
40.96 €/ha (Mediterranean pastures) and 62.16 €/ha (wet pastures;
MAPA 2023d). According to the VC4, this is expected to increase
farmers’ income, financial reserves, and investment in new
technologies (e.g., animal geo-localization and digitalization) to
reinforce their function of environmental conservation by
increasing the number of hectares grazed.  

The strategies to reinforce the structure for the innovation
attribute, proposed by the participants in the FoPIA-SURE Farm
2 workshop, encompass boosting research, innovation, and
training (Table 3). These strategies will foster farm efficiency and
productivity as well as improve pasture management in ways that
reduce management and feeding costs and increase gross margins.
Candel et al. (2020) found that closing the gap between innovation
(e.g., in monitoring the use of pastures) and practice would
support systems’ resilience by supporting its adaptability capacity.

Although not identified by the participants in the FoPIA-SURE
Farm 2 workshop, it would also be advisable to define a set of
strategies tailored to improving the earnings attribute (financial
reserves) and the quality of life function (number of farms),
because they are variables at or beyond their threshold embedded
in the vicious circles. Because of the current low number of farms,
common initiatives that allow financing farms are difficult to

implement, such as joint investments or mutual funds developed
under the operational programs (EC Regulation 2017/89). In
Spain, so far, operational programs are implemented only in the
fruit and vegetables sector (MAPA 2023d). To increase the
number of farms, the RDP-CAP Pillar 2 plays an important role:
it is one of the main policy instruments for rural dynamization,
supporting rural entrepreneurship and the region’s attractiveness.
The RDP 2014–2020 in Aragón allocated 8% of the budget to
support the installation of young farmers and investments in fixed
assets (Government of Aragón 2023b). RDPs have the potential
to not only improve the region’s social fabric, but also to support
traditional practices and agri-environmental measures driven by
cooperation within the local community. Cooperation between
the actors in a farming system is claimed by other authors to
improve the system’s resilience. Moving from farmer-centered
strategies to multi-actor strategies may enhance resilience
(Meuwissen et al. 2020), as every actor in a farming system may
improve the resilience attributes and capacities in different ways
(Soriano et al. 2023).  

Given that there are multiple vicious circles interacting and
reinforcing each other, it is unlikely that one strategy is sufficient
to shift loop direction and turn vicious circles into virtuous ones.
This result is in line with Reidsma et al. (2023), who found that
strategies in multiple domains should be implemented
simultaneously to improve the system’s resilience and
sustainability. Restoring resilience variables that are at or beyond
the critical threshold with a delayed impact on the system’s
dynamics (i.e., lamb meat consumption, lack of workforce,
quality of life, diverse policies, and earnings) will require sustained
strategies (Paas et al. 2021b), such as raising awareness and
expanding scientific evidence to promote lamb meat consumption
(Scholl et al. 2010); promoting investment in agricultural
education, and vocational training courses to build a skilled
human capital workforce (Ryan 2023); defining instruments (e.g.,
Income Stabilization Tool and insurances) to enhance incomes
and reduce income variability (EC 2018); as well as supporting
research and innovation programs, advisory systems, and rural
infrastructure to trigger farm productivity (EC 2019).  

The scales of the strategies should also be taken into
consideration. Based on the strategies informed by participants
in the FoPIA-SURE Farm 2 workshop, a combination of
strategies at different scales, from the local (e.g., open local
slaughterhouses) to the European level (promote research in
sanitary control of the ovine sector), is needed to move the
farming system away from collapse and toward a more resilient
and sustainable system.  

Similar to other extensive livestock farming systems in the EU,
the case study presented herein has brought to light a variety of
strategies to improve the resilience and sustainability of such
systems, and it contributes to other research aimed at ensuring
the agroecological transition of the European livestock sector
(Peyraud and Macleod 2020).

CONCLUSION
We have analyzed the dynamics of the extensive sheep farming
system in Huesca, Aragón (Spain), a system that has shown a low
resilience capacity and is close to collapse. A qualitative system
dynamics model in the form of a CLD has been developed to
investigate complex system dynamics through the lens of
resilience and sustainability thinking.  
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Resilience variables at or beyond their critical threshold in
extensive sheep farming in Huesca are embedded in vicious circles,
explaining the system’s trends toward collapse. Relationships
between resilience variables in the vicious circles reveal that when
addressing the system’s resilience and sustainability, it is worth
considering that the system may be threatened not only by
challenges (lowering lamb meat consumption, lack of workforce,
increasing costs), but also by weak attributes (lack of diverse
policies) and already diminished functions (reducing number of
farms).  

