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SUMMARY
Unsustainable economic development and land-use change have degraded ecosystems and thereby
affect the supply of ecosystem services, especially in vulnerable areas, such as dryland agroecosystems. The AlVelAl territory in southeast Spain has suffered from desertification due to climate
change and unsustainable land-management practices that triggered rural abandonment,
unemployment and loss of productivity. Since 2014, the Commonland Foundation and the AlVelAl
Association collaborated in an integrated restoration project. This project combines natural and
economic zones, and aims to return inspiration and human-, natural- and financial -capital to the
territory.
My study’s main objective is to contribute to this project by assessing the provisioning and habitat
services of three relevant land uses in the AlVelAl territory: almond monoculture, mixed land-use
systems and livestock farming. The study area is the Altiplano de Granada and the Los Vélez agrarian
districts of AlVelAl.
To achieve this objective, a conceptual framework was developed. It included three main research
methods, which are ecosystem services analysis, benefit analysis and monetary valuation. In addition,
a multi-temporal analysis was used to identify the main land uses in the last half century. Datacollection methods included an online expert questionnaire, a paper questionnaire, literature review
(especially local reports and statistics) and interviews with local professionals.
Forest and natural areas were identified as major land use classes in the study area between 1956 and
2007, followed by the agricultural crops land use and land cover (LULC) class. 12% of the original area
of forest and natural areas was converted into other classes over the last five decades, while the
agricultural crops shifted from cereals to woody crops, like almonds. Almond monoculture was
characterized as a rainfed agricultural system producing almonds in shell. No sustainable landmanagement practices are carried out in this monoculture. The mixed-land use system is a traditional
system in the AlVelAl territory and integrates the production of almond with Segureña sheep and
aromatic/medicinal plants with regenerative practices that increase soil quality and biodiversity.
Lastly, livestock farming includes the production of Segureña sheep in natural areas or “montes”, and
is carried out mainly on rented lands owned by local governments.
The main provisioning service identified in the three land uses was food production, given that these
land uses mainly have a productive agricultural and purpose. However, mixed-land use systems
provided more provisioning services than almond monocultures and livestock farming systems.
Genetic resources were considered important in the mixed and livestock farming systems. This
highlights the importance of local almond varieties, the Segureña sheep breed and the land uses’ role
to maintain genetic diversity in the area. Almond monocultures were perceived to have the worst
habitat conditions for biodiversity.
National beneficiaries were identified in the three land uses as the main beneficiaries of provisioning
services, while local beneficiaries as the most important beneficiaries of habitat services. The benefits
that the beneficiaries obtain from provisioning and habitat services, includes the high nutritional value
of almond for people, the employment opportunities, the diversification of income. However, people
vi

from the City of Baza (Altiplano de Granada) did not feel connected with the benefits of provisioning
services.
The monetary value of the provisioning and habitat services were also calculated. The mixed-land use
system had the highest annual monetary value per hectare for provisioning services (10,2K€ per ha),
followed by almond monoculture (5,6K€ per ha), and livestock farming (937€ per ha). Regarding
habitat services, livestock farming had the highest annual monetary value (21.49€ per ha), followed
by mixed-land use system (17.90€ per ha), and almond monoculture (3.44€ per ha). The potential use
of provisioning and habitat services in the three land uses can be enhanced and encouraged by simple
sustainable land use practices in which ecosystem services are exploited to benefit people.
Data availability for such specific land uses in such a unique territory was limited. This was overcome
with the help of experts and professionals that provided original information. Moreover, the
subjective interpretation of the questions in the online questionnaire likely has influenced the
outcome of this research, but expert elicitation is the proper method to collecting and validate
information in data scarce situations.
Finally, I conclude that the mixed-land use systems are capable to provide more provisioning services
and better habitat services for more biological diversity; that the provisioning and habitat services of
this system are not only capable of providing more benefits, but also cater to a wider range of
beneficiaries; and that this system has the highest monetary value per hectare in terms of provisioning
services. This contributes to income diversification, which is crucial for rural settlement in the AlVelAl
territory. These results confirm that multi-functional systems are more beneficial (social,
environmental, and economically) than mono-functional systems.
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1

INTRODUCTION

This chapter presents background information about ecosystem services, landscape degradation and
a brief explanation about the current situation of the Mediterranean drylands of Spain. Additionally,
this chapter includes a description of the study area, the problem statement and the research
questions addressed in this study.

1.1

Background

Ecosystems have a fundamental role in supporting life on earth, which makes them vital for survival.
Moreover, ecosystems provide benefits to people in the form of ecosystem services and contribute to
human well-being, and even to a nation’s economy (de Groot et al., 2010a).
In the last decades, ecosystems have been degraded and altered given the unsustainable increase of
economic and social prosperity, as well as land use change, affecting the health and integrity of
ecosystems around the world (Koschke et al., 2012; Quintas-Soriano et al., 2016a). Estimates show
that 25% of usable land is being degraded globally and, as a result, there is an associated economic
loss. For instance, land use changes between 1997 and 2011, represented an annual loss of ecosystem
services of between $4.3 and $20.2 trillion (Costanza et al., 2014). Dryland ecosystems have suffered
from intense land degradation, and its restoration have not been the focus of environmental policy,
but rather reducing the impacts derived from ecosystems degradation (Commonland, 2015).
According to de Groot et al. (2010a), ecosystem services (ESs) are the direct and indirect contributions
of ecosystems to human well-being and are typically classified into four categories, namely,
provisioning, regulating, cultural and habitat services. Provisioning services are the products or
outputs from nature that people benefit from, i.e. water, food, medicinal and other resources, and
their supply can vary depending on the type of ecosystem providing them. Habitat services, which are
particularly important for biodiversity conservation, relate to the ability of ecosystems to provide
habitat for species and gene-pool protectors (de Groot et al., 2010a). Both provisioning and habitat
services, are addressed in this study.
Natural areas contribute to biodiversity conservation and produce and protects a variety of ecosystem
services that support human livelihoods (Chen et al., 2017), while agricultural ecosystems have major
implications for food security, employment and habitat for species. In the last decades, human
activities have altered the status of ecosystems, which in turn, affected and impacted differentially
the provision of ecosystem services (Quintas-Soriano et al., 2016a). In addition, land use and land
cover patterns have highly influenced the delivery of ecosystem services (Gaglio et al., 2017).
Therefore, the quality and quantity of services provided by ecosystems are dependent on land uses in
which the selected management practices influences (positively or negatively) the supply of the four
ecosystem service categories (de Groot et al., 2010b; Rodríguez-Loinaz et al., 2015).
In the Mediterranean areas of southeast Spain, farming has adapted to dry conditions and traditional
farming practices are often substituted for intensive agriculture. This situation is encouraged by
policies such as the Common Agricultural Policy (CAP) (Vidal-Legaz et al., 2013). Mono-functional
farming systems have occupied a vast territory in the last decades, however, a transition to multi1

functional systems is expected to happen since the multi-functional land use increasingly enhances
and ensures the environmental, social and economic pillars of sustainability, in comparison with a
mono-functional system (de Groot et al., 2010b).
Hence, identifying and analyzing the degree of provision of ecosystem services is necessary to make
informed decisions about the most appropriate ecosystem and land management strategies that will
optimize the use of natural resources and that will reduce land degradation, especially in the drylands
that are considered vulnerable to intensive agricultural practices (de Groot et al., 2010b; Robinson et
al., 2015).

1.2

Study area

AlVelAl is located in southeast Spain in the autonomous community of Andalusia. It combines in a
single territory the agrarian districts of Altiplano de Granada, Los Vélez and Alto Almanzora, and
recently, Comarca del Noroeste and Guadix, with a total area of 1,000,000 ha (Figure 1). This area is
mainly agricultural (almond tree, olive tree, rainfed cereals and sheep breeding) and is characterized
by
a
semiarid
climate
and
extreme
conditions
(La
Almendrehesa
[http://almendrehesa.es/bienvenidos-blog-noticias-e-informacion/]). The annual mean precipitation
ranges between 300-500 mm and there are long periods of drought as well as heavy rains in short
periods of time (De Leijster, 2016). The annual mean temperatures are around 11-14°C with prolonged
frosts during winter (de la Cruz Pardo et al., 2010).

Figure 1. AlVelAl territory

The AlVelAl territory is characterized by the lack of permanent superficial water resources and poorly
developed soils with low water retention capacity and low organic matter. Inappropriate agricultural
practices have been aggravating the erosive processes and have led to soil compaction. The sum of
2

these conditions have led to limitations in the productive capacity of the area (Junta de Andalucia
[Regional Government of Andalusia, 2006a, 2006b). However, agriculture is a fundamental economic
activity in the area which engages 25% of the local population (de la Cruz Pardo et al., 2010), while
sheep production stands out in terms of livestock farming.
This territory has an approximate of 89,000 ha of natural protected areas. Large pinewood forests are
predominant in the natural landscape, in combination with shrub formations, dry grasslands and
shrublands. Steppe birds, birds of prey, great diversity of invertebrates and mammals are also part of
the natural fauna of the region as well as typical mediterranean endemic species (Consejería de Medio
Ambiente y Ordenación del Territorio [Andalusian Regional Department of Environment and Spatial
Planning], 2017a; Junta de Andalucia, 2006a, 2006b).
Given the vast area that AlVelAl occupies, my research was focused on the agrarian districts of
Altiplano de Granada (province of Granada) and Los Vélez (province of Almería) (see Figure 2). All data
collection methods were applied in those two agrarian districts, therefore, when referring to the study
area, I am more specifically referring to Altiplano de Granada and Los Vélez.

Figure 2. Municipalities and natural parks within the Altiplano de Granada and Los Vélez agrarian districts

The agrarian district of Altiplano de Granada is located in the province of Granada and has an area of
354,324 ha with a population of 56,219 inhabitants (Grupo de Desarrollo Rural Altiplano de Granada
[Rural Development Group Highlands of Granada, 2016). It consists of 14 municipalities and the main
agricultural activities are livestock and agricultural production. Regarding livestock, the most
important productions are porcine, goat and sheep farming, while in the agricultural sector
3

productions such as olive, almonds, cereals (oat and barley), and vegetables are mostly produced
(Consejeria de Agricultura, Pesca y Desarrollo Rural [Andalusian Regional Department of Agriculture,
Fishing and Rural Development], 2014). This district is also characterized by the presence of two
natural parks called Sierra de Baza and Sierra de Castril, occupying approximately 50,000 ha.
The agrarian district of Los Vélez is located in the province of Almería and has an area of 114,476 ha
with a population of 11,691 inhabitants (Grupo de Desarrollo Rural Candidato Los Vélez [Rural
Development Group Candidate Los Velez], 2016). It consists of four municipalities and the main
productive activity is livestock farming, such as porcine and sheep farming. In addition, the main
agricultural productions are olive, nuts (almond) and vegetables (Consejeria de Agricultura, Pesca y
Desarrollo Rural, 2014). This agrarian district is also characterized by its environmental value given the
presence of the natural park Sierra María-Los Vélez, with an area of 22,588 ha, occupying almost 20%
of the total territory.

1.3

Problem statement

Even though the AlVelAl territory is characterized by producing healthy food products (the biggest
cultivated area of ecological almonds in the world), land degradation occurs. Desertification has led
to a decrease in the vegetation cover and an increase in erosive processes, and almost a quarter of
the eastern Andalusia highlands are considered to be desertified and/or close to desertification (de
la Cruz Pardo et al., 2010). Meanwhile, the rural areas have been experiencing the loss of traditional
crops, unemployment and rural abandonment.
All of these issues in the study area have a substantial socio-economic impact on the population.
Therefore, since 2014, the AlVelAl association have collaborated with Commonland
(www.commonland.com), which is a Dutch non-governmental organization. Commonland works with
a holistic restoration approach that combines natural and economic landscape zones. Commonland’s
so called “4 returns project” allows working towards improving the environmental, socio-economic
and cultural conditions of the AlVelAl region through landscape restoration initiatives and, more
specifically, through the implementation of regenerative agriculture, organic farming and restoration
of biodiversity (Gomez-Pastrana Jimeno and Parada Morollon, 2016).
In the AlVelAl territory, understanding and data on the importance (benefits and values) of more
sustainable land-use practices are lacking, even though there are a few farms already implementing
sustainable land management (SLM) practices. To successfully shift from mono-functional to multifunctional, more sustainable systems, more data and information is required for farmers to change
their usual tendency to prioritize short-term production of resources that eventually jeopardizes the
capacity of land to sustain production and deliver services in the future (Stallman, 2011). Thus,
research is needed to provide additional information about what would be the optimal land use
system and the effect of restoration strategies, taking into consideration the local, environmental and
socioeconomic conditions.
In addition, natural areas need to be protected to preserve natural environments, ecological
processes, and sociocultural traditions, and this is only possible if people recognize its social and
economic values (Duarte et al., 2016). The existing lack of knowledge about benefits and values of
4

ecosystems can lead to environmental management decisions that negatively affect ecosystem’s
condition (Lamarque et al., 2014). Therefore, research on how ecosystem services assessment help to
protect nature in AlVelAl is also relevant to improve the provision of ecosystem services in the AlVelAl
territory.

1.4

Purpose of the study and research questions

The general objective of my study was to contribute to a landscape restoration program, carried out
by Commonland and AlVelAl association, by assessing the benefits and values of ecosystem services
of different land uses in the AlVelAl territory, specifically in the agrarian districts of Altiplano de
Granada and Los Vélez, Southeast Spain. This thesis is part of a joint effort by three students who had
investigated all four ecosystem services categories (provisioning, regulating, cultural and habitat
services) in AlVelAl territory. In particular, my thesis was focused on the assessment of provisioning
and habitat services provided by almond monoculture, mixed systems and livestock farming.
To achieve this purpose, my research aimed to answer the following research questions:
RQ1. What are the main land use changes experienced in the last five decades?
RQ2. What are the main characteristics of the selected land use types: a) almond monoculture, b)
mixed almond and livestock system, c) livestock farming?
RQ3. What are the main provisioning and habitat services provided by each of the selected land use
types and their actual use?
RQ4. What are the benefits and who are the beneficiaries of provisioning and habitat services in each
of the three selected land uses?
RQ5. What is the monetary value of the provisioning and habitat services currently provided by each
land use type?
RQ6. What is the potential use of provisioning and habitat services in the study area?

1.5

Outline of the thesis

This thesis report is organized in ten chapters. Chapter 2 presents the conceptual framework and the
methodology carried to answer all six-research questions. Chapter 3 presents the main land-use
changes experienced in the study area over five decades and aims at answering RQ1; Chapter 4
describes the characteristics of the three selected land use types (almond monoculture, mixed
systems, livestock farming) and provides the answer for RQ2. Chapter 5 and 6 answer RQ3 by
presenting the main provisioning and habitat services with their related importance and capacities. In
this two chapters, the outstanding characteristics of the mixed land use system over the other two
land uses is already possible to distinguish, which is further reinforced in the following chapters.
Chapter 7 describes the main benefits and beneficiaries of provisioning and habitat services and aims
at answering RQ4, while Chapter 8 presents the monetary value of the ecosystem services provided
5

by each land use type, with interesting insights on the differences of values between land uses
obtained for answering RQ5. Chapter 9 presents the results for RQ6, by using the information collected
to answer the previous research questions and identifying potential uses of the provisioning and
habitat services. Finally, Chapter 10 describes the assumptions and limitations of the methodology
used in my research, together with the methods used to overcome these, and a comparison of this
thesis results with other similar works. The last chapter, Chapter 11, includes a conclusion of all the
main findings related to each research question addressed in my research and ends with the selection
of the most preferred land use type in the study area.

6

2

METHODOLOGY

This chapter aims to present the research and data collection methods used to answer each of the
research questions. Information on the data analysis and software’s used is also provided. All steps
implemented in my thesis are described in detail in this methodology chapter, so it can be easily
replicated in future studies.

2.1

Conceptual framework

The guidelines developed by de Groot et al. (2017) to analyze and capture the benefits of ecosystem
restoration, suggests a total of eight steps to follow in order to capture the whole range of effects of
landscape restoration in relation to the four returns (Commonland’s project) (see Figure 3). According
to Commonland (2015, p.52), the return of natural capital is given by the restoration of biodiversity,
water and soil quality; the return of social capital is about providing more jobs, more business activity,
education and security; the return of financial capital is about long term sustainable profit and, finally,
the return of inspiration is related to giving a sense of purpose to local people. The conceptual
framework below outlines the basic analyses needed to reveal the benefits of restoration.

Figure 3. Conceptual framework to analyze and capture the benefits of ecosystem restoration. Adapted from
Villa (2017) and based on de Groot et al. (2017). The orange box represents possible management or restoration
activities in a certain area; green boxes represent the steps of the framework; blue box represents an additional
outcome. The bold black words indicate the scope of my research. Bold arrows show connection between steps;
dash arrows show the connection of all steps with communication.

The assessment of ecosystem services has the capacity to reflect the interrelationship between the
human and environmental dimension, revealing, at the same time, the people’s dependency on the
biodiversity provided, for instance, by dryland ecosystems (Busch et al., 2012; United Nations, 2011).
Ecosystem services frameworks are usually used to explain the links and relationships between
ecosystems and human well-being, and can provide indications on which type of analysis are needed
to understand these relations (Sandhu et al., 2012). In the conceptual framework in Figure 3, land
management can influence (positively or negatively) the properties and functions of ecosystems
7

(natural capital), which can be assessed by an impact assessment. Therefore, ecosystem services
provision can be influenced due to changes in the ecosystems. Benefits, in the form of socio-cultural
or economic welfare, are obtained from the services provided by ecosystems and people attach a
value (ecological, socio cultural o economic) to them (van Oudenhoven et al., 2012). For each of these
links, analysis can be performed and qualitative and quantitative data can be generated.
Ecosystem services concept
Ecosystem services are defined as the direct and indirect contributions of ecosystems to human wellbeing (de Groot et al., 2010a). This concept can be used to justify and support nature conservation
and environmental management (Ghazoul, 2007). Based on this, a framework that describes the
pathway from ecosystem structures or processes to human benefits have been developed by de Groot
et al. (2010a) (Figure 4).

Figure 4. Ecosystem services cascade (de Groot et al., 2010a).

The pathway is divided into four main compartments that are interrelated. The ecosystems and
biodiversity compartment (green box), includes the biophysical structures and processes and
ecological functions. The functions are understood as the capacity of ecosystems to deliver goods and
services, which are underpinned by biophysical structure or processes (de Groot et al., 2010b).
Moreover, the services compartment (white box) are those “useful things” that ecosystems provide
to humans directly (food, water), or indirectly (flood protection, waste treatment). These services
contribute to human well-being and can be valued (orange box). Finally, institutions and human
judgments (blue box) can determine the type of management and use of ecosystem services, which
in turn have an effect on the ecosystems and their functions (de Groot et al., 2010a). The information
obtained in terms of value can enhance and support institutions to make-decisions regarding actions
that contribute to manage or restore ecosystems.
According to the TEEB [The Economics of Ecosystems and Biodiversity] typology of ecosystem services,
there are twenty two ecosystem services, grouped into four main categories. The four categories are
provisioning services, regulating services, cultural services and habitat services (Table 1).
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Table 1. Typology of ecosystem services used in the TEEB study
Provisioning Services: material or energy outputs from ecosystems
1. Food
2. Water
3. Raw materials
4. Genetic resources
5. Medicinal resources
6. Ornamental resources
Regulating Services: services that ecosystems provide by acting as regulators
7. Air quality regulation
8. Climate regulation
9. Moderation of extreme events
10. Regulation of water flows
11. Waste treatment
12. Erosion prevention
13. Maintenance of soil fertility
14. Pollination
15. Biological control
Cultural Services: non-material benefits that people obtain from ecosystems
16. Aesthetic information
17. Opportunities for recreation and tourism
18. Inspiration for culture, art and design
19. Spiritual experience
20. Information for cognitive development
Habitat Services: highlight the importance of ecosystems to provide habitat
21. Maintenance of life cycle of migratory species
22. Maintenance of genetic diversity
Source: de Groot et al., 2010a.

The focus of this thesis was specifically in the provisioning and habitat services. As is stated in Table 1,
provisioning services are the material and energy outputs people derive from ecosystems, while the
habitat services are strictly related to the role of ecosystems as a refuge for different species (de Groot
et al., 2010a). Provisioning and habitat services are also divided into more detailed individual services
which are described in Table 2, according to TEEB (p. 3-4, 2011).
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Table 2. Provisioning and habitat services description
Ecosystem Service
Food

Provisioning

Water

Raw materials
Genetic resources
Medicinal resources

Habitat

Ornamental resources
Maintenance of life cycle of
migratory species
Maintenance of genetic
diversity
Source: TEEB, 2011

Service description
Food comes principally from managed agro-ecosystems, which provides the
conditions for growing food.
Ecosystems play a vital role in providing drinking water. Vegetation and
forests influence the quantity of water available locally.
Includes a great diversity of materials for construction and fuel including
wood, biofuels and plant oils that are directly derived from wild and cultivated
plant species.
Maintenance of genetic diversity of species, breeds and varieties.
Includes plants used as traditional medicines and raw materials for the
pharmaceutical industry.
Products derived from plants and animals used as ornaments.
Habitats provide what an individual plant or animal needs to survive: food,
water, and shelter. These habitats that can be essential for a species’ lifecycle.
Ecosystems can have a high number of species, representing a more
genetically diverse habitat known as ‘biodiversity hotspots’.

The same provisioning and habitat services as the ones in Rodriguez (2017) thesis were explored and
investigated in this research. Therefore, the new data generated in this thesis will complement the
findings that Rodriguez already presented in her thesis research.

