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SUMMARY 

 

European extensive sheep farming is undergoing several challenges and negative trends, which 

are threatening the capacity of sheep systems to generate income and provide public/private 

goods/services. This is particularly evident in the marginal and rural areas of southern EU, 

affected by gradual depopulation, abandonment, and transitions to more intensive and 

specialized sectors. Concerns over the survival of extensive sheep farming are basically due to 

the wide range of ecosystem services and socio-economic functions delivered by sheep 

systems, above all in those marginal areas where other productive activities are unfeasible. In 

order to find new solutions to overcome existing challenges, and anticipate the emerging ones, 

novel comprehensive and multidisciplinary approaches ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÆÁÒÍÉÎÇ ÓÙÓÔÅÍÓȭ ÃÁÐÁÃÉÔÙ 

to keep delivering their important functions are required. Within this broad scope, in recent 

years great importance has been attached to the resilience theory and its adaptations to agri-

food systems. Most recent advances in resilience research in the EU have provided theoretical 

and analytical frameworks to assess the resilience of farming systems. Such approaches 

demonstrate remarkable potential, and worth being applied further. 

The motivation of the PhD thesis is rooted into the urgent need to identify development 

trajectories and resilience paths that allow to conserve and boost the role played by extensive 

sheep farms in marginal areas of Spain, given the particular vulnerability of this sector. Sheep 

farms, in fact, are affected by several socio-economic, institutional and environmental 

challenges. Among the others, there is concern about the sharp reduction in lamb meat 

consumption, and the structural low profitability that is leading to transition to intensive 

productions, and the lack of workers and young successor willing to enter the sector. The main 

goal of the thesis, therefore, is to assess the strategies, management patterns, and policies that 

could potentially promote the capacity of extensive sheep farming systems to keep delivering 

their unreplaceable functions and services, in spite of the current and future challenges 

threatening the sector. To this end, the thesis research focuses on the case study of extensive 

sheep farms of Huesca, Aragón, Northeast Spain, with a minor incursion in the extensive beef 

farming of Sierra Guadarrama, Central Spain. In order to achieve the main goal, different aspects 

of extensive sheep farming system need to be investigated. These are addressed by five specific 

objectives: I) to identify the factors threatening intra -family farm succession and its 

characterizing phases; II) to identify the resilience attributes and capacities in alternative farm 

management patterns; III) to quantify th e economic performance of alternative production 

strategies to cope with main economic risks; IV) to identify new ways through which risk 

management strategies may improve resilience; and V) to assess the impact of different policies 

ÏÎ ÆÁÒÍÓȭ ÒÅÓÉÌÉÅÎÃÅȟ and to highlight potential developments in the policy framework.  

The PhD thesis methodology draws upon the most recent advances in resilience research in 

Europe, with special regard to the assessment framework provided by the H2020 SURE-Farm 

project1, within which this thesis was developed. The thesis is based on a comprehensive and 

multidisciplinary methodology including multiple sources of data, and qualitative and 

 
1 https://www.surefarmproject.eu/ 
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quantitative methods of analysis. The thesis investigation was carried out through four 

research studies, each targeting the first four research objectives, respectively. The fifth 

objective overarches the four studies. The first and the second research studies consist of a 

qualitative content analysis of 28 semi-structured interv iews to farmers and their relatives. The 

third research study is based on an economic risk assessment including a farm profitability 

model and stochastic simulations, using national accountancy data and information from a 

survey of 60 farmers in Huesca. The fourth research study consists of a content analysis and 

coding of qualitative data from a focus group involving eight ÆÁÒÍÉÎÇ ÓÙÓÔÅÍȭÓ ÓÔÁËÅÈÏÌÄÅÒÓ ÉÎ 

Huesca. 

The PhD thesis results show that intra-family farm succession follows three key steps: the 

ÐÏÔÅÎÔÉÁÌÉÔÙ ÏÆ ÓÕÃÃÅÓÓÉÏÎȟ ÔÈÅ ÓÕÃÃÅÓÓÏÒȭÓ ×ÉÌÌÉÎÇÎÅÓÓ to take over, and the effectiveness of 

succession. The willingness step was found to be the weakest step threatening the farm 

continuity in the sector, whereas the policy framework seems to be supporting almost 

exclusively the last step of effectiveness.  

Along with the farm continuity, sheep farms in the region can follow four alternative 

development trajectories, namely extensification (more reliance on pasture-based), 

intensification (more stable-based), re-orientation (reduction of sheep and diversification), and 

ÃÏÎÓÅÒÖÁÔÉÏÎ ɉÆÁÒÍÓȭ ÓÔÒÕÃÔÕÒÅ ÍÁÉÎÔÅÎÁÎÃÅ ÂÁÓÅÄ ÏÎ ÑÕÁÌÉÔÙ ÐÒÏÄÕÃÔÉÏÎɊȢ All patterns promote 

adaptability to some extent, but the patterns extensification and conservation mainly 

contributÅ ÔÏ ÒÏÂÕÓÔÎÅÓÓ ÔÏ ÒÅÉÎÆÏÒÃÅ ÔÈÅ ÏÒÉÇÉÎÁÌ ÆÁÒÍÓȭ ÓÔÒÕÃÔÕÒÅȟ ×ÈÅÒÅÁÓ ÔÈÅ ÐÁÔÔÅÒÎÓ ÒÅ-

orientation and intensification lead to transformations. There is clear distinction among 

resilience attributes determining transformative patterns like intensification and re-

orientation, and those favouring the conservation or re-adjustment of traditional extensive 

management. The policy framework appears to drastically favour the transition towards more 

intensive or different productions. 

Across the four farm trajectories, two main supply- and demand-oriented strategies seem 

promising: the increase of sheep prolificacy, and the use of protected geographical 

identification  labels. The thesis findings highlight that feeding costs are the major source of risk, 

and that increased prolificacy has the greatest potential to mitigate this risk. In contrast, the 

quality labelling strategy shows scant performance, and appears to be more vulnerable to price 

variability.   

The multi-stakeholder focus group indicated four main strategies to enhance resilience in the 

sector, i.e. 1) improving investment, financing capacity and insurance; 2) promoting lamb meat 

consumption (including bargaining power in value chain); 3) value extensive livestock 

contribution to environmental conservation and population retention; and 4) training and 

knowledge transfer. The stakeholders suggested manifold options to improve these strategies, 

which can be grouped into three main avenues: cooperation & marketing, the knowledge 

system, and the policy & financial tools. 

This PhD thesis research provides a comprehensive and multifaceted analysis of the extensive 

sheep farming system dynamics in Huesca, and the different aspects that determine its 
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resilience capacity, thus proving the efficacy of this resilience assessment approach. In addition, 

the thesis hints at ideas for future research in the case study area, mainly regarding the 

generational renewal and developments in the policy framework, as well as about the 

comparison with and generalization over other farming systemsȭ ÒÅÓÉÌÉÅÎÃÅ ÁÓÓÅÓÓÍÅÎÔÓ. 
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RESUMEN 

 

La ganadería ovina extensiva europea está atravesando tiempos en los que vive varios desafíos 

y tendencias negativas que amenazan la capacidad de los sistemas de ovino extensivo para 

generar ingresos y proporcionar bienes y servicios públicos / privados. Esto es particularmente 

evidente en aquellas zonas marginales y rurales del sur de la UE, afectadas por procesos 

graduales de despoblación, abandono y transiciones hacia sectores más intensivos y 

especializados. Las preocupaciones sobre la supervivencia de la ganadería extensiva de ovinos 

se deben básicamente a la amplia gama de servicios ecosistémicos y funciones socioeconómicas 

que brindan los sistemas de ovino, sobre todo en aquellas áreas marginales donde otras 

actividades productivas son inviables. Con el fin de encontrar nuevas soluciones para superar 

los desafíos existentes y anticipar los emergentes, se requieren enfoques novedosos, integrales 

y multidisciplinar es para evaluar la capacidad de los sistemas agrícolas para seguir cumpliendo 

sus importantes funciones. En este ámbito, en los últimos años se ha otorgado gran importancia 

a la teoría de la resiliencia y sus adaptaciones a los sistemas agroalimentarios. Los avances más 

recientes en la investigación de la resiliencia en la UE han proporcionado marcos teóricos y 

analíticos para evaluar la resiliencia de los sistemas agrícolas. Estos enfoques demuestran un 

potencial notable de lograr hallazgos útiles, por lo que merecen ser aplicados. 

La motivación de la tesis radica en la urgente necesidad de identificar trayectorias de desarrollo 

y caminos de resiliencia que permitan conservar e impulsar el papel que juegan las 

explotaciones extensivas de ovino en zonas marginales de España, dada la especial 

vulnerabilidad de este sector. El sector ovino, de hecho, se ve afectado por varios desafíos 

socioeconómicos, institucionales y ambientales. Entre otros, preocupa la fuerte reducción del 

consumo de carne de cordero, y la baja rentabilidad estructural que está llevando a la transición 

a producciones intensivas, y la falta de trabajadores y jóvenes sucesores dispuestos a ingresar 

al sector. El objetivo principal de la tesis, por lo tanto, es evaluar las estrategias, modelos de 

manejo y políticas que promuevan la capacidad de los sistemas de ganadería extensiva de ovino 

para seguir entregando sus funciones y servicios insustituibles, a pesar de los desafíos actuales 

y futuros que amenazan al sector. Para ello, la investigación de la tesis se centra en el estudio 

de caso de las explotaciones extensivas de ovino de Huesca, Aragón, noreste de España, con una 

pequeña incursión en la ganadería extensiva de vacuno de Sierra Guadarrama, en el Sistema 

Central. Para lograr el objetivo principal, es necesario investigar diferentes aspectos del sistema 

extensivo de cría de ovejas. Estos son abordados en cinco objetivos específicos: I) identificar los 

factores que amenazan la sucesión intrafamiliar y sus fases características; II) identificar los 

atributos y capacidades de resiliencia en modelos alternativos de gestión agrícola; III) 

cuantificar el potencial económico de estrategias de producción alternativas para hacer frente 

a los principales riesgos económicos; IV) identificar nuevas formas a través de las cuales las 

estrategias de gestión de riesgos pueden mejorar la resiliencia; y V) evaluar el impacto de las 

diferentes políticas en la resiliencia de las explotaciones y destacar los posibles desarrollos en 

el marco de políticas. 

La metodología de la tesis se basa en los avances más recientes en la teoría de la resiliencia en 

Europa, con especial atención al marco de evaluación proporcionado por el proyecto SURE-
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Farm2, en el marco del cual se desarrolló esta tesis. La tesis se basa en una metodología integral 

y multidisciplinar que incluye múltiples fuentes de datos y métodos de análisis cualitativos y 

cuantitativos. La investigación de la tesis se llevó a cabo a través de cuatro estudios de 

investigación, cada uno de los cuales se centró en los primeros cuatro objetivos de 

investigación, respectivamente. El quinto objetivo es transversal a los cuatro estudios. El 

primero y el segundo estudio de investigación consiste en un análisis de contenido cualitativo 

de 28 entrevistas semiestructuradas a agricultores y sus familiares. El tercer estudio de 

investigación se basa en una evaluación de riesgo económico que incluye un modelo de 

rentabilidad agrícola y simulaciones estocásticas, utilizando datos de la Red contable de  

explotaciones nacionales e información de una encuesta a 60 agricultores en Huesca. El cuarto 

estudio de investigación consiste en un análisis de contenido y codificación de datos 

cualitativos de un grupo focal que involucra a ocho actores o grupos de interés del sistema 

agrícola en Huesca. 

Los resultados de la tesis muestran que la sucesión agrícola intrafamiliar sigue tres pasos clave: 

la potencialidad de la sucesión, la voluntad del sucesor de asumir el control y la eficacia de la 

sucesión. Se descubrió que el paso de disposición es el paso más débil, amenazando la 

continuidad agrícola en el sector, mientras que el marco de política parece apoyar casi 

exclusivamente el último paso de eficacia.  

Junto con la continuidad de la granja, las granjas de ovejas en la región pueden seguir cuatro 

trayectorias de desarrollo alternativas, a saber, extensificación (más dependencia de los 

pastos), intensificación (incremento en carga ganadera), reorientación (reducción de ovejas y 

diversificación) y conservación (mantenimiento de la estructura de las granjas basado en una 

producción de calidad). Todos los patrones estimulan la adaptabilidad hasta cierto punto, pero 

los patrones de extensión y conservación contribuyen principalmente a la robustez para 

reforzar la estructura de las granjas originales, mientras que los patrones de reorientación e 

intensificación conducen a transformaciones. Existe una clara distinción entre los atributos de 

resiliencia que determinan patrones transformadores como la intensificación y reorientación, 

y los que favorecen la conservación o reajuste del manejo extensivo tradicional. El marco de 

políticas parece favorecer drásticamente la transición hacia producciones más intensivas o 

diferentes. 

En las cuatro trayectorias de las granjas, dos estrategias principales orientadas a la oferta y la 

demanda parecen prometedoras: el aumento de la prolificidad de ovejas y el uso de sellos de 

identificación geográfica protegidas. Los hallazgos de la tesis sugieren que los costes de 

alimentación son la principal fuente de riesgo y que una mayor prolificidad tiene el mayor 

potencial para mitigar este riesgo. Por el contrario, la estrategia de etiquetado con sellos de 

calidad muestra un rendimiento escaso y parece ser más vulnerable a la variabilidad de precios.  

El grupo de enfoque de múltiples actores permitió destacar cuatro estrategias principales para 

mejorar la resiliencia en el sector: 1) aumentar la inversión, la capacidad de financiamiento y 

los seguros; 2) promover el consumo de carne de cordero (incluido el poder de negociación en 

 
2 https://www.surefarmproject.eu/ 
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la cadena de valor); 3) valorar la contribución de la ganadería extensiva a la conservación del 

medio ambiente y la fijación de la población; y 4) formación y transferencia de conocimientos. 

Los actores sugirieron múltiples opciones para mejorar estas estrategias, que se pueden 

agrupar en tres vías principales: la cooperación y marketing, el sistema de conocimiento y las 

herramientas políticas y financieras. 

Esta tesis proporciona un análisis integral y multifacético de la dinámica del sistema de 

ganadería extensiva ovina en Huesca, y los diferentes aspectos que determinan su capacidad de 

resiliencia, demostrando así la eficacia de este enfoque de evaluación de la resiliencia. Además, 

la tesis sugiere ideas para futuras investigaciones en el área de estudio de caso, principalmente 

sobre el relevo generacional y los desarrollos en el marco de políticas, así como sobre la 

comparación y generalización sobre las evaluaciones de resiliencia de otros sistemas agrícolas. 
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1. PROBLEM STATEMENT AND MOTIVATION 
 

1.1 EXTENSIVE SHEEP FARMING AND ITS FUNCTIONS 

 

In the European Union (EU), extensive sheep farming accounted for approximately 87 million 

heads in 2017, of which about 19% were raised in Spain, which is the second largest producer 

in EU after the UK (considering that the Brexit was not effective yet). In 2013, the EU census 

included 850,000 sheep farms, employing 1.5 million people, representing about 7% of total 

agricultural employees. EU sheep farming is mainly oriented to meat production, delivering 

around 755,000 tonnes in 2016, for a total value of 5,3ππ ÍÉÌÌÉÏÎ ΌȢ 7ÈÉÌÅ ÓÈÅÅÐ ÃÏÎÓÕÍÐÔÉÏÎ 

is generally lower than other livestock meats, the EU is not self-sufficient (about 80% of 

consumer demand is satisfied), and still relies on import trade, mainly from New Zealand and 

Australia. In contrast, EU export accounts for about 10% of the total production, mainly shipped 

to Middle East and North Africa. Spain is the second exporter among EU countries, specialised 

mostly in live animals (Rossi, 2017; EC, 2019). 

EU sheep farming, however, has shown declining trends over the last decades, which are likely  

to continue in the next years. The sheep census has declined by 16% between 2000 and 2016, 

whereas the production has decreased by 34% between 2005 and 2015 (Rossi, 2017). Though 

prices have remained rather stable over time (diminished 1.1% between 2010 and 2015), 

sheep consumption has decreased consistently across the EU (EP, 2008; Rossi, 2017). In line 

with the EU trends, Spain has shown a significant drop in the number of sheep farms, as well as 

in the annual lamb consumption, which decreased from 2.1 kg/capita in 2011 to 1.33 kg/capita 

in 2019 (MAPA, 2019). Future scenarios towards 2030 drawn by the European Commission 

(2019) confirm the negative trends. Sheep production in the EU is not expected to increase, and 

is likely to remain concentrated mainly in Spain (due to the Brexit, UK is not accounted). EU 

exports are expected to decline by 34% between 2019-2030, whereas projections for prices 

indicate a downward adjustment.  

