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Summary
Land degradation combined with climate change deteriorates environmental quality. Land
degradation is caused by anthropogenic activities which include poor agricultural practices,
land abandonment and urbanisation. Land degradation in the Mediterranean region, which
largely consists of arid and semi-arid areas, affects ecosystem services, such as food, climate
regulation, pollination service and tourism, in many ways.
This study was conducted in the semi-arid Alvelal region of south-eastern Spain. because large
parts have been degraded and efforts are being undertaken by the NGO, Commonland and the
Alvelal Association to restore these parts through sustainable agricultural practices and better
land management by applying the so-called Almendrehesa concept. This concept combines
almond as the major crop with olives, aromatic plants, apiculture and sheep herding while
simultaneously maintaining the natural landscape elements. To enhance the concept’s
acceptability for regional stakeholders, providing better information on benefits and values of
their ecosystem services is necessary.
My research aims to analyse the benefits and values of the natural elements that are combined
with sheep management in Alvelal. I especially studied the Sierra de Maria-Los Velez Natural
Park (22,562ha) because of its diverse bundle of ecosystem services. These ecosystem services,
their monetary values and the cost of managing them were assessed. Experts from the park and
the Spanish National Research Centre, and two farmers who used the park for sheep grazing
were interviewed. The resulting data was analysed, and the results combined with literature.
Eleven ecosystem services were analysed. The provisioning services included food (sheep),
timber and aromatic plants; the regulating services, fire control, climate regulation, erosion
control and pollination services; the cultural services, hunting, sheep herding and tourism; and
the habitat services, gene-pool protection. Cultural services had a high monetary value of 1.0
million Euro per year, mainly stemmed from recreational use. The two most valuable
regulating services are carbon sequestration (1.5million Euro per year) and erosion control
(0.93 million Euro per year. Yet the net monetary value of all regulating services combined is
only about 0.39 million Euro per year due to the high fire management cost (2.4 million Euro
per year). The provisioning services that were quantified had very low market prices and this
resulted in a low total monetary value of about 0.05 million Euro per year.
The ecosystem services that result from grazing sheep in the pasturelands (6491ha) of the
Natural Park were compared to the ecosystem services supplied by the natural areas in the Park.
The results showed that the pastures annually provide ecosystem services at about €282 per ha,
while the natural areas annually provided €186 per ha. The monetary value of the ecosystem
services supplied by the natural areas is about two-thirds of the pasturelands’ benefits.
My results show that sustainable sheep herding in the pasturelands helps to reduce fire
occurrences by decreasing the understorey’s biomass, while simultaneously improving the soil
with manure. This helps to reduce erosion. The erosion levels in the pasturelands were even
lower than that in the natural areas. My study can inform users about the many monetary and
non-monetary benefits derived from the natural areas in the Alvelal region and can contribute
to better management and decision making.
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1. Introduction
1.1 Background
Land degradation is the continuous decline in the quality of soil, waterbodies as well as vegetation
which can occur naturally or through human-induced processes (Cammeraat & Imeson, 1998;
Hein, 2007). Land degradation is mostly associated with drylands due to the way vegetation are
unevenly distributed and thus making such areas prone to erosion Hein, (2007). Among the
environmental problems that confront humanity in the turn of the millennium, one that is
considered highly important because of its influence on the availability of food and the
maintenance of the quality of our environment is land degradation (Millennium Ecosystem
Assessment, 2005a; Ravi et al., 2010). A little over 40% of the land cover of the earth is made up
of drylands, thus, bringing issues in such areas up for discussion (Millennium Ecosystem
Assessment, 2005b; Ravi et al., 2010). When land degradation resulting from anthropogenic and
climatic factors occurs in arid, semi-arid and dry sub-humid regions, however, it is termed as
desertification (Maestre et al., 2009). Whether people enjoy benefits from using an area of land
currently or expect to do so in future, the benefits would be decreased by land degradation since
the diverse contributions of soil to human livelihood are lost through the loss of soil fertility (Lamb
et al., 2005; Reynolds et al., 2007). These benefits that society derive from the environment are
known as ecosystem services in another parlance (Fisher et al., 2008). According to (Dregne,
2002), ecosystem services reduce by about 70% when the vegetative cover and soils of drylands
are degraded. Climate change, among other factors that influence land degradation, has been
shown to cause even more drier conditions in arid and semi-arid areas (Dregne & Chou, 1992;
Ravi et al., 2010).
In Europe, the Mediterranean harbours a larger part of drylands of which a major piece can be
found in Spain (Bautista et al., 2010). In the past decades, the vegetation and use of land in the
Mediterranean has changed due to several reasons including poor farming practices and people
abandoning their agricultural lands and migrating to other areas in search of greener pastures
(Symeonakis et al., 2007). One semi-arid region that is of concern is the Mediterranean region of
southern Spain (Semi-arid areas in the eea area — European Environment Agency,” n.d.). This is
due to the problem posed by land degradation to this region (García-Ruiz, 2010; Nunes et al.,
2011). There are several benefits that human beings receive from ecosystems which are generally
termed as ecosystem services (Millennium Ecosystem Assessment, 2005b; de Groot et al., 2010;
Kronenberg, 2014) These benefits are lost as a result of land degradation. When people focus on
the production of only a few ecosystem services like provisioning services thus causing them to
degrade the land as is seen in the South of Spain, other services like regulating and habitat services
are reduced or lost (Bennett et al., 2009).
Making efforts to describe natural areas comes with some complications because of human
activities and the coming into contact by man with the natural ecosystem. This is because the
evolution of natural functions is what is required to determine the naturalness of an area which
should be without human interferences over a long period of time. Natural areas are therefore
classified by (Becerra & Bravo, 2008) as those that have withstood human actions on their
ecosystems without them impacting on their biotic and abiotic components. Sheep grazing often
takes place in these regions depending on whether there is enough pasture with good quality and
drinking water for the herd. This means sheep herders tend to always graze their sheep where these
conditions are available (Riedel et al., 2007). This practice further exacerbates the loss of
ecosystem services. More information and data are needed to ascertain the benefits and the
1

management costs at which the ecosystem services are derived from these land uses. This would
help Commonland and farmers to make informed decisions in applying interventions on the land.

1.2 Description of Study Area
Alvelal is a semi-arid region, described as such because the water balance is not positive since the
amount of rainfall that is received every year does not exceed the evaporation (La Almendrehesa,
2017). Other parts of Alvelal however have a sub-humid climate which supports the grassland
vegetation there. This area can be found in the South-eastern part of Spain between the cities of
Granada and Murcia. The name Alvelal was coined from the name of the districts in the part of
Spain where the study is been conducted namely Altiplano de Granada, Los Velez and Alto
Almanzora. Guadix and north-eastern Murcia are the two cormacas (the name given to districts in
the local parlance), that have been added to Alvelal recently and thus increasing its size to
1000,000ha (Durham Heritage Coast, 2005).

Figure 1. An overview map of Alvelal territory, south-eastern Spain. (Commonland 2017)

Alvelal has hot summers with temperatures ranging between 20℃ and 28℃ while the winters here
are mild, falling between 2℃ and 10℃ (Navarro et al, 2012; de Leijster, 2016). Due to the extreme
weather conditions that characterise this region, the mean rainfall which is 370mm per year (La
Almendrehesa, 2017) is probably declining (de Leijster, 2016) although precipitation can extend
from 300mm to 500mm annually (Plan Infoca 2003; (de Leijster, 2016).
The stretch of steppe landscape found here which cannot be said to be a forest due to how
desiccated it is, can neither be describe as a desert because it holds more water than what can be
found on deserts. Species that are peculiar to steppe regions in the form of plants and animals are
therefore found in Alvelal (Junta de Andalucia, 2006; Jimenez). The species richness of this region
can be found in how diverse the steppe birds, beetles, butterflies here are although some are listed
as endangered due to the decline in their populations (Durham Heritage Coast, 2005). Five natural
parks are established in Alvelal, namely Sierra de Carzola, Segura y Villas, Sierra Nevada, Sierra
Maria-Los Velez, and Sierra de Castril. Their extent adds up to a total area of 303,300ha. Pines
make these natural areas conspicuous from the surrounding shrub and grassland areas as well as
agricultural lands (RENPA, Andalusian Network of Nature Protection Areas, 2015). Aside the
2

natural parks in Alvelal, there are other natural areas which are normally called monte (mountain
in Spanish). Rainfall in these areas tend to evaporate at a faster rate than infiltration due to the
manner in which shrubs and herbaceous plants are unevenly distributed. The direct impact of
rainfall on large portions of bare land increases runoff. This could also further be attributed to the
fact that there are several mountains in the natural zones of the Alvelal region, some peaking up
to 3000m (peculiar to the Sierra Nevada), and thus contributing to the easy washing off of the
topsoil as a result of how steep some of these mountains are. Sheep overgrazing here in these
mountains also adds up to the problem of degradation (“AlVelAl a 4 returns landscape,” 2017).
About a quarter of the population here are farmers since the main economic activity here is farming
(Cruz Pardo & Ambiente., n.d.). Almond, olives, aromatic herbs and cereals are the most harvested
crops by the farmers in Alvelal even though in the whole region of Andalusia, almond, olives,
cotton, rice, fruits and vegetables dominate their cultivation (Consejería de Agricultura y Pesca.
Junta de Andalucía, 2016). Poor agricultural techniques and practices of farmers here have recently
resulted in a decline of the soil quality leading to low organic matter and a reduced water-holding
capacity (Regional government of Andalusia, 2006a, 2000b). The livestock that are predominantly
reared by farmers in Andalusia are bovine, sheep, pigs and goats however, sheep dominates in the
region of Alvelal (Consejería de Agricultura y Pesca. Junta de Andalucía, 2016).

1.3 Problem Statement
Alvelal which is located in one of the poorest regions in Europe being Southern Spain is faced
with land degradation which results in erosion and diminution of soil nutrients (Cantón et al.,
2011). This kind of erosion which has serious implications on such semi-arid regions is worsened
by the increasing effects of climate change (Burke et al., 2006; Seager et al., 2007; Eekhout et al.,
2018). A major part of the land in Alvelal is used for monoculture and in almond specifically.
Farmers here shifted from their more traditional farming systems where they grew different types
of food crops and sometimes integrated it with livestock farming, to the conventional monoculture
agriculture because they received incentives as a result of the Common Agricultural Policy of the
European Union. This increased their productivity, which invariably increased their profits. These
poor agricultural practices however have long term lasting effects on the environmental quality
since large portions of the vegetation cover was removed (Cantón et al., 2011; García-Ruiz, 2010).
Such intensive farming practices like tilling the land which are carried out alongside overgrazing
of livestock are some of the activities that have resulted in degradation in such semi-arid areas
(Schoonhoven, 2017), which can also be described as desertification (Maestre et al., 2009). The
almond monoculture in Alvelal that was practiced in the past and also currently has got long-term
effects on the ecosystem, causing damage that could go beyond restoration (Durán Zuazo et al.,
2008).
In their quest to restore a large proportion of the natural areas in Alvelal that have been degraded
over the years, Commonland and a group of farmers in the region have collaborated so as to make
the water balance better, restore the beautiful nature of the area and bring back the plant and animal
communities that used to exist there previously (Teresa, Jorge, & Moroll, n.d.). The Almendrehesa
concept which comprises different combination of crops with almond as the major crop integrated
with olive, aromatic plants, apiculture, sheep herding that is carried out sustainably among other
things (La Almendrehesa, 2017) is one of the pathways that have been adopted by Commonland
and the Alvelal farmers’ association to restore the region.
Poor agricultural practices which have led to clearing large parts of the natural lands in Alvelal
and consequently, a lot of people deserting the area without maintenance have left the natural areas
3

in a bad state (García-Llorente et al., 2012). This means that, although a concept like the
Almendrehesa which has multiple functions and tends to integrate different farming systems is
known to improve people’s living conditions and help restore the ecosystem (Poulsen et al., 2017;
Tulla et al., 2017), there is still the need to value the ecosystem services that can be derived from
the degraded natural areas in case they are also restored.
Some previous studies have been conducted on the Alvelal project by students, however, there is
less data on what costs are incurred for the different land uses. Furthermore, studies conducted in
the region are mostly focussed on the effects of monoculture and different farming practices on
the land cover with less consideration to the natural areas in combination with sheep herding, as
well as the ecosystem services they provide to this region. There are, however, different land uses;
forests, rangelands and farmlands in this region (Rigueiro-Rodriguez et al., 2009). The problem of
unavailability of information on the ecosystem services provided by the natural areas and sheep
herding in terms of costs incurred and benefits derived from such a land use which is a gap in
previous studies, is what this thesis seeks to address in an effort to help restore Alvelal. To make
more balanced decisions, and select the appropriate use of land, more information is needed on the
services and values provided by the ecosystems (de Groot, 2006).

1.4 Purpose of Study and Research Questions
This research aims to analyse the benefits and cost of management of the natural areas combined
with sheep management in Alvelal. This would help Commonland and farmers to gain more insight
and information on the trade-offs among the different land uses. The concerted efforts of four
different students to come up with this information will help to build on previous works carried
out in this region by other students and thus help identify the benefits as well as the costs associated
with deriving ecosystem services from these land uses especially the natural areas which have been
less assessed in Alvelal. This would thus inform stakeholders like Commonland in their bid to
restore this degraded region in Andalusia, and the Alvelal Farmers’ Association on which farming
practices to engage in to sustainably earn high yields and income while they preserve the
environment.
The research questions (RQs) are:
RQ1 What are the main types of natural area management systems in the Alvelal region?
RQ2 What are the main ecosystem services provided by the natural areas with and without sheep
herding?
RQ3What are the costs of managing the natural areas and sheep herding?
RQ4What are the benefits of the ecosystem services provided by the natural areas and sheep
herding?
RQ5What is the total monetary value of the main ecosystem services derived from the natural
areas and sheep herding?
RQ6 What are the socio-economic implications of restoring the ecosystem services provided by
the natural areas and sheep herding?