2.2
2.2.1

Research Methods
Multitemporal land use change analysis

The evaluation and understanding of the interactions between human activities and its effects on land
use and land cover is required to improve the current natural resource management and landscape
planning strategies (Butt et al., 2015; Rawat et al., 2013). Thus, multitemporal land use change and
land cover analysis is used to measure landscape changes over a period of time (Sanhouse-Garcia et
al., 2016) and allows to identify and quantitatively analyze the historical effects of anthropogenic and
natural activities by determining land use changes with respect to multitemporal datasets (Butt et al.,
2015).
Landscape changes are also used as an indicator for ecosystem services supply through the analysis of
land use and land cover data (Montoya-Tangarife et al., 2017). There are tradeoffs and synergies
between land use change and the delivery of ecosystem services and by analyzing the effect of land
use change on the set of ecosystem services provided by ecosystems is possible to enhance spatial
planning and decision making at local and regional scales.
Available geospatial data of the land cover and land uses of the autonomous community of Andalusia
were used to determine the main land use changes in the Altiplano de Granada and Los Vélez agrarian
districts in order to reveal tendencies of the land uses in the study area. This information can help
understand the current provision of ecosystem services in the agroecosystems chosen for this study.
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2.2.2

Ecosystem services analysis

Ecosystem services analysis is used to explore the relationship between ecosystem functions and
properties and their transition to goods and services (de Groot et al., 2010a). It allows the analysis of
the effects of interventions, such as restoration, in the structure of ecosystem services (de Groot et
al., 2017). Through this analysis is possible to identify the most relevant ecosystem services in a
specific area, as well as to quantify in biophysical terms the changes in the provision of ecosystem
services. Is important to highlight that as a first step in the ecosystem services analysis, a description
of the land uses or ecosystems providing these services has to be carried out.
Rodriguez (2017) studied in her thesis provisioning and habitat services provided by almond
monoculture, mixed land use system and livestock farming in the AlVelAl territory (Table 3) and her
results were used as a basis for this research. In addition to Rodriguez thesis, this study has collected
new data for provisioning and habitat services in the three selected land use types.
Table 3. Preliminary table of provisioning and habitat services identified in AlVelAl territory according
to each land use type (X: Services described in Rodriguez (2017) thesis).
Ecosystem Services
1. Provisioning Services
1.1 Crops
1.2 Livestock
1.3 Water
1.4 Timber and fuelwood
1.5 Animal skins or fibers
1.6 Fertilizer
1.7 Genetic resources
2. Habitat Services
2.1 Maintenance of life cycle of species

Almond
X

Land-use types
Mixed

Livestock

X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X

X

X
X

In order to gather information on the most relevant provisioning and habitat services of a specific area
and the significance of these services, an assessment of ecosystem services have to be implemented
(Kettunen et al., 2009). A matrix, also known as spreadsheet method, was developed linking the land
use types and the previously selected ecosystem services. This method is straightforward to apply, it
can provide an overview of the ecosystem services in the study area, and can represent biophysical as
well as sociocultural values (Barton et al., 2017).
Regarding the quantification of provisioning services, proxy measures and/or indicators are usually
selected and calculated to reveal the current supply of services in each land use type. The selection of
suitable indicators is essential for ecosystem services assessment, therefore, each of them should be
quantifiable and temporal and spatially explicit (de Groot et al., 2010b). For this thesis research,
indicators selection was based on available data.
2.2.3

Benefit analysis

According to the Millenium Ecosystem Assessment [MA] (2005), ecosystem services provide benefits
to people. Benefit analysis aims to analyze the positive or negative effects of changes in ecosystem
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services on human well-being in non-monetary terms (de Groot et al., 2017). Human well-being have
multiple components such as basic material for a good life, health, social relations, security and
freedom of choice and action, and their relationship with ecosystem services varies in intensity (MA,
2005). Therefore, changes in ecosystem affects provision of good and services, which in turn, have
effects on human well-being.
Rodriguez (2017) have addressed the social benefits of three farming systems (almond monoculture,
mixed systems and livestock farming) in AlVelAl territory. Hence, in order to enrich that information,
the benefit analysis in my thesis was mainly based on assessing the key beneficiaries of ecosystem
services provided by the land uses selected for the study area.
Ecosystems goods and services can be considered benefits once a user or “beneficiary” make use of
them directly or indirectly (Caputo et al., 2016). A large number of ecosystem services stakeholders
can affect or be affected by the provision of ESs, but in order for them to become beneficiaries, they
must benefit from the consumption or the appreciation of the good and services provided by the
restoration of the landscape (Suwarno et al., 2016).
Stakeholders and beneficiaries can be divided into different categories according to institutional
scales: municipal, provincial, national and local (Hein et al., 2006); bio-economic processes: private,
public and household (Suwarno et al., 2016); or by answering questions regarding interactions,
responsibilities and benefits derived from ecosystem services (Aziz et al., 2016). For this purpose,
methods such as surveys, interviews, informal conversations with local people, participant
observation and statistical data was used in this thesis to identify stakeholders and beneficiaries.
The identification of stakeholders and beneficiaries is relevant since it improves the understanding of
the provision of ecosystem services in specific land use types and facilitates decision making processes
because it considers the range of interest of people involved or affected by the management practices
(Aziz et al., 2016; Hein et al., 2006).
2.2.4

Monetary valuation

Different ecosystem services valuation methods have been developed to reveal the plurality of values
(ecological, socio-cultural and economic) attached to the benefits nature provides to humankind
(Rodríguez Ortega et al., 2014). The monetary valuation is a method used to reveal the economic
importance of ecosystem services and it is applied to demonstrate the welfare implications of
different land use management practices, because it attaches a value to ES that can be measured
through monetary units (de Groot, 2006; Pascual et al., 2010). Monetary valuation allows a better and
more informed decision-making, but it should be considered as one dimension of the total value since
socio-cultural and ecological values have to be taken into account as well (de Groot, 2006).
The Total Economic Value (TEV) is a concept that groups the use (direct and indirect) and non-use
values (related to people’s feelings towards nature) of ecosystem services (de Groot et al., 2010a).
Figure 5 provides an illustration of the TEV framework with the related valuation methods and the
ecosystem services that can be valued through those methods.
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Figure 5. TEV Framework. Adapted from de Groot et al., 2006; Ding et al., 2017.

Direct use value derives from goods or services (food, recreation) that can be consumed or enjoyed
directly from nature (de Groot et al., 2006). Generally, the valuation methods are straightforward, i.e.
market price, and is mainly used for provisioning and cultural services. Indirect use value is also known
as functional value, and derives from the services (erosion control, water regulation) that support the
delivery of ecosystem services directly used by humans (Ding et al., 2017). Regulating services usually
fall in this category and valuation methods are used to estimate the revealed willingness to pay for
the availability of the services, or the willingness to accept a compensation for the loss of ecosystem
services (revealed preference valuation methods) (de Groot et al., 2006).
Option value reveals the value of having the option to enjoy any ecosystem service at a later date, by
themselves or by future generations. Bequest value is related to the individual satisfaction of letting
future generations enjoy nature; and existence value is the value attached to nature for the simple
fact that it exists and is mainly related to habitat services. For these three types of values, stated
preference valuation methods are used, which measures the stated preference for the availability of
any ecosystem service (Pascual et al., 2010).
Provisioning services have, mainly, a direct use since they can be consumed, extracted and enjoyed
directly from the ecosystem (de Groot et al., 2006). Thus, direct market valuation can be applied to
quantify the monetary value of provisioning services. Depending on data availability and accessibility,
methods such as market pricing or factor income can be applied. On the one hand, market price-based
approaches are commonly used to reveal the value of provisioning services since these services are
sold on agricultural (and other) markets. This makes market prices a good indicator of the monetary
value of the product or service (Pascual et al., 2010). On the other hand, factor income measures the
influence of ecosystem services in the gain or loss of productivity or income.
Furthermore, habitat services can have both, use and non-use value, but they are usually measured
through stated preference valuation methods, such as contingent valuation. Contingent valuation
measures people’s willingness to pay for specific services by means of questionnaires or interviews
(de Groot et al., 2006). In addition, habitat services can also be valued through market pricing and
factor income, both methods explained in the previous paragraph.
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The choice of the most appropriate valuation method is dependent on the purpose of the study and
the socioeconomic and environmental data available for the study area (de Groot et al., 2012). One
additional method that can be applied for all ESs categories is benefit transfer. This method estimates
the value of a certain ecosystem service based on previous results of valuations in other similar study
sites (Rodríguez Ortega et al., 2014). Therefore, when monetary values from the AlVelAl territory were
not available, or not easily accessible, benefit transfer technique was used.

2.3

Data collection

In the guidelines developed by de Groot et al. (2017), a list of more than 80 methods and tools relevant
to ES assessment is given. A reduced number of them were selected (TESSA, contingent valuation,
preference assessment, photo-elicitation, benefit transfer) to adapt and apply them to meet the
purpose of this thesis. The selection was based on the method’s characteristics, the relation they have
with the steps to be applied in this research and the possibility of implementation in the study area.
As mentioned before, the Toolkit for Ecosystem Service Site-based Assessment (TESSA) was used as a
guide for the selection of accessible methods to gather data, given the data availability in Altiplano de
Granada and Los Vélez agrarian districts. Moreover, it was used as an inspiration for the development
of the interview guide and questionnaire by reviewing the existing questionnaires the toolkit has. One
of the main advantages of this tool is that allows the generation of low cost data but it highly
recommends the use of the existing and available data in the area to do the assessment (Peh et al.,
2013). Contingent valuation, preference assessment and photo-elicitation were used in the
questionnaires in order to obtain data about willingness to pay and preferences over ecosystem
services in the land use types selected for the study.
In addition, available geospatial data was used to generate new data and to analyze the existing
geospatial data for the study area. Online sources such as Environmental Systems Research Institute
(ESRI), Andalusian Environmental Information Network (REDIAM), Soil Occupation Information System
of Spain (SIOSE), Institute of Statistics and Cartography of Andalusia, among others, were used for
downloading the required spatial data.
Ideally, data and information was gathered for the specific agrarian districts assessed in this research,
however, whenever data was not available at agrarian district level, data was obtained for the
provinces of Granada and Almería.
2.3.1

Geospatial data

On the one hand, geospatial data used for the multitemporal land use change analysis was obtained
from the website of the Andalusian Environmental Information Network (Red de Información
Ambiental de Andalusia: REDIAM). The analysis was performed using the land classification data
derived from the Land Use and Land Cover Map of Andalusia (scale 1:25,000; UTM Zone 30; Datum
ED 1950). Three years were selected for the analysis, therefore, geospatial data for the years 1956,
1999 and 2007 were obtained from the Land Use and Land Cover Map of Andalusia, covering a period
of 50 years of change.
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On the other hand, geospatial data used for the description of the current land use and land cover of
the study area was downloaded from the REDIAM website. Geodata was obtained from the
Cartographic base SIOSE 2013, Land Occupation dataset (scale 1:10,000; UTM Zone 30; Datum
ETRS_1989) for the Andalusia autonomous community. The year 2013 was chosen for describing the
current land use since it is the most updated dataset available for this purpose.
Even though the maps were initially made by the Andalusian Regional Ministry of Environment for
Andalusia (Muñoz-Rojas et al., 2011), through the use of a GIS software called ArcGis 10.5, data for
the Altiplano de Granada and Los Vélez agrarian districts was extracted to work with data from,
specifically, the area under study in this thesis. All maps in this thesis report were elaborated
specifically for this research; therefore, the maps cannot be obtained from other sources.
2.3.2

Interviews

Interviews with stakeholders such as farmers and professional experts were carried out to collect
primary data. This method, based on person to person interaction, allows to question and gather data
on a specific topic being investigated (Kumar, 2011). This method was used for collecting information
able to answer the research questions. Therefore, data about main ESs, beneficiaries, problems
regarding the land use, incentives for improving land management was included in an interview guide
in order to guarantee the coverage of topics addressed in this research (see Appendix A).
Professionals from the Spanish National Research Council – Zaidín Experimental Center (CSIC-EEZ) and
members of AlVelAl association contributed to the selection of possible interviewees in the area. The
stakeholders were selected based on their experience, knowledge and professional and/or personal
interests (Bezák and Bezáková, 2014) they have in relation to the farming systems selected for this
study, ecosystem services, land management practices and agricultural and livestock production in
the agrarian districts of Altiplano de Granada and Los Vélez (¡Error! No se encuentra el origen de la
referencia.).
Table 4. List of interviewees
Interviewee code

Field of work/Organization

Date

Place

I.1 - Interviewee 1

Culture councilor, Vélez Blanco

7-Nov-17

Vélez Blanco – City council

I.2 – Interviewee 2

Projects, AlVelAl member

7-Nov-17

Vélez Blanco – City council

I.3 – Interviewee 3

7-Nov-17

Vélez Blanco – City council

I.6 – Interviewee 6

Projects, AlVelAl member
Livestock and pasture, research
institute
Livestock and pasture, research
institute
Ecologic almond, member of AlVelAl

I.7 – Interviewee 7
I.8 – Interviewee 8

I.4 – Interviewee 4
I.5 – Interviewee 5

I.9 – Interviewee 9
I.10 – Interviewee 10
I.11 – Interviewee 11

16-Nov-17

Granada – EEZ

16-Nov-17

Granada – EEZ

22-Nov-17

Chirivel – CRISARA

Los Vélez Agrarian district office

22-Nov-17

Vélez Rubio

Baza Agrarian district office
Ecotourism, almond and sheep
production, AlVelAl member
Regenerative
almond,
AlVelAl
member
Regenerative farming, PhD student

23-Nov-17

Granada – IFAPA

24-Nov-17

Chirivel

24-Nov-17

Granada

8-Dec-17

Skype
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Interviews were held from 7th November until 15th December 2017. Most of them were carried out
in the interviewee’s work places, and in the AlVelAl territory with an average interview time of 40
minutes. Interviews were semi structured, meaning that there was an interview guide with specific
questions able to cover the most important topics of the research, but there was enough freedom to
spontaneously made new questions relevant to the investigation. The type of interview used
combined advantages of both, the structure (written list of questions) and unstructured (evolutionary
and flexible) interviews, which permitted to explore in more detail the current situation in the study
area (Kumar, 2011).
Data and information collected from the interviews that was used for the elaboration of this thesis
report, was always cited according to the interviewee who provided the information.
2.3.3

Questionnaires

Another method for collecting primary data is the use of questionnaires. A list of questions regarding
the importance, the relevance, benefits and the valuation of ecosystem services was developed taking
into consideration the target audience (experts and local people). Questionnaires should be clear and
understandable for the respondents to be able to record their answers by themselves (Kumar, 2011).
Contingent valuation was included in the questionnaires to reveal the willingness to pay of the
respondents for the appreciation of the landscape that each land use type represents. Preference
assessment was also addressed by questionnaires in order to reveal the preferences of respondents
by asking them the contribution of ecosystem services to their well-being and which ecosystem
services they consider more relevant (Barton et al., 2017).
Moreover, photo-elicitation method was included to identify people’s preferences related to specific
land uses and the ecosystem services associated (Barton et al., 2017). By means of photographs of the
landscape views, the respondents ranked their preferences towards the landscape and the ecosystem
services provided by each of them.
Online Questionnaire
An online questionnaire (Google form) was distributed via email to a list of experts who were identified
through a literature review (see Appendix B). This literature review involved identifying papers and
reports with relation to the topics being addressed in this thesis, such as ecosystem services in the
arid and semiarid areas of Andalusia, land use in southeast Spain, agricultural and livestock production
in the AlVelAl territory, among others. Through this, it was possible to identify experts who have
knowledge and experience relevant to my research and with knowledge about the study area as well.
This is consistent with an expert sampling were the respondents are people with knowledge and
expertise on the topic of interest of the thesis (Kumar, 2011). 40.5% of the respondents answered the
online questionnaire, which corresponds to a number of 15 experts.
The aim of the online questionnaire was to obtain information about the perceptions of experts
regarding ecosystem services in the three different land use types identified in the study area (almond
monoculture, mixed land use system and livestock farming). Is important to remark that all data
collected from the online questionnaire was based on experts’ perceptions. Questions made in the
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online questionnaire were adapted from Burkhard et al. (2012), Casado-Arzuaga et al. (2013), IniestaArandia et al. (2014), and Sayadi et al. (2009).
The questionnaire consisted of five main questions regarding ecosystem services in the area and three
questions regarding their social background (see Appendix C). The main questions provided
information about the relevance of ecosystem services in each land use type, their capacity to supply
ESs, provisioning and habitat services’ beneficiaries, and monetary valuation of each landscape.
For Questions 1, 2 and 4 a Likert scale was used, with a range of answers that scaled from the number
1 representing negative perceptions such as “not important at all’, “no capacity” and “does not
contributes at all”, to the number 5 in the Likert scale with positive values such as “very important”,
“high capacity” and “highly contributes”. In Questions 3 and 5 the possible answers were represented
with a multiple choice. Given that each question had to be answered for each land use type, the online
survey was kept short and concise for respondents to answer them in approximately ten minutes.
A first pilot survey was distributed among people with knowledge about ESs and able to read and
understand Spanish to get opinions over the content and understandability of the questionnaire. After
the pilot survey, questions and structure of the questionnaire were refined in accordance to the
suggestions, and finally, an email with a short explanation about the thesis project was sent to all
experts along with the online questionnaire link. Data was then downloaded, organized and analyzed
in an excel sheet and in SPSS.
Link to access the questionnaire:
https://docs.google.com/forms/d/e/1FAIpQLSfsuMNIJk98ttXkS_eB7nw4dXQHoYoPuDqf0Rb35yETd9xkg/viewform?usp=sf_link
Paper Questionnaire
The final version of the paper questionnaire was distributed by one member of the research team
(Francois Laurent) over a period of one month. Questionnaires were distributed in person by the
researcher in the city of Baza, Altiplano de Granada. The city of Baza was selected given its location
and due to the fact that is one of the biggest cities within AlVelAl territory. Regarding the sampling
method, an accidental sampling was used since it was based upon convenience due to the
geographical proximity (Kumar, 2011) and given that once a number of a hundred respondents was
achieved, the data collection stopped.
This questionnaire was developed to gather information about cultural services in the area, however,
three statements regarding provisioning services and their benefits were included to collect
information from a local people and tourists’ point of view (see Appendix D). These statements aimed
to reveal the local people perception in relation to the benefits they can derive from the provisioning
services of each land use type. A Likert scale with values ranging from “strongly agree” to “strongly
disagree” was used to value the respondents’ answers.
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2.3.4

Literature review

Rodriguez (2017) studied the AlVelAl territory and her research was used as a baseline for my study
to improve the knowledge about the area before field work. Rodriguez (2017) identified all ESs and
their social benefits for agricultural land users, and her main data collection method was interviews.
Reports made by Commonland regarding the AlVelAl territory were also used as a basis, and the blogs
of AlVelAl association were reviewed, since it provided better insights of the current management in
the area. In addition, national and local reports, statistics and previous researches were reviewed in
order to gather the necessary information to answer the research questions. Special attention was
paid to researches carried out with regards to the selected land use types and ESs in the arid and
semiarid areas of Andalusia.
Some statistical data was not available at agrarian districts level, therefore, data from Granada and
Almería provinces was used. Altiplano de Granada and Los Vélez agrarian districts are located in these
two provinces, and data obtained at that administrative level can be considered representative of the
situation in the AlVelAl territory.
The literature was reviewed to discuss and establish relations, and integrate the findings of my
research with findings of similar studies and support or disprove this thesis’ findings.
2.3.5

Field observations

Field observations were used to complement and enrich data obtained through the interviews and
other sources. This method allows for a better understanding of the socio-cultural and environmental
context in which the study is being developed (Mack et al., 2011). Field observations took place in the
agrarian districts of Altiplano de Granada and Los Vélez, and during the trip from the city of Granada
to those agrarian districts, which included other agrarian districts of AlVelAl such as Guadix.

2.4
2.4.1

Data Analysis
Geographic Information System (GIS)

According to ESRI [https://www.esri.com/en-us/what-is-gis/overview], geographic information
systems “integrate hardware, software, and data for capturing, managing, analyzing, and displaying
all forms of geographically referenced information”. The analysis of land use change in the study area
was carried out using the GIS software called ArcGis 10.5.
The geospatial data for the years 1956, 1999 and 2007 were obtained from the Land Use and Land
Cover (LULC) Map of Andalusia, which was adjusted and cut in order to obtain three new maps of the
study area for the years studied. For generalization purposes, land cover classes of the Land Use and
Land Cover Map of Andalusia were reclassified (Muñoz-Rojas et al., 2011). Therefore, the detailed
classes of LULC were organized in seven main categories or classes (Figure 6) according to González
Rebollar et al. (2011). This made the analysis and interpretation of the results more comprehensible.
For more details about the description of the land use and land cover classes see Appendix E.
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Figure 6. Main classes of land uses and land cover

In addition, the ‘agricultural crops’ category was further analyzed by disaggregating the category into
five more detailed categories (Figure 7). One of these categories, the ‘rainfed’ category was also
analyzed in more detailed by showing the results for the ‘other woody rainfed crops’ and ‘rainfed
herbaceous crops’ categories. This desegregation was chosen given the importance that rainfed
agricultural crops represents in the study area and that the land uses selected for this research are
linked to agricultural land uses.

Figure 7. Agricultural crops category

The area was then calculated for each LULC class and year, and the results were exported from the
attribute table to excel sheets to elaborate tables and figures (see Section 2.4.2).
A cross-tabulation table was generated for the years 1956 and 2007 with the tabulate area tool from
the spatial analyst toolbox. Tabulate area is a spatial analysis tool that allows to identify and calculate
the quantity (area) of conversion of one class of land use and land cover to other land use and land
cover class, over a study period (Butt et al., 2015).
For the identification and description of the current land uses, the land occupation map (2013)
generated by SIOSE was used. This map is initially provided for the total area of Andalusia, therefore,
a new map for the Altiplano de Granada and Los Vélez agrarian districts was made from it. Once the
map was made, for generalization purposes, the classes were reclassified into the seven classes
mentioned before (Figure 6) and their areas (in hectares) were calculated.
Finally, a map to illustrate the distribution of livestock farming in the year 2017 was also included in
the report. For this purpose, a dataset (KML format) from the “Forest exploitation annual programme”
of Andalusia was used and converted to a vector layer to visualize the data in a map.
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2.4.2

Quantitative data: SPSS, excel tables and graphs

Tables with data collected from local statistics and from the GIS analysis were entered into excel
sheets (Microsoft Excel 2013 software) to make calculations and elaborate graphs. Sums, averages
and percentages were the most common calculations carried out for generating new data about land
use change, livestock and agricultural areas and production.
For the analysis of data collected through the online and paper questionnaires, the software IBM SPSS
Statistics 23 was used to generate descriptive statistics such as frequency, median, normality tests and
cross-tabulation. Frequencies were used to describe independently each answer of the
questionnaires, while cross-tabulation allowed to describe the relationship between two categorical
variables (Questions 1 and 2 of expert online questionnaire). Normality tests were carried out to check
the distribution of the data to properly select the statistical tests that were used.
Given that most of the data did not have normal distribution, non-parametric tests were used. KruskalWallis and Mann-Whitney U tests were used to analyze and compare differences between two or
more groups (provisioning or habitat services, and the three land uses). For instance, it was used to
identify differences in beneficiaries of provisioning and habitat services in each land use type. This
type of analysis has already been used in several researches in southeast Spain (Casado-Arzuaga et al.,
2013; Castro et al., 2011; Castro et al., 2014; García-Llorente et al., 2012).
2.4.3

Qualitative data: themes and narratives

Interviews and informal conversations were mainly held in Spanish, therefore the first step to analyze
the information was to translate it to English. Translations took between 4 to 8 hours to be done, since
not only information regarding provisioning and habitat services had to be translated, but also
information that could have been useful for the fellow thesis students who addressed regulating and
cultural services.
Once the information was translated, the content of the interviews was organized into themes related
to the main topics addressed in the research (almond cultivation, livestock farming, mixed systems,
environmental problems, subsidies, habitat etc.). Some interviews had more themes than others,
depending on the field of expertise and knowledge of the interviewee. Once the information was
organized into themes, it was included in the text in the form of narratives, usually complementing
and validating the data obtained through literature review and questionnaires, and as a source of
explanation of statistics observed in regional and/or local reports.
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3

LAND USE AND LAND COVER OF THE ALTIPLANO DE GRANADA AND LOS VELEZ AGRARIAN
DISTRICTS OF AlVelAl

This chapter presents the results of RQ1. It starts with the description of the land uses in the study
area and highlights the main changes experienced in the last five decades, in which ‘forest and natural
areas’, together with ‘agricultural crops’, have a major role. Lastly, the current land use and land cover
of the Altiplano de Granada and Los Vélez agrarian districts of AlVelAl are presented to provide the
most updated picture of the land use in the territory.

3.1

Land use change in the period 1956-2007 in the Altiplano de Granada and Los Vélez

To determine and describe the land use changes experienced in the study area, seven major classes
were considered. These classes were grouped according to a previous report made in the context of a
research project in the arid and semiarid areas of the Andalusian highlands (González Rebollar, et al.,
2011). The aggregation of classes facilitated the interpretation of the results and provided an overall
picture of the land uses in the Altiplano de Granada and Los Vélez agrarian districts of AlVelAl.
As Table 5 and Figure 8 show, the ‘agricultural crops’ and ‘forest and natural areas’ categories are the
main land uses in the study area, accounting for almost 99% of the territory between the years 19562007. The ‘forest and natural areas’ LULC class is the main land use during this period, but showing a
tendency to decline over the years (5.7% decrease from 1956 to 2007), while the ‘agricultural crops’
category presents a tendency to increase from 1956 to 2007 (4% increase).
Table 5. Area distribution of the main land use/cover classes of Altiplano de Granada and Los Vélez
Land use/cover classes

Area (ha)
1956

1999

Proportion (%)
2007

1956

1999

2007

Urban Areas

521

1,146

1,155

0.11

0.24

0.25

Infrastructure

836

2,341

3,148

0.18

0.50

0.67

Water surfaces

2,266

1,972

2,007

0.48

0.42

0.43

Pond and reservoirs

0.32

2,057

1,984

0.00

0.44

0.42

Agricultural crops

216,664

223,605

225,344

46.23

47.71

48.08

Forest and natural areas

247,430

236,136

233,303

52.79

50.38

49.78

995

1,456

1,772

0.21

0.31

0.38

468,713

468,713

468,713

100.00

100.00

100.00

Bare soil
TOTAL
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Figure 8. Land use and land cover distribution in the years 1956 and 2007 in the Altiplano de Granada and Los
Vélez agrarian districts. Based on data from the Andalusian Regional Department of Environment.