Extensive sheep farming systems are characterized by unique and intrinsic features, which 

make them diverse with respect to other livestock sectors, and more difficult to support and 

restructure. In the first place, extensive sheep farming is widely practiced in more marginal, 

often mountainous areas of Southern EU. About 80% of reared sheep are in less-favoured areas 

(LFA) (EP, 2008). Sheep farming, in fact, is likely to be practiced in those regions where other 

productive activities would be unfeasible (de Rancourt et al., 2006). In 2012, LFA covered the 

35% of Utilized Agricultural Area (UAA) in the EU (approximately 61 million hectares in the 

EU-28), and about 34% in Spain. The use of grassland has been decreasing during the last 

decades, a source of environmental concern. In Spain, grassland has decreased by 15% in 

2000s, leading to an increase in abandoned shrub and forest areas (Porqueddu et al., 2016). 

Sheep farming shows a number of structural weaknesses, which are more pronounced than for 

other agricultural productions. In general, it is a low productive activity with low rates of 
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innovation, and very labour-intensive. It requires specific skills (e.g. shepherd) which are not 

easily available in the labour market. Sheep farmers are older than in other sectors, and the 

share of young farmers is particularly low. There is poor organization of the sheep farms and 

industry, and average incomes are among the lowest in EU agriculture. Moreover, a remarkable 

set of regulations influence sheep farming, ranging from sanitary and transportation rules to 

Natural Reserves and Parks regulations (Rossi, 2017). 

Also, sheep farms are strongly dependent on subsidies (EU Farm Economics Overview, 2018), 

ÍÅÁÎÉÎÇ ÔÈÁÔ ÁÎÙ ÃÈÁÎÇÅ ÉÎ ÔÈÅ ÐÏÌÉÃÙ ÆÒÁÍÅ×ÏÒË ÈÁÓ Á ÍÁÊÏÒ ÉÍÐÁÃÔ ÏÎ ÔÈÅ ÓÅÃÔÏÒȭÓ ÓÕÒÖÉval 

(Soriano et al., 2018). An example is the decoupling of CAP payments in 2003, which led to 

important, consequential structural changes in the sector (de Rancourt et al., 2006). Not less 

importantly, the upcoming post-2020 CAP reform rises concerns and opportunities regarding 

the impact it may entail for sheep and livestock systems in the EU (Matthews, 2018).  

Based on these weaknesses, concerns about the future of extensive sheep farming in Europe 

have grown (Morris, 2017). The reasons for such concerns are rooted in the irreplaceable 

environmental and social role that extensive sheep farms play by delivering a number of 

functions including public and private goods and services. Public goods/services are non-

excludable and non-rivalrous (e.g. landscape), whereas private goods/services are excludable 

and rivalrous (e.g. food). For example, grazing livestock has been found to be beneficial for 

maintaining biodiversity (Bernués et al., 2005) and soil multifunctionality (Peco et al., 2017). 

Besides, grazing contributes to conserve habitat conditions and reduce pesticides and synthetic 

fertilizers  (Kristensen et al., 2016), and to preserve cultural heritage and landscapes 

(Rodriguez-Ortega et al., 2014). In Aragón, Rodríguez-Ortega et al. (2018) highlight also the 

contribution of extensive livestock for wildfires prevention, carbon sequestration and quality 

production. 

Previous research on extensive sheep farming in Huesca (Aragón, Spain) identified the main 

functions provided by extensive sheep farming (Spiegel et al., 2019; Reidsma et al., 2019), as 

reported in Table 1. Interestingly, results from these works are very similar to one another 

despite they were derived from different methods: farmer surveys and multi -stakeholder focus 

group. In the surveys, farmers were asked to assign 100 points between different functions, 

then the average perception between the surveyed farmers was calculated. Likewise, in the 

focus group, participants were asked to individually  rank the perceived importance of functions 

by 100 points, than an average was measured. Basically, the main functions are the farm 

income, food supply, the animal welfare, and the maintenance of natural resources. Particular 

attention is paid to the significant ecosystem services delivered. 
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Spiegel et al. (2019)  

-based on surveys- 

Reidsma et al. (2019)  

-based on focus groups- 
Farm Income (42%) Ensure sufficient farm income (40%) 

Animal Welfare (17%) Deliver quality food products (19%) 

Food Supply (16%) Ensure animal welfare (13%) 

Natural Resources (9%) Maintain natural resources (9%) 

Work Conditions (5%) Good working conditions (7%) 

Protect biodiversity (5%) Protect biodiversity (6%) 

Table 1. The main functions provided by the extensive sheep farming system of Huesca. Own 
elaboration based on results from Reidsma et al. 2019, and Spiegel et al., 2019. 

 

The constant decrease in sheep number and farms, as well as the implementation of different 

management patterns (e.g. intensification, Riedel et al., 2007), were found to be the driving 

phenomena of land abandonment and loss of ecosystem services delivered by the sector 

(Porqueddu et al., 2016). These dynamics appear to counteract the aims of EU institutions, 

which set outstanding goals for the future of livestock in the EU (Peyraud and MacLeod, 2020). 

In the current scenario, for example, the emerging management patterns applied to cope with 

the weaknesses of sheep farming put into question the sustainability of the sector. 

Abandonment of grassland, conversion to intensive sheep farming, and transition to other 

intensive livestock and crop productions (e.g. pig fattening, cereals) weaken the sÅÃÔÏÒȭÓ 

capacity to deliver its characteristics socio-economic functions and ecosystem services. 

The extensive sheep farms of southern EU, thus, merit  receiving special attention from both 

institutions and research. With this regard, the European Commission (Peyraud and MacLeod, 

2020) draws major trajectories to be explored in order to ensure the economic, environmental 

and social sustainability of livestock farming. These include the consideration of a large range 

of goods and services to be provided (rather than single commodity productions), as well as 

stronger agro-ecological approaches and faster adoption of innovative technologies. In order to 

enhance the extensive sheep farming systems, and to boost their unreplaceable functions, 

greater effort should be made to explore effective paths of development, and novel approaches 

are needed to explore new opportunities.  

 

1.2 CURRENT AND FUTURE CHALLENGES 

 

Figure 1 shows the main economic and structural trends of the sheep sector in Huesca, Aragón, 

Northeaster Spain. Between 2013 and 2019, in Huesca (Eurostat classification NUTS 3), the 

number of farms has decreased by 24%, whereas the number of heads has diminished by 13%. 

At regional level (Aragón, NUTS 2), the number of farms has decreased by 25% between 2013 

and 2019, whereas the number of heads has decreased by 40% in the period 2006-2018. 

Similar trends are shown by sheep production under the protected geographical identification, 

for which the number of slaughtered lambs is stable (around 223,000 heads per annum), but 

the number of farms producing under label have diminished by 33% in the period 2008-2017. 

The conventional lamb prices have been stable over the last 15 years, but the prices under the 
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Protected Geographical Identification (PGI) label ȬTernasco de Aragónȭ are generally higher and 

slightly increased. On the other hand, specific livestock costs per livestock unit have been 

increasing between 2004-2018 (by 23%), while the coupled subsidies per livestock unit have 

decreased consistently in the same period (by 54%).  

In spite of the potential benefits of extensive sheep farming, several social, economic, 

institutional, and environmental challenges, materializing on both local and global scales, are 

threatening the capacity of the sector to generate income and deliver private and public goods 

and/or services (Dubeuf et al., 2016; Chartier and Cronin, 2017; Komarek et al., 2020; Ruiz et 

al., 2020). This is evident especially in the Mediterranean regions of Southern EU where there 

is overall socio-economic impoverishment (Giannakis and Bruggeman, 2015; Zagata and 

Sutherland, 2015). Among the challenges emerging at a larger scale stand the impact of climate 

change (Scocco et al., 2016), changes in the policy framework (Matthews, 2018) and market 

liberalization (Ferrari et al., 2021), and the weak generational renewal affecting several EU 

regions (Zagata and Sutherland, 2015). The challenges faced in extensive sheep farming system 

of Huesca, Aragón, were analysed in former investigations (Spiegel et al., 2019; Soriano et al., 

2020). These investigations were part of the SURE-Farm project, and were carried out 

sequentially based on two alternative methodologies: respectively, survey of farmers and 

multi -stakeholders focus group. This thesis, therefore, has drawn upon this evidence and 

findings. The identified challenges are in line with those of sheep production in various EU 

regions.  

The institutional challenges are relevant in the case study area (Spiegel et al., 2019; Soriano et 

al., 2020). Since the decoupling of direct payments in 2003, CAP aids to sheep farmers have 

been reduced and turn asymmetric, meaning that farmers who shifted to different productions 

still receive aids based on past sheep activities. The current policy framework emphasizes the 

competition of extensive sheep farmers with more intensive sectors, such as pig and calf 

fattening. As most of public subsidies are based on farmed area, there has been an increasing 

competition for land, that is a crucial resource for extensive sheep farming. Often, many 

pastures that would be exploited by farmers are not eligible for receiving decoupled payments, 

which are an important source of income for sheep farmers. Furthermore, there is plenty of 

ÒÅÇÕÌÁÔÉÏÎÓ ÃÏÎÓÔÒÁÉÎÉÎÇ ÔÈÅ ÆÁÒÍÅÒÓȭ ÃÁÐÁÃÉÔÙ ÔÏ ÃÁÒÒÙ ÏÎ ÔÈÅÉÒ ÂÕÓÉÎÅÓÓȢ 4ÈÅÓÅ ÉÎÃÌÕÄÅÓ 

sanitary norms, urban regulations, and rules to access and graze in Natural Reserves and Parks. 

In addition, it is important to mention that sheep farms income in the EU is strongly supported 

by public subsidies (EU Farm Economics Overview, 2018). This makes sheep farming strongly 

dependent on changes and developments in the policy framework (de Rancourt et al., 2006; 

Matthews, 2018; Soriano et al., 2018). Likewise, international markets liberalization, and the 

consequential increase in market competition, cast doubts on the effective capacity of sheep 

farms to go through the challenge at present (Ramírez-López et al., 2020). 
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Figure 1. Trends of the sheep sector in Aragón and Huesca. Own elaboration. 

Data on number of farms and heads in Huesca and Aragón are derived from the regional 

livestock statistics (Estadisticas Ganaderas ɀ Gobierno de Aragón3), whereas accountability 

data on livestock costs and subsidies are based on the European Farm Accountancy Data 

Network4 (FADN). Data on prices, PGI farms and slaughtered heads are provided by the 

Spanish Ministry of Agriculture (MAPA, 2020a; MAPA, 2020b, MAPA, 2020c). 

 

On the social side, concerns on rural depopulation, low availability of workers, lack of 

intergenerational renewal, and low quality of life of sheep farmers are obstacles to attract 

younger farmers and their families. TÈÅ ÓÅÃÔÏÒȭÓ ÄÅÃÌÉÎÅ ÈÁÓ ÂÒÏÕÇÈÔ ÁÂÏÕÔ ÄÅÅÐ ÓÏÃÉÁÌ ÃÈÁÎÇÅÓ 

over the last decades in rural and farming communities. The continuous and persistent 

phenomenon of rural depopulation affects large territories, threatening the survival of the 

social fabric (Cramer et al., 2008; JRC, 2013; ESPON, 2018). The interconnected phenomena of 

land abandonment and depopulation are related to the unwillingness of young adults to 

succeed in farming (Zagata and Sutherland, 2015; Conway et al., 2017), above all in those 

 
3 https://www.aragon.es/-/estadisticas-ganaderas  
4 https://ec.europa.eu/agriculture/rica/database/database_en.cfm  

https://www.aragon.es/-/estadisticas-ganaderas
https://ec.europa.eu/agriculture/rica/database/database_en.cfm
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marginal and less-productive areas where agriculture is central to maintain the rural 

population (MacDonald et al., 2000; Hinojosa et al., 2016). The decline of farm succession is a 

crucial concern for the future of European farming (Anguaiano et al., 2008; Burton and Fischer, 

2015; Cavicchioli et al., 2015; Joosse and Grubbström, 2017). The sharp reduction of farm 

successions is evident in regions of northern Spain (Aldanondo-Ochoa et al., 2007, Regos et al., 

2016), and contributes to the abandonment of agro-pastoral activities and semi-natural 

grassland and to the aging of farmers (Keenleyside and Tucker, 2010; Perpiña-Castillo, 2018; 

Van der Zanden et al., 2017). 

However, regarding social challenges, farmers in Huesca are also concerned about social 

acceptance and public distrust, which are somehow connected to the changing consumer habits 

and preferences, resulting in the reduction of sheep meat consumption. Consequently, media 

communication seems to be a great challenge for the future. In the EU, changing consumer 

habits and preferences often lead to a reduction of meat consumption (Henchion et al., 2014). 

According to previous research (Boogaard et al., 2011; Clark et al., 2016), livestock systems, 

particularly, suffer from a negative or undervalued public perception. For example, in the EU, 

consumers are increasingly moving from red meat consumption (such as lamb) to white meat 

consumption (like chicken) (Rabadán et al., 2020). These phenomena occur on top of the low 

profitability of sheep farming systems, also connected to low efficiency and weak market 

positioning (Gursoy, 2006; Gazzarin and El Benni, 2020). 

The socio-economic phenomenon of decreasing lamb consumption is of great relevance. In 

Spain, the average lamb consumption is higher than in the EU (especially in North Spain) 

(Alcalde et al., 2013), though the national lamb consumption has drastically decreased over the 

last decades, posing one of the greatest challenge to the Spanish sheep sector. The annual lamb 

consumption decreased from 2.1 kg/capita in 2011 to 1.33 kg/capita in 2019 (MAPA, 2019). 

Lamb consumption is generally lower than other meats consumption (Escriba-Perez et al., 

2017). While more than half of the consumers recognize extensive sheep farming as an 

environmental-friendly production, attributes like high prices and taste might influence the 

negative trend (Alcalde et al., 2013). However, lamb producers tend to overestimate the effect 

ÏÆ ÐÒÉÃÅÓ ÏÎ ÃÏÎÓÕÍÅÒÓȭ ÐÒÅÆÅÒÅÎÃÅ ɉ3ÅÐĭÌÖÅÄÁ ÅÔ ÁÌȢȟ ςπρρɊȢ )ÎÓÔÅÁÄȟ &ÏÎÔ É &ÕÒÎÏÌÓ ÅÔ ÁÌȢ ɉςπρρɊ 

found ÔÈÁÔ ÐÒÏÄÕÃÔÓȭ ÏÒÉÇÉÎ ÃÁÎ ÂÅ ÍÏÒÅ ÖÁÌÕÅÄ ÂÙ ÃÏÎÓÕÍÅÒÓ ÔÈÁÎ ÐÒÉÃÅȟ ÅÖÅÎ ÔÈÏÕÇÈ ÔÈÉÓ 

trade-off might be changing after the economic crisis (Rabadán et al., 2020). Bernués et al. 

(2012) highlight that a growing trend in Spain (Aragón) is the demand for easy cooking 

products, whereas all types of consumers are more willing to buy pasture-fed lamb rather than 

concentrate-fed ones. In this respect, Font i Furnols et al. (2009) calculate that about 60% of 

Spanish consumers prefer lamb totally or partially fed on grassland, rather than fed only by 

feed concentrates. As most of the Spanish lamb consumers are occasional consumers (Bernabéu 

et al., 2018), and that occasional consumers are less sensitive to price and more attracted by 

quality and origin certifications (Bernabéu and Tendero, 2005), quality labels are considered a 

further, potential way out to reverse the negative consumption trends (Chamorro et al., 2012). 

This is evident also in Aragón, where both occasional and habitual consumers value quality 

labellinÇ ɉ2ÉÐÏÌÌ ÅÔ ÁÌȢȟ ςπρψɊȢ #ÈÁÎÇÉÎÇ ÃÏÎÓÕÍÅÒÓȭ ÈÁÂÉÔÓ ÐÏÓÅ Á ÃÈÁÌÌÅÎÇÅ ÂÕÔȟ ÁÌÓÏȟ ÏÐÅÎ ÕÐ 

new opportunities that have not been exploited by the sheep sector yet. 
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While economic challenges appear less relevant overall in Huesca (Spiegel et al., 2019; Soriano 

et al., 2020), the main specific challenges perceived by farmers are low sale prices and the 

implementation of new production technologies. These are in line with the weaknesses 

detected in sheep farming across the EU. Besides, high costs of production threaten the 

profitability of farms. In Spain, this is especially due to the costs for feed, which are the highest 

costs in sheep meat production (Aguilar et al., 2006; Toro-Mujica et al., 2012; Morris, 2017).  