4

1.5 Outline of the thesis
This thesis comprises 8 chapters. The conceptual framework and the methodology that was
employed to answer the research questions are covered in the second chapter. The framework used
links ecosystem services with human benefits. The steps provided in the integrated framework
used help in addressing each research question. Chapter 3 presents a typology of the natural areas
combined with sheep herding in Alvelal and thus seeks to address research question 1. The
typology describes the farms combined with natural areas and sheep grazing. An assessment of
the main ecosystem services provided by the natural areas and sheep herding which seeks to
answer RQ2 is presented in chapter 3. In the same chapter, why certain ecosystem services are
selected are also further explained. The costs incurred, and the benefits derived from the ecosystem
services provided by the natural areas which are answering RQ3 and RQ4 are elaborated in Chapter
4. The ecosystem services derived in Chapter 3 are monetised through diverse means in Chapters
3 and 4 to get the costs and benefits of managing them. Chapter 5 answers RQ5 by presenting the
total monetary value of the ecosystem services that are gained from natural areas with and without
sheep herding in the Sierra de Maria-Los Velez Natural Park. Calculation of the total monetary
value were carried out with the values acquired from answering RQ3 and RQ4. Chapter 6 offers
more insights into the socio-economic implications of restoring the natural areas and sheep
herding, and in so doing, answers RQ6. Chapter 7 then discusses the outcome of the study, the
assumptions used, and limitations of the methodology employed, what approach was used to
counter and overcome them, and further research that can be carried out on ecosystem services in
the area. Chapter 8 concludes on the outcome of the research in relation to the research questions
posed in this study.
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2. Methodology
2.1 Conceptual framework
Since the ecosystem services concept came up, it has helped in the management of the environment
and has been used in several literary works. The rate at which it is being understood and used is
however slower than was expected (Turner & Daily, 2008). Defining and assessing the values of
different ecosystem services in an area requires the development of various frameworks (Costanza
et al., 1998; de Groot et. al., 2002; Dominati et al., 2010). An all-inclusive framework that can be
used to analyse and estimate ecosystem services is, however, not available even though many
scientists have published journals on ecosystem services (de Groot et al., 2002). This is the reason
why an ecosystem services framework is needed to serve as a guide on how the health, safety and
security of humans, which in all contribute to the welfare man, can be linked to the functions of
healthy ecosystems (Turner & Daily, 2008; Seppelt et. al., 2011).

2.1.1 Integrated Ecosystem Assessment Framework
An integrated ecosystem assessment framework is required in this study to be able to make a
connection between the functions of ecosystems and the welfare of humans. (de Groot et al., 2018)
set out to develop a stepwise guideline that is able to capture the benefits humans get from nature
conservation, restoring a degraded landscape and using land in a more sustainable manner. There
are nine steps provided by this guideline which include scoping, environmental impact assessment,
ecosystem service analysis, benefit analysis, monetary valuation, economic analysis, value capture,
value communication, and capacity building. These steps also coincide with the Commonland 4
returns even though there is no relationship between them. This makes it useful for this study. The
4 returns as a result of restoring a degraded landscape comprises; the return of natural capital which
means restoring a landscape that has been degraded re-establishes the biological diversity and
healthier environment that was lost; the return of social capital which involves people getting back
their employments, the businesses they were previously involved in, the education they require and
security; the return of financial capital which is enjoying sustainable profits in the long term due to
a reduction in negative effects of degradation and finally, the return of inspiration which is about
people regaining hope and a sense of purpose (“AlVelAl a 4 returns landscape,” 2017). This
framework will therefore be adopted in a stepwise manner to analyse the benefits that can be enjoyed
from restoring the ecosystem of Alvelal.
Before a land management intervention is undertaken on a landscape, scoping is the first activity
that should be considered according this framework. It is important to consider all relevant
stakeholder, which also help in identifying the appropriate methods to use in gathering relevant data
and by so doing, manage to cut down costs and avoid delays (de Groot et al., 2018; Eythórsson et
al., 2004). The next step (impact assessment) which looks at the environmental impact of the land
use change as compared to baseline condition when the land has been degraded, for example, is also
very essential.

6

Figure 2 A framework for an integrated assessment of land use change and ecosystem
management (adopted from de Groot et. al., 2017)

According to (Karjalainen et al., 2013), an environmental impact assessment that takes ecosystem
services into consideration helps to link nature and society by identifying the beneficiaries of the
ecosystem services. This leads to the ecosystem services analysis where an assessment of how the
current or future use of the ecosystem services will be affected or improved when a land restoration
is carried out. The benefits in terms of the wellbeing of people will be altered whether for good or
bad and that can be ascertained through step 4, benefit analysis. We can analyse the fiscal value of
ecosystem services based on which ones stakeholders deem to be of importance to them (de Groot
et al., 2002) and this can be achieved by using direct, indirect or non-market valuation of these
services through the monetary valuation step (de Groot et al., 2018). Economic analysis which this
study ends with focuses on determining how the restoration project under consideration will
influence economic activities in the region or at the national level. Investing by providing resources
for the intervention can be done through step 7; capturing the values while people can be
enlightened on the situation and what is needed to improve through more communication (Step 8).
Finally, changes in policies and institution can help to enhance people’s capacities for long-term
and sustainable impacts which is covered by the last step being Institutional change and capacity
building (de Groot et al., 2018).

7

2.1.2 Ecosystem Services Concept
There are several benefits that human beings receive from ecosystems and these benefits are
generally termed ‘ecosystem services’ ( Millennium Ecosystem Assessment, 2005a; de Groot et.
al., 2010; Kronenberg, 2014). These services are grouped into provisioning, regulating, habitat and
cultural services (TEEB, 2010). Food and medicine are some provisioning services derived from
ecosystems; climate and water regulation on the other hand are examples of regulating services;
nursery functions are habitat services; while recreation and aesthetic values are all examples of
cultural services (Kumar, 2010). The ecosystem services concept is important because it is used to
measure the importance of ecosystems through their utility by humans as well as increasing
people’s knowledge and making them aware of the economic value of ecosystems (Braat & de
Groot, 2012; Flint et al, 2013). The whole concept of ecosystem services provides scientists with
a tool that they can use to clearly communicate their knowledge and findings to policy makers in
this area (Guerra et al., 2015). There is therefore the need for an ecosystem services framework,
one, which can relate the ecosystem services to the welfare of humans and thus warrant and
encourage conservation and management practices that will enhance the quality of environment (
Ghazoul, 2007; Flint et al., 2013). Although the human factor seem to make the economic
valuation of ecosystem services anthropocentric, it also means the welfare of humans will also be
taken into consideration (Salles, 2011) and that will make man value his own welfare invariably.
The ecosystem services cascade developed by de Groot et. al., 2010 aside helping to visualise, also
explains how the ecosystem structure and processes function to provides services that serve as
benefits to humans.

Figure 3 The pathway from ecosystem structure and processes to human well-being (adopted from de Groot et. al.
2010)

This cascade can help policy- and decision-makers to understand how the ecological structure
and processes are able to determine whether the ecosystem has the potential (ecosystem
functions) to supply ecosystem services. These services can then provide benefits in manifold
ways which can then be valued through people’s willingness to pay for the protection or
willingness to accept the cost of the loss of these services. Finally, based on this knowledge on
the benefits people derive from the ecosystem and the their willingness to pay for the protection
of the ecosystem, the institutions in charge of managing and making decisions that concern the
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ecosystem decide whether to restore, maintain or develop the region that provides those services
(de Groot et. al., 2010).
The ecosystem services typology used in this study is based on the TEEB classification which
outlines 22 ecosystem services categorised under four main groups namely; Provisioning.
Regulating, Cultural and Habitat services (which replaces the Supporting services used in the
Millennium Ecosystem Assessment classification).
Table 1 Typology of ecosystem services based on the TEEB classification (de Groot et. al. 2010)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Main Ecosystem Services
PROVISIONING SERVICES
Food (e.g. fruits, game)
Water (e.g. for drinking, irrigation)
Raw materials (e.g. fuelwood, fibre, timber, fodder)
Genetic resources (e.g. for crop improvement and medicinal purposes)
Medicinal resources (e.g. biochemical products, test organisms)
Ornamental resources (e.g. artisan work, pet animals, decorative plants)
REGULATING SERVICES
Air quality regulation (e.g. capturing fine dust and chemicals)
Climate regulation (e.g. carbon sequestration)
Moderation of extreme events (e.g. flood prevention)
Regulation of water flows (natural drainage and drought prevention)
Waste treatment (water purification)
Erosion prevention
Maintenance of soil fertility (including soil formation)
Pollination
Biological control (e.g. seed dispersal, pest and disease control)
HABITAT SERVICES
Maintenance of life cycles of migratory species (nursery services)
Maintenance of genetic diversity (gene pool protection)
CULTURAL SERVICES
Aesthetic information
Opportunities for recreation and tourism
Inspiration for culture, art and design
Spiritual experience
Information for cognitive development

This study was focused on taking the total bundle of the ecosystem services into consideration but
in consultation with experts on the services available in the study area, being the Sierra de MariaLos Velez Natural Park, the thesis was concentrated on the following services (See Table 2)
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Table 2 Ecosystem services assessed in this study
Ecosystem Services
Provisioning
Food
Fuel and raw materials
Genetic resources
Regulating
Disturbance protection
Climate regulation
Erosion protection
Pollination
Cultural
Recreation
Tourism
Inspiration for culture
Habitat
Gene pool protection

Description of the ecosystem services
The availability of edible plants and animals (sheep)
Presence of species and abiotic components that can be used for timber
(sawn wood) and other raw materials (wood chippings)
The availability of species which can possibly have medicinal value
(rosemary and thyme)
The function of the forest in curtailing extreme events (forest fires)
The impact of the ecosystem on local climate due to its vegetation cover
The role of the vegetation in retaining soil
Richness and usefulness of pollinator species
Prospects for recreational activities based on the characteristics and wildlife
of the landscape (hunting)
The area of the landscape with attractive wildlife and touristic value
Landscape species and characteristics with inspirational value for culture
(sheep herding)
Preservation of the ecological balance and evolutionary processes of
species in the region

2.2 Research Methods
2.2.1 Ecosystem Service Analysis
For some decades now, effort have been made by scientists to link the functions played by
ecosystems that are deemed important by man to some economic value, since such an attachment is
able to encourage people to manage and preserve biodiversity (Braat & de Groot, 2012). The bone
of contention since the mid-1960s until now however, is on how to estimate and assess how the
functions played by ecosystems is able to supply goods and services to us as humans (de Groot et
al., 2002; de Groot et al., 2010). Apart from provisioning services which usually have direct market
value, a major part of the remaining services which form about 80% of ecosystem services are not
priced (de Groot et al., 2002;de Groot et al. 2010) and thus they are easily lost without recognising.
This is the case because the value of provisioning services, unlike the remaining ecosystem services,
can be readily identified since the amount of crops produced and their prices can be used to calculate
their value in a more direct manner (UNEP-WCMC, 2011). Losing ecosystem services however
affects human wellbeing since these services are known to contribute towards the health, safety and
economic welfare of people (Costanza et al., 1998; Chapin et al., 2000; Hawken et al., 2013). The
objective of estimating the contributions of ecosystems to human wellbeing can however be
achieved through the analysis of ecosystem services available in an area or region. This knowledge
helps to relate the characteristics of the ecosystem to the services provided which in turn informs
the effects of changing the land use and therefore the effective management choices to consider (de
Groot et al., 2010).
The typology of ecosystem services developed by the Economics of Ecosystems and Biodiversity
(TEEB) was adopted during the study that was carried out in Alvelal. The TEEB classification of
ecosystem services is used in this study because of habitat services unlike that of the Millennium
Ecosystem Assessment which rather uses supporting services which can lead to double counting
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(Fu et al., 2011). The ecosystem service analysis is important because, first, it is needed to quantify
the indicators that show that such services can be derived from the region under study before they
can further be monetised. Sometimes, based on the data and information on ecosystem services in
an area, the amount of each service can be calculated directly. Otherwise, measurements are made
indirectly by the use of value transfer (de Groot et. al., 2010).

2.2.2 Benefit Analysis
After the ecosystem services provided by the natural areas and the sheep that graze there are
identified, it is imperative to conduct a benefit analysis as well to know their contribution to the
wellbeing of the people. Basic material needs for a good life, health, good social relations, security
and freedom of choice and action are all facets of human well-being that are affected by alterations
to ecosystem services (Arico et al., 2005). According to (de Groot et al., 2018), benefit analysis
helps to identify and analyse in non-monetary terms how modifications to the ecosystem services
either affect well-being positively or negatively. The guidelines provided by (de Groot et al., 2018)
which are in line with the benefits described by the Millennium Ecosystem Assessment, 2005 was
therefore used to analyse how changes in the provision of ecosystem services can affect the health,
livelihood, safety/security and good social relations of the people who depend on the natural areas
and sheep in Alvelal. This could be achieved through the assessment of human wellbeing
indicators like income, employments, education, access to basic materials and good life (peace and
tranquillity).