As a result of the cross-tabulation analysis (Table 6), is possible to identify that approximately 28,800
ha of ‘forest and natural areas’ in 1956 have changed to agricultural uses in 2007, while around 16,000
ha of ‘agricultural crops’ in 1956 become ‘forest and natural areas’ in the year 2007. In addition, the
‘forest and natural areas’ LULC class was one of the land use categories which experienced most
changes in this period since 12% of its original area in 1956 had changed into other categories in the
year 2007. However, ‘ponds and reservoirs’ was the only class that did not present changes into any
of the other land use categories, but rather increased its area due to an increase in the construction
of artificial water reservoirs to store and supply water in the area.
Table 6. Cross-tabulation of land cover classes between 1952 and 2007
In 2007 is:

In 1956 was:

Land Use/Cover
Classes (ha)

Urban
areas

Infrastructure

Water
surfaces

Ponds
and
reservoirs

Agricultural
crops

Forest and
natural
areas

Bare soil

Urban areas

491

29

0

0

0

0

2

Infrastructure
Water
surfaces
Ponds and
reservoirs
Agricultural
crops
Forest and
natural areas

76

726

0

5

5

23

1

0

0.30

1,899

230

102

34

3

0

0

0

0.33

0

0

0

532

1,715

72

1,527

196,409

16,043

367

56

677

14

230

28,824

217,149

477

0

0

0

15

9

50

921

Bare soil
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3.2

Agricultural crops class land use changes

The land uses selected for my research are mainly related to agroecosystems (almond monoculture,
mixed systems, livestock farming). Therefore, a more detailed description of the ‘agricultural crops’
land use class is presented to gain a better understanding of the tendencies in the agricultural uses of
the land in the Altiplano de Granada and Los Vélez agrarian districts of AlVelAl.
Table 7. Main changes in the area and differences in the agricultural crops class
Area (ha)

AGRICULTURAL CROPS
Class

1956

2007

Difference (%)*

5.1 Rainfed

200,891

203,853

5.2 Irrigated

10,087

14,714

45.86

0

165

164.44

152

829

444.79

5,533

5,783

4.51

216,664

225,344

4.01

5.3 Greenhouses
5.4 Choperas (broad-leaved forest)
5.5 Rainfed, Irrigated, Herbaceous, Woody Mosaic
TOTAL

1.47

*represents the variation of the 2007 data with respect to 1956 data

Table 7 show how the main agricultural crops categories have evolved from the year 1956 to 2007.
The main changes are observed in the ‘greenhouses’ and the “choperas” (o poplars cultivation)
categories, with an increase of more than a hundred percent in their areas, followed by the ’irrigated
crops’. More reservoirs were built in the second half of the 20th century; therefore, more water was
available for the implementation of irrigation systems and water supply for greenhouses. Regarding
the small increase in the area of ‘rainfed’ crops, this is consistent with what has happened over the
last decades, which is more of a change of cultivated crops rather than an increase in the cultivated
area. In general, woody crops such as almonds have replaced cereals.
In the AlVelAl territory, most of the crops are rainfed due to the water limitations of the area. Almond
monoculture and the mixed systems in the area under study are mainly rainfed, hence, the distribution
of two of the main rainfed crops in the study area is presented in (Table 8).
Table 8. Distribution and area variation of the two main rainfed classes
Land use/cover classes

Area (ha)

Proportion (%)

1956

1999

All other uses

298,344

342,697

349,121

63.65

73.11

74.48

Rainfed herbaceous crops

166,313

98,631

85,210

35.48

21.04

18.18

Other rainfed woody crops
TOTAL

2007

1956

1999

2007

4,056

27,385

34,382

0.87

5.84

7.34

468,713

468,713

468,713

100.00

100.00

100.00

The ‘rainfed herbaceous crops’ class include crops such as cereals, which were mentioned by the
interviewees due to the relevance this crop had and continues having in the region, especially as a
traditional crop (Interviewee 8). From Table 8 is possible to observe a decreasing tendency in the area
covered by ‘rainfed herbaceous crops’, showing a decrease of 49% of its area from 1956 to 2007. In
the ‘other rainfed woody crops’ category (almond is included), an increase of approximately 30,000
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ha in the area is observed from 1956 to 2007, revealing the transitions of certain types of crops to
other types of crop cultivations, such as cereals to almond or olives (see Figure 9).

Figure 9. Map of distribution of rainfed herbaceous and woody crops in Altiplano de Granada and Los Vélez.
Based on data from the Andalusian Regional Department of Environment.

3.3

Current land use and land cover distribution of the Altiplano de Granada and Los Vélez
agrarian districts of AlVelAl territory

According to the data obtained from the Soil Occupation Information System of Spain (SIOSE) for the
year 2013, the main land use in the Altiplano de Granada and Los Vélez agrarian districts is ‘forest and
natural areas’, covering more than a half of the total territory, followed by the ‘agricultural crops’ land
use class (43.5%) and ‘ponds and reservoirs’ have experienced an increase over the years through
human intervention, while ‘bare soil’ have also increased due to rural abandonment (Table 9, Figure
10). These results are consistent with the results presented in Section 3.1, given that the tendency is
the same from the year 1956 to 2013, which means ‘forest and natural areas’ is the land use that
prevails in the study area.
Table 9. Current land use/land cover distribution in the study area
Land use/cover classes
Urban areas

Area (ha)

%

522

0.11

Infrastructure

9,324

1.99

Water surfaces

3,972

0.85

Ponds and reservoirs

2,529

0.54

Agricultural crops

203,739

43.51

Forest and natural areas

244,486

52.22

3,647

0.78

Bare soil
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Figure 10. Land use and land cover map of the Altiplano de Granada and Los Vélez agrarian districts in the year
2013. Based on data from the Soil Occupation Information System of Spain.

The data and information generated in this chapter is relevant for the characterization of the study
area. Up to date, is not possible to find a land use map available for AlVelAl territory, even though
there is open access geospatial data. This analysis highlighted the increase in the agricultural uses of
the land in the territory, and the decrease and transformation of ‘forest and natural areas’. Moreover,
‘infrastructure’ and ‘ponds and reservoirs’ have experienced an increase over the years through
human intervention, while ‘bare soil’ have also increased due to rural abandonment.
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4

CHARACTERISTICS OF THE THREE SELECTED LAND USE TYPES

This thesis is a joint effort of three students and some sections of the work was distributed among the
students to cooperate together in the elaboration of the thesis report. Therefore, the description of
two of the three land use types was done by two fellow thesis students. Francois Laurent was in charge
of describing the mixed land use systems, while Davide Angelucci wrote the characteristics of livestock
farming. All the information presented in this chapter answers RQ2.

4.1

Almond monoculture

Almond cultivation is a traditional agricultural activity in Spain, and especially in Andalusia where the
biggest area of almond cultivation in Spain is located. This cultivation takes place mostly in marginal
lands with poor soils and, given the water resources limitation, is mainly rainfed. Currently, almond
cultivation in Andalusia is going through a process of reconversion into a more productive and
competitive agricultural system due to the introduction of new, more productive, almond varieties of
late flowering, the increase of the global almond consumption and the popularization of dry fruits as
an important component of healthy diets (Secretaria General De Agricultura y Alimentación [General
Secretariat of Agriculture and Alimentation], 2016a).

Production area (ha)

Since the 1990’s, the almond sector has been consolidating even more given the CAP subsidies,
increasing at the same time farmers’ income. Specifically in the AlVelAl territory, the CAP is considered
a major driver of land use changes, because it has promoted and encouraged the establishment of
almond monoculture. This happened since is not possible to receive any financial support if an
agricultural land is being used for two different agricultural purposes or production, for example,
almond and sheep breeding (Interviewees 8 and 9.) This situation makes the decision of selecting a
mono-functional over a multi-functional land use system much easier and preferable for farmers given
that they will get subsidies for just one agricultural production, but not for two or more.
85,000
75,000
65,000
55,000
45,000
2005

2006

2007
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2009

2010

2011

2012

2013

2014
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Year
Granada

Almería

Figure 11. Area under almond production in Granada and Almeria provinces. Source: Consejeria de Agricultura,
Pesca y Desarrollo Rural (n.d.). Yearbook of agricultural and fisheries statistics of Andalusia (2005-2015).

Therefore, subsidies from the CAP, the development of new almond trees varieties, the capacity of
the almond tree to cope with water scarcity, the almond price and the positive commercial expectative
of this product has led to the expansion of almond monoculture in the mediterranean areas of Spain
(Miarnau et al., 2015). In Almería and Granada provinces of Andalusia, cereal fields have been replaced
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for almond monoculture because of the previous mentioned reasons, but at the same time, rural
abandonment and the lack of generational replacement in the area has led to the abandonment of
almond farmlands (Figure 11).
Almond monoculture is an agricultural practice in which one crop (almond tree) is repeatedly grown
on the same land for several years without rotations or integration of other crops or livestock (Power
and Follett, 1987). In the agrarian regions of AlVelAl territory, almond monoculture is managed in
rainfed regimes, with exceptions in which farmers request for and are given with water concessions
for irrigation from the correspondent Hydrographic Confederation according to the location of the
farm (Guadalquivir, Segura or Cuenca Mediterráneas Andaluzas catchments) (Interviewee 8). In
almond monocultures, sheep grazing is limited, or even not allowed by farmers. They believe sheep
can cause damage to the young and older almond trees, and there is also a limited grass growth in
these agricultural lands which makes grazing in almond farms not very attractive for shepherds
(Interviewees 4 and 5).
In addition, almond orchards are characterized by being owned by farmers with small to medium
agricultural exploitations (average of 15 ha) which are predominantly familiar exploitations. These
orchards are affected by late frosting (March/April) and by management practices that do not take
into account soil conservation measures (Secretaria General De Agricultura y Alimentación, 2016a).
One of the most common practices among farmers is the elimination of weed through tilling to reduce
or avoid competition for rain water, and consequently, these areas are tend to have bare soils without
any vegetation cover (Cárceles Rodríguez et al., 2009). The soil in the area have been impoverished
for decades due to excessive tilling (number of tillage per year and the depth of tilling) affecting and
reducing soil microbiology. Hence, even when no tilling is taking place in the agricultural lands, is very
difficult for grass and plants to grow since the soil is already very degraded (Martínez Blánquez, 2011).
Mineral fertilizers are used in conventional farming systems to incorporate to the soil all the nutrients
that almond trees need to grow. In addition, plague and disease control are not common practices
among farmers. Just 40% of farmers implement plague control practices in their farms, through the
use of biological or chemical control methods (Martínez Blánquez, 2011). Almond recollection is
mechanized and the farm labor requirements are usually fulfilled by one person every 25 hectares.
In semiarid areas of Andalusia, where there is rainfed almond cultivation and poor soils, such as in
AlVelAl territory, the density of trees is usually around 150-200 trees per hectare, given that in less
favorable agronomic conditions, the trees need more volume of soil to be more productive (Arquero,
2013). However, according to Aznar-Sánchez et al. (2016), the average density of almond trees in Los
Vélez is 177 trees per hectare, while in Baza and Huéscar, both located in the Altiplano de Granada,
the average density is 200 and 215 tress per hectare respectively, exceeding the tree density
recommended by the government of Andalusia.
The average almond yield in marginal plantations does not exceed 150 kg/ha, while in the traditional
rainfed cultivations, which are similar to the marginal plantations but with less extreme soil and water
restrictions, the yield ranges between 150-700 kg/ha depending on the environmental and climatic
conditions (Arquero Quilez et al., 2015).
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Regarding ecologic production, AlVelAl has the biggest ecologic almond cultivation of the world
(Interviewee 6). The ecologic production also takes place in monoculture systems, occupying 19,871
ha in the agrarian districts of Los Vélez and Altiplano de Granada (Secretaria General del Medio Rural
y la Producción Ecológica [General Secretariat of Rural Areas and Ecologic Production], 2011).
According to Interviewees 4, 5, 8 and 9, the main and maybe the only difference with the conventional
almond production, is that ecologic production use organic fertilizers instead of chemical fertilizer.
Therefore, having an ecologic almond production in a monoculture regime does not implies better
and more sustainable land management practices, but rather the reduction or non-use of chemical
products.

4.2

Mixed land-use system

The most important characteristic of mixed land use systems is, as its name suggests, a mixed use of
the land with the presence of different crops and livestock on the same agricultural land. This land use
system can be divided in two different mixed land use in accordance to the interviewees.
One mixed system mainly involves almond trees and livestock with occasionally additional crops like
cereal or legumes. This land can be referred to as traditional since it reflects the use of crops such as
cereal that used to be the main crop in regions such as the Altiplano de Granada (Interviewee 8).
Traditionally, land plots used to be, and still are, relatively small with an average size of approximately
15 ha and a maximum of 150 ha (Interviewee 6). Different crops including almonds, cereals and
legumes can be used for feeding the livestock and for own personal consumption. This not only
benefited local residents and farmers who owned the land but also the biodiversity of the region,
especially when it comes to steppe birds, associated with the cereal fields, which are now at risk of
extinction (Interviewee 8). This traditional land use has slowly been replaced by other land uses like
almond monocultures for reasons indicated in the precedent chapter.
Yet almond monoculture is not the only land use that is replacing the traditional way of cultivating the
land (woody crops + cereal + livestock). With the rise in consumption of ecological products by 40% in
Spain last year, there is a rising awareness and demand for ecologically sound land use (Interviewee
10). From this rising demand appeared the concept of “Almendrehesa” which refers to traditional land
use as a starting point for a type of land use that, in the words of Commonland, shall bring back returns
of social, natural and financial capital as well as inspiration through restoration (Figure 3). This land
use is committed to restoring the land that has been damaged through erosion and desertification in
the last decades. The Almendrehesa has 21 shareholders including businesses, farmers and
organizations, and the number of members is growing from year to year with some farmers merely
committing to a 5 year contract (Interviewee 10). Defining this mixed land use means looking into the
measures that farmers have to undertake to be part of Almendrehesa. Those measures include:
 planting measures: such as the planting of cereals and legumes as well as aromatic plants
between almond trees to allow for ground cover and higher biodiversity. Furthermore it
includes the planting of hedgerows around the land to support pollinators and beneficial
insects.
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 building measures: the building of ditches to reduce slopes as well as level/contour lines are
supposed to stop erosion. In addition, the building of ridges are assumed to increase water
retention.
 input measures: manure is limited and hence is used in a rotation system including the
rotation of landfills for the growing of a third legumes, a third fallow and a third cereals over
the year.
These measures are being used in more and more farms and the prospect for this land use is seen in
a very positive light for the future since demand, especially from Germany, seems to be rising
(Interviewee 10). Yet, there are undeniable issues with the implementation of mixed land use in the
AlVelAl territory. As previous research by Schoonhoven indicates, not only geography or policy can
hampers transition towards more sustainable land use but mostly mentalities (Schoonhoven, 2017).
The future of mixed land use in general is hence unsure.

4.3

Livestock farming

Population of ovine
livestock

Sheep production is considered one of the main farming activities in Andalusia, and especially in the
AlVelAl territory given the number of sheep present in the area (see Figure 12) as well as the cultural,
economic and environmental value that sheep breeding represents in the area (García Trujillo and
Rebollo Vergara, n.d.). This productive activity has a high relevance in the AlVelAl territory since is a
traditional productive activity which constitutes the main income for several families in the territory
and it also contributes to prevent people from abandoning rural areas (European Forum on Nature
Conservation and Pastorialism and Asociación de Pastores por el Monte Mediterráneo [Shepherds
Association for the Mediterranean Montes], 2013).
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Figure 12. Number of livestock evolution (2003 to 2016) in the Andalusian provinces of Almeria and Granada.
Source: Secretaria General De Agricultura y Alimentación, 2016b.

Most of the livestock farming in the AlVelAl territory are extensive systems, which means the main
source of feed for sheep are obtained through grazing. Grazing activities take place in natural areas
called “montes”. Monte is a Spanish term used for describing the woodlands, shrublands and pastures
of the Mediterranean biogeographic region, and it refers to all non-cultivated land covered with trees,
shrubbery and undergrowth (Robles et al., 2009). The montes are owned by the public administration;
therefore, shepherds have to rent the land through annual auctions (Interviewees 4 and 8). This
situation also reflects the fact that most shepherds do not own land (Interviewee 3).
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Moreover, when there is not enough feed available for livestock in the natural areas, grazing can take
place in cereal fields (late August), where sheep can be fed with cereal stubble (Interviewees 3, 4 and
8). Fodder can be bought to feed sheep but this increases the costs of livestock production, resulting
in less profit for shepherds (Interviewee 3).
In Rodriguez (2017), shepherds who were interviewed had their farms located in the municipalities of
Huéscar (50%), Maria (37,5 %) and Vélez Blanco (12,5%). The land dedicated to sheep breeding ranges
from 15 to 1000 hectares and all the farming area is used for grazing (Rodriguez, 2017). Nevertheless,
the number of hectares that shepherds need is dependent on several variables such as grass quality,
number of animals, and type of natural area (Interviewee 4 and 5). The number of livestock owned by
shepherds are between 500 and 1000 animals, with an average of 800 animals per shepherd
(Interviewees 4 and 5).
The Segureña sheep is the most common meat ovine breed in the area. It is an autochthonous breed
of the AlVelAl territory which has perfectly adapted to the local conditions throughout decades, being
able to live and graze in areas with low vegetation or pasture cover and arid soils (Agencia de Gestión
Agraria y Pesquera de Andalucía [Agency of Agrarian and Fisheries Management of Andalusia], 2012).
The Segureña breed is very valuable in the AlVelAl territory and has been considered a main
component of the agroecosystems of the region, contributing to the local environmental and social
sustainability, by preventing fires or helping to the settlement of people in the area (Lupi et al., 2015).
Moreover, this light animal can be raised in the short period of time of 90 days (Armero and Falagán,
2015), allowing shepherds to gain profit in a relative short term of time.
The Segureña sheep graze on a daily basis during the whole year. The management system includes a
shepherd which is permanently guiding the livestock through the natural areas, which in turn, allows
the sheep to take more advantage of and feed from the different pastures in the montes. The
Segureña sheep is protected under the Geographic Protected Indication [IGP,
https://www.igpcorderosegureno.com/la-igp/], which reveals the additional value this ovine breed
has due to the fact that is an agricultural-food product, native of a territory, which has certain
characteristics, qualities and reputation given to that territory.
Even though this productive activity is fundamental for the socioeconomic development of AlVelAl, it
has been experiencing a decrease in the last years. The CAP has included a pasture admissibility
coefficient, which reduces the grazing area to only pastures and, therefore, the subsidy received by
farmers is also reduced (Interviewee 4 and 8). This situation has discouraged shepherds and it has
affected the livestock farming activities in the area. In addition, the lack of generational replacement
has also contributed to a decrease in the sheep breeding activity (Interviewee 6).
This chapter highlighted important and unique characteristics of each land use system but also
centered the attention on aspects beyond the productive features of the land uses. For instance, the
increasing limelight that almond monoculture is gaining in the territory, the work towards reimplementing and promoting the mixed land use system as a traditional land use of the area and the
relevance of sheep breeding as a socio-cultural and economic driver for the sustainable development
of AlVelAl.
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5

MAIN PROVISIONING SERVICES PROVIDED BY EACH LAND USE TYPE AND THEIR ACTUAL USE

This chapter presents the results for RQ3 in relation to the provisioning services. Data on the actual
use and supply of provisioning services in each land use is firstly presented. To complement this
information, results of the expert questionnaire concerning the main provisioning services is also
described.

5.1

Actual use of provisioning services

For the estimation of the actual use of provisioning services, statistics, local reports and research
papers were reviewed. Several data were obtained and averaged to account for all the values
collected, and a few assumptions were drawn for the calculation (see Appendix F). These actual use
values are constantly changing depending on different factors such as precipitation, or management
decisions like almond tree density, grazing density, etc. in each of the land uses. Nevertheless, the
values are a representation of the current situation in the territory.
Table 10. Provisioning services identified in the three selected land use types and their actual provision
Almond
monoculture*

Mixed land-use system*

Livestock farming*

378 kg/ha [125]

306 kg/ha [155]

-

Livestock (sheep)

-

4 sheep/ha

3 sheep/ha

Water

-

-

-

Ecosystem service
Crop (almond)

Timber or fuelwood

600 kg/ha

600 kg/ha

-

Animal skins or fibers

-

-

-

Fertilizer (manure)

-

1800 kg/ha [849]

1350 kg/ha [636]

Medicinal/aromatic resources

-

300 kg/ha [102]
Aromatic/medicinal; almond
varieties; cereals, legumes;
Segureña sheep

-

Genetic resources**

Almond varieties

Segureña sheep

*All values are presented per year
**No capacity data was found, therefore the emphasis is made in the agricultural varieties and breeds
[] Values in brackets represent the standard deviation for ESs which more than one value was found
- Blank spaces are attributed to ESs that are not currently provided and used in the land use

Table 10 presents the current use of provisioning services in each of the land uses in the study area.
Blank spaces means that the land use is not providing that service nowadays, or is not being used or
exploited, even though, if properly managed it can be provided. For instance, animal skin like wool
can be provided in mixed systems and livestock farming, but this service is not being used by the
farmers, given that the main product obtained and commercialized from the Segureña sheep is meat.
Given the diversified production in the mixed land use system, more provisioning services are provided
and there is a capacity to maintain more genetic diversity, unlike almond monoculture and livestock
farming. However, is also possible to observe that there are common provisioning services provided
by the land uses such as almond and timber or fuelwood in almond monoculture and mixed land use
systems, and sheep and fertilizer in livestock farming and mixed production systems.
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The differences in values of current use of provisioning services among the three land uses are the
result of the purpose of the productive activity and the agricultural practices carried out in each one
of them. For instance, almond yield in almond monoculture is higher than in the mixed land use system
mainly due to the fact that in mixed systems is believed that there is competition between almond
trees and the vegetation cover for soil water and nutrients (Martínez-Mena et al., 2013). Differences
in grazing density are also identified between livestock farming and mixed systems. In general,
livestock farming is extensive, which is characterized by low stocking rates. In addition, mixed systems
are able to provide additional sources of food to sheep (like almond shells, cereals or legumes), which
is possibly why is capable to have a slightly higher stocking rate than livestock farming. In the case of
fuelwood, the amount of woody residues is the same for an almond tree in almond monoculture and
in a mixed land use system, and with regards to fertilizer, the mixed land use system has a higher
capacity to supply sheep manure given that has more sheep per hectare than livestock farming.
In Sections 5.1.1, 5.1.2 and 5.1.3, the main provisioning services, such as almond and sheep, are
described in detail and data on different state and supply indicators is presented. For this purpose,
data at municipal, provincial and at autonomous community level was obtained. Whenever it was
possible, data from municipalities were combined to generate information at the agrarian districts
level. Box 1 is also presented to provide information on the use of forestry resources in the area.
5.1.1 Almond monoculture
According to the Multiterritorial Information System of Andalusia (2013), the Altiplano de Granada
agrarian district has an area of 27,873 ha of almond, while Los Vélez has an area of 16,757 ha of
almond. Additional data obtained from Los Vélez agrarian district office revealed that by the year
2016, the area under almond production in this agrarian district was 19,159 ha. Figure 13 shows the
current distribution of two agricultural land uses which are relevant to this research. ‘Shell fruit trees’,
which includes almond trees, can be observed in an orange color; while the ‘herbaceous crops
different than rice’, which includes cereals, can be identified by a light green color.

Figure 13. Map of distribution of agricultural land in Altiplano de Granada and Los Vélez agrarian districts.
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Regarding almond production and yields, data was obtained for the provinces where Altiplano de
Granada and Los Vélez agrarian districts are located. Hence, for the province of Granada, where
Altiplano de Granada is located, the almond production for the year 2016 was 22,359 ton and for the
year 2017 the production was 20,833 ton. For the province of Almería, where Los Vélez is located, the
almond production for the year 2016 was 12,445 ton and for the year 2017 it was 18,317 ton
(Consejeria de Agricultura, Pesca y Desarrollo Rural, 2017a).
Almond yields for the year 2016 were 276 kg/ha under a rainfed regime in the province of Granada,
while for the province of Almería, almond yields were 242 kg/ha (Ministerio de Agricultura y Pesca
Alimentación y Medio Ambiente [Ministry of Agriculture and Fisheries, Alimentation and
Environment], 2016) values which are close to the 300 kg/ha average yield estimated for the area of
Andalusia (Secretaria General De Agricultura y Alimentación, 2016a). However, according to Rodriguez
(2017) almond yields in almond monoculture in the AlVelAl territory can range from 100-600 kg/ha.
In addition, results from Aznar-Sánchez et al. (2016) survey, revealed an average yield of 566 kg/ha in
the almond orchards located in Granada, and an average yield of 433 kg/ha in almond exploitations
of Almería province.
As it can be inferred from the values, almond yields and production are highly fluctuating from one
year to another (± 10-50%). Yields and production varies largely depending on the variety of almond
used as well as to the environmental and climatic conditions characteristic of each year. Moreover,
yields are specially affected and sensitive to droughts and frosts (Aznar-Sánchez et al., 2016) which in
the last years has regularly affected the AlVelAl territory.
5.1.2 Mixed land-use systems
Interviewees 3, 4, 5 and 8 agreed that the mixed land use systems have always existed, and can even
be considered traditional agricultural systems of the AlVelAl territory. However, statistics regarding
production, yield, or area under production of this system are not generated, since data is collected
for each agricultural or farming product independently (almond, ovine), making it difficult to identify
data corresponding to mixed systems. This type of information can only be obtained from farmers that
live and work in the AlVelAl territory or people that have done research in the area.
In general, data from almond monoculture and livestock farming can be transferred and used for this
land use type to have an idea of the production. However, more agricultural products can be produced
in a mixed land use system such as aromatic plants. Data on the actual use of this land use can be
observed in Table 10, and some values will be the same for the land uses, given that the products
produced are the same. Main differences are in the land management practices, as well as the more
diversified production of this system.
5.1.3 Livestock farming
Latest data for livestock at municipal and agrarian district level is available for the year 2009, year in
which the Agrarian census was published. The data is presented as ovine, which means there is no
distinction between the different ovine breeds produced in the area. However, according to
information collected through interviews, the Segureña sheep is the main sheep breed in the AlVelAl
territory.
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The province of Granada has shown through the years to have a bigger sheep population than Almería
province as shown in Figure 12. The Altiplano de Granada agrarian district had a population of 163,953
sheep by the year 2009, while Los Vélez had a population of 44,216 sheep (Instituto de Estadística y
Cartografía de Andalucia [Cartographic and Statistical Institute of Andalusia], 2009). This makes a total
of approximately 208,100 sheep for the study area.
Regarding the number of livestock farms, there is a total of 725 livestock exploitations in the study
area, 198 of the farms are located in Los Vélez and 527 are located in Altiplano de Granada. In addition,
the estimated density of grazing livestock in an extensive production is 1 sheep/ha according to VidalGonzález et al. (2016) given the lack of nutrients in the area. Other sources estimate a sustainable
grazing density of about 2 to 3 sheep/ha (European Forum on Nature Conservation and Pastorialism
and Asociación de Pastores por el Monte Mediterráneo, 2013; García Trujillo and Rebollo Vergara,
n.d.). However, it is allowed to have a maximum of 13 sheep/ha according to the government
regulation. The current grazing density in the area is not very clear but according to Interviewees 4
and 5, there are no overgrazing problems in the territory.
The grazing area of the Segureña sheep is difficult to determine given that they are permanently
moving from one natural area to another, or to one farm to another in search of source of food.
Nevertheless, Figure 14 can show which public forests or “montes” are currently being exploited for
the use of pastures. This geospatial data is from the year 2017.