The main environmental challenges regard conflicts with wild fauna, especially wolves. On the 

other hand, climate change seems to influence the availability and productivity of grassland due 

to the occurrence of more intense droughts, which imply less natural-based feed for grazing 

flocks. This has a direct effect on the profitability of farms, as it entails higher feeding costs 

(Countryman et al., 2016; Salmoral et al., 2020). In addition, the increasing occurrence of 

wildfires may threaten existing pastures and limit the capacity of farmers to exploit natural 

resources. These environmental challenges are interlinked, and point to the overall hurdle to 

access grassland, the main resource of extensive sheep farms. Soil quality was not perceived as 

important . Likely, this challenge affects sectors with a more intensive use of land. 

 

1.3 RESILIENCE THEORY: A THEORETICAL FRAMEWORK APPLIED TO 

THE STUDY OF THE SHEEP FARMING SECTOR OF HUESCA 

 

During the last two decades, a growing strand of literature has focused on the application of 

resilience concepts in agriculture. Originally designed as a framing to explain complex 

dynamics under stress in socio-ecological systems (Carpenter et al., 2005), the resilience 

concepts have been adapted to agroecosystems and agrifood systems (Cabell and Oelofse, 2012; 

Meuwissen et al., 2019). A canonical definition of resilience points to the capacity of systems to 

absorb disturbance and reorganize while undergoing change so as to still retain essentially the  

same function, structure and feedbacks, and therefore identity  (Folke et al., 2010; Darnhofer, 

2014). The reasons underlying the increasing attention paid to resilience concepts are the new 

focal points that it provides to enable systems self-organizing, coping with and adapting to 

challenges.  

Resilience addresses the concept of change and permits exploring the factors enabling it. The 

concept of change is crucial in the resilience thinking (Holling et al., 2002; Carpenter and Brock, 

2008). More specifically, the key concepts of adaptive and transformative changes became the 

vehicles for resilience understanding (Walker et al., 2004; Folke et al., 2010; Anderies et al., 

2013). These concepts, in fact, are rather appropriate to explore and foster sustainable 

transitions and innovation paths in EU agriculture. The resilience concept is aligned with, for 

example, the EU farming goals for climate-adaptations, sustainable transitions, and supply 

chain restructuration (EC, 2020). 

The resilience concepts allows for extending the focus over long-term perspectives, by 

considering development trajectories and system dynamics over time. As Urruty et al. (2016) 

and Meuwissen et al. (2019) pointed out, farming systems do not only face sudden shocks, but 



8 
 

also deal with challenges on a mid- and long-term perspective. Thus, resilience against 

challenges is conceptualized as a process, rather than a property emerging at a precise point in 

time (Darnhofer, 2014). Resilience helps observe phenomena over time, and enhance the 

capacity to anticipate them.  

Resilience in agriculture considers a wide range of actors behind a farming systemȭÓ self-

capability to cope with challenges. In line with recent advances in food system economics (FAO, 

2018), resilience literature (Tendall et al., 2015; Vroegindewey and Hodbod, 2018; Meuwissen 

et al., 2019) highlights the importance of approaching the capacity to deal with challenges at 

systemȭÓ level, considering all stakeholders involved in agrifood production in a specific region. 

Within a resilience frame, hence, it is possible to assess the roles played by multiple actors, and 

their interplay.  

Following the growing trend in scientific research, in recent years several public and 

international institutions moved their focus on the resilience of agriculture. For instance the 

Farm to Fork action-plan delivered by the European Commission (EC, 2020) sets resilience as 

a goal for the future of EU agriculture. Likewise, the Food and Agriculture Organization (FAO, 

2017) and the International Fund for Agricultural Development (IFAD, 2015) emphasize the 

need for resilient agrifood systems. Although the attention to resilience has grown, resilience 

research in agriculture is not abundant, and most investigations are recent. In spite of these 

advances, there are still gaps to cover in this domain, both from theoretical and empirical 

perspectives. 

While a strand of literature aims to quantify resilience (Angeler and Allen, 2016), other 

investigations frame the resilience thinking as an unquantifiable, comprehensive concept to 

ÅØÐÌÁÉÎ ÃÏÍÐÌÅØ ÓÙÓÔÅÍÓȭ ÄÙÎÁÍÉÃÓ ɉ1ÕÉÎÌÁÎ ÅÔ ÁÌȢȟ ςπρυɊȢ 4ÈÅ ÈÕÒÄÌÅ ÔÏ ÔÒÁÎÓÌÁÔÅ ÒÅÓÉÌÉÅÎÃÅ 

into measurable entities has been a continuous challenge, and there is not consensus about 

appropriate metrics (Peterson et al., 2018). Instead, qualitative, descriptive and explorative 

methods have shown potential in analysing resilience at farm level (Darnhofer et al., 2010; 

Vroegindewey and Hodbod, 2018). Approaching farm management through resilience is useful 

to consider the real complexity characterizing farming (Darnhofer, 2014). However, their 

application on farm and farming system studies is still limited, and does not frame resilience 

mechanisms through precise definitions of resilience types and factors, and their interaction.  

The methodological frameworks applied so far generally do not include all the aspects of 

resilience in a comprehensive and holistic manner, but focus on specific factors of resilience. 

For example, the Resilience Alliance (2010) proposes an assessment framework, but this is not 

specific for agriculture, and relies on very general definitions of resilience attributes. Cabell and 

Oelofse (2012) propose a framework for agro-ecosystems resilience based on 12 attributes, but 

do not consider dynamics of change overtime. Vroegindenwey and Hodbod (2018) assess the 

agricultural value chain resilience by integrating a resilience framework to value chain analysis 

techniques, but do not consider the different concpets of resilience to be analysed. Resilience 

assessments in agriculture are often not tailored to a well-defined and manageable scale (e.g. 

farm, system, region), which is important to ask relevant questions (Peterson et al., 2018).  
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The lack of comprehensive frameworks including the interplay among (well-defined) resilience 

dynamics, types and determinant factors, as well as the intended openness and vagueness of 

resilience concepts, might hinder the capacity of resilience approaches to identify key 

strategies. This also prevents evaluating operative policies that could promote the resilience of 

farms and farming systems. At the state of the art, therefore, there is room for advances in 

developing improved resilience approaches. With this regard, a new resilience assessment 

framework proposed by Meuwissen et al. (2019) in the context of EU farming systems 

represents a remarkable advance in resilience research in agriculture, and worth being 

exploited and tested. The strength of this new framework is that it accounts for all the functions 

and challenges of a farming system in a holistic way, and propose a structured analytical frame 

encompassing and interrelating the concepts of resilience capacities and attributes. The 

framework, hence, may be a useful tool to assess the extensive sheep farms of Huesca, 

characterized by several, complex functions and challenges. As described in previous sections, 

in fact, extensive sheep farms deliver numerous socio-economic functions and ecosystem 

services that, in turn, are affected by different types of challengesȢ 4ÈÅ -ÅÕ×ÉÓÓÅÎȭÓ ÁÐÐÒÏÁÃÈ 

allows for considering all these interplays and the complexity behind this farming system.   

Beyond the methodological criticisms of resilience, there has been scarce research on the 

resilience of extensive sheep farming. Recent research have focused on the resilience of, for 

instance, hazelnut production (Nera et al., 2020), crop farmers (Slijper et al., 2020), pistachio 

agroecosystems (Darijani et al., 2019), and dairy cattle farms (Perrin et al., 2020). However, 

less attention has been paid to sheep systems, especially in the EU. Haider et al. (2012) 

operationalize the resilience in a pasture management system in Asia, whereas Daugstad 

(2019) explores the resilience of mountainous dairy sheep farms in Norway, and Ashkenazy et 

al. (2018) investigate the resilience of 11 case studies, among which small ruminant farms in 

Turkey. To our knowledge, there are few studies on the resilience of extensive sheep farms in 

EU, none of them in Spain. Consequently, there is a need to build knowledge regarding the 

resilience of extensive sheep farms in the EU and Spain, and to explore the potential factors, 

strategies and policies enhancing resilience. In this sense, most recent advances in resilience 

frameworks (Meuwissen et al., 2019) represent an opportunity to shed light on novel solutions. 
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2. THESIS GOALS AND RESEARCH CONTEXT 
 

2.1 RESEARCH QUESTIONS AND OBJECTIVES 
 

2.1.1 MAIN GOAL 

 

The motivation of the PhD thesis is rooted in the urgent need to identify development 

trajectories and resilience paths that allow to conserve and boost the role played by extensive 

sheep farms in marginal areas of Spain, given the particular vulnerability of this sector. 

The main goal of the PhD thesis, therefore, is to assess the strategies, management patterns, 

and policies promoting the capacity of extensive sheep farming systems to keep delivering their 

unreplaceable functions and services, in spite of the current and future challenges threatening 

the sector. To this end, the thesis research focuses on the case study of extensive sheep farms 

of Huesca, Aragón, Northeast Spain, with a minor incursion in the extensive beef farming of 

Sierra Guadarrama. The focus on beef production, however, is limited to one objective. This is 

discussed in the case study presented in section 3.2. 

Moreover, the PhD thesis aims to develop a mixed and multidisciplinary approach to explore 

and analyse farms resilience, while taking into consideration the adaptive cycles, attributes and 

capacities determining the resilience dynamics overtime. This is based on the most recent 

advances in resilience assessment frameworks, and accounts for different kinds of data and 

information sources. 

 

2.1.2 RESEARCH QUESTIONS AND SPECIFIC OBJECTIVES 

 

In order to achieve the main goal, different aspects of extensive sheep farming system need to 

be investigated. These are addressed by five research questions, with as many corresponding 

specific objectives, as follows: 

 

I. What factors affect the farm continuity and resilience in extensive livestock 

systems? 

 

The objective is to identify the factors threatening intra -family farm succession and its 

characterizing phases. 

 

II. How resilient are the extensive sheep farm management patterns ? 

 

The objective is to identify the resilience attributes and capacities in alternative farm 

management patterns. 
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III. What is the economic performance and resilience of the main demand - and supply 

oriented strategies in extensive sheep farms?  

 

The objective is to quantify the economic performance of alternative production strategies to cope 

with main economic risks. 

 

IV. How can risk management strategies be improved  to enhance resilience ?  

 
The objective is to identify new ways through which risk management strategies may improve 

resilience. 

V. Which policies provide an ÅÎÁÂÌÉÎÇ ÅÎÖÉÒÏÎÍÅÎÔ ÆÏÒ ÆÁÒÍÓȭ ÒÅÓÉÌÉÅÎÃÅȩ 

The objective is to assess ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÄÉÆÆÅÒÅÎÔ ÐÏÌÉÃÉÅÓ ÏÎ ÆÁÒÍÓȭ ÒÅÓÉÌÉence, and to highlight 

potential developments in the policy framework. 

In the first place, resilience is a process occurring overtime and, as such, it relates to the 

continuity of farms. This is why objective I addresses the farm continuity and the influencing 

factors. Along with the farm continuity, farms implement different management patterns, 

including agricultural practices and risk management strategies, which in turn shape the 

resilience capacity. Objective II, thus, addresses this issue through the lens of resilience. 

Alternative strategies might entail diverse economic implications at farm level, which needs to 

be evaluated. Objective III targets this issue by assessing the performance of two alternative 

demand- and supply-oriented approaches. However, many more actors other than the farmers 

are involved in risk management. Therefore, objective IV assesses the potential role of different 

actors in improving risk management and its contribution to resilience. Lastly, objective V 

ÁÓÓÅÓÓÅÓ ÔÈÅ ÐÏÌÉÃÉÅÓ ÈÁÖÉÎÇ ÁÎ ÉÎÆÌÕÅÎÃÅ ÏÎ ÔÈÅ ÄÉÆÆÅÒÅÎÔ ÁÓÐÅÃÔÓ ÏÆ ÔÈÅ ÓÙÓÔÅÍȭÓ ÒÅÓÉÌÉÅÎÃÅȢ 

 

2.2 STRUCTURE OF THE PHD THESIS 

 

The PhD thesis is structured in five chapters, developing from the introduction, to the thesis 

goals and research context, the methodological framework, results and discussion, and 

conclusions. The Figure 2 depicts the thesis structure.  

Chapter 1 (Introduction) describes the state of European and Spanish extensive sheep farming 

at present, highlighting the intrinsic characteristics and weaknesses of this sector, and the 

recognized functions it delivers to the environment and society. Next, it provides a description 

of the current and future challenges affecting the sector and threatening its perspectives. At 

last, it reviews the most recent advances in resilience assessments in agriculture, its 

contributions to research, and the gaps that still need to be covered in resilience investigations. 

Chapter 2 (Thesis goals and research context) sets the main and specific objectives of the thesis, 

depicts the structure of the thesis, and the research context of the thesis research. 
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Chapter 3 (Methodology) provides the theoretical underpinning on which the thesis research 

is based, and a description of the case study and data sources. It presents the four 

methodologies applied to achieve the first four specific objectives of the thesis.  

Chapter 4 (Results and Discussion) includes the four sets of results aimed at achieving the 

corresponding specific objectives, respectively. These are: 

ü 2ÅÓÅÁÒÃÈ ÓÔÕÄÙ ρ ÏÎ Ȱ&ÁÒÍ ÃÏÎÔÉÎÕÉÔÙ ÁÎÄ ÇÅÎÅÒÁÔÉÏÎÁÌ ÒÅÎÅ×ÁÌ ÉÎ ÅØÔÅÎÓÉÖÅ ÌÉÖÅÓÔÏÃË 

ÓÙÓÔÅÍÓȱȟ ÁÌÉÇÎÅÄ ×ÉÔÈ ÍÅÔÈÏÄÏÌÏÇÉÃÁÌ ÓÅÃÔÉÏÎ σȢτȟ ÁÎÄ ÔÁÒÇÅÔÅÄ ÔÏ ÏÂÊÅÃÔÉÖÅ ) and V. 

 

ü Research study 2 on Ȱ2ÅÓÉÌÉÅÎÃÅ ÁÔÔÒÉÂÕÔÅÓ ÁÎÄ ÃÁÐÁÃÉÔÉÅÓ ÏÆ ÁÌÔÅÒÎÁÔÉÖÅ ÍÁÎÁÇÅÍÅÎÔ 

ÐÁÔÔÅÒÎÓ ÉÎ ÅØÔÅÎÓÉÖÅ ÓÈÅÅÐ ÆÁÒÍÓȱ, aligned with methodological section 3.5, and 

targeted to objective II and V. 

 

ü Research study 3 on Ȱ0ÅÒÆÏÒÍÁÎÃÅ ÁÎÄ ÒÅÓÉÌÉÅÎÃÅ ÏÆ ÄÅÍÁÎÄ- and supply-oriented 

ÓÔÒÁÔÅÇÉÅÓ ÁÇÁÉÎÓÔ ÅÃÏÎÏÍÉÃ ÒÉÓËȱ, aligned with methodological section 3.6, and targeted 

to objective III and V. 

 

ü Research study 4 on Ȱ2ÉÓË ÍÁÎÁÇÅÍÅÎÔ ÓÔÒÁÔÅÇÉÅÓ ÔÏ ÉÍÐÒÏÖÅ ÒÅÓÉÌÉÅÎÃÅȱ, aligned with 

methodological section 3.7, and targeted to objective IV and V. 

Chapter 5 (Conclusions) provides the major findings of the thesis research, and the main 

methodological limitations of this work. Lastly, it draws potential trajectories for future 

research in Spanish and European extensive sheep farming systems.  
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Figure 2. Scheme of the thesis' structure.  
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2.3 RESEARCH CONTEXT AND PUBLICATIONS 
 

2.3.1 THE SURE-FARM PROJECT AND RESEARCH CONTEXT 

 

The PhD thesis has begun on September 2018 at the Research Centre for the Management of 

Agricultural and Environmental Risks (CEIGRAM), of the Universidad Politécnica de Madrid 

(UPM), within the Doctoral Degree program of Agro-Environmental Technology for Sustainable 

Agriculture (TAPAS). CEIGRAM is a joint research centre created in 2007 under a public-private 

collaboration agreement, whose activity focuses on development and innovation, 

dissemination and training, in the field of analysis and management of agricultural and 

environmental risks.  

The PhD thesis research has been carried out within the framework of the SURE-Farm project 

ɀ Towards Sustainable and Resilient EU Farming systems (https://www.surefarmproject.eu/), 

an H2020 project financed by the European Commission (No 727520). This four-year project 

(2017-2021), involving 16 partners institutions  distributed over 13 European countries, aims 

to analyse, assess and improve the resilience and sustainability of farms and farming systems 

in the EU. The project investigates the resilience of 11 case studies, among which the extensive 

sheep farming system of Huesca (Aragón), and the extensive cattle system of Sierra de 

Guadarrama (Madrid), in Spain. CEIGRAM was the Spanish research partner, coordinating the 

research activities in Spain, and leading various project tasks in work -package (WP)2 on the 

outlook of risk management in EU agriculture, and the WP7 on dissemination and 

communication, including the design and management of a co-creation platform. Figure 3 

shows the scheme of the SURE-Farm project, including the different WP. 