2.2.3 Monetary Valuation
After the effects of changes in ecosystem services on people’s wellbeing have been ascertained
through benefit analysis, the benefits from these changes which could be restoration of the natural
area or the use of the land for other purposes was converted into monetary term through monetary
valuation (de Groot et al., 2018). Different market values were employed at this level including
direct market value which usually focuses on the provisioning and some cultural services. Indirect
market values and shadow pricing techniques were used to assess the availability or the cost of the
loss of certain regulating services. The monetary valuation can be separated into two parts which
are the calculation of the total economic value of the total bundle of ecosystem services derived
from the particular area being assessed while the second part involves the calculation of the net
present value (NPV) of the benefits provided by these services. The future benefits are discounted
and compared with other land uses to inform decision or policy makers. The process of putting a
monetary value on ecosystem services is a way to show policy makers how important ecosystems
are and therefore aiming to ultimately enhance their utilisation of nature in a more sustainable
manner (Baveye et. al., 2013; Lopes et. al., 2015).

2.2.4 Economic Analysis
There is the need to analyse the economic implications of any land use or restoration project such
as considering restoring a natural area. This can be achieved through an economic analysis. An
economic analysis helps to know the returns that would be gained from investments, and their
effects in future compared with other projects. Thus, economic analysis helps policy makers and
investors to know which land use system would provide sustainable employment opportunities
over a long period, yield increased tax revenues and sustainably rake in profits for investors.
Another important aspect of analysing the economic impact of a land restoration project is that
normally, indigenes are affected by such an intervention and the benefits they can enjoy should be
concrete enough for them to accept and contribute the success of the project. This can be achieved
through the economic valuation (Mekuria et. al., 2011). Different approaches including Cost11

Benefit Analysis (CBA), Natural Capital Accounting and Internal Rate of Returns (IRR) can be
used to measure how several restoration projects and land uses can have economic effects (de
Groot et al., 2018). In the economic analysis of the different land-use projects in Alvelal, an
Integrated Cost-Benefit Analysis that covers the contributions of the total bundle of an area’s
ecosystem services, will be used. Even though various CBA techniques have been established to
analyse the effects of land use on the provision of ecosystem services ( Lutz et. al., 1994; Drechsel
et. al., 2005; Hein, 2007), the integrated CBA will be used in this study to determine the total
economic value (TEV) of the natural zones when they are restored which could be used for future
decision-making.

2.3 Data collection methods
Interviews and literature review were the main methods that were used in collecting data for this
study. Literature review was applied to the discussion part of the thesis to back points and data
that were gathered on the field. Seven interviews were conducted and involved two sheep farmers
and five experts across the study area including the manager of the Sierra de Maria-Los Velez
Natural Park. Semi-structured interviews were conducted in order to gain more information that
would be added to already available data.
For the farmers, the first part of the interview was to know the characteristics of their farms in
terms of the livestock they rear and the size of natural areas they graze as well as the location. The
next set of questions then looked at the management practices in which they were engaged in
rearing the sheep in order to ascertain whether they are more intensive or extensive while the final
set of question were used to derive the benefits as well as the costs of managing sheep by these
farmers.
Questions for experts were based on the research questions in order to identify the ecosystem
services that could be derived from the land use systems applied in the natural areas. Open ended
questions were put to expert to find out the management practices that were ongoing in the natural
areas and whether they were improving these areas or were harmful to them. Further questions
were asked on the benefits that the experts based on their knowledge thought could be derived
from the natural areas, with or without sheep grazing.

2.4 Data Analysis
Microsoft Office 365 MS-Excel was used to analyse the data that was acquired on the ecosystem
services derived from the natural areas of the park. The economic value of each ecosystem service
was calculated based on the value per the quantity of the subservices being derived. This value
was then multiplied by the total quantity of the good or service that is produced in a year to arrive
at the economic value. The cost of producing each service was then deducted from the economic
value and then divided by the total area over which that service is derived and that showed the
value of each service/hectare of area used/year. Subtracting the total costs of managing all the
services from the economic values of all the services using the MS-Excel gives the total economic
value of total bundle of services provided by the natural areas of the Sierra de Maria-Los Velez
Natural Park.
For the provisioning services (sawn wood, wood chippings and aromatic plants) that were derived
from the park according to interviews with the managers of the park and the buyers/gatherers of
the aromatic plants, they were quantified in kilograms while for the sheep, farmers sold the full
lamb or culled ewe instead of weighing their meat in kilograms. For the cultural services, the
number of permits (for hunting and sheep herding) issued out were used to represent their
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quantities. While different fees were charged depending on the town in which they were issued
out the hunting permits, the permits to allow farmers to graze their sheep in the pasture areas were
based on the area of land apportioned to them for such purposes. Tourism which is another cultural
service was measured indirectly based on the monetary investment from the government allocated
by the park for public use, environmental protection and advertisements. It was assumed that the
total number of people that visit the park yearly would pay this invested money as entrance fees
since they pay for these services in the form of tax.
Concerning the regulating services however, they were calculated indirectly using literature except
for the fire control services provided by sheep that graze the fire belts of the park. The number of
sheep farmers working within the fire belts were quantified and the amount paid them annually
multiplied by the number to get the economic value of this service. For carbon sequestration, the
percentage of land cover occupied by the trees in the park according to the interview with the
manager was used to calculate the proportion of carbon sequestered based on a study conducted
by (Padilla et al., 2010) and multiplied the price in the carbon market from (World Bank, 2015).
To compute pollination services in the study area, a precomputed relative pollination potential
dataset at the European scale from the European Research Centre geoportal Maes, (2010a). This
dataset is a comparative scale for measuring relative pollination potential, defined as the relative
capacity of ecosystems to support crop pollination. The model for relative pollination potential
assumes that different habitats, but more specifically forest edges and grasslands with flowers and
riparian areas in abundance, offer suitable sites for wild pollinator insects. From this dataset, the
percentage of the Sierra de Maria los Velez Natural Park that has the potential to provide
pollination services was calculated using ArcGIS 10.6.1 software (ESRI Online Service, 2018).
Finally, soil erosion control datasets to compute soil erosion control of the study area were
obtained from the European Joint Research Centre geoportal Maes, (2010b). This dataset describes
soil erosion control by vegetation cover Maes, (2010b). To determine the soil erosion control
service, the Revised Universal Soil Loss Equation (Renard et. al., 2017) was used to measures how
much soil is retained by vegetation based on the difference between soil erosion in the presence of
vegetation and soil erosion in absence of vegetation Maes, (2010b). Second, the study area was
classified into 6 classes based on the slope. The slope classes were obtained for the pasturelands
and the natural areas from Hein, (2007) who undertook similar studies for herbaceous and dry tree
croplands in Spain. The soil erosion control for each of the 6 slope classes was then extracted. In
addition to the slope classes, the unit cost of soil erosion control was also obtained using the values
from Hein, (2007). Using the unit cost of soil erosion control and the computed soil erosion control
for each slope classes, the monetary value of this service was computed.
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3. Description of the Natural Areas in Alvelal
3.1 Typology of the Natural Areas and Sheep Herding in Alvelal
This chapter addresses the results of RQ1 which seeks to describe the management practices in the
natural areas as well as sheep grazing ongoing in the region (Table 3). The description is based on
data gathered by experts in the field on a few farmers who were engaged in sheep herding in the
natural areas. There are 60 farms that have been assessed so far in the Alvelal region. In total, 8023
hectares of land are being cultivated by the farmers who had either no natural areas or a
combination of farmlands and natural areas. The farmers who have natural areas had a total land
area of 6052 hectares. 2755 hectares have been allocated as natural areas either for grazing of
livestock or beekeeping. This means 34% of the total land area being cultivated by the farmers in
Alvelal that have been assessed so far are allocated as natural areas while the remaining are used
for the cultivation of food crops. 29 farmers representing almost half of the 60 farmers assessed
have natural areas. Out of the farmers with natural areas, 15 (52%) had no sheep of their own, 9
(31%) farmers allowed other shepherds to let their sheep graze their natural areas, (4) 14% of
farmers reared their own sheep which were engaged in extensive grazing while 1 (3%) farmer
owned sheep and allowed other shepherds to graze their sheep on his land. Farmers who had
natural areas but did not allow sheep to graze in them kept these areas for beekeeping purposes.
This is because the bees pollinated their almond orchards which tend to boost yield. Farmers who
own no sheep but allow the sheep to graze on their lands do so due to the manure they get from
their droppings. 23 farmers have natural borders and hedges out of which 6 planted the hedges and
borders on their own. Four farms out of those where borders and hedges were planted by the
farmers themselves are also combined with natural hedges. In total, 11 farmers (36%) have
beehives in the natural areas out of the 29 farmers assessed to possess natural areas.
There are several natural areas in the Alvelal region, almost all of which are protected. On some
occasions, farmers get some patch of natural areas that are close to their farms which are not yet
under protection and they use them for grazing their sheep. This can be witnessed in the case of
Los Morales which also forms part of Alvelal, where according to an interview with the manager,
has 160 hectares of natural areas for sheep grazing from the Sierra de Sagra. According to the
manager and farmer, the natural areas of Los Morales will soon be made part of Sierra de Castril
and converted into a protected natural area adding up to the protected areas in Andalusia. Because
it has been realised that majority of farmers rent their natural areas from protected natural parks,
the focus of this thesis will be on the natural parks in Alvelal. Additional information is provided
below (and in Appendix 4) on the natural areas of Sierra de Maria Los-Velez where some portions
have been allocated to sheep farmers as pasturelands including one farm in Velez Rubio where
sheep were made to graze in portions of the natural areas of the park.
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Table 3 Summarised typology of the farms with natural areas in Alvelal
Fertiliser use
No fertiliser

5

Manure

8

Compost

10

Compost + Manure

4

Organic fertiliser
Compost + Manure +
Organic fertiliser

1
1
29

Livestock ownership
No
livestock 15
owned
Allows
other 9
shepherd to graze
their sheep on
natural lands
Sheep owners
4

Hedges and borders
None
4

Sheep owner +
allows
other
shepherds

Natural
planted

29

1

Natural

17

Planted

2
+

4

27

*31 farmers with total surface area of 6052ha comprising 2755ha (45.5%) natural areas

3.2 Description of the Sierra de Maria-Los Velez Natural Park
Natural parks are natural protected areas which have unique flora and fauna and thus are
conserved. However, when they are compared to the national parks where human activities are
restricted to the barest minimum, some forms of managed exploitation and human activities like
recreation and eco-tourism are permitted in natural parks. There are several natural parks in Alvelal
including the Sierra de Maria-Los Velez, Sierra de Baza, Sierra de Castril, Sierra de Carzola,
Segura and las Villas natural parks.

Figure 4 Sierra de Maria-Los Velez Natural Park
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Figure 5 An overview map of the Sierra de Maria-Los Velez Natural Park

The Sierra de Maria-Los Velez Natural Park was selected as a model natural area in the Alvelal
territory because it supplies most of the ecosystem services classified by TEEB which cut across
provisioning, regulating, cultural and habitat services. The Sierra de Maria-Los Velez Natural Park
(See also Appendix 1) has an official size of 22,562 hectares and is surrounded by several provinces
and municipalities. Within the park are pasturelands with a total size of 6491ha (See Appendix 5)
and bordering the park are fuel breaks of 270ha. On the north-eastern section of the park, it is
bound to the province of Murcia while it borders the province of Granada on the west. The
municipalities of Albox, Oria, Huercal-Overa and Taberno are found on the southern boundaries
of the natural park. The park is found surrounded by and with some parts located inside four
immediate municipalities namely Chirivel (12.12%), Maria (22.42%), Velez Blanco (59.53%) and
Velez Rubio (5.93%). The mean altitude of the park is 1,220m with different elevations above sea
level depending on the part of the park and this lies between 712m and 2045m. There are different
peak mountains found in the park, but Alto de la Burrica is the highest being 2045m.
The climate of the natural park is that of Mediterranean continental which means the rainfall which
occurs here is unstable thus it can be very high during certain seasons (700mm/year) as well as
low (350mm/year) during other seasons of the year. The mean precipitation received by the natural
park is however pegged between 350mm and 400mm annually, but it may depend on the altitude
since there have been higher rainfall measurement recorded at higher altitude and lower at the
lower altitudes. The mean annual temperature of the park ranges between a minimum of 8℃ and
goes beyond a maximum of 35℃ during the hot summers in July depending the location of the
park. During winters however, temperatures can reduce below -5℃ and result in frosts which
threaten almond trees in the region. There have been times past when the temperatures went below
-18℃ in winter and others when they went above 43℃ during the hot summers (El Parque Natural
Sierra De María Los Vélez, 2011).
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There is a wide range of vegetation that can be found in the Sierra de Maria-Los Velez, most of
which are typical of the neighbouring Mediterranean regions since a major part of the park has a
Mediterranean climate. The entire vegetation of the park could have been characterised by
Mediterranean vegetation if not for certain anthropogenic activities that took place there some
centuries back. Human activities like agriculture, livestock farming, and timber harvesting
modified the vegetation of the region therefore, calling for reforestation some decades back. This
goes to show how the vegetation of a region is as result of the physical environment which is
dependent on the climate and the human activities present. At the moment, pines (Pinus halepensis,
P. nigra) cover a major part of the landscape. There remain some holm oak trees (Quercus
rotundifolia) and other shrubs like juniper (Juniperus oxycedrus) which are important for such
regions because apart from being able to adjust well to dry weather conditions, they also protect
the soil, and perennial grasses Stipa pennata which are found in the dry and semi-dry parts of the
park.
The diverse and rich number of faunal species also make the park very important for conservation
purposes. Over hundred species of birds inhabit the natural park and they range from the peregrine
falcon, goshawk, tawny, griffon vultures, owls to golden eagles and booted eagles. Several species
of butterflies, mammals which comprises about 27species (hares, squirrels, wild boars, wildcats,
genets, foxes), most of which are nocturnal, and reptiles make this park a natural area of
importance. The abundance of the different species of animals found within the park is attributed
to location of the park which finds itself surrounded by three different provinces, each with its own
characteristics. The wide gap between the minimum altitude found in the park which is a little
above 700m up until 2045m above sea levels will mean different animal species that live at
different altitudes will be found there. The cabrera vole is one important endemic species found in
the park that has been labelled as endangered to the Iberian Peninsula. Different species of reptiles
and amphibians have also been found in the park and they include 12species of reptiles and
7species of amphibians. The reptiles include ladder snake (Elaphe scalaris), Snub-nosed viper
(Vipera latasti) and water snake (Natrix natrix). The amphibians also include species like the
common toad (Bufo bufo), Natter jack toad (Bufo calamita) and common frog (Rana perezi). For
invertebrates, the most prominent ones are butterflies which the park alone harbours 92species out
of the 222species found in the Iberian Peninsula.
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4. Ecosystem Services of the Sierra de Maria-Los Velez Natural Park:
Quantities, Values and Costs
This chapter presents the results on the ecosystem services that are derived from the Sierra de
Maria-Los Velez Natural Park. It further describes the quantities, the costs and the monetary values
involved in managing each ecosystem service in terms of provisioning, regulating, cultural and
habitat services.