Examining delays showed that resilience is a system’s capacity to
meet all types of challenges, it is built over a long period of time,
and poor resilience cannot return to full capacity over the short
term. Furthermore, the link between any vicious circles in the
system reveals the complexity of these interconnected resilience
and sustainability dimensions. Based on these results, when
designing pathways for enabling the resilience and sustainability
of extensive farming systems in Europe, it is advisable to consider
that a broad range of interventions are needed in the long run to
deal with challenges, weak attributes and diminished functions
pertaining to the economic, social, institutional and
environmental domains. This multi-target approach requires, for
example, reinforcing the coordination between different policies.
The CAP subsidies cannot enhance extensive livestock systems’
resilience and sustainability if  it is not adequately coordinated
with other policies influencing the system, i.e., environmental,
sanitary, urban, labor, consumption and innovation policies.  

These results should be considered with caution. Although the
proposed participatory approach is supported by a theoretical
framework, a literature review, and scientific evidence, the results
can be biased by subjectivity and arbitrariness inherent in our
participatory approach. This approach could be enriched by
building a quantitative dynamic simulation model, as a
subsequent step to test it. Finally, the methodology proposed does
not address the potential trade-offs between strategies addressing
resilience and sustainability at multiple scales. Complementary
methods are hence necessary.
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Appendix 1: Resilience attributes  

Resilience attributes Description  

1. Earnings1 Farmers and farm workers earn a livable wage while not 

depending heavily on subsidies. 

2. Production coupled 

with local and natural 

capital 

Soil fertility, water resources, and existing nature are 

maintained well. 

3. Functional diversity There is a high variety of inputs, outputs, income sources, 

and markets. 

4. Response diversity There is a high diversity of risk management strategies, e.g., 

different pest controls, weather insurance, flexible payment 

arrangements. 

5. Exposed to 

disturbance 

The amount of year-to-year economic, environmental, social, 

or institutional disturbance is small (well dosed) in order to 

timely adapt to a changing environment. 

6. Spatial and temporal 

heterogeneity of farm 

types 

There is a high diversity of farm types regarding economic 

size, intensity, orientation and degree of specialization. 

7. Optimally redundant 

farms 

Farmers can stop without endangering continuation of the 

system and new farmers can enter the system easily. 

8. Supports for rural life Rural life is supported by the presence of people from all 

generations, and supported by enough facilities in the nearby 

area (e.g., supermarkets, hospital). 

9. Socially self-

organized 

Farmers are able to organize themselves into networks and 

institutions such as cooperatives, community associations, 

advisory networks, and clusters with the processing industry. 

10. Appropriately 

connected with actors 

outside the farming 

system 

Farmers and other actors in the system are able to reach out 

to policy makers, suppliers, and markets that operate at the 

national and EU levels. 

11. Legislation coupled 

with local and natural 

capital 

Norms, legislation, and regulatory frameworks are well 

adapted to the local conditions. 

12. Infrastructure for 

innovation 

Existing infrastructure facilitates knowledge and adoption of 

cutting-edge technologies (e.g., digital). 

13. Diverse policies Policies stimulate all three capacities of resilience, i.e. 

robustness, adaptability, transformability. Policies 

addressing all three resilience capacities avoid situations in 

which the system is permanently locked in a robust but 

unsustainable situation. 

14. Ecologically self-

regulated 

Farms maintain plant cover and incorporate more perennials, 

provide habitat for predators, use ecosystem engineers, and 

align production with local ecological parameters. 

15. Optimally 

redundant (crops) 

Planting multiple varieties per crop rather than one; keeping 

equipment for various crops. 

16. Optimally 

redundant (nutrients & 

water) 

Obtaining nutrients and water from multiple sources. 



Resilience attributes Description  

17. Optimally 

redundant (labor) 

Labor comes from multiple sources. 

18. Spatial and 

temporal heterogeneity 

(land use) 

Diverse land use on the farm and across the landscape; 

mosaic pattern of managed and unmanaged land; diverse 

cultivation practices; crop rotations. 

19. Globally 

autonomous and locally 

interdependent 

Less reliance on commodity markets and reduced external 

inputs, more sales to local markets, reliance on local 

resources, existence of farmer cooperatives, close 

relationships between producers and consumers, shared 

resources such as equipment. 

20. Reflective and 

shared learning 

Extension and advisory services for farmers; collaboration 

between universities, research centers, and farmers; 

cooperation and knowledge sharing between farmers; record 

keeping; baseline knowledge about the state of the 

agroecosystem. 

21. Honors legacy Maintenance of old varieties and engagement of elders; 

incorporation of traditional cultivation techniques with 

modern knowledge. 

22. Builds human 

capital 

Investment in infrastructure and institutions for the education 

of children and adults; support for social events in farming 

communities; programs for preservation of local knowledge. 
1 Reasonably profitable (Cabell and Oelofse, 2012). 

Source: Based on Reidsma et al. (2020) and Paas et al. (2021c). 
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