This PhD thesis, therefore, draws from and builds on the resilience assessment framework 

depicted by the project in WP1 (Meuwissen et al., 2019), and focuses on the case of extensive 

sheep farming system in Huesca. Indeed, the thesis research was originally started by 

considering a second case study, that is, the extensive cattle farms in Sierra de Guadarrama, 

Comunidad de Madrid. This was justified by the assumption that these two systems share 

common characteristics, challenges and future perspectives, and by the need to generalize 

research findings over more sectors. The first research study of the thesis, in fact, takes into 

consideration both case studies. Common factors and evidence emerged regarding the farm 

continuity in these areas. Hence, they could be generalized to both livestock systems, and not 

limited to sheep farms. After the first investigation, however, a clear difference emerged  

between the cases. The extensive cattle farms in Madrid do not face the same challenges, and 

show a more consistent development trajectory. This made the case of extensive sheep farms 

more appropriate for the scope of this thesis. Hence, from the second research study onwards, 

the thesis research has focused exclusively on extensive sheep farms in Huesca, which is the 

target of this thesis. 
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Figure 3. Scheme of the SURE-Farm project workpackages. Available at: 
https://www.surefarmproject.eu/   

Part of the research activities were carried out along with the project tasks, including the data 

collection and the goal setting. In particular, the analysis of farm continuity and generational 

renewal (thesis chapter 4.1, objective I and V), as well as the analysis of risk management 

strategies to improve resilience (thesis chapter 4.4, objective IV and V), were developed upon 

the goals, data collection and elaboration methods addressed by the project tasks in WP3 and 

2 (Coopmans, 2019; Soriano et al., 2020), respectively. The analysis of resilience capacities and 

attributes (thesis chapter 4.2, objective II and V) exploits the project theoretical framework and 

data collected through the project tasks in WP2 and 3, but develops independent objective and 

methodology. Lastly, the objective and methods applied for the analysis of economic 

performance of demand- and supply-oriented strategies (thesis chapter 4.3, objective III and V) 

were designed out of the project tasks and goals, though part of data were derived from the 

WP2 (Spiegel et al., 2019). 

During the first year of the thesis, the my activities were dedicated to the collection of semi-

structured interviews with farmers in Huesca, and the elaboration and analysis of the collected 

data. Next, I drafted and submitted the first research article corresponding to the first research 

study of this thesis. In the second year of the thesis, most of my work was dedicated to the 

elaboration of data from a multi-stakeholder focus group held in Huesca in April 2019. 

Afterward , I wrote the second article corresponding to the fourth research study of this thesis. 

In the third year of the thesis, I carried out two investigations corresponding to the second and 

third research studies. Deriving from this work, I drafted and submitted two research papers. 

 

https://www.surefarmproject.eu/
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2.3.2 PUBLICATIONS 

 

From the work done for the completion of the thesis, four research articles were written, of 

which three already published and one currently under review in indexed international 

journals, and two conference papers have been accepted for presentation in the 178th EAAE 

seminar (online, 18-20 May 2021), and in the XVI EAAE congress (Prague, 07.2021). Table 2 

reports the list of publications and contributions by research study and thesis chapter. 

Research study 1 (objective I  + V) 

THESIS CHAPTERS 
Introduction (1 )  Methodology (3.4)  Results and Discussion (4.1)  Conclusions (5) 

Published articles  
 

Bertolozzi-Caredio, D.; Bardaji, I.; Coopmans, I.; Soriano, B.; Garrido, A., 2020. Key steps and dynamics of family 
farm succession in marginal extensive livestock farming. Journal of Rural Studies (76)131:141. 

Research study 2 (objective II  + V) 
THESIS CHAPTERS 

Introduction (1)  Theoretical underpinning (3.1)  Methodology (3.5)  Results and Discussion (4.2)  
Conclusions (5) 

Articles under review  
 

Bertolozzi-Caredio, D., Garrido, A., Soriano, B., Bardaji, I., (2021). Implications of alternative farm management 
patterns to promote resilience in extensive sheep farming: a Spanish case study. Journal of Rural Studies 

Research study 3 (objective III  + V) 
THESIS CHAPTERS 

Introduction (1)  Methodology (3.6)  Results and Discussion (4.3)  Conclusions (5) 

Published articles  
 

Bertolozzi-Caredio, D., Soriano, B., Bardaji, I., Garrido, A., (2021). Economic impact of quality label and 
productive efficiency strategies under price and cost risks: the case of Spanish sheep farms. Agricultural 

Systems (191)103169. 
 

Conference Proceeding (to be presented)  
 

Bertolozzi-Caredio, D., Soriano, B., Bardaji, I., Garrido, A., (2021). Economic impact of quality label and 
productive efficiency strategies under price and cost risks: the case of Spanish sheep farms. 

The 178thEAAE seminar, 18-20 May 2021. 
Research study 4 (objective I V + V) 

THESIS CHAPTERS 
Introduction (1)  Methodology (3.7)  Results and Discussion (4.4)  Conclusions (5) 

Published articles  
 

Bertolozzi-Caredio, D., Bardaji, I., Garrido, A., Berry, R., Gravilescu, C., Bijttebier, J., Harizanova, H., 
Jendrzejewsky, B., Meuwissen, M.M.P., Ollendorf, F., Pinsard, C., Rommel, J., Severini, S., Soriano, B., (2021). 

Stakeholder perspectives to improve risk management in European farming systems. Journal of Rural Studies, 
84: 147-161. 

 

Conference Proceeding (to be presented)  
 

Bertolozzi-Caredio, D., Bardaji, I., Garrido, A., Berry, R., Gravilescu, C., Bijttebier, J., Harizanova, H., 
Jendrzejewsky, B., Meuwissen, M.M.P., Ollendorf, F., Pinsard, C., Rommel, J. (2021). Exploring Potential 

Pathways to Improve Risk Management Across EU Farming Systems Through a Multi-ÓÔÁËÅÈÏÌÄÅÒÓȭ !ÐÐÒÏÁÃÈȢ 
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2.3.3 STATEMENT OF AUTHORSHIP 

Along the four research studies, different authors participated across the activities of data 

collection, methodology design and application, and data and results analysis, beyond the 

undersigned PhD candidate. These are Prof. Alberto Garrido, Prof. Isabel Bardají, Prof. Barbara 

Soriano, and Ms. Isabeau Coopmans. Table 3 below shows ÔÈÅ ÁÕÔÈÏÒÓȭ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÂÙ 

research study and activity. &ÏÌÌÏ×ÉÎÇȟ ÔÈÅ ÁÕÔÈÏÒÓȭ ÁÆÆÉÌÉÁÔÉÏÎÓ ÁÒÅ ÌÉÓÔÅÄȢ 

 

Table 3Ȣ !ÕÔÈÏÒÓȭ ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ ÔÈÅ ÒÅÓÅÁÒÃÈ ÁÃÔÉÖÉÔÉÅÓȢ  

The XVI EAAE Congress. Raising the Impact of Agricultural Economics: Multidisciplinarity, Stakeholder 
Engagement and Novel Approaches. 

Table 2. Publications related to the thesis research studies and chapters. 

 
Data collection  

Methodology  design and 
application  Data and results analysis  

Research 
Study 1 

Prof. Barbara Soriano 
PhD Candidate Bertolozzi-Caredio 

 

Ms. Isabeau Coopmans 
Prof. Barbara Soriano 

PhD Candidate Bertolozzi-Caredio 

Prof. Barbara Soriano 
Prof. Alberto Garrido 
Prof. Isabel Bardaji 

PhD Candidate Bertolozzi-Caredio 

Research 
Study 2 

Prof. Barbara Soriano 
PhD Candidate Bertolozzi-Caredio 
 

Prof. Barbara Soriano 
Prof. Alberto Garrido 
Prof. Isabel Bardaji 

PhD Candidate Bertolozzi-Caredio 

Prof. Alberto Garrido 
Prof. Barbara Soriano  

Prof. Isabel Bardaji 
PhD Candidate Bertolozzi-Caredio 

Research 
Study 3 

Prof. Isabel Bardaji 
PhD Candidate Bertolozzi-Caredio 

 
 

Prof. Alberto Garrido 
PhD Candidate Bertolozzi-Caredio 

 

Prof. Alberto Garrido 
Prof. Isabel Bardaji 

Prof. Barbara Soriano 
PhD Candidate Bertolozzi-Caredio 

Research 
Study 4 

Prof. Barbara Soriano 
Prof. Alberto Garrido 
Prof. Isabel Bardaji 

Prof. Barbara Soriano 
Prof. Alberto Garrido 
Prof. Isabel Bardaji 

PhD Candidate Bertolozzi-Caredio 

Prof. Barbara Soriano 
Prof. Alberto Garrido 
Prof. Isabel Bardaji 

PhD Candidate Bertolozzi-Caredio 
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3. METHODOLOGY 
 

3.1 THEORETICAL FRAMEWORK 

 

The theoretical framework of the thesis is drawn upon the resilience assessment framework 

proposed by Meuwissen et al. (2019) within the SURE-Farm project. Following these authors, 

in this thesis the resilience of farming systems is defined as their capability to ensure the 

provision of functions in the face of increasingly complex and accumulating economic, social, 

environmental and institutional challenges, through capacities of robustness, adaptability and 

transformability (Walker et al.; 2004; Folke et al., 2010; Anderies et al.; 2013). Deriving from 

this definition, the authors depicted an assessment framework considering the main aspects to 

account for when assessing ÒÅÓÉÌÉÅÎÃÅȡ ÔÈÅ ÆÁÒÍÉÎÇ ÓÙÓÔÅÍȟ ÔÈÅ ÃÈÁÌÌÅÎÇÅÓȟ ÔÈÅ ÓÙÓÔÅÍȭÓ 

functions, the resilience capacities and attributes. The framework is shown by the scheme in 

Figure 4. 

 

Figure 4. Resilience assessment framework. Source: Meuwissen et al. (2019). 

 

FARMING SYSTEM AND STAKEHOLDERS 

!Ô ÆÁÒÍ ÌÅÖÅÌȟ ÒÅÓÉÌÉÅÎÃÅ ÉÓ ÌÉËÅÌÙ ÔÏ ÂÅ ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÔÈÅ ÆÁÒÍÅÒÓȭ ÁÂÉÌÉÔÙ ÔÏ ÍÁÎÁÇÅ ÔÈÅ ÆÁÒÍ ÉÎ 

a contest of pressing challenges. At farming system level, however, a broader range of actors 

should take part in resilience dynamics. The impact of the behaviour of other stakeholders 

emerges clearly when moving from a single farm viewpoint to a farming system perspective 

(Tendall et al., 2015; Vroegindewey and Hodbod, 2018). Meuwissen et al. (2019) highlight the 

importance of approaching the capacity to deal with challenges at farming system level, 

considering all stakeholders involved in agrifood production in a specific region, as shown in 

Figure 5. In this conceptualization, the farming systemȭÓ dynamics can be depicted as follows: 

sudden shocks and long-term pressures stress the farming system, which responds by adopting 
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manifold, integrated strategies involving multiple actors. 4ÈÅ ÓÔÁËÅÈÏÌÄÅÒȭÓ ÂÅÈÁÖÉÏÕÒ ÍÉÇÈÔ 

enlarge, reduce or improve the set of strategies available to farmers through the provision of 

products, services and collaborations. These dynamics determine the resilience responses and 

capacities of the farming system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ?. 

 

 

CHALLENGES AND FUNCTIONS 

Meuwissen et al. (2019) emphasize the need to consider all types of challenges that might affect 

a farming system. These challenges can be known or unknown, expected or unexpected, and 

cover different economic, social, institutional and environmental dimensions. Importantly, the 

challenges can be divided in sudden shocks impacting a system in the short-term, or pressures 

stressing the system in the long-run. This distinction is important as it entails different effects 

on a system, and diverse capacities through which farming systems respond to challenges. For 

example, different implications and responses emerge when considering price drops or 

changes in consumer habits and preferences. Likewise, there is difference between droughts 

and climate change, though such phenomena are interrelated. 

Figure 5. A conceptual scheme of the farming system actors and dynamics. The described system 
is an example: challenges, strategies and links might be different between sectors. Source: 

Bertolozzi-Caredio et al. (2021a). 
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Besides, this theoretical framework places prominence in all the potential functions that a 

farming system may deliver to its stakeholders and the wide society, not just the provision of 

economic revenues. These functions include all the public and private goods or services that 

stakeholders, institutions and the civil society might expect to be provided. Thus, a farming 

system can be said resilient whether it is able to cope with challenges while maintaining, for 

instance, the provision of income, job opportunities, healthy food, the protection of biodiversity, 

natural resources, and animal welfare.  

 

RESILIENCE CAPACITIES 

The capacity to deal with challenges while still deliver functions can emerge through the 

ÃÏÎÓÅÒÖÁÔÉÏÎ ÏÆ ÔÈÅ ÅØÉÓÔÉÎÇ ÓÔÁÔÅ ÏÒȟ ÁÌÔÅÒÎÁÔÉÖÅÌÙȟ ÔÈÒÏÕÇÈ ÃÈÁÎÇÅÓ ÉÎ ÆÁÒÍÓȭ ÓÔÒÕÃÔÕÒÅ ÁÎÄ 

functions. The concept of change is crucial for the resilience thinking (Carpenter and Brock, 

2008), and leads to the definition of robustness, adaptability, and transformability. Following 

the literature, the difference between robustness and the other capacities is basically due to the 

ÁÂÓÅÎÃÅ ÏÆ ÓÔÒÕÃÔÕÒÁÌ ÃÈÁÎÇÅÓ ÉÎ ÆÁÒÍÓȭ ÏÒÇÁÎÉÚÁÔÉÏÎ ÁÎÄ ÆÕÎÃÔÉÏÎs when a farm responds to its 

pressing challenges (Daugstad, 2019; Meuwissen et al., 2019). Following Darnhofer (2014), 

adaptability implies marginal changes limited to the farm structure to reinforce the existing 

functions (Olsson et al., 2004), and guided by the original, unquestioned goals and values. In 

ÃÏÎÔÒÁÓÔȟ ÔÒÁÎÓÆÏÒÍÁÂÉÌÉÔÙ ÒÅÇÁÒÄÓ ÓÉÇÎÉÆÉÃÁÎÔȟ ÑÕÁÌÉÔÁÔÉÖÅ ÃÈÁÎÇÅÓ ÔÏ ÔÈÅ ÆÁÒÍÓȭ ÓÔÒÕÃÔÕÒÅ ÁÎÄ 

functions that imply a transition to a new configuration (Cumming et al., 2005; Daugstad, 2019). 

Robustness could emerge, for example, by building reserves in anticipation to price drops, or 

by opting for an off-farm job, whereas adaptability could be pursued by introducing new 

technologies or new crops in a rotation scheme. Transformability could be determined by a 

change in market orientation or, for example, a shift from cattle farming to ecotourism 

(Cumming et al., 2005; Ashkenazy et al., 2018; Daugstad, 2019). 

Robustness, adaptability and transformability should not be interpreted as isolated or 

mutually-exclusive capacities, i.e. alternative options to which a system can resort. Instead, they 

should be considered coexisting and inter-ÉÎÆÌÕÅÎÃÉÎÇ ÃÁÐÁÃÉÔÉÅÓȢ &ÏÒ ÅØÁÍÐÌÅȟ ÆÁÒÍÓȭ ÓÔÒÕÃÔÕÒÁÌ 

changes and re-organization (like adaptability) may strengthen the capacity to recover from 

shocks (robustness) (Davoudi, 2012; Darnhofer, 2014; Daugstad, 2019), whereas marginal 

changes (adaptability) may be functional to following deeper changes (transformability), also 

known as incremental adaptations (de Kraker, 2017). Likewise, reserves are functional either 

ÔÏ ÔÈÅ ÂÕÆÆÅÒ ÃÁÐÁÃÉÔÙ ɉÒÏÂÕÓÔÎÅÓÓɊȟ ÏÒ ÔÏ ÔÈÅ ÃÁÐÁÃÉÔÙ ÔÏ ÉÎÖÅÓÔ ÉÎ ÆÁÒÍÓȭ ÒÅ-orientation 

(transformability) (Fath et al., 2015; Darijani et al., 2019). Thus, the three resilience capacities 

concur simultaneously (though not necessarily equally) to build the overall resilience of a 

farming system. The importance to focus on capacities is not limited to a theoretical definition 

of resilience, but it allows for capturing the changing dynamics overtime. 
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RESILIENCE ATTRIBUTES 

Resilience attributes consist of factors enhancing the capacity of farms to adopt different 

strategies and build resilience. In fact, ÆÁÒÍÉÎÇ ÓÙÓÔÅÍÓȭ processes are determined by 

exogenous and endogenous factors (Cabell and Oelofse, 2012; Kristensen et al., 2016), defined 

as individual/collective competences and enabling environments enhancing resilience 

(Meuwissen et al., 2019). They include also policies (Celio et al., 2014), available resources and 

the capabilities to use them in a (farm) community (Longstaff et al., 2010). 