4.1 Provisioning Services
Respondents from the interviews revealed how people derived various provisioning services from
the natural areas of the park. Even though not all of them are quantified and given a monetary
value, the provisioning services benefited included food, timber, fuelwood, aromatic plants,
manure, and esparto. Through the non-structured interviews however, the ones that were valued
in one way or the other were taken more into consideration. Therefore, the provisioning services
that were taken more into consideration were food (sheep), timber (sawn wood, chips), genetic
resources (aromatics).
Table 4 Summary of the Annual Quantities, Values and Management Costs of Provisioning Services of the Natural
Park
Provisioning services
Food
Raw materials
Genetic resources
Fuelwood
Fruits
Game
Manure

Subservice
Sheep
Wood chippings
(tons)
Sawn wood (m3)
Thyme (kg)
Rosemary (kg)
Low-quality wood
Chestnuts
Wild boars
-

Quantity
1,630
10,000

Value
€68,250
€10,000

10,000
30,000
20,000

€100,000
€15,000
€4,000

Cost
€62,950
€86,351

-

-

-

In the following sections, the monetary values and cost of obtaining the provisioning services
found in Table 4 are explained into more detail.

4.1.1 Food (Sheep)
There are different types of provisioning services that can be categorised as food according to (de
Groot et. al., 2010). These include fish, fruits, game, meat from domestic animals among other
things. Fruits like chestnuts are picked by local people and visitors to the park but these are not
quantified according to park managers since they are limited in quantity. In the same vein, game
is derived from the natural park as a result of the activities of hunters that reside in the towns that
surround the park. Even though it is known that most of the animals that are killed as game are
wild boars due to the abundance in their population and resultant destruction of farmers’ food
crops, the numbers of those killed as well as other animals have not been documented over the
years. The fruits and the game derived from this natural area are therefore not considered in this
study since they are not quantified.
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4.1.1.1 Quantity of food
Sheep reared here are quantified however and thus considered. This is because the natural area
also provides pasturelands for sheep farmers who either sell lambs or the ewe they have culled at
the end of the year for some profit. Information from two (2) sheep farmers who had rented some
pasturelands from the park were gathered in terms of the numbers of sheep they reared and the
numbers they sold annually. These sheep farmers have a total of 1630sheep and a combined
pastureland of about 2100ha were engaged in extensive sheep herding. One sheep farmer sells
800lambs/year while the other sells about 325lambs and 30culled ewes annually. According to one
farmer, they have a total of 2080ha of natural areas that included those rented from private and
public owners while the other farmer had 50ha of natural areas for sheep herding (See Appendix
3).
4.1.1.2 Monetary valuation of food
For the sheep reared by farmers who obtain grazing grounds from the park, they were sold at the
same price by each farmer whose management of sheep was assessed except for the culled ewes
which had a much lower value compared to the lambs. A lamb was sold at €60/head while a culled
ewe had a price of €25. This means one farmer earned €48,000 from selling 800lambs annually
while the other made €19,500 from selling 325lambs and €750 from the sale of culled ewes in a
year. Since sheep are the only food type that are categorised to be benefitted from the natural area,
a total of €68,250 is estimated to be what is earned by two sheep herders in the region.
4.1.1.3 Cost of food production
In an effort to produce food as an ecosystem service that are also derived from the natural park,
the sheep farmers also incur costs which cannot be done away with. Data gathered from the two
farmers that were used in this study showed that the costs include labour costs for shepherds,
annual rent for using the natural area for grazing, shearing cost among others. Each farmer paid
their shepherd €1500/month, one farmer incurs €1800 for shearing sheep while the other incurs
€700; the difference could be attributed to one selling more than double what the other with lower
costs sold. This difference was again observed with regards to the livestock sanitation costs where
the farmer with the larger herd (about 1000 sheep) spent €2000/year while the other (about 650
sheep) spent €1000/year. All other costs can be found in Appendix 3. The total costs incurred by
the two sheep farmers per year on sheep herding and rearing was calculated to be €62,950 and is
assumed to be the cost of food production in terms of sheep by two sheep herders in relation to the
natural areas of the park since they both engage in extensive sheep farming.

4.1.2 Raw Materials
Various provisioning services are termed to be raw materials when the TEEB classification in
taken into consideration. These include fibre, fuelwood, manure, fodder, and timber. Fuelwood
which are gathered by the local people just as the fruits in the natural areas are not quantified and
are therefore not taken into consideration in this study. Manure is another raw material that the
natural areas benefit from the sheep grazing, however, they are not quantified even though they
tend to add nutrients by fertilising the soil. Some farmers in the region are even known to allow
shepherds to bring their sheep to graze their own or rented natural lands in order to gain manure
to fertilise their farmlands. Manure is therefore also not added to the provisioning services because
they are not measured by the beneficiaries.
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4.1.2.1 Quantity of raw materials
Figures given by managers of the natural park showed that the only raw material that is given a
form of quantification is timber which is characterised into sawn wood and wood chippings.
Annually, 10,000tons of wood chippings and 10,000m3 of sawn wood are extracted from an
average area of 409hectares. Over the last decade, 4,090hectares have been covered for such
silvicultural works. Mostly, these timbers are harvested as a form of thinning, regenerative cutting
and clearing to create opening conditions so as to check forest fires which occur from overhangs.
Pines (P. halepensis and P. nigra) as well as oak (Q. ilex) are removed but the oak have relatively
higher economic value. Although an estimated 150,000tons of low-quality wood have been
harvested by the local communities from within the park over the last decade, they are not
quantified by the park since they have very insignificant commercial value and serve as fuel for
the indigenes of the area. On average therefore, some 15,000tons of poor-quality wood are
removed from different portions of the park as fuel by the local people.
4.1.2.2 Monetary valuation of raw materials
It was realised from the interview with the managers of the natural park that the economic benefits
that are earned from the sale of timber was very low because the park was for protection and not
necessarily the production of timber. This means the timber that is harvested annually is low, aside
which the prices at which timber products are sold are also low. A ton of wood chippings is sold
at €1 while the sawn wood is sold at €10/m3. For the 10,000tons therefore, the park earns €10,000
while for the 10000m3 of sawn wood, the park receives €100,000. In total, timber harvest tends to
be the only raw materials quantified and give some monetary value that amounts to €110,000
annually.
4.1.2.3 Cost of raw materials
Because the raw material under consideration in this study is timber, the costs assessed covers
same. Managers of the park revealed that over the past decade, an average amount of €2750/ha
has been invested in a total area of 4090ha for silvicultural works. This means about 409ha is
harvested every year for timber products and on average, €1,124,750 is spent to carry out such
works annually. It must be reiterated that the park management stated that the costs fluctuated and
could rise as high as €2,000,000 and could drop to as low as below €200,000 due to economic
inflation in Spain and sometimes regarding the amount of clearing required. This is manifested in
the amount of money that was spent on forestry works in the year 2017 which was €86,351, far
lower than the average amount invested in silvicultural works carried out in the park over the past
decade. €86,351 is therefore used in the study to cover the extraction of raw materials.

4.1.3 Genetic resources
Genetic resources are those that are used in the improvement of other crops or plants that have
medicinal value (de Groot et al., 2002). In this study, aromatic plants are categorised under this
group of provisioning services because apart from them being used as spices in food and in skin
and oil products, they also have medicinal value. The two aromatic plants that are harvested in the
natural park according to the association involved in the production and sales of aromatic and
medicinal products are thyme (Thymus spp) and rosemary (Rosmarinus officinalis).
4.1.3.1 Quantity of genetic resources
According to the buyers of aromatic plants in the region of Almeria, Sierra de Maria-Los Velez
Natural Park is not really interesting for the harvest of thyme especially. This is because Thymus
vulgaris which grows there more as compared to Thymus zygis is not considered for the use in
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essential oils due to its chemical composition. They believe that the business in wild aromatic
plants in the park only boom during seasons where there is abundant rainfall. Per the estimation of
buyers of these aromatic plants however, 30000kg of thyme species are harvested from the park
while 20000kg of rosemary species are derived annually from the park and surrounding private
lands.
4.1.3.2 Monetary valuation of genetic resources
The price at which the aromatic plant species which are considered as the genetic resources
harvested in park, are sold is also low. The Thymus species have a price range of €0.4 - €0.5/kg
while Rosmarinus officinalis sells at €0.15 - €0.2/kg. This gives an amount of €15,000 for the
30,000kg of Thymus species harvested annually at €0.5/kg and €4,000 for the Rosemary species
extracted annually when the price is pegged at €0.2/kg. The park is therefore producing a monetary
benefit of €19,000 in total from the harvest of genetic resources in the form of aromatic plants.
4.1.3.3 Cost of genetic resources
Collecting the aromatic plants does not come at a cost to those who sell them. Mostly, all they
require is authorisation in the form of permits that allow them to enter the park for such purposes.
There was no cost incurred and therefore they were not taken into consideration.

4.2 Regulating Services
Interviews with the managers of the natural park showed that several regulating services
including carbon sequestration, erosion control, pollination services, and control of extreme
events like fires were been derived. Since there were no available figures on these regulating
services in the study area, literature was used to calculate the amount of carbon dioxide
sequestered by the different tree species on the land, the contribution of insect pollinators to the
yield of almond in nearby farms, erosion levels at the natural areas restricted from sheep grazing
as against the areas allowed for sheep herding, and the fire control services provided by sheep.
Table 5 Summary of the Annual Quantities, Values and Costs of Regulating Services of the Natural Park

Climate regulation

Subservices

Quantity 1
Value
Cost 2,3
1.
2.
3.

Carbon sequestration (ton CO2)

Regulating Services
Moderation
Pollination
of
extreme
events
Fire control
Pollination
service

Erosion prevention
Erosion control (ha-1yr-1)

P.
halepensis
48838
±
6760
1074436

P. nigra

Q. ilex

Pasturelands

6209±71
2
136598

16863±54
12
370986

581.3ton

Natural
areas
574.6ton

€273,329

€96.7

€221.22

€19470

€2486

€6732

€2,124,686

€3.5

€14.3

€21,812
-

Positive values represent ecosystem carbon sinks while negative values represent ecosystem carbon source
Carbon sequestration costs for P. halepensis, P. nigra and Q. ilex are for CO2 assumed to be lost due to cleaning of some
trees from the park annually and not management costs
Erosion control costs for pasturelands and natural areas are for costs of annual soil lost respectively based on assumption of
the cost of replacing the nutrients in soils with herbs and woody crops
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4.2.1 Climate Regulation
Climate regulation comprises the effect of vegetation on rainfall, carbon sequestration by
vegetation which can also be considered in terms of above ground or soil organic carbon. In this
study however, only the above ground net annual carbon that is sequestered by the trees on the
park is considered. Through interviews with park managers, it was realised that the vegetation
cover of the park is dominated by pines and oak and this information was combined with literature
to derive the amount of carbon dioxide absorbed by the trees in the park.
4.2.1.1 Quantity of carbon sequestered
Through the interview with managers of the park, the number of trees that cover the park were
declared to be made up of 95% pine, out of which 95% is Pinus halepensis and 5% Pinus nigra.
The remaining 5% of the area is occupied by oak trees (Quercus ilex). Based on these percentages
and a study conducted by (Padilla et al., 2010), the level of carbon dioxide that is sequestered by
Pinus halepensis is 48838 ± 6760ton CO2, Pinus nigra takes up 6209 ± 712ton CO2 and even though
oak (Quercus ilex) occupies a small part of the land, it absorbs 16863 ± 5412ton CO2. In all, a total
of 71,910tons of carbon dioxide is calculated to be sequestered per year by the trees which were
assumed to be covering the whole area of the natural park.
4.2.1.2 Monetary valuation of carbon sequestered
Different carbon prices are available on the market but €22/tonCO2 is used to calculate the
economic contribution the trees in the natural park could be making to the park. This is because
the market used in carbon pricing is dynamic and has prices that are found anywhere between
US$1 and US$140. A major portion of sales in carbon (about 75%) tend to fall below US$10
(World Bank, 2015). Based on the €22/tonCO2 price therefore, the potential value of Pinus
halepensis for climate mitigation would be about €1million, for Pinus nigra, €137,000 and for oak
trees, around €371,000. The total amount of money that could therefore be earned by the natural
park per year through a payment mechanism for carbon sequestration would be around
€1.5million.
4.2.1.3 Cost of carbon sequestered
Since only above ground carbon is being taken into consideration with more emphasis on the tree
stand, the clearing of an average area of 409ha in the form of silvicultural works through
regenerative cutting and thinning activities mean that the amount of carbon that would have been
absorbed by such trees will be lost. Assuming that this area also has 95% pine and 5% oak as
above, 885 ± 123 tCO2/yr that could be sequestered by P halepensis, 113 ±13 tCO2/yr by P. nigra
and 306 ± 98 tCO2/yr supposed to be absorbed by Q. ilex will be lost. Applying the same price of
€22/tonCO2, the park is losing €19,400 from removing some P. halepensis, €2,400 from P. nigra
and €6,700 from Q. ilex. This loss will cost the park a total of about €28,500 annually in carbon
sequestration services in the form of lost opportunity cost.