Figure 14. Map of the use of pastures in the public forests of Altiplano de Granada and Los Vélez agrarian
districts of AlVelAl
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Box 1. Data from the actual forestry use in the “montes” of Altiplano de Granada and Los Vélez
Actual forestry use based on available data
For the year 2017, data on forestry use of the “montes” in Altiplano de Granada and Los Vélez was
obtained. These data represents the current use and permits granted to make a forestry use of these
public areas, showing the different resources allowed to be extracted or exploited in the public
“montes”. Table 11 shows, for each agrarian district, the forestry resources and the amount that was
allowed to use in the year 2017. Medicinal plants includes mistletoe, while within the aromatic plants
there are thyme, rosemary and lavender, and regarding timber and fuelwood, these mainly comes
from coniferous species.
Table 11. Data on forestry use
Resource

Altiplano de Granada
Quantity

Beekeeping
Biomass
Timber
Grass (grazing)
Fuelwood
Mushrooms
Aromatic plants
Esparto
Medicinal plants

Unit

Los Velez
Quantity

Unit

400
21,387
427

beehive
ton
m3

2,520
2,675
100

beehive
ton
m3

2,649
957,750
45,900
26,000
185,000
125

LSU
kg
kg
kg
kg
kg

2,769
-

LSU
-

Source: (Consejería de Medio Ambiente y Ordenación del Territorio, 2017b).

It is important to state that the use or extraction of these resources is taking place in the public forests,
and they are not related to any of the three land uses addressed in my study. However, when referring
to grass, it is related to livestock farming, since, as it was previously explained, this productive activity
takes place in the “montes”. All other forestry resources are being exploited in the forests but not as
part of almond monoculture or mixed production systems, but rather as independent productive
activities. Either way, these data shows that there are many resources in the forests of AlVelAl territory
that can be used and that can benefit local people in the area when sustainably exploited.

5.2

Perception of importance and capacity to provide provisioning services

The list of provisioning services addressed by Rodriguez (2017) was used for this research. The
identification of the importance of the provisioning services according to the experts’ perceptions
complemented with the interview results is firstly presented, followed by the experts’ perceptions of
the capacity of the land uses to provide provisioning services. Data related to the frequency tables of
the identified main provisioning services and perceived capacities to supply ESs is also provided
(Appendix G).
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5.2.1

Almond monoculture

As a result from the median analysis (Appendix H), is possible to determine that food was perceived
by experts as the most important provisioning service in almond monoculture (Figure 15). This is in
accordance with the high capacity attributed by experts to this land use to provide food. The only crop
grown in almond monoculture is almond (as the name refers), therefore, all agricultural activities are
oriented to enhance almond production in this land use, and the results from the expert online
questionnaire reflect this situation.
Figure 15 show that water was perceived important for 40% (N=15) of the experts, however, the
remaining 60% of the experts considered this provisioning service not important. Water is important
in almond monoculture because of its use for crop production, but given the lack of water resources
in the area it cannot be provided by this land use. In addition, timber or fuelwood was also considered
important in almond monoculture, and the capacity of this land use to provide this provisioning service
is even greater than the importance that experts attributed to this ES. Timber or fuelwood might not
be important for the production of almond per se, but almond trees certainly have the capacity to
supply this provisioning service after pruning.

Frequency (%)

100
80

60
40
20
0

Food

Water

Timber or Animal skin
fuelwood

Important to Very important

Fertilizer

Genetic Medicinal/
resources aromatic

Relevant to High Capacity

Figure 15. Frequency of experts’ perceptions regarding importance of and capacity to supply provisioning
services in almond monoculture

The absence of vegetation cover in almond monocultures and the presence of only one crop limits the
capacity of this land use to provide a wider range of provisioning services. For instance, fertilizer and
medicinal/aromatic resources were generally perceived by experts not important in almond
monoculture, and the related capacity of this land use to supply these two provisioning services was
considered low. Medicinal or aromatic plants are not possible to be found since there is a bare soil in
the farmlands. Moreover, fertilizer and animal skin are not provided in this land use system given that
there are no are no livestock. More details on each of the provisioning services in almond monoculture
can be seen in the following pages of this subsection.
Food
Importance. The main provisioning service identified in almond monoculture was almond (Interviewee
11). Nowadays, there are more almond varieties that are being used in almond monoculture
(Interviewee 5) and due to the EU subsidies, there is an increasing interest in producing almond in a
monoculture regime (Interviewee 6 and 8). In addition, food was the provisioning service with the
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highest number of respondents (87%, N=15) who considered this ecosystem service important to very
important in the almond monoculture land use.
Capacity. The one and only productive purpose in almond monoculture is the production of almond,
and this is in accordance with the experts’ perception regarding the capacity of almond monoculture
to supply food. More than 80% of the experts considered that this land use has a relevant to high
capacity to supply food, and in Table 10 is possible to observe that this land use has the highest
capacity to supply almond among the three selected land uses.
Water
Importance. This ecosystem service was perceived by experts (33%, N=15) to be a very important
service in the almond monoculture. However, more than a half of the experts perceived water as a
not important ecosystem service in this land use. This reveals contradictory perceptions among
experts. Is important to clarify that water is consumed in the agroecosystems selected for my research,
but is not supplied in any of them, thus, its importance lies in the necessity to have water to produce
almond.
Capacity. No expert considered this land use to have a high capacity to provide water, but rather most
of the experts considered almond monoculture to have a moderate capacity to provide it. Due to
water limitations in AlVelAl territory (lack of superficial water resources), capacities of agroecosystems
to supply water are very limited, and usually these are not capable of providing water.
Timber or fuelwood
Importance. Median results of experts’ perceptions of the importance of timber and fuelwood for
almond monoculture (Mdn=2, Appendix H) revealed that there is a tendency for experts to consider
this provisioning service not important for this land use. In fact, this service is not really exploited in
almond monoculture farmlands and the timber or fuelwood obtained from the almond trees are not
commercialized.
Capacity. More than 50% of the experts considered almond monoculture to have a relevant to high
capacity to supply timber or fuelwood. In some farms, when almond tree branches are obtained after
thinning, these branches can be used as fuelwood, but in general terms there is no timber utilization
related to almond monoculture (Interviewee 4). Even if there are forest patches in the almond farms,
is not possible to logged timber since the government of Andalusia does not allow it (Interviewee 9).
Animal skin
Importance. This ecosystem service was perceived by the experts as the least important provisioning
service in almond monoculture. This can be explained by the fact that almond monoculture farmers
do not allow sheep grazing in their farmlands, therefore there are no identified provisioning services
related to livestock in this land use.
Capacity. In accordance with the lack of importance attributed to animal skin in almond monoculture,
experts considered that this land use has no capacity to supply animal skin. Only 7% of the experts
inferred that this land use type has a relevant capacity to supply animal skin. This can be related with
the fact that is possible to integrate livestock to the farmlands in certain times of the year (between
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late August and early January), but this is not currently being done since almond farmers believe sheep
can cause damage to the almond trees (Interviewee 4 and 8).
Fertilizer
Importance. More than a half of the experts (N=15) perceived fertilizer as a provisioning service not
important to not important at all, which coincides with the median value (Mdn=2) which falls into the
not important provisioning service category for almond monoculture.
Capacity. Almost 90% of the experts stated that this land use has no capacity to low capacity to supply
fertilizer. Once again, given the absence of livestock in almond monoculture, this land use is not
capable of providing sheep urine or manure. Therefore, given the importance attributed to and the
stated capacity to supply fertilizer in almond monoculture, based on experts’ perception, is possible
to interpret that this provisioning service is not relevant and cannot be considered a main provisioning
service in the almond monoculture.
Genetic resources
Importance. Most experts (40%, N=15) perceived genetic resources as relatively important in almond
monoculture. The relatively importance attributed to this provisioning service is probably the result
of the use and commercialization of different varieties of almond that are currently used in the study
area given the climatic (extreme temperatures and rainfall regime) and environmental
(desertification, land slope) conditions that affect production in the area. With the use of these
varieties (late flowering, self-pollinated), the environmental and climatic limitations can be somehow
overcome. However, an important percentage of experts do not considered genetic resources as an
important ecosystem services for almond monoculture (40%, N=15).
Capacity. More than 60% of the experts considered this land use to have no relevant to moderate
capacity to supply genetic resources. Experts perceive the contribution of almond monoculture to the
maintenance of genetic diversity low maybe given that this agricultural system is a mono-functional
one and there is probably a lack of knowledge about the role of genetic resources in agricultural
monocultures.
Medicinal/aromatic resources
Importance. Medicinal and aromatic resources had, in general, a tendency to be perceived as not
important by experts in the almond monoculture.
Capacity. More than 50% of the experts (N=15) considered almond monoculture to have no to low
capacity to supply medicinal resources. Since vegetation cover in almond monoculture is eliminated
through tilling leaving a bare soil, medicinal resources cannot be found in this land use type. Moreover,
the agricultural practices are not oriented to the maintenance or production of medicinal or aromatic
plants in the farmlands, which can also explained why this provisioning service was considered not
important in almond monoculture.
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5.2.2

Mixed land-use systems

In general, all of the provisioning services can be found in the mixed land use systems, but their supply,
importance and their use is highly dependent on the agricultural activities taking place in the
farmlands.

Frequency (%)

As a result from the median analysis (Appendix H), is possible to identify that food was perceived by
experts as a very important provisioning service in mixed production systems and that this land use
has a high capacity to provide this provisioning service (Figure 16). This can be considered logic given
that in mixed land use systems there is a diversified production where almond and Segureña sheep
are the main agricultural products, but even honey can be produced if beehives are incorporated to
these systems. The sustainable land management practices applied in these systems under the
Almendrehesa concept also contribute to ensuring a long term capacity of this land use to supply
provisioning services.
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Figure 16. Frequency of experts’ perceptions regarding importance of and capacity to supply provisioning
services in mixed-land use systems

Fertilizer and genetic resources were also perceived important provisioning services by experts, which
coincides with the high capacity experts attributed to this land use to supply this two provisioning
services. Sheep manure is used as fertilizer in the mixed production farms and since there is a
diversified production in this land use, there is more genetic diversity to be maintain.
As for medicinal/aromatic resources, these provisioning services were considered the least important
and the mixed land use system was perceived to have a low capacity to supply these services. These
results are interesting since the role of aromatic plants in the mixed land use systems is fundamental,
not only as an additional source of income, but also as a crop capable of increasing the environmental
quality in this land and optimize production (Durán Zuazo et al., 2008).
Food
Importance. 80% of the experts (N=15) considered food as a very important provisioning service in
this land use type. In the mixed production systems of the Altiplano de Granada and Los Vélez agrarian
districts of AlVelAl, both almond and sheep are owned by the same farmers and are produced in the
same farm, thereby integrating both productions in the same land.
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Capacity. The capacity of the mixed land use system to provide food was perceived by 87% of the
experts as a high capacity, however, one respondent (7%) considered that this land use has a low
capacity to supply food. This is interesting given that the mixed land uses have mainly an agricultural
use and sustainable land management practices are implemented (Interviewee 10) that can enhance
production while increasing soil quality and biodiversity.
According to the Interviewees 3, 4, 5, 6, 9 and 10, this land use is capable to provide almond, sheep,
cereal, olives and honey, which is in accordance with the high importance attributed to food by
experts. Many of the mixed production farms have beehives for improving pollination but for
producing honey as well (Interviewees 6 and 9), while other farms may have legumes or cereals in the
streets between the almond cultivation strips to function as vegetation cover and a source of feed to
the Segureña sheep.
Water
Importance. More than half of the experts (N=15) considered water as an important provisioning
service in the mixed land use systems. As explained for almond monoculture, this provisioning service
is consumed rather than supplied in the territory.
Capacity. Based on experts’ perceptions, mixed land use systems have a moderate capacity to provide
water. This land use, as well as the almond monoculture and livestock farming, are located in a
semiarid area where the water resources are limited, but it seems recurrent that experts perceived
that somehow these land uses can supply water even though no interviewee provided that
information, but rather stated that cultivations are mainly rainfed (Interviewee 7 and 8).
Timber or fuelwood
Importance. According to the results of the median calculation (Mdn=3, Appendix H), the most likely
outcome was for experts to perceive this service as relatively important in the mixed production
systems. This provisioning service is not needed for the production of any of the agricultural products
of the mixed land use systems, however almond trees are able to provide it. The use that is given to
timber or fuelwood is mainly at the farm level (e.g. source of biomass to generate heat).
Capacity. Mixed land use systems were mainly perceived by experts to have capacity to supply timber
or fuelwood. As it was explained in the almond monoculture section (subsection 5.2.1), timber and
fuelwood can be obtained from the almond trees branches obtained after pruning.
Animal skin
Importance. Experts generally perceived animal skin as an important provisioning service in the mixed
land use system. This result is interesting since this provisioning service is currently not being used.
Capacity. Regarding the capacity of the mixed land use system to supply animal skin, more than 60%
(N=15) of the experts stated that this land use has a relevant to high capacity to provide this
provisioning service. However, animal skin such as wool from the Segureña sheep is not used or
commercialized nowadays in the AlVelAl territory.
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Fertilizer
Importance. Fertilizer was perceived important to very important by 60% (N=15) of the experts. In
general, experts’ answers had a tendency towards a more positive perception of the importance of
fertilizer in this land use type (Mdn=4, Appendix H).
Capacity. More than 70% of the experts considered that the mixed land use system has a relevant to
high capacity to supply fertilizer. Sheep manure is used as fertilizer in the mixed production systems,
in order to improve soil quality, but given the limited amount farmers are able to collect from their
livestock is not possible to spread it in the whole farm o even all year round (Interviewee 9). Future
plans involving the use of fertilizer includes the elaboration of compost from sheep manure and its
use in the mixed farms.
Genetic resources
Importance. Genetic resources was perceived important to very important by more than 60% (N=15)
of the experts. The positive perception of experts regarding the importance of this provisioning service
in mixed systems can be a result of the management of this land use that incorporates the production
of different crops together with livestock (Interviewee 3). Therefore, a more diversified production
makes this system capable of maintaining a more diverse range of livestock breeds and crop varieties.
Capacity. More than a half of the experts considered that the mixed land use has a relevant to high
capacity to supply genetic resources. As it was explained in the previous paragraph, this system has
more possibilities to contribute to the maintenance of genetic diversity given the diversified
production.
Medicinal/aromatic resources
Importance. According to experts’ perception, medicinal and aromatic resources were the least
important provisioning service in the mixed land use system. This result may be explained by the lack
of knowledge regarding the natural presence of medicinal resources in this land use type (Interviewee
6). In the mixed systems, aromatic plant such as thyme, rosemary and lavender, which are medicinal
as well, are cultivated between the almond trees, to later commercialize the plant or the essence
(Interviewee 9) and to enhance pollination and increase biodiversity (Interviewees 6 and 10).
Capacity. In relation to the capacity of the mixed land use system to supply medicinal/aromatic
resources, 46% of the experts inferred that this land use has no capacity to low capacity to provide
medicinal resources, while 47% stated that this land use has a moderate capacity to provide this
provisioning service. In some farms in the AlVelAl territory medicinal resources are found naturally
(Interviewee 6), while in others, especially the farms working with the Almendrehesa concept,
medicinal and aromatic plants are cultivated. Therefore, it is curious that experts perceived a low
capacity to provide this service, given that the cultivation of medicinal and aromatic plants is an
integral part of the mixed land use systems.
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5.2.3

Livestock farming

Frequency (%)

As a result of the median analysis (Appendix H), is possible to determine that food had a tendency to
be perceived by experts as a very important provisioning service in livestock farming (Figure 17). This
is in accordance with the high capacity that experts attributed to this land use to provide food. Food
provided in livestock farming is strictly related with the Segureña sheep breeding for the purpose of
producing and commercializing its meat. No other agricultural and farming product is produced in this
land use type.
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Figure 17. Frequency of experts’ perceptions regarding importance of and capacity to supply provisioning
services in livestock farming

Fertilizer was considered important by a large percentage of experts (80%, N=15), and livestock
farming was considered to have a relevant capacity to supply this provisioning service. As it was
explained in Section 5.2.2, fertilizer is related with sheep manure, and since this land use is only
oriented to sheep breeding, sheep manure can be produced.
Animal skin and genetic resources were also perceived important by the same proportion of experts
in livestock farming (Figure 17). However, this land use type was considered to have more capacity to
supply animal skin than genetic resources. The Segureña sheep can provide animal skin, but its wool
is currently not being used. Regarding genetic resources, the Segureña sheep is a highly valuable breed
in Spain mainly because of its unique and rustic characteristics that can be attributed to the extreme
conditions of the location where is breeded.
Finally, medicinal and aromatic resources were perceived not important. Moreover, experts
considered that livestock farming has no to low capacity to supply this provisioning service. Since
livestock farming takes place in natural areas, medicinal and aromatic plants can be found naturally in
the environment. However, the exploitation or use of these provisioning services is not relevant for
livestock farming.
Food
Importance. Livestock farming is exclusively about sheep breeding, especially in natural areas or so
called “montes”. This can be reflected in the answers from 67% (N=15) of experts who perceived food
as a very important provisioning service in livestock farming.
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Capacity. More than 80% of the experts inferred that this land use type has a relevant to high capacity
to supply food. The high importance and capacity attributed to this provisioning service in livestock
farming can be explained by the fact that this land use does not include diversified production and
that shepherds are not allowed to make any other use of the “montes” where sheep graze
(Interviewee 4). Therefore, the main and only productive activity is sheep breeding for its later
commercialization as meat.
Water
Importance. Experts’ perception regarding the importance of water in livestock farming was again
differentiated by two different perceptions. On the one hand, 53% (N=15) of the experts considered
that water is a provisioning service not important to not important at all in livestock farming, while,
on the other hand, the remaining 47% of the experts perceived this service as an important to very
important ecosystem service in this particular land use. Water is important for the sheep to stay
hydrated, but it cannot be considered a service provided by livestock farming.
Capacity. Regarding the capacity of livestock farming to supply water, more than a half of the experts
stated that this land use has no to low capacity to supply water. In fact, water is not produced or
supplied in livestock farming, but rather consumed by the livestock (Rodriguez, 2017).
Timber or fuelwood
Importance. Timber or fuelwood was the ecosystem service with the highest number of experts (73%,
N=15) who perceived it as a provisioning service not important at all in livestock farming.
Capacity. 60% of experts considered that this land use type has no relevant capacity to supply timber
or fuelwood. Both answers (importance and capacity) can be explained by the fact that the forestry
use (timber, fuelwood, collecting wild fruits or plants) of the public “montes” where sheep grazing
takes place is not connected to the livestock production. For livestock farming, their permits only
allows them to make a forestry use of the grass in a given, previously determined, space (Interviewee
5). This situation reduces the possibilities of making use of more provisioning services in the grazing
area.
Animal skin
Importance. Animal skin was perceived an important provisioning service in livestock farming by more
than a half of the experts (60%, N=15).
Capacity. Regarding livestock capacity to supply animal skin, more than 60% of the experts inferred
that this land use type has a relevant to high capacity to supply animal skin. Even though this land use
is capable to supply this provisioning service, currently, animal skins are not being used, and shepherds
do not get any profit or benefit from the extraction and use of wool. However, there are plans of using
sheep wool for construction as thermal insulation, which is something that has been done in the past
(Interviewee 4).
Fertilizer
Importance. Almost 70% of the experts (N=15) perceived fertilizer as an important to very important
provisioning service in livestock farming. There is a positive perception regarding the role of fertilizer
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as a provisioning service in livestock farming. However, even though local people or shepherds in the
area do not directly use this service, sheep manure in the natural areas provides benefits to the soil
quality enhancing soil microbiology, therefore, benefiting the natural environment (Interviewee 5).
Capacity. 80% of the experts inferred that this land use type has a relevant to high capacity to supply
fertilizer, which is in accordance to the capacity of the sheep to provide animal manure as fertilizer.
Genetic resources
Importance. Genetic resources were perceived important by experts (40%, N=15) in livestock farming.
Results from the median calculation revealed that the most likely outcome or answer was for experts
to perceived genetic resources as an important provisioning service for this land use (Mdn=4,
Appendix H). Given that the Segureña sheep is a promotion native breed (Raza Autóctona de Fomento
in Spanish) and is protected under the Geographic Protected Indication (IGP), this breed is highly
valuable in Andalusia as well as in Spain.
Capacity. Regarding the capacity of the livestock farming to supply genetic resources, answers were
evenly distributed between moderate capacity, relevant capacity and high capacity of this land use to
provide genetic resources (20% of experts each). According to experts’ perception, this land use is
capable of maintaining the genetic diversity, in this case the Segureña breed, however, there is not a
common agreement about the level of capacity that livestock farming has to maintain genetic
diversity.
Medicinal/aromatic resources
Importance. This provisioning service was perceived not important at all by 60% (N=15) of the experts,
while it was perceived important for just 7% of the experts. Medicinal and aromatic resources were
generally perceived as not important in livestock farming, which might be related to the fact that in
this farming system, the exploitation of natural medicinal resources found in the natural areas is
regulated and is not part of the sheep breeding activity.
Capacity. 80% of the experts perceived that livestock farming has no to low capacity to supply
medicinal/aromatic resources. The perceived importance together with the perceived capacity to
supply medicinal resources revealed that this provisioning service is not associated with, or relevant
for, the livestock farming activity.
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6

HABITAT SERVICES PROVIDED BY EACH LAND USE TYPE

This chapter presents the results for RQ3 in relation to the habitat services. Biodiversity related with
habitat services for each land use type was identified mainly based on information collected through
interviews. In addition, data from a previous research carried out in the area by Rodriguez (2017) was
used to complement the collected information.

6.1

Almond monoculture

Habitat services were mainly addressed in terms of the biodiversity present in the area and the
capacity of the land use types to provide refuge and a space for species reproduction. Biodiversity in
almond monoculture is limited given the reduced vegetation present in the monoculture, and due to
the increase of almond monocultures, biodiversity in cultivations is decreasing (Interviewee 3). For
instance, since many cereal fields have become almond monocultures in the last decades, the
population of steppe birds, such as pin-tailed sandgrouse, little bustard and European roller, has
decreased (Interviewee 9).
However, if farms are located close to the natural parks, or the “montes”, the possibilities of finding
more biodiversity are higher (Interviewee 3). In addition, in almond cultivations is common to observe
big numbers of Lepidoptera, such as butterflies (Interviewee 6). Rodriguez (2017) also mentioned that,
according to almond farmers, their farming systems provide habitat for birds, rabbits and wild boars.