The resilience attributes, therefore, are those factors, properties or conditions intrinsic to farms 

(and the farmers), or in the surrounding environment which the farms belong to (the farming 

system)ȟ ÔÈÁÔ ÃÁÎ ÅÎÁÂÌÅ ÔÈÅ ÆÁÒÍȭÓ ÒÅÓÉÌÉÅÎÃÅȢ )Î ÔÈÅ ÒÅÓÉÌÉÅÎÃÅ ÌÉÔÅÒÁÔÕÒÅȟ ÓÕÃÈ ÁÔÔÒÉÂÕÔÅÓ ÃÁÎ ÂÅ 

also referred to as properties (Carpenter et al., 2012), anchors (Ashkenazy et al., 2018), or 

qualities (Worstell and Green, 2017). As pointed out by Darnhofer (2014), analyses of resilience 

require exploring not only the processes, but also the conditions enabling them. Thus, the 

analysis of attributes is relevant to translate evidence into practical indications (Kerner and 

Thomas, 2014). Meuwissen et al. (2019) refer mainly to the five broad attribute proposed by 

the Resilience Alliance (2010): diversity, openness, modularity, system reserves, and tightness 

of feedback. Indeed, there are many investigations proposing different, context-specific 

resilience attributes (e.g. Cabell and Oelofse, 2012). 

 

ADAPTIVE CYCLES 

The capacity of farming systems to cope with challenges develops overtime along with the main 

dynamics determining a system trajectory. Originally adopted for the analysis of ecological 

resilience (Holling et al., 2002), such dynamics are referred to as adaptive cycles, which might 

cross different stages (growth, conservation, collapse, reorganization). This concept is a 

ÈÅÕÒÉÓÔÉÃ ÍÏÄÅÌ ÔÏ ÑÕÁÌÉÔÁÔÉÖÅÌÙ ÃÁÐÔÕÒÅ ÄÉÆÆÅÒÅÎÔ ËÉÎÄÓ ÏÆ ÃÈÁÎÇÅ ÏÒÉÇÉÎÁÔÉÎÇ ÆÒÏÍ ÔÈÅ ÆÁÒÍÓȭ ÏÒ 

ÆÁÒÍÉÎÇ ÓÙÓÔÅÍȭÓ ÃÁÐÁÃÉÔÙ ÔÏ ÓÕÃÃÅÓÓÆÕÌÌÙ ÎÁÖÉÇÁÔÅ ÔÈÅ ÁÄÁÐÔÉÖÅ ÃÙÃÌÅÓ ×ÈÉÌÅ ÐÅÒÓÉsting, 

adapting or transforming (Darnhofer et al., 2016). The concept of adaptive cycles helps 

emphasize two key aspects of resilience. First, resilience should be considered as a process 

occurring overtime, rather than a property at a precise point in time (Darnhofer, 2014). Second, 

along this process, the concept of change assumes crucial importance (Carpenter and Brock, 

2008). When putting into perspective the capacity of different farms to build resilience, it is 

possible to draw farm trajectories as constant processes of changes (Brédart and Stassart, 

2017). Meuwissen et al. (2019) define the four adaptive cycles characterizing farming systems: 

namely farm demography, agricultural practices, risk management, and governance. These 

cycles are reported in  

Figure 6. In order to capture the resilience of a system, it is necessary to consider the state of 

the four cycles underlying the whole system dynamics. 
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Figure 6. The four adaptive cycles characterizing farming systems. Source: Meuwissen et al. 
2019. 

 

This theoretical framework addresses manifold key concepts of resilience, which are necessary 

to explore all the aspects of farms and the farming system. Through this multifaceted framing, 

it is possible to identify and assess all the potential factors influencing the system resilience, 

including a wide range of resilience-enhancing strategies and policies. While focusing on the 

five analytical steps (farming system-stakeholders, challenges, functions, resilience capacities 

and attributes), the assessment of the four adaptive cycles (farm demography, agricultural 

practices, risk management, governance) allows for defining the strategic patterns and policies 

having an influence on the farms development and trajectories. The scheme in Table 4 shows 

how the four research studies of this thesis cover the different aspects of the resilience 

assessment framework. 

 

Table 4. The resilience assessment framework sections as addressed by the four research 
studies. 
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The first research study explores the farm succession dynamic to identify the challenges 

affecting generational renewal and the factors (attributes) promoting succession, while 

considering the influence of familial, social and institutional components of the farming system. 

The second research study identifies and evaluates the resilience attributes and capacities 

emerging across different farm strategies and management patterns, by considering their effect 

on provided functions. The third research study focuses on risk management strategies to face 

specific economic challenges (price drops, cost increases) affecting a specific function (income 

provision), at farm level. The fourth research study considers the main challenges and actors of 

the system, in order to asses main risk management strategies and patterns of governance to 

improve resilience. In addition, a wide overview on functions and challenges of the extensive 

sheep system of Huesca is provided in introduction, based on previous investigations in the 

case study (Becking et al., 2019; Spiegel et al., 2019; San Martín et al., 2020; Soriano et al., 2020). 

Lastly, the first conclusion section (5.1) provides an evaluation of the governance models and 

policy framework, based on the evidence from the four research studies. 

 

3.2 THE CASE STUDIES 

 

The cases under study in this thesis are the extensive sheep farms from the Hoya de Huesca 

(Aragón), and the extensive cattle farms from the Sierra de Guadarrama (Autonomous 

Community of Madrid), north-eastern and central 3ÐÁÉÎȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅÓÅ ÁÒÅ 3ÐÁÉÎȭÓ 

empirical contexts in the SURE-Farm project. However, the extensive sheep farming system of 

Huesca is the main subject of this research, since it has been the empirical subject across all the 

thesis analytical phases. In contrast, the extensive cattle system of Guadarrama has been 

subject of the analysis in the first step of the thesis research, specifically on farm succession 

dynamics. The localization of the case studies is shown in Figure 7. 

The choice of the case studies is due to the significant pressures they have undergone in the last 

decades, and the important ecosystem services and functions delivered in this marginal 

regions. However, the extensive cattle system is located in proximity of the large urban area of 

Madrid. This fact reduces significantly the marginality of cattle farms, and mitigate the 

phenomena of rural depopulation and lack of services and infrastructure in the area. Besides, 

cattle farms show higher profitability and less work commitments, with consequent higher 

opportunities for off -farm employment. These factors underlie the choice to address the thesis 

research to the extensive sheep farms of Huesca that, in turn, show several weaknesses and 

suffer stronger pressures. 

Like sheep farm typologies identified in different Mediterranean regions (Caballero, 2001; Usai 

et al., 2006; Gaspar et al., 2008; Mena et al., 2016), the extensive sheep system of Huesca is 

characterized by small- to medium-sized family farms, mostly tended by family labour and 

strongly dependent on leased land (Pardos et al., 2008). In 2016, about 50% of farms had a herd 

size of between 200 and 1000 heads. However, there has been a drop in the total number of 

heads and the number of farms by 50% over the last 20 years and 60% over the last 25 years, 
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respectively (Fau, 2016). Commonly, rented land and pastures provide a significant proportion 

ÏÆ Á ÆÁÒÍȭÓ ÔÏÔÁÌ ÌÁÎÄȢ 3ÈÅÅÐ ÆÁÒÍÉÎÇ ÉÓ ÄÅÄÉÃÁÔÅÄ ÔÏ ÌÁÍÂ ÍÅÁÔ ÐÒÏÄÕÃÔÉÏÎȢ 4ÒÁÄÉÔÉÏÎÁÌÌÙȟ ÉÎ ÔÈÉÓ 

region the sheep farming can be coupled with olive and almond orchards, and cereal crops. 

 

Figure 7. The localization of the two case studies. Source: Bertolozzi-Caredio et al. 2020. 

 

In these farms the employment rate of non-family members is low, basically due to 

depopulation trends and because extensive livestock farming is not an attractive activity. The 

system is located in a marginal area with poor services and infrastructures, and a significant 

depopulation trend. Marginality-induced poor services, together with the heavy work 

commitments required by the extensive livestock farming, lead to a poor quality of life that has 

a profound effect on the system. Consequently, the extensive sheep system of Huesca has 

undergone remarkable transitions to other production activities and arrangements. Farms tend 

to intensify sheep breeding, and to rely more on crop production when land is available. In 

mountainous areas where crop production is less feasible, there have been phenomena of 

abandonment and transitions to more profitable activities, such as pig and calf fattening. 

In Huesca, there exist cooperative networks that involve sheep farmers in cooperatives, 

associations and trade unions. One of the strongest cooperatives, for instance, is Oviaragón. 

Nonetheless, many farmers are not willing to join cooperatives. Main factors explaining the not-

wide participation in cooperation schemes are the lack of trust and the affiliation costs. 

Cooperatives can serve sheep farms for manifold purposes, such as reinforcement of the 

bargaining power towards retailers, marketing innovations to strengthen consumer guidance 

and market positioning, experimentation of new technologies and breed selection, and 

knowledge exchange.  
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Lamb producers in Huesca can rely on a Protected Geographical Identification (PGI), namely 

Ternasco de Aragón5. This PGI is a quality label set up in 1996 and awarded by the Ternasco de 

Aragón supervisory body to farms following a specified protocol to ensure traditional, quality 

production (Sans et al., 1999). In 2017, 668 farms were registered under the PGI (33% less than 

in 2008), whereas the number of lambs sold under the PGI dropped by 12% over the same 

period (MAPA, 2020a). Moreover, a segment of sheep farms are involved in research projects. 

For example, the CITA6 (Centro de Investigación y Tecnología Agroalimentaria de Aragón) is 

involved in several projects with farmers, aimed at bringing innovations in pastures and flocks 

management, and breed selection. 

 

3.3 DATA AND MATERIALS 

 

Approaching the resilience of a farming system requires a variety of data and information of 

different nature and from alternative sources to account for the multifaceted aspects of the 

resilience concept, from multiple viewpoints. Consequently, quantitative and qualitative data 

were collected through various methods, including farmers semi-structured interviews, 

stakeholders focus group, and statistical data from institutional and public sources. With the 

exception of statistical data provided by public databases, the collection of data was carried out 

along with the tasks and activities of the SURE-Farm project, between 2018 and 2019. Three 

different sources of data, related to as many data collection phases, were defined as follows: 

ü 23 in-depth, semi-structured interviews, of which 14 to sheep farms of Huesca, and 9 to 

cattle farms of Guadarrama. They were conducted between June and October 2018 with 

28 persons between farmers and their relatives. In fact, interviews were not all confined 

ÔÏ ÔÈÅ ÆÁÒÍ ÈÅÁÄȟ ÁÓ ÓÏÍÅ ÆÁÒÍÅÒÓȭ ÓÏÎÓȾÄÁÕÇÈÔÅÒÓȾ×ÉÖÅÓ ×ÅÒÅ ÁÌÓÏ ÉÎÔÅÒÖÉÅ×ÅÄȟ ÁÎÄ 

respondents were interviewed together in other cases. The interviewees were selected 

purposively to represent diverse farm types and experiences, by the help of the local 

administration. Semi-structured interviews were chosen to gather hidden information 

and build a fully explained context of study in which to better embed further quantitative 

and qualitative data. Open interviews are characterized by interviewees expressing 

themselves in their own way during a conversation with the interviewer. The interviews 

lasted between one and one and half hours, and the main objective was to understand 

the ÆÁÒÍ ÄÅÍÏÇÒÁÐÈÉÃ ÄÙÎÁÍÉÃÓ ÁÎÄ ÔÈÅ ÆÁÒÍÅÒÓȭ ÎÅÔ×ÏÒË ÏÆ ÉÎÆÌÕÅÎÃÅ (the set of actors 

having an influence on the farmer behaviour and decision making). The interviews, 

ÈÏ×ÅÖÅÒȟ ÉÎÃÌÕÄÅÄ ÒÉÃÈ ÉÎÆÏÒÍÁÔÉÏÎ ÒÅÇÁÒÄÉÎÇ ÆÁÒÍÓ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÁÎÄ ÔÈÅ ÆÁÒÍÅÒÓȭ 

strategic decision-making over the last decade. All the interviews were recorded and 

transcribed ad verbatim. Information on collected interviews is shown in Appendix I. 

 

 
5 http://www.ternascodearagon.es/consejo-regulador-ternasco-de-aragon/ 
6 https://www.cita-aragon.es/  

http://www.ternascodearagon.es/consejo-regulador-ternasco-de-aragon/
https://www.cita-aragon.es/
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ü A multi-stakeholder focus group was held in Huesca in April 2019, involving nine 

participants representing different actors belonging to the farming system. These 

ÉÎÃÌÕÄÅÓ ÆÁÒÍÅÒÓȟ ÆÁÒÍÅÒÓȭ ÏÒÇÁÎÉÚÁÔÉÏÎÓ ÁÎÄ ÃÏÏÐÅÒÁÔÉÖÅÓȟ ÂÁÎËÓ ÁÎÄ ÉÎÓÕÒÁÎÃÅ 

companies, and local administrators and policymakers. By means of a participatory 

brainstormin g approach, the focus group aimed to identify ways through which 

stakeholders can concur to improve the risk management strategies. Qualitative 

information w as collected regarding the main challenges affecting the farming system, 

the main strategies (either implemented or to be implemented), the role played by 

different stakeholders in each strategy and their performance, and indications to 

improve stakeholder role in those strategies. Information on focus groups participants 

are reported in Appendix II. 

 

ü Farm economic and production data were provided by institutional and public sources. 

A dataset of farms accountancy data was provided by the Spanish National Agrarian 

Accounting Network (RECAN) team at the Spanish Ministry of Agriculture in June 2019. 

This includes data on costs, revenues and subsidies for 230 sheep farms in Aragón, 

between 2014 and 2017. This information were integrated by national price data for the 

period 2004-2017, available on public datasets provided by the Price Observatory of the 

Spanish Ministry of Agriculture7. In addition, data on sheep prolificacy rates in Aragón 

(regional level) were derived from the freely available Studies on Costs and Revenues of 

Agricultural Farms (ECREA) provided by the Spanish Ministry of Agriculture8. 

  

 
7 https://www.mapa.gob.es/es/alimentacion/servicios/observatorio -de-precios-de-los-alimentos/default2.aspx  
8 https://www.mapa.gob.es/es/ministerio/servicios/analisis -y-prospectiva/ECREA-Informes_Ganaderia.aspx 

https://www.mapa.gob.es/es/alimentacion/servicios/observatorio-de-precios-de-los-alimentos/default2.aspx
https://www.mapa.gob.es/es/ministerio/servicios/analisis-y-prospectiva/ECREA-Informes_Ganaderia.aspx
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3.4 ANALYSIS OF THE FACTORS AFFECTING FARM RESILIENCE AND 

GENERATIONAL RENEWAL IN EXTENSIVE LIVESTOCK 

 

The objective of the research study 1 is to identify the factors threatening generational renewal 

and its characterizing phases. Most of the analyses are based on econometric and non-linear 

models (Mann, 2005 and 2007), and they generally consider quantitative factors (Morais et al., 

2017). This branch of the literature has mainly focused on quantifiable and less idiosyncratic 

parameters. Besides, econometric and non-linear methods are not completely able to explain 

succession in all its complexity (Corsi, 2017). It is worth further exploring the social and human 

aspects of farm succession (Pindado et al., 2018; Bertoni and Cavicchioli, 2016), especially in 

the small-scale farming systems of southern Europe, such as the extensive livestock farming, 

where patterns of succession require further investigation (Zagata & Sutherland, 2015). To this 

end, a qualitative content analysis of 23 semi-structured interviews was performed.  

By taking a qualitative approach, we can understand the relationships between the social and 

human factors characterizing the family farm succession process (Tsang, 2014). We followed 

the methodology of qualitative inductive content analysis (Mayring, 2000; Hsieh & Shannon, 

2005; Schreier, 2012). The strength of this approach is that it uncovers new evidence from data 

and can describe what role social and human factors play in the family farm dynamics. The 

method involves the collection of data and information by means of open interviews, the 

elaboration and coding of collected data, and the construction of an explanation of the farm 

succession process. In this method, data analysis is based on an interview transcript coding 

process. This process extrapolates qualitative evidence concerning the research topic and 

questions. This approach initially leaves out predetermined theories, and paves the way for an 

in-depth understanding of less-known factors (Konecki, 2018). In fact, other theories and 

knowledge about the topic come into play after the data are analysed and results emerge 

(Potter & Levine-Donnerstein, 1999). Thanks to this methodology, therefore, we have been able 

to gather particular evidence about the social functioning of the farm succession process by 

integrating our results with evidence from previous studies. The method is explained below. 