4.2.2 Moderation of extreme events
The moderation of extreme events that is an ecosystem service provided by different ecosystems
include protection provided against storms, flood prevention and fire prevention. In the case of
this study, the moderation of extreme events under consideration is fire prevention. This is because
from the interview with the managers, the land is occupied by sheep which are used for fire control
purposes in the fuel breaks of the natural park as is done in certain natural areas in Andalusia. The
RAPJA (Red Andaluza de Pasto-Cortafuegos) programme initiated an agreement between the park
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and sheep farmers so that they would use their sheep to clean the fuel breaks that had been created,
as well as other auxiliary belts.
4.2.2.1 Quantity of fire control
In 2012, a fuel break was created with a surface area of 254 hectares and six shepherds were
allowed to graze their sheep in the fuel break. From 2013 to 2017, the area has been increased to
and maintained at 273hectares with the shepherds now seven. These areas as stated previously are
created as fuel breaks established to help control forest fires. The fire control services provided
here is measured by the amount of money that is paid by the park management to shepherds to
allow their sheep to graze the fire belts and other auxiliary belts created which is believed to be
lower than using mechanical means of cleaning (Ruiz-Mirazo et al., 2011). Based on the use of
sheep to clean the fuel breaks, it is assumed that the sheep grazing the pasturelands also contributes
to reducing forest fires. Comparing the size of the pasturelands to the fuel breaks, their contribution
to controlling fire is also calculated.
4.2.2.2 Monetary valuation of fire control
The amount of money that is paid to shepherds is lower than the cost incurred to mechanically
control forest fires. The difference can therefore be seen as an avoided management cost which is
a benefit since it is lower than the mechanised form of fire control. Between the years 2012 and
2017, seven shepherds have been paid an average total of 15,331euros/year to allow their sheep to
graze the fuel breaks around the park occupying an average area of 270hectares. This means each
shepherd is paid a mean value of about 2,190euros. The total amount of money that has been paid
to the shepherds was lowest in the year 2012 when the shepherds were six. They were paid a total
amount of €12,345 then, while the highest money they received was in 2015 when they were paid
a total sum of €17,124. If shepherds grazing their sheep in the fuel breaks of 270ha are paid
15,331euros/year, sheep farmers grazing their sheep on the pasturelands (6491ha) are assumed to
receive about 369,000euros/year. Because the fuel breaks are expected to already reduce the
occurrence of fires, about 70% of the amount calculated (€369,000) would be paid to the sheep
farmers. Thus, the farmers who grazed their sheep on the pasturelands would be given about
€258,000. The total benefit that the park would be receiving from designated pasturelands and the
fuel breaks would be around €273,000.
4.2.2.3 Cost of fire control
In order to control the fires that pose a danger to the park, huge sums of money are invested. Apart
from the money that is given to sheep farmers to allow their sheep to graze the fuel breaks in order
to reduce the undergrowth, €964,106 is allocated for the conservation and improvement of
preventive structures aimed at preventing or reducing forest fires to the barest minimum. Aside
this money, €1,418,578 is used for fire extinguishing media, according to data from the park, all
in an effort to control forest fires. Therefore, for fire control alone, the management of the park
incur a total cost of €2,362,684 per year.

4.2.3 Pollination
Natural areas are known to be endowed with wild pollinators which are known to contribute to an
increased yield in crops that depend on insect pollination for their fruition like almonds and thus
contribute some economic benefits to farmers (Klein et. al., 2007). About 90% of all flowering
plants found on earth rely on the services of pollinators for reproduction. While some of the plants
are pollinated by specific species, others depend on a variety of pollinators that may include insects
and bats usually found in their natural habitats. They however become beneficial to agriculture
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when they are located close to farmlands (Hanley et. al., 2015). The pollination services provided
by the natural park to two almond farmers who have rented some natural area for the sheep to
graze and also for bees to pollinate their crops was measured indirectly based on the relative
pollination potential of the natural park and the Eurostat statistical data which looks at the
contribution of insect pollinators to the aggregate food crops of Spain.
4.2.3.1 Quantity of pollination service provided
(Zulian et al., 2013) came up with findings concerning all crops that depend on insect pollinators
in the EU that they contributed to 25% of yield by using the CAPRI model (Mittenzwei et al.,
2007) while this percentage of contribution increased to 32.6% when they based it on the Eurostat
statistical data. Their work looking at individual EU countries and influences of insect pollinators
on the aggregate of crops (flowering food crops) that depend on such pollinators revealed a decline
in the crops of Spain to 27.9% using the Eurostat data and 8.4% based on the CAPRI model. The
Eurostat statistical data value for Spain was used since it considers the pollination service rendered
by insect pollinator to plants higher than the value provided by the CAPRI model. The relative
pollination potential of the Sierra de Maria-Los Veles National Park was however found to be 56%
of the total natural park area. It was therefore assumed in the calculation of the contribution of the
natural park to the yield of almond farmers that about 44% of the pollination services they derive
do not come from the park.

Figure 6 Map showing the pollination potential of the Sierra de Maria-Los Velez Natural Park (Maes, 2010a; Zulian
et. al., 2013) (ESRI Online Service, 2018)

4.2.3.2 Monetary valuation of the pollination services
From the two almond farms considered, one earns €50,000/year from the sale of almonds. Out of
this, 27.9% (which is the influence of insect pollinators on crops in Spain) is assumed to be
attributed to insect pollinators which therefore gives €13,950. The pollination potential of the
natural park is 56% which means only €7,812 of the farmer’s income may be coming from the
park in the form of pollination service. For the other farm, the average harvest is 350kg/ha sold at
€1.6/kg. The farmer earns an average of €89,600 from the sale of almond. Using the same approach
as the one above through the use of the percentage of crop yield ascribed to insect pollinators in
Spain and the pollination potential of the Sierra de Maria-Los Velez, €14,000 of the farmer’s yield
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can be ascribed to insect pollinators from the park. A total amount of €21,812 is being earned by
these two farmers in the form of pollination service from the natural park.
4.2.3.3 Cost of pollination service
The pollination service calculated for the two farmers are assumed to be derived from the natural
park only without taking into consideration the additional pollination service rendered by the
farmers who have also set up beehives on their farms to help improve their yields. According to
(Hanley et al., 2015), the pollination service rendered by insect pollinators from their natural
habitats cannot be considered to come at any input costs especially when they are compared to
labour, fertilizer and machinery costs. Therefore, it is assumed that the farmers enjoy this service
at no cost.

4.2.4 Erosion prevention
Certain factors including overgrazing, forest fires, land abandonment which results in the lack of
terrace and land management, and the interactions between all these factors is anticipated to cause
the control of erosion by the vegetation cover in the Mediterranean to decline (Guerra et al., 2015).
Erosion is a phenomenon that naturally occurs in an ecosystem. Different erosion processes are
distinguished, like sheet, rill and gully erosion (Wells et al., 2009). The importance of each of
these processes is affected amongst other things by the land use type being practiced in a particular
area. Natural areas which usually have a higher vegetation cover than croplands as well as
pasturelands are expected to have a higher erosion control mechanism even in the face of climate
change (Calvo-Cases et al., 2003). This is because the vegetation cover helps reduce the impact of
rainfall on the soil and thus control soil detachment that end up in runoff that end up as sediments
or run-ons in other areas. Sheep also enhance soil quality indirectly through the manure they leave
on the lands they graze. Improvement in the water retention capacity, water holding capacity and
vegetation cover occurs when sheep do not overgraze. The erosion control of the natural areas
within the Sierra de Maria-Los Velez where sheep grazing is not permitted is therefore analysed
against erosion control in the pasturelands within the park to ascertain their capacities to control
erosion.
4.2.4.1 Quantity of soil retained
The erosion control capacity of the Sierra de Maria-Los Velez Natural Park was measured by the
use of literature and ArcGIS by comparing the tons of soil retained on the pastureland with that
retained on the natural areas where grazing is not allowed. The mean tons of soil per hectare
retained per slope was calculated by the classification of the erosion control on slopes ranging
from less than 5 to above 50%.
Table 6 The erosion control levels in the Sierra de Maria-Los Velez Natural Park
Erosion control in the pasturelands (6491ha)
Slope (%)
Soil retained (tonha-1yr-1)
<5
50.71
5-10
57.9
10-20
83.22
20-30
129.2
30-50
255.31
(Maes, 2010b; Hein, 2007)

Erosion control in the remaining natural areas
(16071ha)
Slope (%)
Soil retained (tonha-1yr-1)
<5
51.8
5-10
61.9
10-20
83.74
20-30
121.9
30-50
255.25

This calculation was also based on the study by Maes (2010b) who considered erosion control as
when an ecosystem has the ability to protect soil from being eroded and moved away by comparing
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the tons of soil that would remain in the absence of vegetation as against that which will be retained
when there is vegetation cover. The level of erosion on all the slope gradients compared showed a
slight increase in that of the natural areas compared to pasturelands. This shows that the erosion
control and by that meaning the amount of soil retained by the natural areas is higher than that in
the pastureland. (Cataldo et al., 2018) back this by their finding that there have been several
restoration activities in the past across the Mediterranean of which Spain is part and the Sierra de
Maria-Los Velez Natural Park benefitted. Such areas witnessed an increase in vegetation cover
which also serves to intercept the impact of precipitation on the soil by reducing its erosivity power
and thus helping to retain more soil.
4.2.4.2 Monetary valuation of erosion control
In order to calculate and determine the benefit the park may be earning from the vegetation cover
it has as providing the ecosystem service of erosion control, the price of the tons of soil retained
per year was determined based on Hein (2007) who conducted a study on the Puentes Basin also
located in south-eastern Spain. In that study, Hein (2007) determined the cost of soil eroded based
on the nutrients farmers had to replace through fertilizers and calculated per slope the amount of
money used per hectare of land for herbs and tree crops (almond). It is assumed that the sheep
graze herbs in the park and thus if for example the 7.1ton ha-1yr-1 lost on slopes <5% cost 1.2euros
ha-1yr-1, then the 50.71ton ha-1yr-1 retained in the pasturelands (assumed to have herbs) on <5%
slope would be valued at 8.6euros ha-1year-1. The cost of soil loss from lands with tree crops based
on Hein (2007) is higher than the cost for land with herbs, due to their fertiliser requirements.
Although the cost of soil eroded on land with herbs was different from that of crop trees, the same
approach was used. It was however assumed that the cost of soil lost when the vegetation cover is
crop tree (almond) will be similar to that of the tree vegetation in the remaining natural areas even
though it could be higher. In Hein (2007), 8.3ton ha-1yr-1 on a slope of <5% cost 3.5euros ha-1yr-1
and thus the soil control of the remaining natural area with tree vegetation at 51.8ton ha-1yr-1 on
<5% slope was determined to be 21.8euros ha-1yr-1.

Table 7 The economic value of erosion control in the Sierra de Maria-Los Velez Natural Park
Erosion control value in the pasturelands (6491ha)
Slope (%)

Soil retained
(ton ha-1yr-1)
<5
50.71
5-10
57.9
10-20
83.22
20-30
129.2
30-50
190.80
(Maes, 2010b; Hein, 2007)

€/ha/yr
8.6
9.95
14.1
31.3
32.74

Erosion control value in the remaining natural
areas (16071ha)
Slope (%)
Soil retained
€/ha/yr
(ton ha-1yr-1)
<5
51.8
21.8
5-10
61.9
26.6
10-20
83.74
35.7
20-30
121.9
51.9
30-50
200.94
85.22

By using the total amount of soil retained on each slope and the prices per land use, the monetary
value of erosion control was calculated. The pasturelands were calculated to be retaining a total of
1,080,836tons of soil per year at 205,554euros while the remaining natural areas could control
1,783,349tons of soil per year and at 758,425euros.
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4.2.4.3 Cost of lack of erosion
The park is not currently undertaking any reforestation projects or other activities that specifically
geared towards controlling erosion. There is however a cost they may be incurring due to the
grazing of sheep in the pasturelands. The permitted stocking density for sheep grazing in the park
according to the park management is 0.5sheep/ha. However, the mean number of sheep per hectare
that was calculated for the number of sheep that the park allows to graze the pasturelands was
found to be 0.6sheep/ha which is slightly above the carrying capacity.

Figure 7 Map showing the rate of soil loss in the Sierra de Maria-Los Velez Natural Park (Maes, 2010b)

Even though the erosion control of the natural areas were shown to be higher than that in the
pasturelands, the soil loss in the natural areas were surprisingly found to be lower in the
pasturelands than in the remaining natural areas. As seen in Figure 6, the tons of soil/ha lost in
the pasturelands are way lower than that of the remaining natural areas even though the natural
areas are assumed to have higher vegetation cover. This can be attributed to the fact that the
manure from the livestock which they leave behind as droppings improve the soil fertility in
those areas by adding more nutrients while competition for nutrients with other plant species is
also diminished (Peco et al., 2001). The water holding capacity of the soil there is improved
leading to reduced runoff and soil erosion.
Apart from the reduction in soil loss in the pasturelands which can be attributed to the manure
from sheep, the mean carrying capacity of the total number of sheep is 0.60sheep/ha which is
0.10 above the allowed carrying capacity of 0.50sheep/ha. There are, however, some parts of
the pasturelands where the sheep per hectare were found to be as low as 0.19sheep/ha. In such
areas, (i.e. 36%) of the pasturelands, the amount of undergrowth that will be available for the
sheep to graze will be higher than the demand. Thus, the understory biomass would even further
be enhanced by the animal droppings thereby reducing the erosion levels.
Grazing within acceptable limits contributes to an enhancement of the vegetation since the
matured grass and herbage are removed in the process preventing them from drying out and
catching fire while at the same time, fresh plants with more nutrients resprout as replacement
27

(Enne et al., 2002). This balance in grazing and regrowth therefore does not lead to degradation
of the land Margaris (2002) and for that matter, higher erosion levels.