6.2

Mixed land-use systems

Mixed production systems are capable to provide shelter to more species than the almond
monoculture, due to the presence of diversified vegetation (cultivated crops and native plants) that
can provide refuge to insects and other animals. In addition, if the farming systems works under the
Almendrehesa concept, one of the main goals of it is to increase biodiversity in the farms. The
presence of aromatic plants such as rosemary, lavender and thyme attracts a higher number of
pollinators and Lepidoptera and since there is usually vegetation cover in this productive system, there
are more soil microorganisms.
In addition, Interviewee 6 expressed that there is a big variety of autochthonous and endemic species
in the area (no examples were given), and Rodriguez (2017) found out that wild boars, different
species of birds, hares and beers live or visit the mixed land use system farms.

6.3

Livestock farming

Livestock farming, in an extensive regime, takes place in the public forests located in the area under
study. Therefore, biodiversity related to this land use type is mainly associated to biodiversity that can
be found in the “montes”. Fertilizer from sheep enhance the quality of the soil increasing the number
of soil microorganisms. In addition, butterflies and crickets can also be found in this farming system
(Interviewee 9).
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According to Interviewees 4 and 5, extensive livestock farming contributes to conservation of
biodiversity. For instance, for some legumes communities, grazing is beneficial since sheep can reduce
the competence, enhance the nutrient recycling and spread seeds around the forest areas. In addition,
in this land use type is also common to find a large number of coleoptera.
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7

BENEFITS AND BENEFICIARIES OF MAIN PROVISIONING AND HABITAT SERVICES

This chapter presents the results of RQ4. Beneficiaries of main provisioning and habitat services (Table
12) were identified through the experts’ online questionnaire results and information gathered
through interviews with professionals. Benefits in terms of income, consumption of food and good life
were addressed through data collected by the use of a paper questionnaire in the city of Baza
(Altiplano de Granada) by Francois Laurent. Frequency tables of the answers from both, the online
and paper questionnaire on the benefits and beneficiaries are shown in Appendix I.
Table 12. Main ecosystem services and key beneficiaries in each land use type (Beneficiaries typology
based on Schirpke et al. (2014) and Suwarno et al. (2016)).
Land Use

Ecosystem service
Almond

Almond
monoculture

Timber or fuelwood
Genetic resources

National

Almond farmers, almond companies and industry,
intermediates, almond consumers

Global

Almond companies and industry, almond consumers

Local

Almond farmers
Almond farmers,
cooperatives

Habitat

Local

Local communities

Almond

National

Mixed land-use
systems

Global
Local

National
Fertilizer
Genetic resources

Local
National

Habitat

Local

Sheep

Local

National

Livestock farming
Fertilizer
Genetic resources
Habitat

7.1.1

Beneficiaries

National

Sheep

7.1

Scale

Local
National
Local

almond companies,

agricultural

Almond farmers, almond companies and industry,
intermediates, almond consumers
Almond companies and industry, almond consumers
Shepherds, owners of livestock, intermediates,
slaughterhouses, agricultural cooperatives, sheep
consumers
Intermediates,
slaughterhouses,
agricultural
cooperatives, sheep consumers
Farmers
Almond farmers and stockbreeders, agricultural
cooperatives
Local communities
Shepherds, owners of livestock, intermediates,
slaughterhouses, agricultural cooperatives, sheep
consumers
Intermediates,
slaughterhouses,
agricultural
cooperatives, sheep consumers
Farmers
Stockbreeders, agricultural cooperatives
Local communities

Benefits and beneficiaries of provisioning services
Almond monoculture

Benefits. With the use of the paper questionnaire (see Appendix D), benefits derived from provisioning
services for local people and tourists in Baza were assessed. The first statement intended to reveal if
the income of the respondents is related to the products (food, timber, medicinal resources) obtained
from the almond monoculture. The results revealed that there are 33% (N=100) of the respondents
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who agree to strongly agree that their income is related to the products obtained from this land use,
however, almost 50% of the respondents disagree with this statement.
The second statement aimed to obtain information regarding the importance of almond monoculture
as a source of food that is consumed by the respondent and the respondent’s family. The highest
percentage of respondents (41%, N=100) disagreed with this statement, while 33% of the respondents
consider almond monoculture an important land use since they and their family consume food
obtained from this farmland.
The third and last statement tried to identify if the products, goods and materials derived from almond
monoculture were important for the respondent and their family to have a good life. Once more, the
highest percentage of respondents (37%, N=100) disagree with this statement, while only 28% agree
to strongly agree with the statement.
In general, for the three statements, the highest percentage of respondents were those who disagree
with the statements. The majority of the respondents do not perceived almond monoculture as an
important land use for them and their families in terms of providing food for consumption, of being
related to their income, and in terms of the contribution of materials and products of almond
monoculture for them to have a good life.
Moving beyond these answers, on the one hand, almond provides benefits to people in terms of its
nutritional value, and the Spanish almonds, in particular, are acknowledged by their high nutritional
and organoleptic qualities (Secretaria General De Agricultura y Alimentación, 2016a). Moreover,
almond shells have high nutritional value as feed for sheep (Interviewee 5), but in not many farms the
shells are left in the ground for livestock to eat them. On the other hand, almond monoculture is not
considered an activity that creates many job opportunities, in fact, Interviewee 8 highlighted the fact
that only one employee is required for 25 ha of almond.
Beneficiaries. The main beneficiaries of provisioning services in almond monoculture, according to the
experts’ perspective, were those located at a national level (53%, N=15). This means that the benefits
that are derived from the production of almond in a monoculture regime can be enjoyed at a national
scale, benefiting the inhabitants of Spain.
Almonds are generally sold to big companies of Spain, mainly located in Barcelona and Alicante, such
as Borges Agricultural and Industrial Nuts, where the almonds are processed and packed into the
different presentations they are sold (Interviewee 6). Almonds produced in the AlVelAl territory are
not sold in the local market and there are no manufacturing industries capable of processing the
almonds, therefore, the potential added value that can be generated though almond processing does
not stay in the territory (Interviewee 4 and 9). The lack of this type of industries is considered a reason
why young people is abandoning the rural areas to move to bigger cities (Interviewee 6). In fact, the
region of Andalusia is considered a leader in almond production but not in its commercialization.
Global beneficiaries were identified by 33% of the experts as main beneficiaries of provisioning
services in almond monoculture. The importance attributed to global beneficiaries is related to the
export of almond to other countries, especially within the European Union (Secretaria General De
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Agricultura y Alimentación, 2016a). The almond national or domestic consumption is actually lower
than the export of almond. This reveals a situation in which most of the almond production is exported
to other countries. Therefore, the consumption and the profits associated to the almond production
and industry are capable of not only benefiting people in Spain, but also people in Germany, France,
Italy, and other European countries.
7.1.2

Mixed land-use systems

Benefits. In relation to the three statements or criteria about benefits’ local people and tourists
perceive from the mixed land use systems, half of the respondents (N=100) expressed their
disagreement regarding this land use type being important to them because their income is related to
the products obtained from mixed systems. Moreover, more than 50% of the respondents disagree
with the statements that connected the importance of the goods, products and materials provided by
the mixed land use system to have a good life and as a source of food. Only between 20-32% of the
respondents agreed with the statements.
According to the results, respondents are more aware and connected to the benefits in terms of the
contribution of the products, goods and materials, provided by the mixed system, to have a good life,
than benefits related to their income or food consumption (Appendix I).
One fundamental aspect of mixed land use systems is the fact that the diversified production allows
farmers to gain profit, all year round, even though there might be unfavorable climatic or
socioeconomic conditions. Mixed production allows for income diversification, reducing the risks in
the business and increasing the possibilities of making money. Interviewee 9, who highlighted the
importance of having more than one alternative production in which farmer’s income depend on, also
mentioned this benefit.
In addition to the previously mentioned nutritional benefits of almond, the presence of
medicinal/aromatic plants in this land use can contribute to the reduction of health problems.
According to the government of Andalusia, thyme is used as an antiseptic and for stomachaches;
lavender is used as antiseptic and rosemary as a digestive and tonic for the skin.
Beneficiaries. National beneficiaries were perceived by experts (53%, N=15) as the main beneficiaries
of provisioning services in the mixed production systems. The situation regarding almond
consumption and commercialization in almond monoculture and mixed land use systems is similar,
given that the product is the same. Almond is bought by big companies of Spain, through
intermediates or cooperatives, and then is industrialized and commercialized in Spain.
However, in the mixed systems that are being developed under the Almendrehesa concept, almond
has an additional value related to the regenerative practices that are carried out in the farms. “Pepitas
de oro” are the ecologic regenerative almonds produced in these mixed systems. The Almendrehesa
S.A is a processing and marketing company for the regenerative almond. This almond is mainly
exported to countries such as Germany and Austria, where there is already a social sensibility towards
products that are not only ecologic but that also contribute to regenerate soil and landscape
(Interviewee 10).
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The Segureña sheep is mostly commercialized through intermediates. Intermediates constitute a step
or role in between the shepherd or stockbreeder and the direct sale. The lack of businesses and
commercial initiative in the area has led to the strengthening of the intermediate role in the
commercialization process of the Segureña sheep, reducing the profit margin of the owners of the
sheep (Agencia de Gestión Agraria y Pesquera de Andalucía, 2012). According to the Interviewee 4,
the Segureña sheep is mostly bought by companies from Catalonia, but nevertheless is also
commercialized in the big cities near the AlVelAl territory.
Even though the main beneficiaries of provisioning services identified by the experts were located at
a national scale (Spanish companies, inhabitants of Spain), there are also local beneficiaries. Local
beneficiaries are considered to be a small group of people who are directly related with the productive
activities of cultivating almond and producing sheep (Interviewee 4). These are the farmers, the
shepherds, the owners of the livestock, the intermediates and, in some cases if located in the AlVelAl
territory, the final traders. In addition, in the AlVelAl territory there is a cooperative called “La Sabina
Milenaria” where the almond from the members of the Almendrehesa is collected, and an almond
breaker facility called “Almendras Barnés” where a first stage of the almond processing is carried out
(the almond shell is separated from the kernel).
7.1.3

Livestock farming

Benefits. Most respondents (approximately 50%, N=100) do not considered livestock farming as an
important land use that benefits them and their family, in terms of income, consumption of food and
contribution to have a good life. Approximately 25% of the respondents agreed with the statements.
These perceptions can be the result of the lack of commercialization and marketing of the Segureña
meat in the area, as well as the possibility that the activities the respondents carry out every day are
not related to the livestock farming activity at all.
Even though local people from Baza do not perceive the previous benefits related to livestock farming,
this activity has a fundamental role in the settlement of rural population and in the maintenance of
local traditions. Hence, livestock farming contributes to the identity of the territory. In addition, the
consumption of Segureña meat has many benefits for human health given its high mineral content, it
contains vitamin B and is a source of high biological value proteins.
Beneficiaries. National beneficiaries were perceived by experts (53%, N=15) as the main beneficiaries
of provisioning services in livestock farming. This result coincides with the provisioning services’
beneficiaries identified by experts in almond monoculture and in mixed land use system. Sheep meat
consumers from all Spain, the meat processing industry, retail companies, cooperatives, etc. are all
part of the national beneficiaries that not only consume the product, but also make profit thanks to
the processing and sale of the Segureña sheep.
Segureña sheep is a valuable sheep breed in Spain, and even though it is commercialized in the big
cities within and around AlVelAl territory, most of the local production of Altiplano de Granada and
Los Vélez agrarian districts is sold to companies outside AlVelAl. Moreover, given that there are not
many slaughterhouses in AlVelAl, the added value of producing Segureña sheep is not kept in the
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territory (Interviewee 6), and even some stockbreeders are not from the AlVelAl territory, but rather
live in bigger cities and hire a shepherd to take care of the livestock farming activity.
As in mixed systems, the intermediates play a significant role in the commercialization of this product,
but there is an increasing tendency to create and be part of cooperatives where the aim is to reduce
the number of intermediates and to enhance the income of shepherds and stockbreeders. In addition,
being part of a cooperative has become attractive to young people given that cooperatives are
working towards capturing the additional value of a more ecologic and natural livestock production
through the increase of profit of shepherds and owners of livestock (Agencia de Gestión Agraria y
Pesquera de Andalucía, 2012). Cooperatives such as “Comercializadora Segureña (Cosegur)” or
associations such as “Asociación Nacional de Criadores de Ovino Segureño [National Association of
Segureña Sheep Breeders]”can become a tool to reinforce the commercial spirit of the local people
and can contribute to the incorporation of new farmers and the possibility of keeping the added value
of the production in the territory.

Frequency (%)

Summary of provisioning services beneficiaries in the three land use types
According to the results obtained from the online questionnaire, national beneficiaries are the main
beneficiaries of provisioning services in the three land use types, with equal percentage of experts
considering them as the main beneficiaries (53%, N=15). Moreover, local beneficiaries were
considered more important for livestock farming than for almond monoculture and mixed land use
systems, while global beneficiaries were identified as more important in almond monoculture than in
the other two land uses (Figure 18).
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Figure 18. Main beneficiaries of provisioning services according to experts’ perception by each land use type

7.2

Benefits and beneficiaries of habitat services

Information regarding the main beneficiaries of habitat services was obtained from the experts’ online
questionnaire but for benefits, no primary data was collected. Therefore, answers from Rodriguez
(2017) are presented as part of the benefits identified in each land use type. Frequency tables of main
habitat services beneficiaries identified by each land use type are shown in Appendix I.
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7.2.1

Almond monoculture

Benefits. Rodriguez (2017) identified that most farmers perceived happiness and tranquility as the
main social benefit with relation to habitat services in almond monoculture, while the least percentage
of farmers perceived the social benefit of access to employment opportunities.
Beneficiaries. Local beneficiaries were expressed by most experts (87%, N=15) to be the most
important beneficiaries when referring to habitat services, while national and global beneficiaries
where perceived as the main beneficiaries for just one respondent each. Local beneficiaries includes
local people able to enjoy and value the habitat created by the almond monoculture, however, almond
monoculture has led to a decrease in the biodiversity in the study area. Monoculture had reduced the
variety of landscapes and the mosaic of different crops that characterized AlVelAl territory years ago
(Interviewee 9), thereby reducing the related agrobiodiversity (Interviewee 3).
7.2.2

Mixed land-use systems

Benefits. For mixed land use systems, Rodriguez (2017) identified that most farmers perceived
happiness and tranquility and good social relationships as contributions of habitat services to the
aspects of their well-being, while access to employment opportunities was the least perceived.
Beneficiaries. Local beneficiaries were perceived the main beneficiaries in this land use type by 80%
of the experts (N=15). Given that mixed production systems are characterized by a diversified
agricultural production, the possibilities of this land use to offer refuge to different species is higher
than in almond monoculture. Once more, local beneficiaries such as local people are considered to be
the most benefited by this service. This is possibly due to the proximity of the local communities and
the higher possibilities of people to enjoy and value the habitat that mixed systems provide to species,
as well as the related ecosystem services that higher quality habitats can supply (Ntshane and
Gambiza, 2016).
7.2.3

Livestock farming

Benefits. Rodriguez (2017) identified that most farmers perceived happiness and tranquility and
access to basic material as the main social benefits with relation to habitat services in livestock
farming, while no farmer identified access to employment opportunities as a contribution of this land
use to their well-being.
Beneficiaries. Local beneficiaries were considered the main beneficiaries of habitat services by
approximately 90% of the experts who participated in the online questionnaire. Global beneficiaries
were not identified for the livestock farming land use type in the study area. Livestock farming
generally takes place in public forests where the biodiversity is mostly related to the forest itself than
the livestock farming activity.
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Frequency (%)

Summary of habitat services beneficiaries in the three land use types
The main beneficiaries of almond monoculture, mixed land use system and livestock farming,
according to the experts’ perspective (more than 80%, N=15), were those beneficiaries that can be
found at a local scale (Figure 19). In addition, national and global beneficiaries were perceived
important by a low percentage of experts, which highlights the perception that benefits of habitat
services are more connected to local people and communities rather than covering a wider range of
beneficiaries.
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Figure 19. Main beneficiaries of habitat services according to experts’ perception by each land use type

7.3

Differences of main beneficiaries between land use types and ecosystem service
categories

As a result of the Kruskal-Wallis and Mann-Whitney U non parametric tests, differences between
groups (land use type and ecosystem service category) were assessed (see Appendix J). Results from
the Kruskal-Wallis test to identify possible differences in the main beneficiaries of provisioning and
habitat services identified by each land use type group revealed that there are no statistically
significant differences among the three land uses. This result can be explained by the medians of the
answers, given that for almond monoculture, mixed land use system and livestock farming, the median
for provisioning service was always 2 (national beneficiaries), while for habitat services the median in
the three land uses was 1 (local beneficiaries). Therefore, there were no differences in perceptions of
main beneficiaries of provisioning services and habitat services between the three land use types,
according to the experts’ perception.
However, significant differences were found among the main beneficiaries identified for provisioning
and habitat services. This means that the perception of experts regarding which are the main
beneficiaries of provisioning services on the one hand, and habitat services on the other hand, differ
significantly. National beneficiaries were considered the most important when talking about
provisioning services, and local beneficiaries were perceived the main beneficiaries for habitat
services, disregarding of what land use type is being considered.

53

8

MONETARY VALUE OF THE IDENTIFIED PROVISIONING AND HABITAT SERVICES

This chapter presents the results of RQ5. Monetary values of the main provisioning services were
calculated for the three land use types. These monetary values can provide an initial overview of the
total economic value of the different agroecosystems in AlVelAl territory. Moreover, monetary values
for habitat services were obtained through benefit transfer and related to each land use type. Finally,
Box 2 show results on experts’ willingness to pay for visual enjoyment of each land use type. Even
though the information in the box is not directly related to provisioning and habitat services, the WTP
adds information regarding the value experts attach to these three land uses.

8.1

Monetary value of provisioning services

The monetary value of the provisioning services was based on the current supply and use of
provisioning services in each land use type. This allowed getting better insights on the current value
of the ecosystem services provided by almond monoculture, mixed land use systems and livestock
farming, and it also allowed to compare the three land uses based on the monetary value of the
supplied services.
Table 13. Market prices for the identified provisioning services of each land use type
Ecosystem service

Almond monoculture*

Mixed land-use
system*

Livestock farming*

Crop (almond)
Livestock (sheep)
Water
Timber or fuelwood
Animal skins or fibers
Fertilizer (manure)
Medicinal/aromatic resources

14.8 €/kg
0.1 €/kg [0.02]
-

17.8 €/kg
11.6 €/kg [5.1]
0.1 €/kg [0.02]
0.05 €/kg [0.05]
11.5 €/kg [4.1]

11.6 €/kg [5.1]
0.05 €/kg [0.05]
-

*Values correspond to the year 2017
[] Values in brackets represent the standard deviation for ESs which more than one value was found
- Blank spaces are attributed to ES that are not currently supplied and used in the land use
Genetic resources were not included due to lack of data on monetary values per each land use

As a first step, the current supply of ESs of each land use was determined (see Section 5.1.4). Secondly,
monetary values, mainly based on market prices, were calculated for each land use (see Table 13) and
in accordance with the measuring units used in the calculation of the current supply of provisioning
services. Data on market prices were averaged to take into account all the values found in literature.
In addition, values were converted to a common monetary unit, namely 2017 € value, by using a Euro
inflation calculator. For more details about the data set, please see Appendix K.
Once both, the current supply matrix and the monetary value matrix, were completed for the main
provisioning services, both were related (quantity times value), to obtain the final value of the current
monetary value of the provisioning services in each land use type (€/ha/year) (Table 14).
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Table 14. Monetary value of provisioning services of almond monoculture, mixed land-use system and
livestock farming
Ecosystem service

Almond
monoculture*

Mixed land-use
system*

Livestock
farming*

Crop (almond)
Livestock (sheep)
Water
Timber or fuelwood
Animal skins or fibers
Fertilizer (manure)
Medicinal/aromatic resources
TOTAL

5,594
60
5,654 €/ha/yr

5,447
1,160
60
90
3,450
10,207 €/ha/yr

870
68
937 €/ha/yr

*all values are in €/ha/yr based on the averaged values from table 10 and 13
- Blank spaces are attributed to ES that are not currently supplied and used in the land use
Genetic resources were not included due to lack of data on monetary values per each land use

Results from Table 14 show that the mixed land-use system has a higher monetary value per hectare
than almond monoculture and livestock farming. This higher value reflects the diversity of production
in the farmland, the income diversification and the better use of provisioning services provided by the
land. It must be noted that almond has a lower value in the mixed system than in almond monoculture,
which is explained by the fact that almond yield can, sometimes, be lower in mixed systems than in
almond monocultures (explained in Section 5.1). Nevertheless, the market price of the regenerative
almond produced in mixed land use systems is higher than conventional or ecologic almond produced
in almond monoculture (see Table 13).
Almond monoculture is the second land use with the highest monetary value, where almond
production is the factor that widens the gap between the monetary value of livestock farming and
almond monoculture. These values also explain why livestock farming is decreasing in the area while
almond monoculture is increasing: higher profits can be generated in almond monoculture.
Data on genetic resources was not possible to derive for each land use, and given the genetic diversity
differences among the almond monoculture, mixed land use systems and livestock farming, a common
value for the three land uses will not be representative enough. In the technical report “Economic
valuation of ecosystem services provided by the ecosystem of Spain” (Ministerio de Agricultura
Alimentación y Medio Ambiente [Ministry of Agriculture, Alimentation and Environment of Spain],
2014), an economic valuation of genetic resources of Spain was estimated. This report found out a
willingness to pay for genetic resources associated with livestock breeds of 14.23 €/household/year
and a monetary value per hectare of 8.45 €/ha/year.

8.2

Monetary value of habitat services

No primary data was collected for the valuation of habitat services of the three land uses, hence,
secondary data was reviewed in order to obtain a first approach of the monetary value of habitat
services. As part of the “VANE” project (Valuation of Natural Assets in Spain) carried out by Moratilla
(2010), the monetary value of biological diversity conservation was obtained for different land uses of
Spain, and these values were taken for this thesis. The valuation method used in the “VANE” project
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was based on the calculation of conservation costs derived from the agro-environmental subsidies
and helps provided by the government.
In Moratilla (2010) a value of 3.44 €/ha/yr was assigned to rainfed arable lands, which can be
associated with the almond monoculture in our study area. For the land use of mosaic of rainfed crops
with natural vegetation, a monetary value of 17.90 €/ha/yr was obtained, and this value can be
associated with the mixed systems given that the main use is an agricultural one, but the land is also
occupied by other types of vegetation. Finally, Moratilla (2010) estimated a value of 21.49 €/ha/yr for
grass-shrub land uses, which can be associated with livestock farming which takes place in ecosystems
with those characteristics. Therefore, following these values, livestock farming has a higher monetary
value for the conservation of biodiversity than mixed land use systems and almond monoculture.
Box 2. Willingness to pay for landscape views of the three land uses
Willingness to pay for landscape views
To determine the experts’ WTP pay for landscapes view a question from Sayadi et al. (2009) was used
and adapted to fit with the location and the landscapes types (almond monoculture, mixed land use
system and livestock farming) addressed in my research. The question included was as follows:
“Please imagine a hypothetical rural hotel of standard category with rooms offering different landscape views for which the
only differentiating criterion in the room price is the view to be enjoyed from the terrace of room. With all the other lodging
conditions the same (category of the hotel, services, type of the room, etc.), please indicate, after carefully examining the
land use photographs, your maximum willingness to pay (WTP) for a day of lodging to enjoy the different views represented
in the photographs”

Frequency (%)

For almond monoculture, as well as for livestock farming, most of the experts (more than 60%, N=15)
stated a willingness to pay between 0€ and 50€ per night. However, 33% of the experts stated that
they would be willing to pay between 51€ - 70€ per night to enjoy the livestock farming view, while
only 7% of experts would be willing to pay that same amount to enjoy the almond monoculture
landscape view (see Figure 20).
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Figure 20. Experts WTP (€/night/person) to enjoy different landscape views

The mixed production system was the landscape view with a higher willingness to pay to enjoy the
landscape view, and the only land use in which experts (13%, N=15) stated they would be willing to
pay more than 70€ per night to enjoy the landscape view. Moreover, the highest percentage of experts
(80%) would be willing to pay between 21€ and 70€ per night to enjoy the landscape created by the
mixed system. Therefore, and as a result of the Kruskal-Wallis and Mann-Whitney U tests (see
Appendix J3 and J4), is possible to affirm that there are significant differences between the expert’s
willingness to pay to enjoy the visual characteristics of mixed land use and the visual characteristics of
almond monoculture and livestock farming.
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9

POTENTIAL USE OF PROVISONING AND HABITAT SERVICES

Some ecosystem services are being currently supplied and used in each of the land uses, some of them
are supplied but they are not being used or exploited, and some other are not being supplied given
the land management practices in each land use. This chapter aims to answer RQ6 by providing
information of potential uses of ecosystem services that can be supplied by the different land uses in
order to enhance and increase the benefits that derived from them.