This analysis was supported by the use of Nvivo software. 

 

3.4.1 DATA COLLECTION AND ANALYSIS 

 

The raw data were collected from 23 thorough one- to two-hour interviews conducted between 

June and October 2018 with 28 farmers and their relatives. The interviews were held in three 

phases, as highlighted in Appendix I. The optimal number of interviews depends on the 

theoretical saturation point: the theoretical saturation is reached when further interviews fail 

to show up new data with respect to the concepts revealed by the iterative process (Gehrels, 

2013). Participants were selected according to a purposive sampling approach, as the research 

goal is to uncover all useful evidence to gain an in-depth understanding rather than to output 

statistically generalizable results. In addition, this enhances the internal validity of the method. 
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Sampling criteria were gender, alternative specialization, farm size in terms of hectares and 

herds, young/old farmers, new entrants and experienced farmers. Interviews were not all 

ÃÏÎÆÉÎÅÄ ÔÏ ÔÈÅ ÆÁÒÍ ÈÅÁÄȟ ÁÓ ÓÏÍÅ ÆÁÒÍÅÒÓȭ ÓÏÎÓȾÄÁÕÇÈÔÅrs/wives were also interviewed, and 

respondents were interviewed together in other cases. Such interviews have a proven potential 

for collecting deeper information (Riley, 2014), although there is a risk of responses obeying 

social expectation.  

Semi-structured interviews were chosen to gather hidden information and build a fully 

explained context of study in which to better embed further quantitative and qualitative data. 

Open interviews are characterized by interviewees expressing themselves in their own way 

during a conversation with the interviewer. Nevertheless, later interviews could become more 

ÓÔÒÕÃÔÕÒÅÄ ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÔÈÅ ÉÎÔÅÒÖÉÅ×ÅÒȭÓ ÇÒÏ×ÉÎÇ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÔÏÐÉÃ ÔÏ ÇÕÁÒÁÎÔÅÅ 

greater consistency. For this reason, they can also be referred to as in-depth interviews (Denzin 

and Lincoln, 2008). 

Farm succession was the central topic of the interview framework. Therefore, plenty of specific 

data were gathered about this issue. The conversations were conducted in order to try to 

understand farm succession processes and contextual farm demography and focus attention on 

the specific characteristics of each story with respect to the evolution of farm succession. All 

the interviews were recorded and transcribed ad verbatim. Appendix I provides a brief 

description of the family members who were interviewed. 

Interview recording, transcription, and data analysis were carried out iteratively. This 

facilitates a sharper focus on the issues of most concern and improves the quality of the 

interviews. It is known as constant comparative analysis and is also needed to get more 

accurate evidence and establish the generality of facts (Cho and Lee, 2014). Nvivo software 

facilitates the coding process, enabling us to easily select and classify key sentences that help 

to answer the research questions. Following Corbin and Strauss (1990), the coding phase 

consists of three steps: open coding, axial coding and selective coding (see Figure 8). 

Open coding consists of reading transcriptions line by line and gathering fragments of text 

constituting possible responses to the research questions. These fragments are then listed with 

short and meaningful labels (open codes). Open codes identify incidents that can indicate 

concepts. A single fragment can be linked to more than one code, and it is possible to build a 

ȬÃÏÄÉÎÇ ÔÒÅÅȭȢ  
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Axial coding should be regarded as the data analysis of the output of open coding. During this 

phase, the relationships between codes were explored and tested against data (Corbin and 

Strauss, 1990). Axial coding involves deleting, refining and integrating open codes into more 

comprehensive and meaningful axial codes, which are organized in axial categories by finding 

interrelations. This process identified three axial categories. The first category was potentiality, 

where axial codes identify the recognition of a potential successor by the family as a central 

concept in family farm succession. The second category was willingness, where axial codes 

ÐÏÉÎÔ ÔÏ ÔÈÅ ÃÅÎÔÒÁÌ ÃÏÎÃÅÐÔ ÏÆ ÔÈÅ ÓÕÃÃÅÓÓÏÒȭÓ ×ÉÌÌÉÎÇÎÅÓÓ ÔÏ ÔÁËÅ ÏÖÅÒ ÔÈÅ ÆÁÒÍȢ 4ÈÅ ÔÈÉÒÄ 

category was effectiveness, which describes the concept of taking over the farm business. 

Appendix III reports the axial categories, and the related codes uncovered during this second 

stage. 

Selective coding is a process of organizing the results of axial coding in a conceptually coherent 

manner in order to comprehensively answer the research question and explain the main 

aspects of the phenomenon (Konecki, 2018; Cho and Lee, 2014).  

The analysis was concluded by comparing results with the findings reported in the farm 

succession literature. The topic has been studied in other research, albeit using different 

approaches. Therefore, other works report relevant evidence that may explain, clarify, modify 

or enrich understanding of succession. This sort of triangulation is part of the theoretical 

framework, as it provides for further development and a deeper understanding of the processes 

under study (Petty et al., 2012). The literature was collected regardless the applied 

methodology (e.g. qualitative or quantitative) and the location (worldwide). The criteria was 

the study of factors affecting the succession process in its different phases. 

  

OPEN CODING 
Extract and codify fragments 
of text answering or relating 

to the research question. 

AXIAL CODING 
Modify or integrate open-

codes into more meaningful 
codes organized according to 

axial categories. 

DATA COLLECTION 
Recorded and transcribed 

open interviews  

SELECTIVE CODING 
Conceptualize results (codes 

and categories), and 
construct an explanatory 

scheme. 

Contextualization 
and integration of 

results with 
evidence from 

previous research 
Steps of manual coding facilitated by Nvivo software 

Figure 8. Scheme of the analytical steps. Source: Bertolozzi-Caredio et al. 2020. 
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3.5 ANALYSIS OF THE RESILIENCE ATTRIBUTES AND CAPACITIES OF 

ALTERNATIVE MANAGEMENT PATTERNS IN EXTENSIVE SHEEP FARMS 
 

3.5.1 ANALYTICAL STEPS 

 

The objective of the research study 2 is to identify the resilience attributes and capacities in 

alternative farm management patterns. Farm management patterns are combination of 

different farming practices and farm strategies. Alternative combinations may have different 

implications on the functions delivered by the system, and show diverse capacity to cope with 

challenges. Therefore, it is relevant to study these patterns through the lens of resilience. To 

achieve the goal, a mixed approach based on cluster analysis and qualitative content analysis of 

data from 14 of the 23 semi-structured interviews collected along the thesis research. These 

were conducted exclusively with extensive sheep farmers in Huesca, Aragón. Yet, the 

characteristics of the sample are reported in Appendix I. The interviews lasted between one 

and one and half hours. The interviewees were selected purposively to represent diverse farm 

characteristics and management, by the help of the local administration. Unfortunately, no 

female farmers could be interviewed, impeding any gender-based conclusion. In a certain 

sense, this is a representative feature of this sector, in which male gender is predominant. The 

ÉÎÔÅÒÖÉÅ×ÅÅÓ ×ÅÒÅ ÁÓËÅÄ ÔÏ ÄÅÓÃÒÉÂÅ ÆÁÒÍÓȭ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓȟ ÔÏ ÓÈÁÒÅ ÔÈÅÉÒ ÃÏÎÃÅÒÎÓ ÏÎ 

challenges they have been facing so far, and their farm management strategies over the last two 

decades. 

Interviews were recorded and transcribed, and an analysis was carried out following three 

steps, as shown in Figure 9. Each methodological step targets a research objective. In the first 

step, the strategies implemented by farms were identified and four management patterns were 

defined through a cluster analysis. Secondly, the content of the interviews was analysed by 

means of a coding process aimed at identifying resilience attributes. In the third and last step, 

a further content analysis was carried out by coding the resilience capacities. The 

methodological steps are described below. 

 

Figure 9. Methodological steps. Source: own elaboration. 
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3.5.2 IDENTIFICATION OF STRATEGIES AND MANAGEMENT PATTERNS 

 

Firstly, farm management strategies implemented by the 14 farmers were identified across the 

ÆÁÒÍÅÒÓȭ ÎÁÒÒÁÔÉÖÅÓȢ !Ó Á ÒÅÓÕÌÔȟ ×Å ÏÂÔÁÉÎÅÄ Á ÌÉÓÔ ÏÆ ςπ ÆÁÒÍ ÍÁÎÁÇÅÍÅÎÔ ÓÔÒÁÔÅÇÉÅÓȢ "ÁÓÅÄ ÏÎ 

this information, alternative combinations of strategies could be identified, which we refer to 

as farm management patterns hereinafter. Though the limited number of observations would 

ÁÌÌÏ× ÔÏ ÑÕÁÌÉÔÁÔÉÖÅÌÙ ÇÒÏÕÐ ÆÁÒÍÓ ÂÁÓÅÄ ÏÎ ÔÈÅ ÉÎÔÅÒÖÉÅ×Óȭ ÃÏÎÔÅÎÔȟ Á ÈÉÅÒÁÒÃÈÉÃÁÌ 

agglomerative cluster analysis of the 20 strategies was performed to support the identification 

of patterns. The cluster analysis was applied to the binary information about 

implemented/non -implemented strategies extracted from the interviews. 

Following Weltin et al. (2017), the cluster analysis was based on a Gower dissimilarity matrix, 

due to its flexibility in handling binary data. We applied a complete linkage fusion algorithm, as 

it was found to be successful in a wide variety of applications (Großwendt and Röglin, 2017). 

In order to choose a convincing number of patterns, we first computed various indexes, as 

proposed in Charrad et al. (2015). Based on a majority criterion, eight indexes  suggested four 

clusters as the most proper number. Next, the cluster dendrogram and the corresponding 

grouped farms were evaluated to confirm whether meaningful differences were captured by 

the clustering solution (Barbosa-Carvalho et al., 2015). Finally, four major clusters of farms, 

each representing a management pattern, were selected. A cluster, therefore, contains those 

farms implementing a similar combination of strategies. The Gower matrix and cluster 

dendrogram are reported in Appendix V. 

 

3.5.3 RESILIENCE ATTRIBUTES 

 

In the second step, the resilience attributes were coded. Coding consists of the qualitative 

analysis of narratives to select fragments of text (quotes) and group them into meaningful 

labels named codes (Hsieh and Shannon, 2005; Glaser and Laudel, 2013). Each code contains 

information on a specific topic (e.g. a resilience attribute) from multiple sources of data (the 

transcribed interviews). Deriving from the literature, and based on the information gathered 

ÔÈÒÏÕÇÈ ÔÈÅ ÆÁÒÍÅÒÓȭ ÎÁÒÒÁÔÉÖÅÓȟ ÎÉÎÅ ÁÔÔÒÉÂÕÔÅÓ ÔÏ ÂÅ ÁÓÓÅÓÓÅÄ ÉÎ ÔÈÅ ÁÎÁÌÙÓÉÓ were identified. 

The quotes were coded into these nine attributes. In practice, the quotes were identified by 

searching in the narratives ÆÏÒ ÆÁÃÔÏÒÓ ɉÉȢÅȢ ÁÔÔÒÉÂÕÔÅÓɊ ÈÁÖÉÎÇ ÁÎ ÉÎÆÌÕÅÎÃÅ ÏÎ ÆÁÒÍÅÒÓȭ ÃÁÐÁÃÉÔÙ 

to implement strategies. Next, the quotes were classified based on the pre-established nine 

ÁÔÔÒÉÂÕÔÅÓȭ ÄÅÆÉÎÉÔÉÏÎÓȢ For example, when encountering a fragment of text explaining how 

important was a learning visiting trip to understand how to implement technologies on 

pastures, then this quote could ÂÅ ÃÌÁÓÓÉÆÉÅÄ ÉÎÔÏ ÔÈÅ ÁÔÔÒÉÂÕÔÅ Ȭ,ÅÁÒÎÉÎÇ ÃÁÐÁÃÉÔÙȭȢ The content 

analysis, therefore, can be referred to as deductive since codes were identified prior to the 

coding analysis. The Appendix IV shows the nine resilience attributes, their definition and the 

conceptual linkages with attributes defined in previous investigations. 
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The attributes were then divided as whether they enable or constrain a given management 

ÐÁÔÔÅÒÎȟ ÂÁÓÅÄ ÏÎ ÔÈÅ ÆÁÒÍÅÒÓȭ ÎÁÒÒÁÔÉÖÅÓ ÏÎ ×ÈÁÔ ÆÁÃÔÏÒÓ ÉÍÐÅÄÅ ÔÈÅÉÒ ÓÔÒÁÔÅÇÉÃ ÃÈÏÉÃÅȟ ÏÒ 

induce them to make one. In fact, an attribute can constrain a management pattern, while 

enabling another. For example, available labour force may enhance a pattern (e.g. 

intensification), while weakening another (e.g. extensification) due to scarce availability of 

workers in the latter pattern. 

The ÒÅÌÁÔÉÖÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ ÁÔÔÒÉÂÕÔÅÓ ÆÏÒ Á ÐÁÔÔÅÒÎ ÉÓ ÍÅÁÓÕÒÅÄ ÂÙ Á ÑÕÏÔÅÓȭ ÉÎÔÅÎÓÉÔÙ ϹȾ- scale, 

which is based on the share of quotes related to an attribute for a specific management pattern 

on the total quotes referred to that pattern. If the share is minor than 25% it assumes a plus (+), 

between 25 and 50% double plus (++), and major than 50% triple plus (+++). To mark the 

difference between enabling and constraining impacts, constraining attributes are signed by 

minus (-) instead of plus. However, exclusive quantitative interpretations should be derived 

with caution as they could be subject to biases in coding and overrepresentation of some 

interviews in the quotes selection (the number of selected quotes vary among interviews), and 

accompanied by the qualitative content in the analysis of findings. 

 

3.5.4 RESILIENCE CAPACITIES 

 

In the third step, the three resilience capacities were analysed through further coding. In their 

ÎÁÒÒÁÔÉÖÅÓȟ ÆÁÒÍÅÒÓ ÄÅÓÃÒÉÂÅÄ ÔÈÅ ÉÍÐÁÃÔ ÏÆ ÉÍÐÌÅÍÅÎÔÅÄ ÓÔÒÁÔÅÇÉÅÓ ÏÎ ÔÈÅÉÒ Ï×Î ÆÁÒÍÓȭ 

structure, organization and delivered functions. Such narratives were analysed to learn about 

the impact of strategies in each management pattern, by coding explicative and meaningful 

quotes into three codes of robustness, adaptability and transformability. Thus, a quote contains 

Á ÄÅÓÃÒÉÐÔÉÏÎ ÏÆ Á ÓÔÒÁÔÅÇÙȭÓ ÉÍÐÁÃÔ ɉÏÒ ÁÎ ÁÓÐÅÃÔ ÏÆ ÉÔɊ ÏÎ ÔÈÅ ÆÁÒÍȟ ×ÈÉÃÈ ÎÅÅÄÓ ÔÏ ÂÅ ÒÅÆÅÒÒÅÄ 

to a resilience capacity. Importantly, farmers do not explicitly refer to robustness, adaptability 

and transformability in their narrat ives, being these mainly academic concepts. Therefore, to 

infer information on which resilience capacities emerged behind the quotes, a deductive 

scheme based on three questions to be answered while coding was used, as reported in Figure 

10Ȣ 4ÈÅÓÅ ÑÕÅÓÔÉÏÎÓ ×ÅÒÅ ÁÎÓ×ÅÒÅÄ ÆÏÒ ÅÁÃÈ ÑÕÏÔÅ ÅØÐÌÁÉÎÉÎÇ ÁÎ ÁÓÐÅÃÔ ÏÆ ÔÈÅ ÓÔÒÁÔÅÇÙȭÓ ÉÍÐÁÃÔ 

on the farm. Each quote, therefore, relates to one capacity. This implies that a strategy, which 

can be described by many quotes, could relate to all capacities (although likely to different 

extents). 