Table 8 Erosion levels in the Sierra de Maria-Los Velez
Erosion levels in the pasturelands (6491ha)
Slope (%)
Erosion (ton
€/ha/yr
ha-1yr-1)
<5
2.50
0.42
5-10
2.32
0.40
10-20
3.50
0.59
20-30
4.05
0.98
30-50
6.39
1.09
(Maes, 2010b; Hein, 2007)

Erosion levels in the remaining natural areas (16071ha)
Slope (%)
Erosion (ton
€/ha/yr
ha-1yr-1)
<5
5.04
2.13
5-10
5.25
2.26
10-20
6.00
2.56
20-30
6.90
2.94
30-50
10.33
4.40

This phenomenon can also be explained by the slope of the park. Apart from the park having high
elevation at some particular points, some of these points also have very high slopes which may
also influence detachment and soil erosion. It was found from the ArcGIS map below that the
pasture areas fall in areas with lower slopes and thus lower erosion levels in those areas. It could
be argued that apart from vegetation cover at the natural areas where grazing is not permitted, the
pasture areas would also have some vegetation cover together with manure addition which would
balance the undergrowth they graze with what is left and thereby reduce erosion levels. (Montes
et al., 2012) found out that it was not only the root of trees but that of the undergrowth which in
this case are grasses and herbs, that hold soil and thus manage to reduce erosion levels. (CalvoCases et al., 2003) argues that apart from the vegetation, even small plants have an influence on
the quantity of soil lost in run-offs on a slope.

Figure 8 Map showing the slopes of the Sierra de Maria-Los Velez
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By using the total amount of soil that is eroded on each slope and the prices of soils per land use,
the cost of erosion control was calculated. The pasturelands were calculated to be losing a total of
27,401tons of soil per year at 5,139euros while the remaining natural areas have 76,277tons of soil
being eroded per year at 32,583euros.

4.3 Cultural Services
Interviews with the managers of the park and some sheep farmers were also used to further identify
the cultural services that are provided by the natural areas and they were found to included
recreation, ecotourism and inspiration for culture. The natural park receives several visitors
throughout the year because it is endowed with rich and abundant biodiversity ranging from
different species of birds such as the short-toed eagle, peregrine falcon, and griffon vulture to other
vertebrates like the carnivorous wild cat, fox, common genet, and common badger. For recreational
purposes, many inhabitants of the communities surrounding the natural park apply for permits to
engage in hunting. Sheep farmers also apply for permits to get access to some parts of the park
designated as pasture lands for their livestock. This practice is considered as a cultural service
since it ensures the continuance of the tradition of the indigenous people who have been engaged
in sheep farming for centuries.
Table 9 Summary of the Annual Quantities, Values and Management Costs of Cultural Services of the Natural Park

Subservices

Tourism
Ecotourism

Cultural Services
Recreation
Hunting (permits)

Quantity
Value
Cost

39,116
€1,196,007
€140,106

570
€9,167
-

Inspiration for culture
Sheep
herding
(permits)
11
€4,969
-

4.3.1 Tourism
Tourism is an ecosystem service that has been shown to increase in areas where important and
deliberate steps have been taken preserve and conserve the ecosystem. This is explained by the
accompanying increase in the aesthetic beauty or value of such landscapes apart from the balance
that such measured create in the environment and the benefits they contribute to people’s overall
welfare, especially the indigenes. The ecotourism enjoyed by the Sierra de Maria-Los Velez
natural park is also encouraged by public facilities created within the park that include camping
sites, recreational areas, botanical gardens, walking trails and viewpoints.
4.3.1.1 Quantity of tourism enjoyed
The number of visitors to the park has increased tremendously (almost quadrupled) from 13,751
in 1996 to 52,924 in 2017 which demonstrates the importance of natural areas to serve as
ecotourism sites especially when they are rich in biodiversity. The average number of visitors for
the last decade (2008-2017) was found to be 39,116 (See Appendix 7). The managers stated that
only those visitors who passed through any of the registered sites within the park (visitor centre,
botanical garden, camping, and La Piza recreational area) are counted. Obviously, visitors that do
not go through these sites are not counted. They estimate that the records produced in these places
are of the order of 20-30% of the total actual visits that occur in the park annually.
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4.3.1.2 Monetary valuation of tourism
The Sierra de Maria-Los Velez Natural Park does not charge visitors to the park even though it
has been stated previously that the number of visitors has been on the rise since 1996. This is
because according to the management, citizens of the autonomous community of Andalusia are
taxed for the protection of the natural areas and parks. The municipalities however determine the
amount of money that is allocated to the natural parks every year. Between the year 2007 when
the park received the highest amount of money (€7,114,182) for its management purposes and
2017, different financial supports in terms of monies have been received. An average of these
monies gives €1,196,007 which is allocated by the park management for public use, environmental
protection, advertisement and broadcasting purposes. This particular amount of money which is
invested into activities that can be deemed as touristic in nature is therefore considered to be the
value of tourism derived from the natural park.
4.3.1.3 Cost of tourism
Eco-tourism services provided by the park incurs some costs in the form of preservation and
improvement of the recreational area, trails and other equipment amounting to €74,695. On the
other hand, €62,701 was spent on the visitor centre while environmental awareness programmes
cost €2,710 which combine to give a total of €140,106.

4.3.2 Hunting
Natural parks in Andalusia such as the Sierra de Maria-Los Velez Natural Park have an advantage
over national parks in that, apart from tourism, recreation is also allowed at moderated levels to
ensure that acceptable limits are not exceeded while such utility values are restricted in national
parks. One recreational activity that is highly enjoyed by the people of Alvelal and for that matter
indigenous people surrounding the Sierra de Maria-Los Velez Natural Park is hunting. Even
though hunting in the region of Andalusia is usually not undertaken by people for monetary
benefits, more than forty species are hunted by people with hunting grounds covering over
70,000km2 and 300,000 hunting licenses issued out annually. A large number of hunters engage
in chasing these animals, especially wild boars and red deer to kill and enjoy with their families
aimed at reducing their populations and destruction of crops on nearby farms (Martínez-Jauregui,
Herruzo, Campos, & Soliño, 2016).
4.3.2.1 Quantity of hunting permits granted
In order to assess the hunting service provided by the natural park, the permits granted to various
hunters in the surrounding towns of the park were used. A total of 570 were given out to hunters
living in the communities surrounding the natural park with Maria issuing out 76 permits, Velez
Blanco, 90 permits, Chirivel, 106 hunting permits and Velez Rubio alone receiving the highest
(298) which represents 52.3% of all the permits given (See Appendix 6).
4.3.2.2 Monetary valuation of hunting
As stated above, hunters are granted permits at different fees based on the town in which they are
based among the four communities that encompass the natural park. 76people were granted
hunting permits at a fee of €14.5 each in Maria amounting to €1,102; in Velez Blanco, 90people
were granted permits at €16.04 each thus contributed €1,444; 298people were granted hunting
permits in Velez Rubio at a fee of €15.07 each and a total of €4,491; finally, 106people obtained
permits to hunt in Chirivel at a charge of €20.1 totalling €2,130. The overall total of money earned
from the natural area by granting hunting permits is €9,167 and can be ascribed to the recreational
value people are enjoying from the park.
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4.3.2.3 Cost of hunting
The hunting of animals in the natural park does not come at any monetary costs to management of
the area since they are not directly involved in the provision of gadgets for such activities. The
cost can be incurred by the park will only result when hunters intentionally use fires to draw some
of these wild animals out especially in hot and dry summers (Arbez & Birot, 2002). These costs
are however captured in the fire prevention as a regulating service to avoid double counting.

4.3.3 Inspiration for culture
When the inspiration for culture is looked at as an ecosystem service, the features or species of a
particular ecosystem is assessed to be providing the avenue to promote or improve an already
existing culture or art. In terms of the natural area serving as an inspiration for culture, sheep
herding has been a part of traditional farming system of the indigenes of surrounding communities
and its continuity and sustainability is enhanced by the availability of natural grazing grounds.
This is supported by the study of (Riedel et al., 2007) who stated that sheep farming goes on in
areas where enough pasture is available and shepherds have water to feed the sheep.
4.3.3.1 Quantity of sheep in pasturelands
A total of 11 sheep farmers with 2,581 sheep are allowed to graze on 6,491 hectares of the natural
park, thus inspiring them to sustain their culture. Each sheep farmer is allowed a specific number
of sheep between 50 and 500 on specific hectares of land designated as pastureland that range from
65ha to 2700ha. Even though the carrying capacity of the pasturelands is expected to be
0.5sheep/ha, the average found for all the sheep allowed to graze the pastureland was 0.6sheep/ha
which is slightly above the carrying capacity.
4.3.3.2 Monetary valuation of sheep herding
Sheep farmers are granted permits at a fee and allocated some hectares of land to graze their sheep.
Each year, these farmers pay different amounts of monies for the permits they have been granted
ranging from about €96 to €954. A total of €4,969 is earned from the eleven sheep farmers to
allow their sheep to graze at different parts of the natural park allocated as pasture and this is
ascribed as the monetary benefit being earned by the park in providing inspiration for culture.
4.3.3.3 Cost of sheep herding
There are no monetary costs recorded for allowing the sheep to graze pasturelands in the natural
park because the sheep are not owned by the park. The cost of having these sheep in the park could
be increased erosion levels in the pasture areas since they are slightly above the carrying capacity
of the land. This is taken however taken into consideration in erosion control as a regulating
service.

4.4 Habitat Services
Habitat services are among the services provided by the natural areas. There are certain animals
and plants that are endemic to this region and the natural habitats tend to help save the gene pool
of such animals and plants. Efforts were made by the management of the park to assist in
conserving the genes of the griffon vulture which was approaching extinction through capture
breeding and this has resulted in an increased griffon vulture population in the region. There are a
large number of mammal species that go beyond twenty and comprise hares, rabbits, common
squirrels, common badgers, wildcats and wild pigs that have increased tremendously in number
because there is an absence of natural predators that would reduce their population. There are a
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large number of invertebrates (244 species) found in this natural habitat and they include Nalassus
calpensis, Iolana iolas, Cyrtonus pardoi and Rhizotrogus almeriensis. Out of all the invertebrates
found in the park, 38 are indigenous. Migratory birds and animals from other regions like North
Africa cross into the Mediterranean territories of Alvelal during certain seasons of the year
sometimes to breed and others, to escape the unfavourable weather conditions during those times
of the year. The natural areas therefore provide nursery services as well to the different organisms
they harbour.

4.4.1 Number of species provided by habitat services
In order to provide a haven for biodiversity in the natural park, the Centre for Recovery of
Endangered Species which is under the auspices of the Andalusian Network Recovery Centre has
been established in the park and through their activities, contributed to the recovery of several
species of reptiles, birds and mammals. This centre helps to treat injured animals as well as
rehabilitating them until they are fit to be reintegrated into their natural habitats. The recovery
centre depends on the partnership with and assistance of different stakeholders who inform them
about wildlife that have been injured or are in bad states that therefore require attention. Such
stakeholders range from the municipal police, civil guards, environmental organisations and
volunteers, with majority of reports (about 85%) coming from private citizens who call them to
assist such wildlife in danger. There are several causes to bring in wild animals for treatment or
rehabilitation and these include collisions (with vehicles, fences or other objects), weaknesses
(illnesses, tiredness and undernourishment), those that have been captured by people and others
that have been abandoned in their nests by the parents or have lost their habitats. The protected
species that were received at the recovery centre in the year 2017 alone comprised 247 reptiles.
Prominent among these reptiles were the black turtle (Testudo graeca) and the common chameleon
(Chamaeleo chamaeleon). 234 birds were taken in including kestrels (Falco tinnunculus), owls
(Bubo bubo), and little owls (Asio otus). Only 4 mammals (one common hedgehog (Atelerix
algirus), two dwarf bats (Pipistrellus pipistrellus) and a badger (Meles meles). A total of 485
animals were protected by the recovery centre in the year 2017, under review.

4.4.2 Monetary valuation of habitat service
Several efforts are put in place to protect the biodiversity in the natural park and they come at a
cost. Such works carried out in the park assist in preserving the gene pool of both fauna and flora
that make up this natural area. About €109,890 is set aside for the management of the botanical
garden created within the park. This money is sub-divided for environmental education,
conservation programmes. Another €7,000 is allocated for pests and diseases control. There is also
a centre for the recovery of endangered species (CREA) which received €62,054 for the purposes
of recovering and ensuring the protection of endangered species ranging from birds, terrestrial
reptiles to mammals. A total amount of €178,944 is therefore allocated for the habitat services
provided by the natural park. This amount of money which is allocated out of the yearly investment
into the management of the park which is also part of the taxes paid by citizens for the management
and protection of the natural areas is considered as a form of the public’s willingness to pay (WTP)
for habitat services. The benefits derived from these wild species are enormous and they include
most other services discussed in this thesis.

32

5. Total Economic Value (TEV) of the Sierra de Maria-Los Velez
Natural Park
This section describes the Total Economic Value (TEV) of the bundle of ecosystem services that
were assessed to be derived from the Sierra de Maria-Los Velez Natural Park (22,562ha). Total
Economic Value gives a holistic economic value of an environmental asset. Thus, in the context
of this study, the TEV is the sum of all the monetary benefits (values) derived from ecosystem
services, minus the costs of providing these services (usually management costs). Chapter 5.1
describes the TEV for the entire park. In Chapter 5.2, the TEV is further divided into the economic
value of the pasturelands (6,491ha) and of the natural areas (16,071ha).