9.1

Provisioning services

A cross-tabulation was made to identify the relationship between answers obtained from both
questions 1 and 2 of the online questionnaire (Appendix C). Through this descriptive analysis, it was
possible to identify and highlight different perceptions regarding the importance of and the capacity
to supply ES of each land use type. Therefore, only results were the perception of the importance of
provisioning services is opposite to the capacity to supply ES is presented. For more detailed relations
and cross-tabulation results see Appendix L.
Food
Possibly, the most evident ecosystem service provided by almond monoculture, mixed systems and
livestock farming is the supply of food such as almonds and Segureña sheep meat. There is a current
use of this service, but sustainable land management practices and a diversified production can
enhance and increase the provision of this service, especially in almond monoculture, while improving
the provision of other ES as well. A good example is the mixed land use system, which is capable not
only to supply more food with the integration of honey beehives, but to ensure the income sources
(Interviewee 8) and protect and improve the soil and biodiversity (Interviewees 6 and 9).
Water
In general, this provisioning service was perceived not important for the land uses, but as a result from
the cross-tabulation analysis, it was possible to identify that there were experts who considered water
a very important provisioning service in the three land uses, but at the same time considered that the
land uses had no capacity to supply water. These answers reveal a real situation in the AlVelAl territory
given that there are more frequent and long periods of droughts reducing the access to water
resources, and since these agroecosystems need water to produce food, it can be considered a very
important ecosystem service. However, almond monoculture, mixed systems and livestock farming
do not have the capacity to supply water, but rather they consume it.
An alternative to start supplying water can be the implementation of infrastructures to harvest rain
water. The runoff can be used and headed to water traps, which in turn will be able to supply water
for production through irrigation canals. A system called “boqueras” can also be implemented in
agricultural terrace fields by conducting water from ephemeral streams through man-made channels.
Terraces may also be constructed in the slopes to collect water and reduce soil erosion. These systems
have been applied already in the area and can be considered successful, however, there is a need to
encourage farmers to implement them.

57

Timber or fuelwood
In general, the capacity of the three land uses to supply timber or fuelwood was perceived higher than
the importance of this provisioning service for each land use. For mixed systems and livestock farming,
there were experts who perceived timber or fuelwood not important at all, but considered that both
land uses had a high capacity to supply these ESs. Even though livestock farming takes place in public
forests where there is a supply of timber or fuelwood, these ESs are not exploited so they become not
important. The provision of timber or fuelwood for mixed systems is not important, but there is a high
capacity to supply it given that the main agricultural product obtained from mixed systems (almond)
comes from a woody crop able to provide this provisioning service.
In addition, an expert considered timber and fuelwood very important in mixed systems, but
considered that this land use has no capacity to provide this provisioning service. Currently, these ESs
are not exploited in the mixed production systems, but this land use has the capacity to provide this
provisioning service. In land uses such as almond monoculture and mixed systems is possible to use
timber or fuelwood obtained from the almond trees, therefore, instead of incinerating the woody
residues from the trees to eliminate them, fuelwood and timber can be sold in the local market, or
used for domestic purposes in the farms like as heating source for cooking.
Animal skin
Mixed systems and livestock farming are the only land uses able to provide animal skin. For both land
uses, the perceived capacity to supply this provisioning service is higher than the perceived
importance it has. Currently, farmer’s income is related to the sale of the Segureña sheep (alive);
therefore, an increase or decrease of their profits is not linked to the sheep wool, but the amount of
meat. As it was mentioned before, sheep wool can be used for construction purposes, but for this to
become a business, plans should be elaborated. These plans need to get shepherds attention and
interest so a new market related to sheep wool exploitation can be encouraged, and a provisioning
service, that otherwise would not be used, can be used.
Fertilizer
As a result of the cross-tabulation analysis, two experts agreed that fertilizer is a very important
provisioning service for almond monoculture, but considered that this land use type does not have
capacity to supply this service. Fertilizers are indeed very important to improve soil quality and
production in agricultural systems, but given the characteristics of the almond monoculture (only
almond trees), this land use does not supply it.
For the mixed system, one expert perceived fertilizer not important at all, however, it also considered
that this land use has a high capacity to supply this ecosystem service. Unlike almond monoculture,
mixed systems have a diversified production where green and sheep manure is obtained. This
provisioning service is being used in the mixed systems to improve soil quality and microbiology, but
in livestock farming the benefits from fertilizer become evident in the public forests. In both cases,
fertilizer stays in the farms or grazing areas improving soil quality.
Genetic resources
For mixed land use systems and livestock farming, genetic resources were considered important and
with capacity to provide this provisioning service. However, for almond monoculture, the perception
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was that this service is relatively important and that this land use does not have a relevant capacity to
supply genetic resources. These results somehow reveal that almond monoculture, unlike mixed
systems and livestock farming, does not have a relevant role in the maintenance of species, breeds
and varieties in the territory.
More acknowledgement or research should be carried out to identify and describe the genetic
resources provided by each land use, and especially with relation to local almond varieties. Genetic
resources may not be directly perceived as benefits that ecosystems provide to local people,
therefore, more information should be provided to highlight its importance for agroecosystems and
for the AlVelAl territory identity.
Medicinal/aromatic resources
Medicinal resources is a provisioning service that was not perceived important, and the three land
uses were perceived not to have a relevant capacity to supply this service. In almond monoculture is
not possible to find medicinal/aromatic resources since tilling practices are carried out throughout the
year and no plants can grow in the farmland. However, in mixed land use and livestock farming
systems is possible to find medicinal and aromatic plants naturally present. The presence of these
plants do not only enhance pollination, but provides an alternative source of income if sustainably
exploited. These resources have already the attention of the European Union and the Andalusian
government, through a project called “Valorization of Wild Aromatic-Medicinal Plants”
(http://www.valuepam.eu/proyecto.php), therefore there is potential in relation to the production
and use of these resources as an additional source of income and as a component of a more
sustainable production system in the territory.

9.2

Habitat services

There is a lack of knowledge regarding the quality of habitat services in the AlVelAl territory, but
interviewees stated that the agroecosystems in the study area are capable to function as a refuge for
local species. Both, condition and quality of the habitat services, need to be taken into account for the
maintenance of biodiversity in ecosystems (Ntshane and Gambiza, 2016). Usually, farmers tend to
increase the supply of provisioning services (food), but management practices within the farm can
increase and improve the provision of other ESs as well. Polycultures, such as the mixed systems, can
provide better conditions as a refuge for species and habitat management (suitable ecological
infrastructure) can provide the necessary resources to maintain biodiversity within agroecosystems
(Power, 2010; Zhang et al., 2007).
Interviewee 3 highlighted that the possibilities to find more biodiversity in the agricultural lands
increase when the farmlands are close to the natural parks or “montes”. In fact, when native
conserved habitats are located close to agricultural areas, these habitats provide services to the
farmlands such as crops pollinators (Zhang et al., 2007). Therefore, efforts in management practices
should be focus on enhancing the habitat quality not only for maintenance of biodiversity but for the
improvement and increase in the provision of other ecosystem services, mainly regulating services.
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10 DISCUSSION
10.1 Assumptions
Assumptions were made to carry out this research mainly due to time and resource constraints. These
assumptions were related to the provisioning and habitat services selected for this research in
addition to the representativeness and knowledge of the stakeholders involved and the area under
study with relation to the AlVelAl territory.
Ecosystem services that were addressed by Rodriguez (2017), were studied in this thesis. The
provisioning and habitat services included in my research were considered to be the most relevant in
relation to almond monoculture, mixed systems and livestock farming. There might be additional ESs
that could have been studied, but to keep this research more concise, only eight ESs were addressed
taken into account Rodriguez (2017) research. Moreover, the ESs, which had a higher number of
respondents that consider them important to very important, were those identified as main
ecosystem services for this study.
Experts had the sufficient experience and knowledge to provide interesting perceptions and insights of
ESs in the three selected land uses. As stated by Bernués et al. (2017), the selection of experts should
take into account their diversity of knowledge, expertise and background. For this thesis, I assumed
that experts had the capacity to understand the different terms used in the online questionnaire.
Drescher et al. (2013) highlighted that a poor understanding of concepts can lead to biased and
inaccurate interpretations or answers by experts. However, for my thesis, a brief and concise
explanation of the key terms was included in the questionnaire to avoid misunderstandings and
ensure that the collected information was in accordance with the objectives of each of the questions.
Information provided by interviewees was assumed to be representative of the situation in the area and
representative of the opinion of other stakeholders involved in the area. The stakeholders that were
identified and chosen for the interviews were selected given their work experience in the area and
professional interest. These stakeholders were considered people with great knowledge about the
AlVelAl territory and the agrarian districts of Altiplano de Granada and Los Vélez. Moreover, during
interviews, answers provided by the interviewees were recognizably similar, if not almost identical.
This demonstrated that they all had a common understanding and knowledge about the researched
topics.
Altiplano de Granada and Los Vélez agrarian districts of AlVelAl were assumed to be representative of
AlVelAl territory. The territory clearly includes more agrarian districts but to make the research as
specific as possible, the two agrarian districts from which information and data were collected, and
where the interviewees live and work, were selected as study area. In addition, the dynamics in the
AlVelAl territory are considered similar to the dynamics in the both agrarian districts.
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10.2 Limitations
Methods and tools provided in the guidelines developed by de Groot et al. (2017) could not be applied in
the study area. The selection of methods and tools for this research was based on the Commonland
guidelines to analyse and capture the benefits of ecosystem restoration. The implementation of most
of the methods and tools requires time, resources and detailed data to be properly used and to obtain
the expected results. Due to the lack of available data for the three very specific land use types in the
study area, only a small number and specific steps of some methods and tools could be applied.
Data limitations can hamper the assessment of ecosystem services. The AlVelAl territory and its
restoration project are both new (dates from 2014), and not many data was yet generated, collected
and made available for the area to date. Secondary data from the provinces of Granada and Almería
had to be used in order to explain and complement information obtained through other sources such
as interviews and literature review. In addition, data was specifically needed for almond monoculture,
mixed land use systems and livestock breeding. This made the access to available data more difficult
given that existing data is mainly based on greater spatial delimitations such as municipalities or
provinces.
Data gaps are considered a great challenge in ecosystem services assessments, and may influence the
credibility of the assessment (Wong et al., 2015). Despite of the data limitation encountered in my
thesis, and as stated by Schmidt et al. (2016) through the inclusion of experts’ knowledge and opinions
it was possible to collect, analyze and communicate informed judgments about ecosystem services
provided by the three selected land uses in AlVelAl territory.
The number of interviews was restricted to the time and economic resources available. Including a wider
range of stakeholders from different civil society groups could have contributed to get a more
comprehensive picture of the benefits and values of ecosystem services in the area. Therefore, since
perceptions and attached values may vary among stakeholders, an inclusive participation of
stakeholders (farmers, shepherds, local people, public servants, etc.) in ES assessment is needed given
their influence in the outcome (Iniesta-Arandia et al., 2014). Although the whole range of stakeholders
could not be included in this thesis, experts and farmers who participated in the research were very
knowledgeable about the area and are considered key actors in the AlVelAl territory. Moreover, this
thesis included new perceptions and participants, which can contribute to complement the data
collected by Rodriguez (2017).
The multitemporal land use analysis did not include the latest year with available data. The year 2013
was not included in the analysis since the scale maps were different, this means, the level of details of
the geospatial data for the years 1956-2007 and 2013 were different in terms of the measure with
relation to the ground. Despite this limitation, LULC changes were presented for the period 1956-2007
and current land use was determined based on the 2013-geospatial data, meeting the purpose of
showing how LULC classes have evolved over the years in the Altiplano de Granada and Los Vélez.
Respondents of the online questionnaire may have interpreted the questions differently. This situation
have probably influenced the outcomes of the online questionnaire results, given its subjective nature.
Experts can express different answers usually as the result of their connection to the landscapes and
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the values they attribute to them (García-Nieto et al., 2015). However, expert elicitation, which was
carried out in this thesis, is considered in scarce data situations, an alternative to collect useful
information, and even stakeholders can further validate information obtained from secondary sources
(Hamel and Bryant, 2017).
Uncertainty sources in experts’ perceptions. According to Campagne et al. (2017), there can be
uncertainty sources in experts’ perceptions when inferring the capacity to provide ES by different land
uses. These sources of uncertainty derive from the diversity of expertise among experts and the
confidence in assigning a capacity score to the land uses. Despite these sources of uncertainty, expert
evaluation help to obtain a picture of the provision of ecosystem services in diverse land uses and is
considered a tool to initiate ecosystem services assessements (Burkhard et al., 2012) Moreover, these
assessments can be further enhanced with the integration of original data from fieldwork.
Subjectivity of photo-elicitation method. In the online questionnaire, one picture for each land use type
(almond monoculture, mixed systems, livestock farming) was included in order for experts to relate
the landscape with the questions. However, this method is highly subjective and dependent on the
photos included, given that their visual experience and answers can be influenced by the type of
picture presented, which typically shows a limited view of the agroecosystem (Barton et al., 2017).
Therefore, there might be a possibility that expert’s answers had been influenced by the landscape
pictures, even though pictures were selected accounting for the possibility that, for instance, blossom
almond trees can highly (positively) influence the way respondents see or value almond monoculture.
Research about habitat services in such specific land uses (almond monoculture, mixed land use system
and livestock farming) were difficult to find. Usually, research was more focused on the analysis of
habitat services from protected areas, and when referring to agroecosystems, information provided
was rather general and oriented to the presence of insects or pollinators (Saunders et al., 2013;
Schäckermann et al., 2015). Hence, the evaluation of habitat services in the study area was not as
detailed as it would be in the presence of more data, but this research should be considered a first
overview of the habitat services that can be further investigated in the area.

10.3 Discussion of results and comparison with literature
10.3.1 Land use of the Altiplano de Granada and Los Vélez agrarian districts of AlVelAl
The multitemporal analysis of LULC in the study area for the years 1956–2007 showed that ‘forest and
natural areas’ class was the main land use in the territory (decreasing over the years), followed by
‘agricultural crops’. These results are in line with the findings of Gutiérrez-Hernández et al. (2016) for
the autonomous community of Andalusia. They found out that the main land uses were those related
to forestry and cultivated areas, and that the forestry LULC class experienced a decrease in its area,
which can be explained by two drivers such as agriculture and livestock farming.
Three major changes were experienced in the Altiplano de Granada and Los Vélez agrarian districts in
the last five decades: from ‘forest and natural areas’ to ‘agricultural crops’, from ‘agricultural crops’
to ‘forest and natural areas’, and from ‘agricultural crops’ to ‘infrastructure’. The same main changes
were observed by Muñoz-Rojas et al. (2011) for the same period of time in Andalusia.
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In the study area of my research, the ‘agricultural crops’ LULC class experienced an increase in its area
(1.85% approximately) from 1956 to 2007. However, in a similar analysis carried out by González
Rebollar et al. (2011) in the Guadix agrarian district of AlVelAl, the ‘agricultural crops’ class suffered a
decrease in its area (-1.80% approximately). Both changes are not considered substantial, but the
major changes, which coincides in both analysis, were observed in the large increase of ‘rainfed woody
crops’ and the decrease of ‘herbaceous crops’. The increase in woody crops is mainly attributed to the
increase of almond cultivation, at the expense of cereal fields (González Rebollar et al., 2011).
According to Quintas-Soriano et al. (2016a), land use and land cover changes experienced in southeast
Spain have important economic, socio-cultural and ecological consequences due to the vulnerability
of the ecosystems in the area. Therefore, research efforts can be oriented to identify in more depth
which are those consequences, and how they are affecting the provision of ESs and human well-being.
10.3.2 Characteristics of the three selected land use types in the Altiplano de Granada and Los Vélez
agrarian districts of AlVelAl
Almond cultivation has been already described in regional reports of the Andalusian government, and
Segureña sheep farming was characterized by Marín Bernal and Navarro Ríos (2014) and VidalGonzález et al. (2016) as well as the Andalusian government and the “Asociación de Pastores por el
Monte Mediterráneo”. However, mixed land use systems has not been well described in the literature.
Therefore, the generation of new information about this productive system highly contributes to the
current literature about the agricultural systems of AlVelAl territory.
As it was mentioned by Interviewees 4, 5, 6 and 8, the mixed land use system can be considered a
traditional land use type in the area, given that decades ago the agricultural practices were based on
diversified production (Interviewee 3). According to Parejo Delgado (2013), this traditional landscape
included grain and legume fields, together with woody crops and even gardens, and towards the
second half of the 20th century, this landscape became more homogenous due to the increase of
almond monoculture. The characteristics described by Parejo Delgado coincides with the
characteristics of mixed systems described in this thesis, with exception of the incorporation of
aromatic plants in the current mixed systems.
Almond monoculture became a widespread cultivation given the price rise for almond and especially
for ecologic almond (Velasco-Muñoz, 2016). Interviewee 8 mentioned that the CAP subsidies have a
great influence in the current agricultural practices that are taking place in the AlVelAl territory: more
efforts are being made to become ecologic, than to become regenerative.
Sheep farming has a relevant role in rural settlement and as an activity that contributes to the
preservation of the environment and ancient and cultural traditions (Marín Bernal and Navarro Ríos,
2014). Nonetheless, according to the government of Andalusia (Junta de Andalucía, 2017) livestock
farming have experienced a decrease in the past years due to generational replacement, small scale
production, lack of manufacturing industries in the area, and environmental and climatic conditions,
that ended reducing the competitiveness and profits of this activity. Interviewees 4, 5, 6 and 8 also
confirmed that all these factors are affecting livestock farming activities in the area.
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The characteristics of each of the selected land use types are the result of the current agricultural
situation in the area. Farmers are interested in obtaining profits, therefore, trying to change their
mentality on how to sustainably implement agricultural practices is one, if not the biggest, challenge
for the AlVelAl association (Interviewee 3, 6 and 9).
10.3.3 Main provisioning and habitat services of the three selected land use types
Provisioning services
This ecosystem service category is considered the most important in relation to the agroecosystems
of Andalusia (Acosta et al., 2012). Food was one of the main provisioning services found in almond
monoculture, mixed systems and livestock farming. In fact, Stallman (2011) points out that farmers
are usually inclined towards a short-term production of food, impacting in the long-term the
productivity of the agricultural land and at the expense of other ESs.
Genetic resources was another provisioning service considered important for the land uses. Cabello
and Castro (2012) and Acosta et al. (2012), in their evaluation of ecosystem services of the arid zones
and agroecosystems of Andalusia (respectively), identified genetic resources as a relevant service
which is part of the Andalusian identity. However, in both reports, a tendency towards a decrease in
genetic resources is described given the rural abandonment, the loss of traditional and cultural
practices, and the introduction of new varieties that replace the traditional ones. Segureña sheep are
one of the main sheep meat breeds of Spain (Barros et al., 2017). They are an autochthonous breed
which have adapted to the environmental conditions of southeast Andalusia and, according to Lupi et
al. (2015) the Segureña sheep contributes to the balance of the agroecosystems where it can be found.
Animal manure was considered a main provisioning service in mixed systems and livestock farming,
and Correal et al. (2006) highlights the use and contribution of this service to the transition to an
organic/ecologic farming in dryland areas, while Oteros-Rozas et al. (2012a) described that sheep
manure can contribute to soil fertility in the farmlands they graze. Oteros-Rozas et al. (2012a and
2012b) also identified animal skin (wood and fur) as a provisioning service provided by sheep farming
based on shepherds’ perception, but they did not develop this topic further.
Regarding water, this is an ecological service essential for the functioning of the agroecosystems
(Power, 2010). None of the three selected land uses was considered to have capacity to supply this
service. As a matter of fact, Castro et al. (2013) found out that in the semiarid areas of Spain the water
consumption is higher than the recharge values of the aquifers, which reveals that water is rather
consumed than provided. Interviewee 8 pointed out that even tough almond orchards in the AlVelAl
territory are rainfed, there are some farmers that make use of their water concessions in an illegal
way, extracting more water than the volume allowed.
Medicinal and aromatic resources were considered not important in the three land uses, but AznarSánchez et al. (2016) found out that almond farmers, who considered that there might be alternatives
to almond production, identified aromatic and medicinal plants as a productive alternative. In
addition, Cabello and Castro (2012) recognized the variety and abundance of medicinal and aromatic
plants in the arid Andalusia, and highlighted that these resources were previously exploited and
commercialized, but currently this activity has diminished.
64