Following the prior deductive scheme, for example, when analysing a quote explaining the 

impact of feed sharing, we should wonder whether this strategy had altered the original farm 

structure and functions. If it did not, the quote had to be coded as robustness, otherwise the 

following two questions had to be answered to infer adaptability or transformability. As a 

ÒÅÓÕÌÔȟ ÔÈÅ ÆÁÒÍÅÒÓȭ ÑÕÏÔÅÓ ×ÅÒÅ ÇÒÏÕÐÅÄ ÁÃross three codes of robustness, adaptability and 

transformability. Being management patterns characterized by different strategies (which 

relates to resilience capacities to varying extents), the three capacities were observed by single 
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pattern. Similarly ÔÏ ÔÈÅ ÁÎÁÌÙÓÉÓ ÏÆ ÁÔÔÒÉÂÕÔÅÓȟ ÔÈÅ ÒÅÓÕÌÔÓ ÁÒÅ ÓÈÏ×Î ÔÈÒÏÕÇÈ ÁÎ ÑÕÏÔÅÓȭ 

intensity (+/++/+++) scale, per management pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 10. Deductive scheme to infer resilience capacities. Source: own 
elaboration. 
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3.6 ANALYSIS OF THE PERFORMANCE AND RESILIENCE OF DEMAND- 

AND SUPPLY-ORIENTED STRATEGIES TO COPE WITH ECONOMIC RISK 

 

The objective of the research study 3 is to quantify the economic performance of alternative 

demand- and supply-oriented strategies to cope with main economic risks. The approach is 

based on the definition of a gross margin model, and four strategic scenarios. The analysis 

consists of Monte Carlo simulations and stress analysis under two risk factors, namely lamb 

price and feeding cost. Stochastic simulations are commonly used to evaluate economic 

performance and vulnerability, as well as a variety of climate and financial risk-specific 

assessments (e.g., Gibbons and Ramsden, 2005; Castañeda-Vera and Garrido, 2007; Lien et al., 

2007; Bielza Díaz-Caneja and Garrido, 2009; Graveline et al., 2012; Kadigi et al., 2020). These 

analyses are often based on the evaluation of risk factors over a density function representing 

Á ÍÏÄÅÌȭÓ ÏÕÔÃÏÍÅ by means of risk indexes and sensitivity analyses (Monjardino et al., 2013; 

Luo et al., 2017). This was, in fact, the first step of our analysis. In addition, we evaluated 

performance and vulnerability subject to two pre-established price and cost risks by means of 

a stress analysis. The methodology is explained below. 

 

3.6.1 DEFINITION OF THE FARM MODEL AND SCENARIOS 

 

Lamb production is characterized by the breeding of ewes. The key cycle of this system is the 

pregnancy and gestation of ewes, with offspring fattened and sold as lambs. Thus, the ewe 

represents the production unit characterized by a prolificacy rate (lambs born per ewe in a 

year, net of miscarriages), which can vary depending on management techniques and 

technologies. The lamb price determines the revenue provided by a ewe, and varies depending 

on whether the lamb is sold with the Ternasco de Aragón PGI label or as a standard product. A 

sheep farm economic model can be depicted as shown in Figure 11. Based on the characteristics 

of this lamb production system, alternative scenarios and stressors can be addressed in the 

analysis. On the one hand, the performance and vulnerability of alternative scenarios can be 

tested against the baseline scenario to represent potential improvements. On the other, specific 

risks can be incorporated into the model to highlight the performance of different scenarios 

under stress. 

Sheep farm gross margin can be defined at different levels and measured by alternative indexes. 

Previous research on lamb production economic performance account for flock production 

(Farrel et al., 2020), margin per hectare (Bohan et al., 2018), gross or net profit per ewe 

(Thompson and Young, 2002; Milàn et al., 2003; Krupovà et al., 2014; Rosasco et al., 2019), and 

lamb prices (Kopke et al., 2008). In this research, I opted for an index of unitary gross margin 

ÐÅÒ Å×Å ɉΌȾÅ×ÅɊȟ ÁÓ ÔÈÉÓ ÈÅÌÐÓ ÔÏ ÁÓÓÅÓÓ ÔÈÅ ÅÃÏÎÏÍÉÃ ÅÆÆÉÃÉÅÎÃÙ ÏÆ ÕÎÉÔÓ of production (i.e., the 

ewe) on which lamb production is based. 
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The farm model is defined as follows: 

“ ὶǿὖ ὅὪ ὅί Ὓ ȟ                  ρ 

Where z represents scenarios, ʌntz is the stochastic gross margin ÐÅÒ Å×Å ɉΌȾÅ×ÅɊ ÁÃÈÉÅÖÅÄ ÂÙ 

the n-th farm in the year t, r tz is the prolificacy rate in the year t, Ptz is the price per lamb in the 

year t, and Sntz ÉÓ ÔÈÅ ÃÏÕÐÌÅÄ ÐÁÙÍÅÎÔ ɉΌȾÅ×ÅɊȢ 4ÈÅ ÉÎÄÅØ ÔÁËÅÓ ÉÎÔÏ ÁÃÃÏÕÎÔ ÔÈÅ ÓÐÅÃÉÆÉÃ 

variable costs of production, which in this case are feeding costs (Cf) and sanitary costs (Cs).  

This model, as well as the diagram in Figure 11, are a simplified model of lamb production, as 

they do not consider fixed costs such as infrastructures and labour costs. Figure 13 shows the 

cost decomposition per ewe (based on average values from our 230 farm sample records), 

where feeding costs account for 57% of the expenses. Labour costs were not included as farms 

under study typically do not hire external workers, partly because there is a widespread 

shortage of farm workers in the region and farms are mostly unable to pay external labour 

(Pardos et al., 2008). Though sheep farms rely on significant extensions of non-owned land 

(Fau, 2016), their leasing costs are relatively small, as shown in Figure 13. Also, the relative 

importance of general costs can differ between farms, which make it difficult aggregating and 

comparing them (Zinnanti et al., 2019). In addition, general costs are fixed, i.e., they are rather 

stable overtime and do not represent an uncertainty (unlike price and specific costs). As shown 

in Figure 13, sanitary costs cover a limited portion of costs. However, due to the increasing risk 

Figure 11. The diagram of the baseline farm gross margin model, the main risk factors 
affecting feeding costs and price, and two alternative strategic scenarios implying 

increased prolificacy and PGI prices. Source: Bertolozzi-Caredio et al. (2021b). 
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of new diseases in the sector (San Martín et al., 2020), we opted for including these costs into 

the model to evaluate potential risks. 

BASELINE SCENARIO 

In the baseline scenario, the model assumes conventional lamb prices, an average prolificacy 

rate in Aragón, and includes variable costs, and coupled subsidies per ewe. Table 5 shows the 

data on prices, weight of sold lambs, and prolificacy rate used in the model. 

The ewe prolificacy rate measures the average number of lambs born to each lambing ewe in a 

specific year, net of abortions, and survived at the weaning. In our case, we used the annual 

prolificacy rate showed by sheep farms at regional level in the period 2010-2017 (ECREA, 

2020). There are other strategies such as rearing, replacement management, and feeding 

system that in turn influence the ewe prolificacy and improve the efficiency. Prolificacy can be 

a proper indicator of productive efficiency, because it ultimately reflects management choices. 

4ÈÅ ÃÏÎÖÅÎÔÉÏÎÁÌ ÌÁÍÂ ÐÒÉÃÅ ÓÅÒÉÅÓ ɉÅØÐÒÅÓÓÅÄ ÉÎ ΌȾËÇ ÏÆ Ólaughtered lamb) is provided by the 

Price Observatory of the Spanish Ministry of Agriculture (MAPA, 2020c), covering the period 

2004-2017. These are producer prices. These prices have been deflated to the reference year 

(i.e., 2017) by using yearly general index provided by the Spanish National Statistics Institute 

(INE, 2020). In order to calculate the price per lamb, the average weight of lambs sold and 

slaughtered in Aragón in the period 2004-2017 (MAPA, 2020b) was used: the price per kg was 

multiplied by the average weight for each year to get an average price per lamb in each year. 

Although the lamb price was deflated, a trend component was still present, which was 

eliminated from the series (Zinnanti et al., 2019). 

Year 

Conventional 
prices     
όϵκƪƎύ 

Average 
lamb 

weight 
(kg) 

Conventional 
price 
όϵκƭŀƳōύ 

PGI 
prices 
όϵκƪƎύ 

Average 
PGI 

lamb 
weight 

(kg) 
PGI Price 
όϵκƭŀƳōύ 

Average 
prolificacy 

rate 
(lambs/ewe) 

2004 5.6 12.0 70.8 - - - - 
2005 5.9 12.0 74.7 - - - - 
2006 5.5 12.0 69.6 - - - - 
2007 5.4 12.0 66.3 - - - - 
2008 5.6 11.9 67.7 6.1 11.1 73.0 - 
2009 5.7 11.9 68.4 6.0 11.1 71.0 - 
2010 5.5 12.1 67.1 6.1 10.9 70.1 1.03 
2011 6.0 12.0 70.9 6.9 11.1 78.1 1.02 
2012 6.0 12.0 71.0 7.2 11.1 81.1 1.12 
2013 5.9 11.9 68.9 6.1 11.0 66.0 1.06 
2014 6.4 11.7 72.8 7.0 11.0 75.5 1.06 
2015 6.0 12.1 70.1 6.9 11.0 73.0 1.10 
2016 6.1 12.1 71.0 7.4 11.0 77.2 1.13 
2017 5.9 12.4 68.8 6.8 10.9 69.1 1.05 

Source: 
MAPA 

(2020c) 

MAPA 

(2020b) 

Own 
elaboration 

MAPA 

(2020a) 

MAPA 

(2020a) 

Own 
elaboration 

ECREA 

(2020) 

Table 5Ȣ $ÁÔÁ ÓÅÒÉÅÓ ÏÆ ÃÏÎÖÅÎÔÉÏÎÁÌ ÁÎÄ 0') ÐÒÉÃÅÓ ΌȾËÇ ɉÒÅÁÌ ÖÁÌÕÅÓ ÄÅÆÌÁÔÅÄ ÔÏ ςπρχ ÁÎÄ 
detrended), average weights of sold lambs (kg), and prolificacy (lambs/ewe) used in the 

ÁÎÁÌÙÓÉÓȢ ,ÁÍÂ ÐÒÉÃÅ ɉΌȾÌÁÍÂɊ ×ÁÓ ÏÂÔÁÉÎÅÄ ÂÙ ÍÕÌÔÉÐÌÙÉÎÇ ÐÒÉÃÅ ΌȾËÇ ÂÙ ÌÁÍÂ ×ÅÉÇÈÔ ÆÏÒ ÔÈÅ 
respective year. Source: Bertolozzi-Caredio et al. (2021b) 
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The feeding and sanitary costs were derived from the accountancy data of a sample of 230 

extensive sheep farms provided by the Spanish National Agrarian Accounting Network 

(RECAN). The sample includes observations of Aragón farm financial results over four years 

(2014-ςπρχɊȢ 4ÈÅ ÃÏÓÔÓ ÁÒÅ ÒÅÐÏÒÔÅÄ ÉÎ ΌȾÅ×Å ÁÎÄ ÉÎÃÌÕÄÅ ÔÈÅ ÅØÐÅÎÓÅÓ ÆÏÒ ÔÈÅ ÌÁÍÂÓ ÂÏÒÎ ÐÅÒ 

ewe, which are added to the ewe unit. Table 6 shows the observed farms per year and cost 

values per year (mean and standard deviation).  

 

  Year 2014 2015 2016 2017 Total 

 Observed farms 60 59 57 54 230 

CŜŜŘƛƴƎ Ŏƻǎǘǎ όϵκŜǿŜύ 
mean 33.2 37.1 35.9 36.2 35.6 

std.dev. 16.1 21.0 16.4 17.9 17.9 

{ŀƴƛǘŀǊȅ Ŏƻǎǘǎ όϵκŜǿŜύ 
mean 3.7 4.0 4.1 3.5 3.8 

std.dev. 1.8 1.9 1.8 2.0 1.9 

Table 6Ȣ 3ÁÍÐÌÅÄ ÆÁÒÍÓ ÁÎÄ ÄÅÆÌÁÔÅÄ ÃÏÓÔ ÖÁÌÕÅÓ ɉΌȾÅ×ÅɊ ÂÙ ÙÅÁÒȢ Source: Bertolozzi-Caredio 
et al. (2021b) 

 

In the case under study, sheep receive a coupled payment per ewe (Cimpoies, 2015). The 

subsidy consists of a payment per head, allocated for a minimum herd size of 30 ewes with a 

prolificacy rate of at least 0.6. As all the sampled farms met such requirements, these were 

omitted from the model. The coupled support assigned in the reference year (i.e., 2017) was 

added ÔÏ ÔÈÅ ÍÏÄÅÌȟ ×ÈÉÃÈ ×ÁÓ ρςȢρρ ΌȾÅ×Å ɉ&%'!ȟ ςπρψɊȢ 

 

QUALITY SCENARIO 

In the study area, one of the main concerns of farmers is the low lamb price (Becking et al., 

2019). A strategic option farmers can pursue is to adhere to the Ternasco de Aragón PGI   (Sans 

et al., 1999). This quality label fetches higher lamb prices with respect to conventional lamb. 

The research quÅÓÔÉÏÎ ÔÈÁÔ ×Å ÁÉÍ ÔÏ ÁÎÓ×ÅÒ ÉÓȡ ȰÔo what extent can PGI prices improve the 

sheep farm performance?ȱ Therefore, a first alternative to the baseline scenario is a quality 

scenario based on Ternasco de Aragón prices over conventional prices. Data on PGI price in 

ΌȾËÇ ÁÎÄ ÁÖÅÒÁÇÅ ×ÅÉÇÈÔ ÏÆ ÓÏÌÄ ÁÎÄ ÓÌÁÕÇÈÔÅÒÅÄ 0')-labelled lambs in the period 2008-2017 

are provided by the Spanish Ministry of Agriculture (MAPA, 2020a). As for the case of 

ÃÏÎÖÅÎÔÉÏÎÁÌ ÐÒÉÃÅÓȟ ÔÈÅ ÐÒÉÃÅ ÉÎ Ό/kg was multiplied by the average weight of lambs sold and 

slaughtered every year in the series under the PGI label in Aragón to obtain an annual price per 

lamb from 2008 to 2017. A further difference between conventional and PGI lamb price is the 

weights of sold lambs, which is slightly higher in conventional production. This is due to a 

specific restriction of the PGI production protocol under which producers are bound to sell 

lambs bearing the Ternasco de Aragón label with a maximum weight of 12.5 kg. Data are 

reported in Table 5. The PGI prices, used to model this scenario, were also detrended. 

 



38 
 

PRODUCTIVE EFFICIENCY SCENARIO 

Previous research underscores the role of increased prolificacy in reducing production costs 

(Bohan et al., 2018) and, generally, improving efficiency (Earle et al., 2017). Efficiency, in fact, 

ÃÏÎÔÒÉÂÕÔÅÓ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÔÏ ÓÈÅÅÐ ÆÁÒÍÓȭ ÐÒÏÆÉÔÁÂÉÌÉÔÙ ɉMorgan-Davis et al. (2017)). As prolificacy 

was found to be generally low in the Mediterranean area (Gursoy, 2006), most attention 

focused on increasing prolificacy. In the case study area, one of the main objectives to enhance 

production efficiency is to increase the prolificacy rate (San Martín et al., 2020). This goal can 

be achieved by means of diverse breed selection and choice techniques (Viñoles et al., 2009; 

Gootwine, 2020). The prolificacy rate can vary significantly across farms (Amer et al., 1999). In 

the baseline scenario, the average rate reported at regional level between 2010 and 2017 (on 

average 1.1) was used. In addition, the researchers surveyed 54 farmers from Huesca (a 

province within the case study region of Aragón) in 2018. The survey analysis revealed 

significant variability of prolificacy rates between farms (from 0.9 to 2.2), with average 

prolificacy rates being higher than the regional average, indicating that surveyed farms relied 

on more efficient breeds. Although the survey was limited to one province, an alternative 

scenario was devised, namely the productive efficiency scenario, with the aim of observing how 

the economic performance of sheep farms would change if all farms were as efficient as the 

surveyed farmers in Huesca. To run the efficiency scenario, the baseline farm model is modified 

by replacing the prolificacy rate at regional level by the improved prolificacy rate of Huesca.  

Nevertheless, an increased prolificacy rate entails higher feeding costs as the number of lambs 

per ewe increases as well. Previous studies in the case study area (Oliván and Pardos, 2000; 

Pardos et al., 2007) find that farms with a prolificacy rate higher than the cut-off value of 1.3 

show a 23-26% increase in feeding costs per ewe with respect to farms with lower prolificacy. 

Based on this evidence, it is possible to assume that farms with prolificacy above the reference 

threshold of 1.3 need to account for a 25% increase in feeding costs per ewe on average. 