5.1 Total economic value of ecosystem services provided by the whole natural park
The Total Economic Value of the ecosystem services generated from the natural park (Table 10)
is €4,813,035 which reduced to €4,191,035 when general management costs in terms of the salaries
of the park workers were subtracted. The regulating services contribute an economic value of
€392,046. The low value of the regulating services is attributed to the high cost of money that the
park management allocates to fire control alone. A major part of the cost of controlling fires goes
into purchasing, maintaining and using fire extinguishing media (about €1.4million) while the
remaining goes into conserving and improving certain preventive structures set up to prevent any
fire occurrences (around €964,000). The semi-arid nature of the park makes it prone to fires, thus
high sums of money go into preventing and controlling forest fires which outweigh the benefits
enjoyed from the remaining regulating services. The highest economic value is derived from the
cultural services which generate €1,070,037. The cultural services have the highest value due to
high amount of money they receive from the government annually for promoting tourism
activities. This money from the government is part of the taxes received from citizens for the
protection of the environment. This goes to show how important the people of Andalusia value the
natural areas they have and the benefits they enjoy from them. The costs incurred for managing
the cultural services are also low when compared to the economic benefits. The provisioning
services that are derived from the Sierra de Maria-Los Velez Natural Park had an economic value
of €47,949. This had the least economic value in terms of contributions to the park because most
of the provisioning services derived such as fruits, mushrooms, truffles, and manure are not valued.
The aforementioned provisioning services were not valued for this study because of the lack of
data on their value, while those that were valued like the sawn wood and wood chippings are in
limited quantities and were sold at very low prices. Some estimated 150,000tons of poor-quality
wood that had been gathered from different parts of the park had not been valued as well. This
means if much effort is put into collecting data on the provisioning services, their economic value
could increase. The habitat services provided by the natural park result in a monetary value of
€178,944, based on the investments into parts of the park that specifically go into creating a
conducive atmosphere and habitat for faunal and floral species there. The efforts by the
management of the park to provide habitat services through the creation of the Centre for Recovery
of Endangered Species, management of the botanical garden in the park come at a cost and has
been captured as the monetary value of habitat. The monetary value of habitat services is a
considered as a benefit because it helps to provide nursery services and protect the gene pool of
the species in the park.
Part of the money allocated to the park in the form of payments for maintaining the park from the
municipality goes into what they call general environment management. This money for general
environment management (€3,124,059) (See Table 10) is assumed to cover the whole park and
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cover all other management costs including the high cost of fire control and is separate from what
is paid to cover touristic activities (€1,196,007) under section 4.3.1.2. Labour costs which are
incurred annually from paying workers including the conservation director, technical advisor,
administrator and the environmental agents of the park make up a total sum of €622,000. This
amount of money is seen as other costs that cannot be left out of the management of the whole
park since such finances are needed to gain the services of qualified personnel and human
resources that can manage the natural park. The labour cost is also defrayed by the money for
general environment management.

Table 10 Total economic value of ecosystem services management in the Sierra de Maria-Los Velez Natural Park
(22,562 ha)

Service category
Provisioning services
Regulating services
Cultural services
Habitat services
Total
1
General
environment
management
Sub-total
2
General management cost
Total
1.

2.

Economic value
€47,949
€392,046
€1,070,037
€178,944
€1,688,976
€3,124,059

Value (€/ha/yr)
2.13
17.4
47.43
7.93
74.9
138.5

€4,813,035
€-622,000
€4,191,035

213.3
-27.6
185.8

General environment management is the annual investment from the government as the public WTP for the park
management allocated as a part of taxes from citizens for sustainably managing the environment. It could, however, not
be directly linked any ecosystem service.
General management cost here denotes the annual labour cost for staff of the park.

In the following sections, the monetary values found for the four main service-categories in Table
10 are explained in more detail (for details of the calculations per service, see Chapter 4)

5.1.1 Value of provisioning services for the whole natural park
The economic value of food in terms of sheep (5,300 euro) is not directly derived from the natural
area but from the pastures (6,491 ha). Actually, only two farmers grazing their sheep on a total
land size of 2,130 hectares were interviewed to determine the economic value of food (sheep) they
produce. Considering the size of the pasturelands of the two farmers and the economic value of
the sheep they rear, the value of sheep/ha/year is €2.49. The value of sheep however reduces to
€0.82/ha/year when the pastureland is considered and €0.23/ha/year for the entire park. The small
value for sheep/ha/year can be explained by the number of sheep farmers (2) interviewed, thus
could increase if all sheep farmers on the pasturelands were considered. Revenue from timber
(wood chippings and sawn wood) had an economic value of about 23,600 euros/year and is
harvested on an area of 409 hectares (average for a decade). This gives a value of timber/ha/year
of about €58. The value of timber for the whole national park, however, is €1.05/ha/yr. The
economic value of timber is very low because the park was established to protect the environment.
Thus, timber harvesting is not the main aim, rather, the wood chipping and sawn wood result from
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pruning and cleaning of the forest. The aromatic plants are assumed to be harvested from the whole
area of the park and therefore contribute a small amount of €0.8/ha/yr from the 19,000 euros total
value earned from the natural park. The aromatic plants have very little economic value due to the
low interest of the species present in the park. According to the Gatherers’ Association head,
Thymus vulgaris which is common in the park is of limited interest for the essential oil market due
to its chemical composition compared to Thymus zygis.
Table 11 The monetary value of the provisioning services derived from the Sierra de Maria-Los Velez Natural Park
Ecosystem
service

Subservice

Use
value

Benefits

Costs

Food
Timber

Sheep
Sawn wood
&
chippings
Thyme &
Rosemary

Direct
Direct

€68,250
€110,000

€62,950
€86,351

Direct

€19,000

Aromatic
plants

Economic
value
€5,300
€23,649

Value for
the entire
park
(€)/ha/year)
0.23
1.05

€19,000

0.8

€47,949

Direct market valuation was used to calculate the economic value of the provisioning ecosystem
services. The market price method under direct market valuation was applied for all the
provisioning services because all of them are sold on the market and their prices can be obtained
from real transactions. The market price method was used because it is easy to apply using the
information on the prices of goods.

5.1.2 Value of regulating services for the whole natural park
The regulating services derived from the entire natural park have a low monetary value (€392,046)
(see Table 12), because of the high cost of management as explained in afore-mentioned sections.
Although there is a benefit (a subsidy from the municipality for grazing in the fuel breaks) of
€15,331 and an assumed amount of about €258,000 for the pasturelands, a high sum of €2,382,684
is spent on fire prevention and management. There is therefore a deficit of about €2.1million. The
fuel breaks cover an average area of 270 hectares meaning they contribute about €57/ha/year to
fire control while the pasturelands (6491ha) help to mitigate fires at around €40/ha. The
management cost on fire prevention and control on the remaining natural area of the park, however,
costs €134/ha/year. For the entire park (22,562ha), €94/ha/year is spent by management on fire
control. For the fuel breaks and the pasturelands where the park is assumed to be using sheep to
control fire, an avoided mitigation cost of about €38/ha/yr (134-57-40) €/ha/year is saved instead
of using mechanised techniques as used in the natural areas.
Carbon sequestration provided by the tree cover of the park alone yields some substantial amount
of money every year. Pine alone makes up about 95% of the tree cover of the park. Out of the
pines, Pinus halepensis which sequesters tCO2 worth about €1,055,000 constitutes 95% while
Pinus nigra which makes up 5% of the pines absorbs about €55,500 worth tCO2. This means that
the area occupied by P. halepensis will be about 20,000 hectares. Taking into consideration
therefore the P. halepensis cleaned annually (about 442ha), P. halepensis alone takes up about €52
tCO2/ha/year. P. nigra on the other hand which covers an area of 1052hectares (including area
cleaned) will sequester about €127 tCO2/ha/year. Quercus ilex covers 5% of the park and thus
calculated to occupy 1,108ha (comprises area cleaned annually). With an economic value of
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around €364,000, oak trees sequester €364 worth of tCO2/ha/year. This shows that although oak
trees occupy a relatively small area in the park, they absorb much more carbon dioxide than the
pines. In total, €69 is measured to be sequestered per hectare/year by the whole park considering
the total monetary value of carbon sequestration being €1,553,332.
Pollination service by insects in the natural areas close to almond farms is calculated to contribute
to 28% of the yield based on the Eurostat statistical data while the pollination potential of the
Sierra Maria Los Velez Natural Park was assessed to be 56%. About €21,800 is the total pollination
service calculated to be enjoyed by two farmers from the natural park based on their total yield of
almond being €139,600. Using the 56% size of the park (12,635ha) which has the potential to
provide pollination services, the natural areas can be estimated to be contributing €1.73/ha/year in
the form of pollination services to the farmers.
Even though natural areas are seen to highly contribute to erosion control due to their forest cover,
the average tons of soil lost from the pasture areas where sheep grazing takes place was lower than
the mean tons of soil lost from the natural areas outside the pasture lands. The economic value of
erosion control in the Sierra de Maria-Los Velez Natural Park calculated by the use of ArcGIS 10
by comparing the erosion control levels with soil loss was €926,257. The erosion control of the
whole park was therefore calculated to be €41.05/ha/year.
Table 12 The monetary value of the regulating services derived from the Sierra de Maria-Los Velez Natural Park
Service
category

Ecosystem
service

Subservice

Use
value

Benefits

Costs

Regulating

Moderation
of extreme
events
Climate
regulation
Pollination
service
Erosion
service

Fire control

Indirect

€273,329

€2,382,684

€2,109,355

Carbon
sequestration
Pollination

Indirect

€1,582,020

€28,688

€1,553,332

68.85

Indirect

€21,812

€21,812

0.97

Erosion
control

Indirect

€963,979

€926,257

41.05

€37,722

Economic
value

Value for
the entire
park
(€)/ha/year
-94

€392,046

Total

Several indirect approaches were adopted in calculating the regulating services that are derived
from the natural park. One prominent method was applying the idea of production function method
in the calculation of pollination services. Production function measures the relationship between
the input of an ecosystem service and output in a particular production. Thus, the proximity of the
park which is endowed with wild pollinators to orchard farms was used to calculate the
contribution to the yield of almonds by farmers. The concept behind the production function
method is that the provision and increase in an ecosystem service such as pollination service also
increases economic benefits (Koetse, Brouwer, & Van Beukering, 2015). An avoided mitigation
cost was also assumed for fire control as the cost that would have been incurred if the sheep grazing
the pasturelands were not there. The mechanised fire control which is more costly would have
been used by the park management if there were no pasturelands.

36

5.1.3 Value of cultural and habitat services for the whole natural park
Cultural services also supply their share of the total ecosystem services derived from the Sierra de
Maria-Los Velez Natural Park as shown in Table 13.
It is assumed that the permits granted to hunters in the towns surrounding the natural park are used
for hunting in the park. This is because the permits were not issued by the park specifically for
hunting in the natural park alone, but by local governments in the towns fringing the park. Thus,
hunters issued with these permits could happen to use them in other parks while hunters from other
towns could be using their permits to hunt in the Sierra de Maria Los Velez Natural Park. The
hunting permits granted were calculated to contribute €4.03/ha/year as a result of the local people
hunting in 2275ha of natural area for recreational purposes. Hunting contributes a low economic
return in terms of the cultural services because the hunting permit fees are very low (€14.5/permit
in Maria and highest, €20.1 in Chirivel), totalling €9,167. For the total area of the natural park,
hunting contributes €0.41/ha/year.
Among the cultural services, the investment from the government allocated to the park is the
highest because even though some costs are incurred in maintaining the recreational areas, they
are lower than the monies received from the taxes that citizens pay for such environmental
purposes. Fees are not taken from visitors to the park, however, the €1,196,007 investment from
the Andalusian municipality which is allocated for public use, environmental protection,
broadcasting and advertisement is contributing to the tourism of the park. The monetary value of
tourism after costs on touristic activities have been subtracted, which is €1,055,901, is therefore
measured to be contributing €46.8/ha/year to the natural park.
Sheep herding which is an inspiration for people to maintain their culture contributes a total of
€4,969 in the form of permits granted to farmers for them to gain access to some portions of the
park allocated as pasturelands. 6,491hectares have been allocated for this purpose, thus
€0.77/ha/year is the value each hectare of the pasturelands contributes. For the entire park however,
sheep herding is contributing €0.22/ha/year.
The habitat services provided by the park have a monetary value of €178,944. This money which
is allocated from the annual investment into the management of the natural park by the
municipality is also providing protection for several species. The habitat service is assumed for
the entire natural park and thus represents a value of €7.93/ha/yr.
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Table 13 The monetary value of the cultural and habitat services derived from the Sierra de Maria-Los Velez Natural
Park
Service
category

Ecosystem
service

Subservice

Use
value

Cultural

Recreation
Tourism
Inspiration for
culture

Hunting
Eco-tourism
Sheep
herding

Direct
Direct
Direct

Benefits

Costs

€9,167
€1,196,007
€4,969

€140,106

€9,167
€1,055,901
€4,969

Value
for the
entire
park
(€)/ha/
year
0.41
46.80
0.77

€1,070,037

Total
Habitat

Economic
value

Genepool
protection

€178,944

Direct

€178,944

7.93

Contigency valuation and choice experiments usually create hypothetical scenarios to examine
people’s willingness to pay for the existence or improvement in ecosystem services or their
willingness to accept a damage to ecosystem services. With regards to the calculation of the
cultural and habitat services, the economic values were assumed to be the revealed willingness to
pay for these services by the local people through their taxes.