Lastly, timber and fuelwood was only considered important for almond monoculture. Puigdefabregas
Tomas and Sanchez Cruz (n.d.) in their ecosystem services evaluation of arid zones of Spain stated that
timber and fuelwood have a low relevance in these areas, and that their exploitation is usually
marginal.
Habitat services
Some almond monocultures in AlVelAl territory are surrounded by natural parks (Interviewee 3).
Schäckermann et al. (2015) mentioned in their research that there can be agroecosystem services and
dis-services associated to the natural and seminatural habitat surrounding almond orchards, and that
farmers somehow believe that natural habitat can generate crop damages. They found out that the
restoration and/or conservation of natural habitats do not compromises crop yields due to higher pest
predation. Therefore, the improvement of natural habitats should not create conflicts between the
farmers and the conservationist interests.
Saunders et al. (2013) pointed out that almond orchard that have ground cover and more plant
diversity in their landscape, such as the mixed land use systems, have more capacity to work as a
refuge for beneficial insects and to decrease pests, thereby, not only benefiting the cultivation but
also creating a more suitable habitat for pollinators. Tradeoffs in agroecosystems usually tend to
undermine the maintenance of biodiversity. However, Power (2010) stated that habitat management
in agroecosystems can support and maintain biodiversity, specifically in mixed systems.
Regarding livestock farming, Toro-Mujica et al. (2015) stated that livestock farming has an important
role in preserving, and even propagating mediterranean shrubs and trees, as well as in reducing the
proliferation of weeds, which is in line with the information provided by Interviewees 4 and 5.
Moreover, Rubio and Roig (2017) identified the maintenance of biodiversity as an ecosystem service
provided by extensive farming, given the role of sheep farming in maintaining plant communities in
public forests. However, Caballero et al. (2009) mentioned that there is still a believe that grazing
activities, specially overgrazing, can reduce biodiversity in grasslands.
Many researchers highlight the great diversity of fauna and flora that characterizes the arid
ecosystems of Spain, and given the prevalence of agroecosystems in the area, a detailed identification
of the biodiversity associated to the farmlands can increase the understanding of the habitat services
in AlVelAl territory.
10.3.4 Benefits and beneficiaries of provisioning and habitat services of the three selected land use
types
Provisioning services
According to Schirpke et al. (2014) in most of ecosystem services assessments, consideration of
beneficiaries is not taken into account, and Reyers et al. (2013) even highlighted the lack of
understanding of the contribution of ESs to human well-being and the flow of those benefits towards
the beneficiaries. Therefore, there is still a gap that should be filled with relation to benefits and
beneficiaries of ecosystem services.
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Schmidt et al. (2016) found that provisioning services have a strong link with social benefits. For
instance, Oteros-Rozas (2012b) believed that extensive farming, specifically transhumance, enhances
the ecological and cultural diversity from which local people obtain their livelihoods. They also
identified provisioning services as the core of this productive activity, which is an important economic
activity along the transhumance roads. In addition, they highlighted the strong dependence that
shepherds’ families have on the income generated by livestock farming.
In Quintas-Soriano et al. (2016) research, which took place in the arid ecosystems of the Iberian
Peninsula (Almería and Granada provinces), provisioning services related to agroecosystems were
found to be associated with economic and human development represented through factors such as
income, tranquility, safety and good life. However, the results of my thesis showed that local people
from Baza does not really perceive or feel connected to these social benefits, even though they are
provided by the three land uses in the area.
In general, national beneficiaries were identified by experts as the main beneficiaries of provisioning
services in almond monoculture, mixed systems and livestock farming. Following this outcome, GarcíaNieto et al. (2015) found that in the southeast of Andalusia (Nacimiento region), stakeholders
perceived that national beneficiaries were the main beneficiaries of livestock. However, they did not
characterized or described the beneficiaries that are part of the national scale. On the other hand,
Martín-López et al. (2011) identified landowners, producers and consumers as beneficiaries of
provisioning services, and highlighted that national and international markets can be considered
beneficiaries of the goods supplied by ecosystems. Regarding timber, fuelwood and medicinal
resources, the authors identified local people as main beneficiaries. In addition, Schirpke et al. (2014)
identified farmers and people allowed to exploit timber and medicinal resources as beneficiaries of
provisioning services when considering agricultural lands.
More than just the identification of beneficiaries is required to understand the relation between
ecosystem services and human well-being. For instance, Quintas-Soriano (2016) found that in the arid
zones of Spain, demonstrating the link between the ecosystem-services beneficiaries and the
providers of ecosystem services is needed to start implementing the ecosystem services framework
into management decisions.
Habitat services
In terms of benefits provided by the maintenance of biodiversity, Quintas-Soriano et al. (2016a) found
that in the arid ecosystems of the Iberian Peninsula, local residents linked biodiversity protection with
the access to basic materials for a good life and health. Local scale beneficiaries of habitat services
were the main beneficiaries identified in almond monoculture, mixed systems and livestock farming
in this research. Rasmussen et al. (2016) stated that there is a common belief that ecosystem services
provided by habitats are always enjoyed by local people; however, they believed that this is a simplistic
assumption given that there are ESs unused by local people.
In Fulford et al. (2016) research, habitat was valued in terms of production and delivery of ecosystems
services, thereby considering beneficiaries of habitat services all people able to enjoy the different ES
provided by a specific habitat. Power (2010) mentioned that habitat becomes important in terms of
its capacity to supply other services, thereby, providing benefits to the local people. Habitats in the
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agroecosystems of Andalusia host a wide variety of plant species, providing with food and refuge to
other fauna species (Acosta et al., 2012), and their appropriate management and conservation
contributes to maintain the balance of the ecosystems in the area. In addition, Quintas-Soriano et al.
(2016a) highlighted that habitat conditions in terms of biodiversity and ecosystem services are
essential for human well-being.
10.3.5 Monetary valuation of provisioning and habitat services of the three selected land use types
Provisioning services
Even though ecosystem services can have an ecological, socio-cultural and economic value, de Groot
et al. (2012) expressed that the monetary value of the goods and services is a good indicator to raise
awareness and communicate, particularly to policy makers, the importance of ecosystems and
biodiversity. However, Gómez-Baggethun and Ruiz-Pérez (2011) pointed out that monetary valuation
of ecosystem services can facilitate the commodification of ESs.
In the highlands of oriental Andalusia, Velasco-Muñoz (2016) suggested methods for carrying out a
valuation of ESs provided by almond orchards, but no results or values were presented. He suggested
that, given the diversity of ESs, an integral valuation should take into account the ecological, sociocultural and economic dimensions of ecosystem services. Even though in my research it was not
possible to carry out an integral valuation, a first monetary valuation was made, and social aspects
were taken into account through the identification of benefits, beneficiaries and social perceptions.
In a research carried out in New Zealand by Sandhu et al. (2008), they calculated the economic value
of ESs in organic and conventional farmlands. Food had a highest economic value in the organic field
than in the conventional field (3,990 US $/ha/year vs 3,220 US $/ha/year), but on the other hand, in
the conventional field, raw materials had a highest economic value than in the organic field (38 US
$/ha/year vs 22 US $/ha/year). These results are similar to those obtained in my thesis when
considering that the value of almond under mixed systems (more similar to organic field) is higher
than in almond monoculture. However, the yield in the mixed production system is lower, which in
the end resulted in a lower economic value than in almond monoculture. Sandhu et al. (2008) also
highlighted that sustainable farming practices can increase the value of the total bundle of ESs, which
is in line with the total monetary value of provisioning services of the mixed land use system that is
higher than in almond monoculture and livestock farming.
Quintas-Soriano et al. (2016b) calculated, through meta-analysis, that the monetary value for food
provision in Spain was 317 €2012/ha/year, which in comparison with the values obtained in this
research is quite low. They also found out a positive relation between food and agroecosystem, which
can explained why the highest monetary value in the three land uses (almond monoculture, mixed
systems and livestock farming) is the one obtained for food (crop and livestock) provision.
Habitat services
Monetary values of habitat services are usually not calculated. For instance, for the region of
Andalusia, ESs assessment reports carried out by the Andalusian Regional Department of Agriculture,
Fisheries and Environment (Consejería de Agricultura Pesca y Medio Ambiente, 2012), Cabello and
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Castro (2012) and Acosta et al. (2012) addressed the importance of the habitat and biodiversity of arid
ecosystems and agroecosystems of Andalusia, but no monetary valuation was made.
Castro et al. (2014), in a research carried out in eastern Andalusia, found a WTP for habitat for species
maintaining of 2.29 €/person/yr, and the Ministry of Agriculture, Alimentation and Environment of
Spain (Ministerio de Agricultura Alimentación y Medio Ambiente, 2014) estimated a WTP of 21
€/household/yr for biodiversity conservation for the whole Spain. These monetary values represent
the value of maintenance of biodiversity for big areas that include different land uses. This makes
difficult to relate with very specific land uses such as almond monoculture, mixed systems and
livestock farming with the values obtained in those researches.
10.3.6 Potential use of provisioning and habitat services
Potential use of provisioning and habitat services was mainly based on the idea that farmers can take
advantage of the resources that their farms are, anyway, producing and supplying. If potential supply
of ES is higher than the actual use, acknowledging this situation might create a tendency for farmers
to exploit the farmland to its fullest capacity, however, as long as the services are not depleted and
are sustainably used, there will be potential to supply ecosystem services (Burkhard et al., 2014).
van Meijl et al. (2017) highlighted the cultural importance of conserving traditional landscapes, such
as mixed land use systems. This conservation, according to the authors, can be accomplish together
with an enhanced supply of ESs, through resource-efficient integrated farming systems. Regarding
habitat services and the related biodiversity, the main focus should be not in using it, but rather,
according to the Plant Production and Protection Division of FAO (Food and Agriculture Organization
of the United Nations, 2017) conserving and managing it as part of the core of sustainable farming
practices. Crop improvement through breeding, biological support to production and wider ecological
functions are some of the services that the FAO identified as being enhanced through the maintenance
of crop-associated biodiversity.
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11 CONCLUSION
This research provided a more in depth overview of provisioning and habitat services of almond
monoculture, mixed land-use systems and livestock farming in the Altiplano de Granada and Los Vélez
agrarian districts of AlVelAl. These results, together with the results from the regulating and cultural
services addressed by other two students, will hopefully contribute to a greater understanding of the
provision of ecosystem services in the AlVelAl territory and to encourage the implementation of more
sustainable farming practices capable of enhancing the supply of the total bundle of ES.
As a part of RQ1, the main land uses changes in the study area were identified. Forest and natural
areas are considered the main LULC class in the Altiplano de Granada and Los Vélez agrarian districts
for the period 1956 to 2007, followed by the agricultural crops LULC class. Forest and natural areas
showed a tendency to decrease, while agricultural crops showed a tendency to increase over the
years. Moreover, these two LULC classes were also identified as the current main land uses in the
territory. An increase in water reservoirs and ponds and bare soil was observed and a decrease in
water surfaces also characterized the study area.
Regarding RQ2, the main characteristics of almond monoculture, mixed land use systems and livestock
farming were described. Working in this research question was one of the main activities carried out
in this thesis project, since it was the basis for answering all the remaining research questions. Almond
monoculture is basically characterized by the intensive cultivation of almond in rainfed regime. Most
of the almond orchards are ecologic but these cultivations are not characterized by the
implementation of SLM practices. Mixed land use systems were described as a traditional land use
type, were the farmlands integrates almond cultivation together with aromatic plants, beehives and
livestock. This land use is also characterized by the implementation of regenerative practices with the
aim to improve soil quality and biodiversity in the farmlands. Finally, livestock farming is about
Segureña sheep production in natural areas or “montes”. This activity is characterized by being
extensive and a traditional economic activity carried out by shepherds with the main of producing
sheep meat.
RQ3 had the aim of identifying the main provisioning and habitat services of each land use type and
their actual use. The main provisioning and habitat services identified coincides with the services that
are currently being used. Therefore, in almond monoculture, food and timber or fuelwood were
identified as the main provisioning services and in both, the mixed land use system and livestock
farming, food, fertilizer and genetic resources were perceived the most important provisioning
services. Medicinal/aromatic resources were perceived not important and land uses were considered
not capable of providing this service. In addition, the three land uses were considered to have no to
low capacity to provide water. As for habitat services, these were considered important in the territory
given the local and endemic species associated with the agroecosystems of the arid zones of Spain.
To answer RQ4, benefits and beneficiaries of provisioning and habitat services were identified for each
land use type. In general, benefits were related to the nutritional value of the food produced in the
farmlands, the farmer’s income, the contribution of the agricultural activities to rural settlement and
employment and the provision of refuge to local species. However, more than 50% (N=100) of
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residents and tourists from Baza, did not perceived the three land uses as important sources of social
benefits such as income, food and good life. Regarding beneficiaries, for almond monoculture, mixed
land use systems and livestock farming, national scale beneficiaries were identified as the main
beneficiaries for provisioning services, while local scale beneficiaries were perceived as the main
beneficiaries for habitat services.
RQ5 aimed at generating data on the monetary value of the provisioning and habitat services for each
land use type. Results showed that the mixed land use system is the land use type with the highest
monetary value per hectare (10,207 €/ha/yr), which is a demonstration of how beneficial is to have a
diversified production, at least in monetary terms. The second land use with the highest monetary
value was almond monoculture (5,654 €/ha/yr), since is possible to generate more profit from 1
hectare of almond than from 1 hectare of livestock farming (937 €/ha/yr), which might explain why
livestock farming is decreasing in the AlVelAl territory. Is important to highlight that these values are
based on data and estimations from the area, and that only currently supplied ES were considered for
the calculation of the monetary value. As for habitat services, livestock farming had the highest
monetary value (21.49 €/ha/yr)), followed by mixed land use system (17.90 €/ha/yr)), and lastly,
almond monoculture (3.44 €/ha/yr).
Regarding RQ6, the potential use of provisioning and habitat services were described. Since not all the
provisioning services are being used and, given that habitat services are not fully exploited or enjoyed,
a potential use based on simple sustainable practices is recommended. The idea behind is to make
use of the ecosystem services that, anyway, are going to be supplied as a result of the agricultural
activities taking place in the three land uses, maybe by selling them in the local market (manure, tree
branches) or using them as part of the agricultural practices or inputs for the farm. As for habitat
services, habitat management can deliver other ecosystem services, mainly regulating, therefore,
protecting and increasing beneficial biodiversity in the farms should be part of the farms management.
Finally, from the answers that are obtained from all the research questions, is possible to conclude
that the mixed land-use system has more benefits in terms of provision of ecosystem services,
maintenance of biodiversity, agricultural production, income etc., than almond monoculture and
livestock farming systems. However, it is always possible to improve the provision of the total bundle
of ecosystem services through the implementation of regenerative practices in almond monoculture
and the integration of livestock farming in agricultural farmlands. These should be fostered
highlighting the capacity of multi-functional systems to enhance the three dimensions of
sustainability: economic, social and environmental. This increase the monetary, social and ecological
value of the land. Even though AlVelAl territory have environmental and climatic limitations, the will
and enthusiasm of the people will make the change possible.
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APPENDICES
Appendix A. Interview guide
RQ2 and RQ3. Main characteristics of the land use types of AlVelAl and main ecosystem services identified
a) Almond monoculture
b) Mixed system
c) Sheep breeding in natural areas
1. Which are the main agricultural and farming products produced in the territory?
Almond – cereal – Aromatic plants – Honey – Sheep – Wool – Medicinal plants – Wood
2. Which are the main management practices implemented (if possible to know for each land use)?
3. How relevant are these three land use types for the socioeconomic development of AlVelAl?
4. Is any of the land uses detrimental to the environment? Which one? Why?
5. Which are the main environmental problems affecting the production? (erosion, water scarcity, soil fertility,
etc.)
6. Which is the water source in the area? Is water scarcity a limiting factor in the productive systems?
7. Do you recognize biological diversity in the mentioned land use systems? Can this land uses be considered
habitat for a diversity of species?
8. Does the AlVelAl territory is characterized by a particular biodiversity?
RQ3. Quantity/Stock of ecosystem services
13. Do you have any idea about agricultural or livestock productivity data? Any statistic or database available?
14. Do you recognize the existence of fauna or flora species in the area which are endangered? If yes, which
ones?
15. Do you recognize the existence if autochthonous fauna or flora species in the area? If yes, which ones?
RQ4. Benefits and beneficiaries of ecosystem services
9. Do you think the land uses selected benefit the local people? If yes, which type of benefits? (economic, social,
environmental)
10. The products (almond, sheep, etc.) are consumed locally or are they sold/distributed to other regions of
Spain? Are they exported?
11. Who are the main beneficiaries of the selected land uses? (farmers, community, consumers, etc.)
12. Do you think local people and visitors value the biodiversity of the territory?
RQ5. Monetary valuation
16. Do you think that the agricultural or farming activity (Almond monoculture, sheep breeding in natural areas
and mixed systems) are profitable in the region?
17. Are the environmental problems a high cost which the farmers should incur?
RQ6. Incentives
18. Are there any incentives (monetary, social, and environmental) to make a transition from monoculture to
multifunctional systems?
19. Are there any incentives to conserve and protect natural areas in the territory? Or to reforest lands which
were initially agricultural?
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Appendix C. Online questionnaire (for answers see Appendices G and I)
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Appendix D. Statements for paper questionnaire (for answers see Appendix I)
1. This farmland is important to me because my income is related to the products (food, timber,
medicinal resources) obtained from the farmland.
Spanish: Esta tierra agrícola (uso del suelo) es importante para mí porque mis ingresos
económicos están relacionados a los productos (alimentos, leña, etc.) que se obtienen en esta tierra.
5

4

3

2

1

2. This farmland is important because I and my family consume food produced in this farmland.
Spanish: Esta tierra agrícola (uso del suelo) es importante porque mi familia y yo consumimos
alimentos que se producen en esta tierra.
5
4
3
2
1

3. I think the products, goods and materials derived from this farmland are important for me and my
family to have a good life.
Spanish: Considero que los productos y materiales que se obtienen de esta tierra agrícola (uso
del suelo) son importantes para mí y mi familia para poder llevar una buena vida.
5

4

3

2

1
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Appendix E. Description of the land use and land cover classes used in the research. (Based on the Legend
of the Land Use and Land Cover Map of Andalusia, Regional Government of Andalusia).

1. Urban Areas: Built-up areas dedicated to residences of population centers with a sufficiently dense
and extensive construction. Includes areas strictly occupied by built-up areas and streets.
2. Infrastructure: Areas occupied by built-up areas not dedicated to population residence and other
spaces dedicated to infrastructures; areas occupied by mining operations, landfills for urban, industrial
or mining waste, and areas under construction; green areas, recreational and outdoor sports
equipment, whether or not included in the urban fabric.
3. Water Surfaces: Includes natural and water courses such as ravines, torrents and streams; arboreal,
shrubby and herbaceous vegetation formed by hydrophilic species that occupy the margins of rivers
and natural channels
4. Ponds and Reservoirs: Includes the surface of the reservoir water as well as the artificial water
reservoirs for agricultural and farming work with a minimum area of 2,500 m2.
5. Agricultural Crops: All types of pure agricultural crops, associations and mosaics of these, the
mosaics of agricultural crops with spaces of forest or natural vegetation and abandoned crops.
6. Forest and Natural areas: Includes formations with forest or natural woodlands; those spaces with
no trees or with this less than 5% of trees, with shrub cover higher than 20%; spaces with vegetation
cover greater than 20%, and predominance of grass.
7. Bare Soil: It includes natural or forested areas with a vegetation coverage of less than 20%, and
areas that have suffered recent fires.
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APPENDIX F. Data on actual use of provisioning services of the three selected land uses
Land use
type

Mixed
system

Almond

Total average

Almond
monoculture

Average yield
(kg/ha/yr)

Year

250

2009-2011

200
240

2017
2017

536

2017

2011

522

2013-2015

259

2016

500

2016

276

2017

Land use
type

Grazing density
(animals/ha)
13.3

Sheep

4 (mixed cereal
sheep)
13.3

Livestock
farming

155

334

378.2

4
3

SD

Martínez-Mena, M., Garcia-Franco, N., Almagro, M., Ruiz-Navarro, A., Albaladejo, J., de Aguilar, J. M., … Querejeta, J. I. (2013). Decreased foliar nitrogen and crop yield in organic
rainfed almond trees during transition from reduced tillage to no-tillage in a dryland farming system. European Journal of Agronomy , 49 , 149–157.
http://doi.org/10.1016/j.eja.2013.04.006
Data from Commonland. Investment proposition regenerative almonds being sold to the Almendrehesa
Data from Commonland. Investment proposition regenerative almonds being sold to the Almendrehesa
Catalina Rodriguez Thesis (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAl-Territory, Southern Spain. MSc
Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.

306.5

Total average

Mixed system

Source

Martínez Blánquez, E. (2011). Evaluación comparada de sostenibilidad agraria del almendro ecológico y convencional en la Comarca de Baza (master’s thesis) . Universidad de
Barcelona. Barcelona, Spain.
De Leijster, V. (2016). A regenerative transition in almond cultivation: Can a management transition in almond orchards on the high plains of Granada (Spain) improve both
environmental and economic performance?. Utrecht University.
MAPAMA [Ministerio de Agricultura y Pesca, Alimentación y Medio Ambiente, Gobierno de España]. (2016). Superficies y producciones anuales de cultivos: Datos provisionales
de Frutales No Cítricos y de Frutales Secos. Retrieved from http://www.mapama.gob.es/es/estadistica/temas/estadisticas-agrarias/agricultura/superficies-produccionesanuales-cultivos/
Aznar-Sánchez, J. A., Belmonte-Ureña, L. J., & Velasco-Muñoz, J. F. (2016). Caracterización del cultivo del almendro en secano en Andalucía y propuestas de reconversión. ITEA
Informacion Tecnica Economica Agraria , 112 (3), 317–335. http://doi.org/10.12706/itea.2016.020
Catalina Rodriguez Thesis (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAl-Territory, Southern Spain. MSc
Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.

125

Year
Maximun allowed

Source
García Trujillo, X., & Rebollo Vergara, R. (n.d.). Producción Ecológica de Ovinos . Retrieved from http://www.juntadeandalucia.es/export/drupaljda/folletoovino.pdf

2009 Toro-Mujica, P. M., Aguilar, C., Vera, R., Barba, C., Rivas, J., & García-Martínez, A. (2015). Changes in the pastoral sheep systems of semi-arid Mediterranean areas: Association
with common agricultural policy reform and implications for sustainability. Spanish Journal of Agricultural Research , 13 (2), 1–11. http://doi.org/10.5424/sjar/2015132-6984
García Trujillo, X., & Rebollo Vergara, R. (n.d.). Producción Ecológica de Ovinos . Retrieved from http://www.juntadeandalucia.es/export/drupaljda/folletoovino.pdf
Catalina Rodriguez Thesis (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAl-Territory, Southern Spain. MSc
2017
Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.

Maximun allowed

2009 Toro-Mujica, P. M., Aguilar, C., Vera, R., Barba, C., Rivas, J., & García-Martínez, A. (2015). Changes in the pastoral sheep systems of semi-arid Mediterranean areas: Association

Timber
or
fuelwood

with common agricultural policy reform and implications for sustainability. Spanish Journal of Agricultural Research , 13 (2), 1–11. http://doi.org/10.5424/sjar/2015132-6984

Land use
type

(kg woody
residues/almond
tree/year)

Almond +
Mixed

3

Year

Source

2008 http://sostenible.palencia.uva.es/system/files/publicaciones/Biomasa%2C%20Biocombustibles%20y%20Sostenibilidad.pdf
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Medicinal
/aromatic
plants

Fertilizer

Land use
type
Mixed +
farming

0.6

Total average

0.45

Land use
type

(kg dry matter/ha)
230 (rosemary)
374 (thyme)

Land use
type

Almond
monoculture

Mixed system

2015

Source

Varieties
1) Antonieta, 2) Cid, 3)
Constantine, 4) Desmayo, 5)
Felipe, 6)Ferragenés, 7)
Guara, 8) Malagueña, 9)
Marcona, 10) Marta, 11)
Piegarije, 12) Pienta, 13)
Tuono, 14) Vairo, 15) Belon,
16) Lauranne 17)Glorieta
1) Antonieta, 2) Cid, 3)
Constantine, 4) Desmayo, 5)
Felipe, 6)Ferragenés, 7)
Guara, 8) Malagueña, 9)
Marcona, 10) Marta, 11)
Piegarije, 12) Pienta, 13)
Tuono, 14) Vairo, 15) Belon,
16) Lauranne 17)Glorieta

Segureño sheep
Segureño sheep
Legumes comunities

SD

Direccion General de Produccion Agricola y Ganadera. Junta de Andalucia. (2015). MANUAL DE TRABAJO DEL PLAN DE GESTIÓN DE SUBPRODUCTOS GANADEROS.
http://www.juntadeandalucia.es/export/drupaljda/MT_PGSG_FIRMADO.pdf
Agencia de Residuos de Cataluña. Guia de tratamiento de deyecciones ganaderas. http://www.arc.cat/es/altres/purins/guia/docs/tauladarp.pdf

0.2

Year

Source

Durán Zuazo, V. H., Rodríguez Pleguezuelo, C. R., Martínez Raya, A., Martínez, Francia, J. R., Arroyo Panadero, L., & Cárceles Rodríguez, B. (2008). Environmental and Agronomic
Benefits of Aromatic and Medicinal Plant Strips for Rainfed Almond Orchards in Semiarid Slopes (SE, Spain). The Open Agriculture Journal , 2 , 15–21.
2008
http://doi.org/10.2174/1874331500802010015
Durán Zuazo, V. H., Rodríguez Pleguezuelo, C. R., Martínez Raya, A., Martínez, Francia, J. R., Arroyo Panadero, L., & Cárceles Rodríguez, B. (2008). Environmental and Agronomic

2008

SD

Benefits of Aromatic and Medicinal Plant Strips for Rainfed Almond Orchards in Semiarid Slopes (SE, Spain). The Open Agriculture Journal , 2 , 15–21.
http://doi.org/10.2174/1874331500802010015

302

Lavander, Thyme, Rosemary

Livestock
farming

Year

0.3

Mixed system

Total average

Genetic resources

(ton ovine
manure/animal/year
)

102

Year

2016

Source
De Leijster, V. (2016). A regenerative transition in almond cultivation: Can a management transition in almond orchards on the high plains of Granada (Spain) improve both
environmental
and
economic
performance?.
Utrecht
University.;
Rodriguez Castaneda, C. (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAl-Territory, Southern Spain. MSc
Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.;

De Leijster, V. (2016). A regenerative transition in almond cultivation: Can a management transition in almond orchards on the high plains of Granada (Spain) improve both
environmental
and
economic
performance?.
Utrecht
University.;
2016 Rodriguez Castaneda, C. (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAl-Territory, Southern Spain. MSc
Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.; http://www.boe.es/boe/dias/2012/02/15/pdfs/BOE-A2012-2254.pdf
Junta de Andalucia, Interviews
http://www.boe.es/boe/dias/2012/02/15/pdfs/BOE-A-2012-2254.pdf
http://www.boe.es/boe/dias/2012/02/15/pdfs/BOE-A-2012-2254.pdf
Interviewee 5
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Appendix G. Frequency tables of ecosystem services and their perceived importance and capacity to
supply by each land use type.
Frequency table of ES and their perceived importance according to experts for each land use type
Land
use

Ecosystem services

Not important
at all (1)

Livestock farming

Mixed systems

Almond monoculture

Count

Row %

Not important
(2)
Count

Row %

Relatively
important (3)
Count

Row %

Important (4)

Very important
(5)

Count

Count

Row %

Row %

Food

1

7%

0

0%

1

7%

6

40%

7

47%

Water

1

7%

8

53%

0

0%

1

7%

5

33%

Timber or fuelwood

1

7%

5

33%

4

27%

3

20%

2

13%

12

80%

3

20%

0

0%

0

0%

0

0%

Fertilizer

5

33%

4

27%

3

20%

1

7%

2

13%

Genetic resources

2

13%

4

27%

6

40%

1

7%

2

13%

Medicinal resources

6

40%

5

33%

1

7%

3

20%

0

0%

Food

0

0%

0

0%

1

7%

2

13%

12

80%

Water

0

0%

4

27%

3

20%

1

7%

7

47%

Timber or fuelwood

3

20%

4

27%

3

20%

2

13%

3

20%

Animal skin

1

7%

2

13%

6

40%

2

13%

4

27%

Fertilizer

1

7%

1

7%

4

27%

3

20%

6

40%

Genetic resources

0

0%

1

7%

4

27%

6

40%

4

27%

Medicinal resources

3

20%

5

33%

5

33%

2

13%

0

0%

Food

0

0%

0

0%

2

13%

3

20%

10

67%

Water

3

20%

5

33%

0

0%

4

27%

3

20%

Animal skin

Timber or fuelwood

11

73%

2

13%

2

13%

0

0%

0

0%

Animal skin

1

7%

2

13%

3

20%

5

33%

4

27%

Fertilizer

1

7%

0

0%

4

27%

6

40%

4

27%

Genetic resources

1

7%

3

20%

2

13%

6

40%

3

20%

Medicinal resources

9

60%

2

13%

3

20%

1

7%

0

0%

Bold percentages represents the highest percentage of respondents within each score category
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Frequency table of perceived capacities to supply ecosystem services by experts for each land use type