Therefore, we integrated the gross margin model (1) into the efficiency scenario by means of a 

conditional function: 

ÉÆ ὶǿ ρȢσȠ  ÔÈÅÎ  ὅὪȟȟ ÉÓ ÉÎÃÒÅÁÓÅÄ ÂÙ ςυϷȠ  ÅÌÓÅ ὅὪȟȟ ÉÓ ÎÏÔ ÉÎÃÒÅÁÓÅÄ 

Assuming a capped feeding cost at 25% for r ǿt>1.3 is certainly a modelling simplification. While 

data are derived from other studies on the same case study area, they are outdated (2007, the 

most recent). To the best of our knowledge, there is no available data on lamb nutrition and 

corresponding costs for our case study. Data from other regions are possibly not appropriate 

to be used because the nutritional requirements depend on genetic, environmental and 

managerial factors, which can differ significantly between regions (Cannas et al., 2019). Though 

limited, our simplified model allows for considering a feeding cost-prolificacy linkage. 

Lastly, a fourth scenario was derived by integrating the quality and efficiency scenarios, which 

models both improved prolificacy rates and PGI prices. 
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3.6.2 MAIN RISK FACTORS 

 

Previous investigations in the case study area identified several institutional, economic, social, 

and environmental challenges threatening the performance and prospects of extensive sheep 

farms (Becking et al., 2019; San Martín et al., 2020; Soriano et al., 2020). With particular regard 

to farm economic performance, however, two main risk factors can be defined, namely falling 

lamb prices and rising feeding costs. Figure 12 plots these data series. 

Falling lamb prices is an important determinant of low sheep farm gross margin (Becking et al. 

2019; Spiegel et al., 2019), most likely explained by the sharp decline in lamb consumption in 

Spain (Alcalde et al., 2013). The annual lamb consumption decreased from 2.1 kg/capita in 

2011 to 1.33 kg/capita in 2019 (MAPA, 2019). As this consumption trend is likely to persist in 

the coming years, concerns about possible drops in lamb price are widespread. 

 

 

 

 

 

 

 

 

 

 

Generally, feeding is the largest expense in lamb production (Toro-Mujica et al., 2012; Morris, 

2017). Previous research in the case study area shows that feeding costs are much higher than 

other specific costs (Pardos et al., 2008). Accordingly, Figure 13 shows the cost decomposition 

per ewe (based on average values from the 230 farm sample records), where feeding costs 

account for 57% of the expenses. Feeding costs have been increasing for the last twenty years, 

also leading to important changes in farm management and a sizeable reduction in gross margin 

(Olaizola et al., 2008). The feeding cost trend can be also affected by periodic droughts 

(Countryman et al., 2016; Salmoral et al., 2020), which reduce grazing potential. The increase 

in feeding costs is probably the main factor affecting lamb production gross margin, and is 

therefore an important source of risk. 

Figure 12. The development in conventional and PGI lamb price 
ɉΌȾÌÁÍÂɊȟ ÁÎÄ ÆÅÅÄÉÎÇ ÁÎÄ ÓÁÎÉÔÁÒÙ ÃÏÓÔÓ ɉΌȾÅ×ÅɊ ÉÎ !ÒÁÇĕÎ ɀ Years 

2010-2017. Source: Bertolozzi-Caredio et al. (2021b). 
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Figure 13. Percentage decomposition of costs per ewe. Source: Bertolozzi-Caredio et al. 
(2021b). 

 

3.6.3 MONTE CARLO SIMULATIONS AND STRESS ANALYSIS 

 

All inputs in the model (Equation 1) are stochastic variables. For all inputs, a probability density 

function (PDF) was either assumed or fitted. For the coupled support, I allowed a ±10% 

ÖÁÒÉÁÔÉÏÎ ÒÁÎÇÅ ÆÒÏÍ ÔÈÅ ÇÉÖÅÎ ÖÁÌÕÅ ÏÆ ρςȢρρ ΌȾÅ×Å ɉÉȢÅȢȟ ÔÈÅ ÓÕÐÐÏÒÔ ÐÒÏÖÉÄÅÄ ÉÎ ςπρχɊȢ 4ÈÉÓ 

is explained by the fact that coupled support is determined on a year-by-year basis and depends 

on the estimated total number of eligible ewes at regional level, therefore the subsidy could 

vary slightly (FEGA, 2020). 

Table 7 shows the model input distributions and statistics. The fitting distributions were 

ÉÄÅÎÔÉÆÉÅÄ ÂÙ ÏÂÓÅÒÖÉÎÇ ÔÈÅ ÆÏÕÒ ÍÏÍÅÎÔÓ ɉʈȟ ʎȟ ÓËÅ×ÎÅÓÓȟ ËÕÒÔÏÓÉÓɊ ÆÏÒ ÅÁÃÈ ÉÎÐÕÔ ÖÁÒÉÁÂÌÅȢ 4ÈÅ 

best fitting distributions were selected for feeding and sanitary costs (Triangular and 

BetaGeneral, respectively) by the BestFit @Risk function (Zinnanti et al., 2019). The Akaike 

information criterion (AIC) was used to rank the tested distributions, namely normal, PERT, 

Gamma, Lognormal, Triangular, Beta, Loglogistic, Pearson5 and uniform. In the case of prices, 

prolificacy rates and subsidies, however, the data series were too short to perform a best-fit 

distribution function. Based on the observed moments, three commonly used distributions 

were assumed (Triang, PERT, uniform). Prices revealed positive skewness. Therefore, a PERT 

function was used to best fit the positive asymmetry of the available data. Due to the use of only 

three values, subsidies were modelled by a uniform distribution. The Monte Carlo simulations 

were based on the above PDFs, and the correlations between input variables were incorporated 

into the model (see the correlation matrix in Table 8). Following Zinnanti et al. (2019), 10.000 

ÉÔÅÒÁÔÉÏÎÓ ×ÅÒÅ ÐÅÒÆÏÒÍÅÄ ÔÏ ÅÎÓÕÒÅ ÏÕÔÐÕÔȭÓ ÃÏÎÓÉÓÔÅÎÃÙȢ 

In the first step, the four scenarios were run under no stressors. The economic performance 

×ÁÓ ÍÅÁÓÕÒÅÄ ÂÙ ÔÈÅ ÍÅÁÎ ɉʈɊȟ ÓÔÁÎÄÁÒÄ ÄÅÖÉÁÔÉÏÎ ɉʎɊȟ ÁÎÄ ÃÏÅÆÆÉÃÉÅÎÔ ÏÆ ÖÁÒÉÁÔÉÏÎ ɉ#6ɊȢ Also, 

other indicators of risk were computed, such as the semi-standard deviation (SSD) and the semi 

coefficient of variation (SCV) that measure the downside risk expÏÓÕÒÅ ɉÉÎ ÐÒÁÃÔÉÃÅȟ ÔÈÅ ʎ ÁÎÄ 

CV of all values below the mean, the left-hand side of the distribution), to target the risk of gaining 

a value below the expected modelôs average outcome (Hardaker et al., 1997). With outcome, we refer 

Feeding costs
57%

Sanitary costs
6%

General costs
24%

Salaries6%

Leasing costs
6% Interest 1%

Total 
average cost 
όсн ϵκŜǿŜύ
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to the range of gross margin values obtained when running the model. The downside risk evaluation 

also helps identify the amount of losses that a farm can sustain. In addition, the value at risk (VaR) 

index gives a measure of potential losses. The VaR is measured as the percentage share of the 

difference between the mean and the expected outcome value at a 95% confidence level on the 

average gross margin (Dowd, 2007; Zinnanti et al., 2019). Besides, the break-even probability 

(BEP) was used to indicate the probability of returning a profit, which is measured as the 

percentage of non-negative gross margin ÏÕÔÃÏÍÅÓ ɉʌ ІπɊ ÏÖÅÒ ÔÏÔÁÌ ÏÕÔÃÏÍÅÓȢ ,ÁÓÔÌÙȟ ÔÈÅ 

kurtosis statistic indicates the probability of extreme events occurring: the higher the kurtosis, 

the higher the probability. 

 

  
Prolificacy 

rate 

Improved 
prolificacy 

rate 
Price 
όϵκƭŀƳōύ 

PGI price 
όϵκƭŀƳōύ 

Sanitary 
costs 
όϵκŜǿŜύ 

Feeding 
costs 
όϵκŜǿŜύ 

Coupled 
Subsidies 
όϵκŜǿŜύ 

Minimum 1.02 0.90 66.3 66.0 0.0 4.6 10.90 

Maximum 1.13 2.20 74.7 81.1 9.2 96.6 13.32 

Mean 1.07 1.40 69.9 73.4 3.8 35.6 12.11 

Mode 1.06 1.20 70.6 73.2 2.9 55.0 - 

Median 1.06 1.40 69.8 73.0 3.5 34.4 - 

Std. Deviation 0.04 0.26 2.3 4.6 1.9 17.9 - 

Skewness 0.35 0.93 0.5 0.1 0.5 0.7 - 

Kurtosis 1.58 4.32 3.3 2.4 2.7 3.3 - 

5% (percentile) 1.0 1.0 66.3 66.0 1.1 12.8 - 

95% (percentile) 1.1 2.0 74.7 81.1 7.2 71.3 - 

Fitting distribution Triang Triang Pert Pert Triang 
Beta 

General 
Uniform 

Table 7. Input variable distribution parameters in the stochastic model. Source: Bertolozzi-
Caredio et al. (2021b). 

 

Sensitivity analyses were carried out to gain insight into the main risk factors. A sensitivity 

analysis measures the extent to which input variables impact the gross margin outcomes. 

Tornado charts were used to display a ranking of the input distributions that influence the 

output. There are different types of tornado charts. First, the input regression coefficients were 

compared by scenario in a multiple tornado chart. By so doing, it is possible to observe the 

magnitude and direction of the effect of input variables on the output in each scenario. 

Subsequently, an analysis of the regression mapped values by input variable was applied 

(Zinnanti et al., 2019; Kamali et al., 2017; Ghasemi et al., 2012). This analysis measures the 

amount of change in the output (mapped values) due to a one standard deviation change in one 

input variable, while other input variables remained unchanged at their mean value. The 

mapped values are beta coefficients from a regression in which the mean gross margin is the 

dependent variable, and the independent variables are random functions of the input variables, 

where all variables are standardized. This approach compares variables with different units of 

measurement (Zinnanti et al., 2019). Results are shown by means of multiple tornado charts in 

which each bar represents the change in the output (gross margin) corresponding to a one 

standard deviation change in a specific input variable. 
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In the second step, the analysis simulated the four scenarios under stressors. Two stressors 

were selected: decreased lamb price and increased feeding costs. The stressors were 

introduced by running the simulations while limiting the PDFs of selected input variables to a 

specified percentile. The analysis was carried out at two stress levels: 10 and 50 percentile. 

First, the lamb price was limited to its 0-10% PDF (to simulate lowest possible prices only) for 

the price stressor; the feeding costs to their 90-100% PDF (to simulate highest possible costs 

only). Then, the analysis was repeated by limiting simulations to 0-50% and 50-100% for prices 

and costs, respectively. First, the stressors were introduced in the model one by one, and the 

impact on performance was observed separately for each stressor. Then, the stressors were 

introduced simultaneously to capture the whole effect on performance. To analyse the effect of 

stressors on scenario outcomes, the percentage variation between the average gross margin 

outcome under stress was measured, and the expected average under no stress, as well as the 

percentage BEP. Besides, scenario PDFs were compared by stress type.  

In addition, a sensitivity analysis was performed to assess the impact of a reduction in subsidies 

on gross margin. This was carried out by running the models under different values of the 

coupled subsidies through the iterative reduction of the variable output value by percentage 

levels. The profitability outcome was observed at five levels of the coupled subsidies output 

value ɂbase outcome (0% change), -25%, -50%, 75%, and -100% (complete removal)ɂ across 

the four strategic scenarios. 

 

 
Price PGI price  Prolificacy  

Improved 
prolificacy 

Feeding 
costs  

Sanitary 
costs 

Price  1           

PGI price  -0.285 1      

Prolificacy -0.671 -0.036 1     

Improved prolificacy 0.217 0.343 -0.379 1    

Feeding costs 0.275 -0.539 -0.551 0.045 1   

Sanitary costs  0.112 0.030 -0.108 -0.076 0.149 1 

Table 8. Input variables correlation matrix in the stochastic model. Source: Bertolozzi-Caredio 
et al. (2021b). 
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3.7 ANALYSIS OF RISK MANAGEMENT STRATEGIES TO IMPROVE 

RESILIENCE 

 

The objective of the research study 4 is to identify new ways through which risk management 

strategies may improve resilience. The assessment consists in a multi-stakeholder focus group 

involving nine ÐÁÒÔÉÃÉÐÁÎÔÓȟ ÔÈÒÏÕÇÈ ×ÈÉÃÈ ÍÁÉÎ ÃÈÁÌÌÅÎÇÅÓȟ ÓÔÒÁÔÅÇÉÅÓȟ ÁÃÔÏÒÓȭ ÉÎÖÏÌÖÅÄȟ ÁÎÄ 

potential improvements are identified. The approach is described below. 

 

3.7.1 MULTI-STAKEHOLDER FOCUS GROUP 

 

Considering the conceptualization and research goal, a qualitative and participatory approach 

based on focus groups was chosen. As risk management is assumed to be the result of complex 

interactions between actors of the farming systems (see conceptualization in Figure 14), focus 

groups were judged to be the best method for this research inquiry. Focus group is a widely 

used technique to engage stakeholders in informal or semi-structured group discussions 

focusing on one or more topics. It is a way of collecting qualitative data from multiple 

individuals simultaneously (Wilkinson, 2004). According to Kamberelis and Dimitriadis 

(2011), focus groups enable researchers to observe the dynamics of social interactions among 

specific groups of people, such as defining training needs or community reaction to face threats 

(Winlow et al., 2013), and stimulating multiple stakeholders to find a common approach to an 

issue that affects them all (Roloff, 2008). 

The focus group involved nine participants. It took place at the Agricultural Administration 

Office in Huesca on April the 4th 2019. They were chosen purposively to represent the 

stakeholders involved in the farming systemȟ ÔÈÁÔ ÁÒÅ ÆÁÒÍÅÒÓȟ ÆÁÒÍÅÒÓȭ ÁÓÓÏÃÉÁÔÉÏÎÓ ÁÎÄ 

cooperatives, banks and insurance companies, and the public sector. Appendix II reports 

information on participants. Different activities were developed during the focus group, as 

shown in Figure 14. The first two steps of the focus groups helped identify the main challenges 

and strategies of the extensive sheep farming system of Huesca. Stakeholders participated in 

identifying and ranking the top 10 challenges to be tackled, and up to five strategies to deal with 

the identified challenges (currently and with a view to the future). 

To ensure that the identification of challenges and strategies was consistent with the existing 

empirical evidence, the researchers provided information on the most often perceived 

challenges and significant strategies derived from previous surveys in the case study area 

(Spiegel et al., 2019). The participants, therefore, could discuss, integrate and agreed with such 

rankings. 

Once the strategies had been selected, participants were invited to identify the actors involved 

in each strategy, and then to discuss their performance in the third and fourth steps. The last 

step was a brainstorming activity to suggest improvements on actor roles and behaviour. 

Improvements were proposed by participants within an open discussion, and each was written 
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down on a post-it. Participants were allowed to suggest as many improvements as they wished. 

An improvement is a suggestion (sentence) made by a focus group participant on how to 

improve the input of a specific actor to better implement a specific strategy. Therefore, each 

improvement is related to a strategy, and an actor involved in that strategy. A total of 60 

differentiated improvements were collected. These are reported in Appendix VI. 

 

 

 

 

 

 

 

 

 

 

 

 

3.7.2 DATA REPORTING AND ANALYSIS 

 

The qualitative results collected throughout the focus group, were reported by tables and 

figures and discussed against the literature. The main challenges, strategies and actors 

identified by participants are shown in two separated tables. Next, the main suggested 

improvements are shown, by actor and strategy, by means of a table. Lastly, improvements 

were grouped into three main topics, namely Cooperation & Marketing, Knowledge System, 

Policy & Financial Tools. These main topics were analysed, by actor and strategy separately, 

based on the number of improvements contained in each topic for each actor/strategy, in order 

ÔÏ ÄÅÆÉÎÅ ×ÈÉÃÈ ÔÏÐÉÃÓ ×ÅÒÅ ÍÏÒÅ ÉÍÐÏÒÔÁÎÔ ÉÎ ÔÈÅ ÆÏÃÕÓ ÇÒÏÕÐ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÏÐÉÎÉÏÎȢ 4ÈÅ 

results are displayed through two bar chart graphs. 

 

  

Figure 14. Methodological design of focus group activities. Source: Bertolozzi-
Caredio et al. (2021a). 










































































































