Livestock farming

Mixed system

Almond monoculture

Land
use

Ecosystem services

No relevant
capacity (1)

Low relevant
capacity (2)

Moderate
relevant
capacity (3)

Relevant
capacity (4)

Count

Row %

Count

Row %

Count

Row %

Row %

Count

Row %

Food

0

0%

0

0%

2

13%

6

40%

7

47%

Water

2

13%

4

27%

5

33%

4

27%

0

0%

Timber or fuelwood

Count

High relevant
capacity (5)

1

7%

2

13%

2

13%

7

47%

3

20%

12

80%

1

7%

1

7%

1

7%

0

0%

Fertilizer

7

47%

6

40%

1

7%

1

7%

0

0%

Genetic resources

2

13%

5

33%

3

20%

5

33%

0

0%

Medicinal resources

5

33%

4

27%

3

20%

3

20%

0

0%

Food
Water
Timber or fuelwood
Animal skin
Fertilizer
Genetic resources
Medicinal resources

0
2
3
1
0
1
2

0%
13%
20%
7%
0%
7%
13%

1
3
2
2
1
3
5

7%
20%
13%
13%
7%
20%
33%

0
6
3
2
3
2
7

0%
40%
20%
13%
20%
13%
47%

1
1
4
4
6
5
1

7%
7%
27%
27%
40%
33%
7%

13
3
3
6
5
4
0

87%
20%
20%
40%
33%
27%
0%

Food

0

0%

1

7%

1

7%

4

27%

9

60%

Water

6

40%

3

20%

2

13%

3

20%

1

7%

Timber or fuelwood

9

60%

2

13%

1

7%

2

13%

1

7%

Animal skin

0

0%

2

13%

3

20%

4

27%

6

40%

Fertilizer

0

0%

1

7%

2

13%

6

40%

6

40%

Genetic resources

2

13%

1

7%

4

27%

4

27%

4

27%

Medicinal resources

5

33%

7

47%

3

20%

0

0%

0

0%

Animal skin

Bold percentages represents the highest percentage of respondents within each score category
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Appendix H. Median results of questions 1 and 2 of the online questionnaire
1) Median results of the importance attributed to the provisioning services by each land use type
Ecosystem services
Land use
Al mond

N

15

Medi a n
Mi xed

N
Medi a n

Li ves tock N
Medi a n

Ti mber a nd
fuel wood

Wa ter

Food

15

15

Ani ma l
s ki n

Ferti l i zer
15

15

Geneti c Medi ci na l
res ources res ources
15

15

4

2

3

1

2

3

2

15

15

15

15

15

15

15

5

4

3

3

4

4

2

15

15

15

15

15

15

15

5

2

1

4

4

4

1

2) Median results of the capacity to supply provisioning services by each land use type
Ecosystem services
Land use
Food
Al mond

N
Medi a n

Mi xed

N
Medi a n

Li ves tock N
Medi a n

Wa ter

Ti mber a nd
fuel wood

Ani ma l
s ki n

Ferti l i zer

Geneti c Medi ci na l
res ources res ources

15

15

15

15

15

15

15

4.00

3.00

4.00

1.00

2.00

3.00

2.00

15

15

15

15

15

15

15

5.00

3.00

3.00

4.00

4.00

4.00

3.00

15

15

15

15

15

15

15

5.00

2.00

1.00

4.00

4.00

4.00

2.00
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APPENDIX I. Frequency tables of paper and online (question 3) questionnaire results
1) Frequency table of paper questionnaire results regarding benefits

Statement

Income

Food
consumption

Good life

Strongly
disagree (1)

Land use
Almond
monoculture
Mixed
system
Livestock
farming
Almond
monoculture
Mixed
system
Livestock
farming
Almond
monoculture
Mixed
system
Livestock
farming

Disagree (2)

Neither agree
nor disagree (3)

Agree (4)

Strongly agree
(5)

Count

Row %

Count

Row %

Count

Row %

Count

Row %

Count

Row %

19

19%

30

30%

18

18%

24

24%

9

9%

18

18%

32

32%

30

30%

14

14%

6

6%

17

17%

30

30%

29

29%

19

19%

5

5%

10

10%

41

41%

16

16%

23

23%

10

10%

10

10%

44

44%

25

25%

15

15%

6

6%

13

13%

37

37%

26

26%

18

18%

6

6%

17

17%

37

37%

18

18%

20

20%

8

8%

15

15%

36

36%

17

17%

26

26%

6

6%

11

11%

37

37%

27

27%

19

19%

6

6%

2) Frequency table of question 3 regarding beneficiaries from online questionnaire

Land use
Almond
monoculture

Mixed
systems

Livestock
farming

Beneficiaries

Provisioning

Habitat

%

%

Global

33.3

6.7

Local

13.3

86.7

National

53.3

6.7

Global

26.7

6.7

Local

20.0

80.0

National

53.3

13.3

Global

13.3

0.0

Local

33.3

93.3

National

53.3

6.7

92

APPENDIX J. Kruskal-Wallis and Mann Whitney tests results and related medians
1) Kruskal-Wallis test for differences in main beneficiaries of provisioning and habitat services between
the three land use types
Kruskal-Wallis Test – Provisioning services
Ranks
Land use
Question 3_Prov
Almond
Mixed
Livestock
Total
Test Statisticsa,b
Question 3_Prov
Chi-Square
2.608
df
2
Asymp. Sig.
.271

N
15
15
15
45

Mean Rank
26.07
23.77
19.17

a. Kruskal Wallis Test
b. Grouping Variable: Land use

Kruskal-Wallis Test – Habitat services
Ranks
Land use
Question 3_Hab
Almond
Mixed
Livestock
Total
Test Statisticsa,b
Question 3_Hab
Chi-Square
1.175
df
2
Asymp. Sig.
.556

N
15
15
15
45

Mean Rank
23.07
24.50
21.43

a. Kruskal Wallis Test
b. Grouping Variable: Land use

2) Mann-Whitney test for differences between main beneficiaries of provisioning and habitat services
by each land use type
Mann-Whitney Test – Almond monoculture

Question 3

ES
Provisioning
Habitat
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
20.90
10.10

Sum of Ranks
313.50
151.50

Question 3
31.500
151.500
-3.664
.000
.000b

a. Grouping Variable: ES
b. Not corrected for ties.
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Means
Report
Question 3
ES
Provisioning
Habitat
Total

N
15
15
30

Median
2.00
1.00
1.50

Mann-Whitney Test – Mixed systems

ES
Question 3_Prov
Provisioning
Habitat
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
20.00
11.00

Sum of Ranks
300.00
165.00

Question
3_Prov
45.000
165.000
-3.065
.002
.004b

a. Grouping Variable: ES
b. Not corrected for ties.
Means
Report
Question 3_Prov
ES
Provisioning
Habitat
Total

N
15
15
30

Median
2.00
1.00
1.50

Mann-Whitney Test – Livestock farming

Question 3

ES
Provisioning
Habitat
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
20.07
10.93

Sum of Ranks
301.00
164.00

Question 3
44.000
164.000
-3.350
.001
.004b

a. Grouping Variable: ES
b. Not corrected for ties.
Means
Report
Question 3
ES
Provisioning
Habitat
Total

N
15
15
30

Median
2.00
1.00
1.00
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3) Kruskal-Wallis test for differences in answers of contribution to human well-being among the three
land use types and related medians
Kruskal-Wallis Test – Human well being
Ranks
Land use
Question 4
Almond
Mixed
Livestock
Total
Test Statisticsa,b
Question 4
Chi-Square
11.124
df
2
Asymp. Sig.
.004

N
15
15
15
45

Mean Rank
18.40
31.83
18.77

a. Kruskal Wallis Test
b. Grouping Variable: Land
use
Means
Report
Question 4
Land use
Almond
Mixed
Livestock
Total

N
15
15
15
45

Median
3.00
4.00
3.00
4.00

4) Mann-Whitney test for differences in answers of contribution to human well-being between almond

monoculture, mixed systems and livestock farming
Mann-Whitney Test – Human well being

Question 4

Land use
Almond
Mixed
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
10.97
20.03

Sum of Ranks
164.50
300.50

Question 4
44.500
164.500
-2.964
.003
.004b

a. Grouping Variable: Land use
b. Not corrected for ties.

Mann-Whitney Test – Human well being

Question 4

Land use
Almond
Livestock
Total

Ranks
N
15
15
30

Mean Rank
15.43
15.57

Sum of Ranks
231.50
233.50
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Test Statisticsa
Question 4
111.500
231.500
-.044
.965
.967b

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]
a. Grouping Variable: Land use
b. Not corrected for ties.

Mann-Whitney Test – Human well being

Question 4

Ranks
N
15
15
30

Land use
Mixed
Livestock
Total
Test Statisticsa

Mean Rank
19.80
11.20

Sum of Ranks
297.00
168.00

Question 4
48.000
168.000
-2.818
.005
.007b

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]
a. Grouping Variable: Land use
b. Not corrected for ties.

5) Kruskal-Wallis for differences in WTP between the three land use types
Kruskal-Wallis Test – Willingness to Pay
Ranks
Land use
Question 5
Almond
Mixed
Livestock
Total
Test Statisticsa,b
Question 5
Chi-Square
9.605
df
2
Asymp. Sig.
.008

N
15
15
15
45

Mean Rank
17.33
30.87
20.80

a. Kruskal Wallis Test
b. Grouping Variable: Land
use
Means
Report
Question 5
Land use
Almond
Mixed
Livestock
Total

N
15
15
15
45

Median
1.00
2.00
1.00
2.00
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6) Mann-Whitney test for differences in WTP between two land use types
Mann-Whitney Test – Almond monoculture and Mixed systems

Question 5

Land use
Almond
Mixed
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
10.77
20.23

Sum of Ranks
161.50
303.50

Question 5
41.500
161.500
-3.132
.002
.002b

a. Grouping Variable: Land use
b. Not corrected for ties.

Mann-Whitney Test – Almond monoculture and Livestock farming

Question 5

Land use
Almond
Livestock
Total

Ranks
N
15
15
30

Mean Rank
14.57
16.43

Sum of Ranks
218.50
246.50

Test Statisticsa
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Question 5
98.500
218.500
-.640
.522
.567b

a. Grouping Variable: Land use
b. Not corrected for ties.

Mann-Whitney Test – Mixed land use system and Livestock farming

Question 5

Land use
Mixed
Livestock
Total
Test Statisticsa

Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)
Exact Sig. [2*(1-tailed Sig.)]

Ranks
N
15
15
30

Mean Rank
18.63
12.37

Sum of Ranks
279.50
185.50

Question 5
65.500
185.500
-2.044
.041
.050b

a. Grouping Variable: Land use
b. Not corrected for ties.
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APPENDIX K. Monetary values of provisioning services for each land use
Land use

€/kg
2.5

7.5
Almond
monoculture

Almond

7
5
Total average
Total average

14.8
5.5
14.8
2.6

Mixed
7.7

Almond in shell.
Producer price
Pepita, average from
three different almond
varieties. Producer
price
Ecologic almond.
Producer price
Conventional almond.
Producer price
Retail price
Producer price
Retail price
Almond in shell.
Producer price
Regenerative almond.
Producer price
Producer price

Total average

5.15

Total

17.8

Retail price, 20% more
than conventional

Land use

€/kg

Obs

Livestock
farming +
Mixed system

Source

2017

ok

Rodriguez Castaneda, C. (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAlTerritory, Southern Spain. MSc Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.

2016-2017

ok

Observatorios de precios y mercados. Junta de Andalucia.
http://www.juntadeandalucia.es/agriculturaypesca/observatorio/servlet/FrontController

2017

ok

Interviewee 6. Ecologic almond farmer and member form AlVelAl association.
Interviewee 6. Ecologic almond farmer and member form AlVelAl association.
Observatorios de precios y mercados. Junta de Andalucia.
http://www.juntadeandalucia.es/agriculturaypesca/observatorio/servlet/FrontController

2017

ok

2016-2017

ok

2017

ok

Rodriguez Castaneda, C. (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAlTerritory, Southern Spain. MSc Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.

2017

ok

Interviewee 6. Ecologic almond farmer and member form AlVelAl association.

Interviewee 11

Year

to year
2017

2.7

Produce price

2017

ok

Producer price

2008

2.68

2014

2.25

2009

2.33

2017

ok

2013

2.83

2018

ok

2018
2018

ok
ok

2012

9.85

2.92

50.3 €/cordero, peso
venta 22.6 kg, producer
price
50 €/cordero, peso
venta 24 kg, producer
price
Producer price

2.76

Producer price

2.1

9.5
8
19
9.48
Total average
Total average

to year
2017

Year

2.35
2.2

Segureña sheep

Obs

2.62
11.6

90.43 €/cordero,
consumer price, 9.5 kg
consumer price
Consumer price
Consumer price
Producer price
Consumer price

Source

SD

Rodriguez Castaneda, C. (2017). Ecosystem services and social benefits of different farming systems as perceived by farmers in the AlVelAlTerritory, Southern Spain. MSc Thesis Environmental Sciences, Environmental system Analysis Group (ESA), Wageningen University and Research.
Consejeria de Agricultura y Pesca. Junta de Andalucia. (2010). Cadena de valor del cordero en Andalucia.
Marín Bernal, A. ., & Navarro Ríos, M. . (2014). Análisis y diagnóstico de los sistemas de producción ovina en el sureste español. Archivos de
Zootecnia , 63 (243), 519–529. http://doi.org/10.4321/S0004-05922014000300012
https://www.agrodigital.com/2009/09/23/coag-granada-apuesta-por-la-promocion-del-consumo-de-la-carne-de-cordero-para-superar-la-falta-derentabilidad-del-sector/
Observatorios de precios y mercados. Junta de Andalucia.
http://www.juntadeandalucia.es/agriculturaypesca/observatorio/servlet/FrontController
Consejeria de Agricultura, Pesca y Desarrollo rural. Junta de Andalucia. (2013). Informe sobre el sector ovino andaluz.
http://www.juntadeandalucia.es/export/drupaljda/Publicacixn_Ovino._130513.pdf
http://www.corderosierradelsegura.es/
http://www.mercadodeveronicas.es/cordero-c170.html
https://llenatucesta.es/carne-chacinas-y-huevos/cordero-segureno-lechal-de-orce-entero-65-kg
Consejeria de Agricultura, Pesca y Desarrollo rural. Junta de Andalucia. (2013). Informe sobre el sector ovino andaluz.
http://www.juntadeandalucia.es/export/drupaljda/Publicacixn_Ovino._130513.pdf

5.1

98

Fertilizer

Timber or
fuelwood

Land use

Total average

€/kg
0.08
0.11
0.11
0.13
0.1

Land use

€/kg

Almond
monoculture +
Mixed system

Livestock
farming +
Mixed system
Total average

Medicinal/aromatic plants

Land use type

Mixed system

Total average

Obs
Consumer price
Consumer price
Consumer price
Consumer price
Consumer price

Obs

Year
2018
2011
2018
2018

to year
2017
ok
0.12
ok
ok

Source
https://www.milanuncios.com/anuncios-en-andalucia/le%C3%B1a-almendro.htm?pagina=10
https://www.solarweb.net/forosolar/general-biomasa/26256-cuanto-estais-pagando-kilo-lena.html
http://www.agroanuncios.es/anuncios/venta-de-Le%C3%B1a-de-almendro.html
http://www.agroanuncios.es/anuncios/venta-de-Le%C3%B1a-de-almendro.html

0.02

Year

to year
2017

Source

0.12

Consumer price

2017

ok

https://es.wallapop.com/item/estiercol-oveja-128173681

0.013

Consumer price

2018

ok

http://www.agroanuncios.es/pj4017/Venta-de-200000-Kgrs-Estiercol-de-oveja-en-Sevilla.html

0.03
0.024
0.05

Consumer price
Consumer price
Consumer price

2018
2018

ok
ok

https://www.agroterra.com/s/estiercol+de+oveja
https://www.jimenezalmendros.com/esti%C3%A9rcol-ecol%C3%B3gico/

€/kg

Obs

SD

0.05
Year

to year
2017

Source

12.9

Thyme

2008

14.38

9

Thyme

2018

ok

http://www.solostocks.com/venta-productos/te-infusiones/otras-infusiones/tomillo-a-granel-8829893

13.8

Thyme

2018

ok

18

Lavander

2018

ok

https://www.herbolariolosaustrias.com/product/4880/14/135/1/1/Tomillo-1-Kilo.htm
http://www.lavandaexperience.com/es/flores/37-flor-de-lavanda-1-kg.html; http://www.granvelada.com/es/materiales-para-hacer-incienso/262donde-comprar-venta-de-flores-secas-de-lavanda-para-jabones-tintura-infusiones.html#/peso-1_kg_; http://www.solostocks.com/ventaproductos/complementos-bodas-bautizos-comuniones/otros-complementos-bodas-bautizos-comuniones/lavanda-a-granel-8674259

9

Rosemary

2018

ok

12

Rosemary

2018

ok

Rosemary
Consumer price

2018

ok

6
11.5

SD

SD

https://www.agroterra.com/p/tomillo-rama-manojo-1-kgr-en-cocina-digestivo-especias-3096829/3096829

http://www.granvelada.com/es/plantas-/475-donde-comprar-propiedades-hojas-de-romero-materiales-insumos-cosmetica-naturalartesanal.html#/peso-1_kg_
https://www.agroterra.com/p/romero-hoja-1-kgr-hipertensin-arterial-sobrepeso-etc-especias-3097940/3097940
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APPENDIX L. Cross-tabulation analysis
1) Almond monoculture

W2

1
2
3
4

Total

AS2

1
2
3
4

Total

Fe2

Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total

WATER2 * WATER1 Crosstabulation
W1
1
2
4
0
1
0
0.0%
6.7%
0.0%
1
2
0
6.7%
13.3%
0.0%
0
3
1
0.0%
20.0%
6.7%
0
2
0
0.0%
13.3%
0.0%
1
8
1
6.7%
53.3%
6.7%

ANIMAL SKIN2 * ANIMAL SKIN1 Crosstabulation
AS1
1
2
Count
10
2
% of Total
66.7%
13.3%
Count
0
1
% of Total
0.0%
6.7%
Count
1
0
% of Total
6.7%
0.0%
Count
1
0
% of Total
6.7%
0.0%
Count
12
3
% of Total
80.0%
20.0%

1
2
3
4

Total

Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total

5
1
6.7%
1
6.7%
1
6.7%
2
13.3%
5
33.3%

Total
2
13.3%
4
26.7%
5
33.3%
4
26.7%
15
100.0%

Total
12
80.0%
1
6.7%
1
6.7%
1
6.7%
15
100.0%

FERTILIZER2 * FERTILIZER1 Crosstabulation
Fe1
1
2
3
4
4
0
0
1
26.7%
0.0%
0.0%
6.7%
0
4
2
0
0.0%
26.7%
13.3%
0.0%
0
0
1
0
0.0%
0.0%
6.7%
0.0%
1
0
0
0
6.7%
0.0%
0.0%
0.0%
5
4
3
1
33.3%
26.7%
20.0%
6.7%

5
2
13.3%
0
0.0%
0
0.0%
0
0.0%
2
13.3%

Total
7
46.7%
6
40.0%
1
6.7%
1
6.7%
15
100.0%

2) Mixed systems

F2

2
4
5

Total

FOOD2 * FOOD1 Crosstabulation
F1
3
4
Count
0
0
% of Total
0.0%
0.0%
Count
0
0
% of Total
0.0%
0.0%
Count
1
2
% of Total
6.7%
13.3%
Count
1
2
% of Total
6.7%
13.3%

5
1
6.7%
1
6.7%
10
66.7%
12
80.0%

Total
1
6.7%
1
6.7%
13
86.7%
15
100.0%
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W2

1
2
3
4
5

Total

TFW2

1
2
3
4
5

Total

Fe2

2
3
4
5

Total

Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total

WATER2 * WATER1 Crosstabulation
W1
2
3
4
1
0
0
6.7%
0.0%
0.0%
1
0
1
6.7%
0.0%
6.7%
2
2
0
13.3%
13.3%
0.0%
0
1
0
0.0%
6.7%
0.0%
0
0
0
0.0%
0.0%
0.0%
4
3
1
26.7%
20.0%
6.7%

5
1
6.7%
1
6.7%
2
13.3%
0
0.0%
3
20.0%
7
46.7%

Total
2
13.3%
3
20.0%
6
40.0%
1
6.7%
3
20.0%
15
100.0%

TIMBER OR FUELWOOD2 * TIMBER OR FUELWOOD1 Crosstabulation
TFW1
1
2
3
4
5
Count
1
1
0
0
1
% of Total
6.7%
6.7%
0.0%
0.0%
6.7%
Count
0
1
1
0
0
% of Total
0.0%
6.7%
6.7%
0.0%
0.0%
Count
0
1
1
0
1
% of Total
0.0%
6.7%
6.7%
0.0%
6.7%
Count
1
1
0
2
0
% of Total
6.7%
6.7%
0.0%
13.3%
0.0%
Count
1
0
1
0
1
% of Total
6.7%
0.0%
6.7%
0.0%
6.7%
Count
3
4
3
2
3
% of Total
20.0%
26.7%
20.0%
13.3%
20.0%

Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total

FERTILIZER2 * FERTILIZER1 Crosstabulation
Fe1
1
2
3
4
0
0
1
0
0.0%
0.0%
6.7%
0.0%
0
0
1
1
0.0%
0.0%
6.7%
6.7%
0
1
2
1
0.0%
6.7%
13.3%
6.7%
1
0
0
1
6.7%
0.0%
0.0%
6.7%
1
1
4
3
6.7%
6.7%
26.7%
20.0%

5
0
0.0%
1
6.7%
2
13.3%
3
20.0%
6
40.0%

Total
3
20.0%
2
13.3%
3
20.0%
4
26.7%
3
20.0%
15
100.0%

Total
1
6.7%
3
20.0%
6
40.0%
5
33.3%
15
100.0%

3) Livestock farming

F2

2
3
4
5

Total

FOOD2 * FOOD1 Crosstabulation
F1
3
4
Count
0
0
% of Total
0.0%
0.0%
Count
1
0
% of Total
6.7%
0.0%
Count
1
2
% of Total
6.7%
13.3%
Count
0
1
% of Total
0.0%
6.7%
Count
2
3
% of Total
13.3%
20.0%

5
1
6.7%
0
0.0%
1
6.7%
8
53.3%
10
66.7%

Total
1
6.7%
1
6.7%
4
26.7%
9
60.0%
15
100.0%
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W2

1
2
3
4
5

Total

TFW2

Total

Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total
Count
% of Total

WATER2 * WATER1 Crosstabulation
W1
1
2
4
3
2
0
20.0%
13.3%
0.0%
0
1
1
0.0%
6.7%
6.7%
0
2
0
0.0%
13.3%
0.0%
0
0
3
0.0%
0.0%
20.0%
0
0
0
0.0%
0.0%
0.0%
3
5
4
20.0%
33.3%
26.7%

5
1
6.7%
1
6.7%
0
0.0%
0
0.0%
1
6.7%
3
20.0%

Total
6
40.0%
3
20.0%
2
13.3%
3
20.0%
1
6.7%
15
100.0%

TIMBER OR FUELWOOD2 * TIMBER OR FUELWOOD1 Crosstabulation
TFW1
1
2
3
Total
1
Count
8
1
0
9
% of Total
53.3%
6.7%
0.0%
60.0%
2
Count
1
0
1
2
% of Total
6.7%
0.0%
6.7%
13.3%
3
Count
1
0
0
1
% of Total
6.7%
0.0%
0.0%
6.7%
4
Count
0
1
1
2
% of Total
0.0%
6.7%
6.7%
13.3%
5
Count
1
0
0
1
% of Total
6.7%
0.0%
0.0%
6.7%
Count
11
2
2
15
% of Total
73.3%
13.3%
13.3%
100.0%
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