5.2 Total economic value for pasturelands and natural areas separately
This section summarises the total economic value of the ecosystem services derived separately
from the sheep herding and for that matter the areas designated as pasturelands and natural areas
where grazing is not permitted.
5.2.1 TEV of pasturelands
With regards to the provisioning services, food in the form of sheep is what is derived from
extensive sheep grazing by two farmers, generating an economic value of €5,300. This value is
based on the revenues of the sheep farmers (€68,250) who use the pasturelands provided by the
park, minus the costs they incur (about €62,900) (See Table 4). The costs incurred by the sheep
farmers included the wages of shepherds, the salt and minerals used to feed the sheep, insurance,
sanitation costs and most importantly the rent fee (See Appendix 3) for using the natural park as
pastureland which creates the link for using sheep as a provisioning service indirectly derived from
the natural park. The value on the other hand was derived from the income the farmers make from
selling their sheep. The value of the sheep is very low when the costs are deducted from the
benefits. The sheep farmers however highlighted that they reared the sheep as an alternative source
of income and to diversify their farming of food crops like almond. This means the income from
the sheep was rather supplementing their main orchard farming and not the major source of income
for the farmers.
Concerning regulating services, sheep that graze in the fuel breaks of the park provide fire control
services by reducing the dry biomass that could catch fires especially during the dry summers.
This service by the sheep has a monetary value of €15,331 which is the amount paid by the
municipality to shepherds to graze their sheep in the fuel breaks. The use of sheep to clean the fuel
breaks cost the park management €57/ha for the 270ha. It was also assumed based on the cleaning
done by sheep in the fuel breaks that sheep grazing the pasturelands contribute €258,000. About
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€273,000 is calculated to be the total contribution of sheep grazing the pasturelands. Sheep in the
pastureland alone (6491ha) were contributing about €40/ha to fire control. This goes to show that
using sheep to control forest fires was much lower than using mechanical equipment and
extinguishing media. The fire control in the natural areas alone is calculated to cost around
€134/ha. The use of the sheep in the fuel breaks therefore saves the park about €37/ha/year
(€134/ha -€57/ha -€40/ha). The savings made by using sheep is in the form of Avoided Mitigation
Cost (AMC). This is a mitigation cost that would have been borne by using the mechanical
approach and extinguishing media for controlling the fires
Carbon sequestration is also a service provided by the pasturelands at about €447,000 since it was
assumed for the calculation of carbon sequestration that the trees provide cover for the whole park.
Based on the amount of CO2 sequestered by the different tree species found in the park, the
percentages of pines (95%) and oak (5%) were calculated for pasturelands alone proportionate to
the whole park to obtain the amount of CO2 absorbed by the pastureland. Another regulating
service that is provided by the area used for sheep grazing is erosion control which had a value of
€200,415. The erosion control was evaluated for the pasturelands alone as against the remaining
natural areas. It was however found that the erosion control in the pasturelands was slightly higher
than that in the natural areas. The sheep were found to indirectly control erosion although the
carrying capacity of the pasturelands is 0.5sheep/ha and the average sheep per hectare was
calculated to be 0.6sheep/ha. There are places where the sheep/ha was as low as 0.19, thus
compensated for the areas with slightly higher sheep density. When sheep do not overgraze, their
manure help to enrich and improve the soil thereby improving vegetation that will minimise
erosion. The total economic value of the regulating services derived from the pasturelands is
€920,415.
Taking the cultural services into consideration, sheep herding which is considered as an
inspiration for culture is the only service that the pasturelands provide to the park. This service
was derived through the permit granted to farmers and has an economic value of €4,969. Even
though there are other cultural services enjoyed from the natural park including hunting and
tourism, the areas designated as pasturelands only provide the opportunity for the local people who
live within the fringe communities of the park to sustain their culture of pastoralism. There are
some families that have been engaged in sheep farming for centuries and by having the natural
park around, they get some sense of hope and purpose to stay in their towns and ensure the
continuance of their legacies. Some of these farmers therefore have their own private lands for
grazing sheep and those without, or in need of extra lands rent from the natural park at a fee.
Habitat services: The money allocated for preserving the natural park as a habitat for both fauna
and flora does not take the pasturelands directly into consideration. This is because they go into
the botanical gardens, and the Centre for the Recovery of Threatened Species that are outside the
pasturelands.
However, the amount of money invested into the park by the municipality, denoted for general
environmental management (€3,124,059) which has been considered as their willingness to pay
(WTP) was divided for the pasturelands and natural areas based on their sizes. The general
environment management amount assumed to be used for the management of the pasturelands was
€898,780. This investment is therefore assumed to compensates for any costs incurred on the
pasturelands which could affect the fauna and flora that thrive on the pasturelands within the
boundaries of the natural park.
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Taking all the monetary benefits enjoyed and costs incurred from managing the pasturelands and
sheep into consideration, the total economic value is €1,829,681

5.2.2 TEV of natural areas
Based on the available information, it is stated that about 89% of the provisioning services derived
from the natural park are produced by the natural areas even though the value of sheep was
assessed for only two farms. This is because it could also be argued that the provisioning services
from the natural areas would as well increase if the mushrooms, truffles and fruits of certain trees
like chestnuts were quantified and given monetary values. Timber and aromatic plants are
produced from the natural areas contributing a total sum of €42,649. Based on the size and quality
of a natural area, majority of provisioning services can be produced when all the various goods
(e.g. timber, fuelwood, non-timber forest products, etc) are quantified and valued.
With regards to regulating services, the natural areas alone provide €1,106,444 worth of
sequestered CO2. The amount of carbon dioxide sequestered by the park was calculated for only
the natural area based on the size and the proportion of tree species (i.e. P. halepensis, P. nigra
and Q. ilex). With the same tree species spread across the park, the size of the natural areas
distinguished between the amount of CO2 they absorbed from that of the pasturelands. Pollination
services for two almond farms with an economic value of €21,812 could be attributed to the natural
areas which have wild pollinators with higher pollination potential to improve their cop yield.
Erosion control worth €725,842 which is close to quadruple what is derived from the pasturelands
was calculated for the natural areas alone. The natural areas however also incur the highest costs
for managing fires in the park which is €2,382,684. The fire control in the natural areas is
calculated to cost around €134/ha/year. The total economic value of the regulating services
provided by the natural areas alone is therefore at a cost of €528,600. The negative economic value
of the regulating services derived from the natural areas is due to the high cost of mechanised fire
control and extinguishing media. The dry nature of such semi-arid regions like where the Sierra
de Maria los Veles Natural Park is located make them highly prone to fires that cannot be easily
managed by the trees themselves. In an effort to prevent fire occurrences, huge amounts of
financial commitments are devoted at a cost to the park. This however helps to enjoy the other
services the park provides.
Cultural services: The remaining natural areas provide cultural services including hunting
(€9,167) and other finances allocated to touristic facilities and initiatives (€1,055,901) amounting
to €1,065,068. The natural areas therefore provide 99.5% of the cultural services in the park which
shows that, even though certain farmers are interested in obtaining permits to gain access to the
pasturelands to feed their livestock, abandonment of most of these areas and traditional farming
practices are being replaced with tourism and other recreational activities sometimes enjoyed by
people from outside the region.
For the habitat services, they are contributing gene pool protection for several species in the
natural areas including those that are endemic to the region at a monetary value of €178,944. The
management of the Centre for the Recovery of Threatened Species as well as the management of
the botanical garden are what the above money is used for. However, just as stated for the
pasturelands, the money allocated for general environment management is assumed to be
proportionately apportioned (€2,225,279) to the natural area based on the its size for any other
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management activities which ultimately inure to the benefit of the plant and animal species in the
park.
Taking all values (benefits and costs) of managing the natural areas together, the natural areas have
an economic value of €2,983,354.
5.2.3 Comparing the TEV of pasturelands and the natural areas
The total monetary value of ecosystem services generated from the pasturelands (€642,436) was
almost seven times lower than that derived from the other natural areas (€3,065,329). When these
values are taken on a per hectare basis, the natural areas of 16071ha have a value of €181.7/ha/year
while the pasturelands with an area of 6491ha have an aggregated value of €66.1/ha/year.
Table 14 Total economic value of ecosystem services derived from pasturelands and natural areas
Ecosystem
services

Subservices

Pasturelands
6.491 ha

Natural areas
16.071 ha

Total Economic Value (TEV)
Market
value

Provisioning services
Food
Timber
Aromatic
plants
Subtotal
Regulating services
Fire control
Carbon
sequestration
Pollination
Erosion control
Subtotal
Cultural services
Hunting
Eco-tourism
Sheep herding
Subtotal
Habitat
services
Other
Management
Benefits

Gene
services

€23,649
€19,000

€5,300

€42649

€273,329

€-2,382,684

€446,887.6

€1,106,444.4

€200,415
€920,631.6

€21,812
€725,842
€-528,585.6

€4,969
€4,969

€9,167
€1,055,901
€1,065,068
€178,944

pool

General
environment
management
Total
Per ha

€5,300
-

Indirect
market
value

Nonmarket
value

€5300
€23,649
€19,000

€2,109,355
€1,553,332
€21,812
€926,257

€9,167
€1,055,901
€4,969
€178,944

€898,780

€2,225,279

€3,124,059

€1,829,681
€281.9

€2,983,354
€185.6

€4,813,035
€213.3
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6. Socio-economic benefits derived from the Sierra de Maria-Los
Velez Natural Park
There are five major facets of human wellbeing that have been outlined by the Millennium
Ecosystem Assessment synthesis report including the basic material needs for a good life, good
social relations, health, security as well as freedom of choice and action (Millennium Ecosystem
Assessment, 2005a). These serve as indicators that help to identify whether people are actually
enjoying some benefits from an ecosystem. Apart from the parameters the Millennium Ecosystems
Assessment synthesis report used to assess human wellbeing, Commonland has included
entrepreneurship/skills and networks/new ventures. The Step 4 in Figure 2 analyses the benefits
people enjoy that could be affected by changes in the ecosystem services supplied by an area. The
effects can be either positive or negative.

6.1 Direct livelihood
Among the ecosystem services provided by the Sierra de Maria-Los Velez Natural Park,
provisioning services had the lowest economic value but offers people who depend on them with
some basic materials that help to improve their lives. According to the interview with the managers
of the park, about 150,000tons of wood have been left scattered in different parts of the forest over
the past decade due to their poor quality. These leftover woods are however used by the local
people as fuelwood for heating purposes. In terms of food, truffles, mushrooms and chestnuts are
gathered by the local people surrounding the park and they form part of their nutrition even though
they are not given any monetary values. It has been observed that when the regulating services in
such places are negatively affected, the poor and vulnerable who usually cannot afford the cost of
obtaining such services from elsewhere are the ones who suffer a decline in their wellbeing (MEA,
2005). The existence of the natural area is therefore beneficial for the improvement of the
wellbeing of such people the society.

6.2 Employment
The welfare of the local people living in the vicinity of the Sierra de Maria-Los Velez Natural Park
and the Alvelal territory at large is improved by the natural areas at their disposal because they
contribute to employment opportunities in the region. Orchard crops which are highly dependent
on insect pollinators are the most cultivated food crops in the territory (Vidal-Legaz, MartínezFernández, Picón, & Pugnaire, 2013). Almond production is very prominent in this region and the
contribution of wild insect pollinators to their growth and yield to farmers cannot be overlooked.
Although there are some mediated efforts by some farmers to enhance their yields through the
management or hiring of bees on their farms (considered as the replacement cost for services from
wild pollinators) (Klein et al., 2007), the contributions of the wild insect pollinators in the natural
areas close to agricultural land can be said to be a boost to their economic activities (Hanley et al.,
2015) and that of the larger agricultural economy of Spain (Vidal-Legaz et al., 2013). The natural
areas therefore contribute indirectly to the employment of almond farmers, especially those who
possess lands in proximity to the park.
Another prominent employment opportunity provided by the natural areas of Sierra de Maria-Los
Velez is sheep rearing. Mostly, sheep rearing in this area is extensive and that means the sheep can
graze in the natural areas all year round, except occasions like winter when the weather is not
favourable. Shepherds are therefore provided with grass in areas designated as pasturelands and
thus are able to earn some income to live on through their employment (Pardos, Maza, Fantova,
& Sepúlveda, 2008). The opportunity granted through the pasturelands within the park helps the
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shepherds and sheep farmers to make a living and support their families from the sales of mostly
lambs and other sheep products while they also enjoy the milk and fertilisation of their lands from
manure in case the natural areas belong to them. The gatherers of the aromatic plants also earn a
living from the income they get from their sales. A study by (Karki, Badoni, Tiwari, & Bhattarai,
2005) showed that the availability of aromatic plants and their markets directly provided
employment as well as profits for the gatherers. Park managers and workers of the natural park are
all beneficiaries of the ecosystem although a limited number of people are directly employed for
managing the day-to-day activities in the park. Even though direct jobs in ecotourism industry are
considered not enough, they are, however, always a good move in the right direction (Kiss, 2004).
By protecting and managing the park, managers and workers there put their knowledge to use by
helping people to derive ecosystem services while they also earn a livelihood to help improve their
wellbeing and that of their families. This means several stakeholders enjoy employment from the
natural areas of the park.

6.3 Health
The wellbeing of people apart from being as a result of their health, can also be a factor that decides
how well they are. Natural areas with a lot of vegetation have been pronounced to clean the air and
therefore improve the air quality which decreases air-borne disease (Nowak, Hirabayashi, Bodine,
& Greenfield, 2014). The inhabitants of communities surrounding the park will therefore suffer
less diseases related to air pollution as compared to those living in urban centres far from such
natural vegetation. There are also medicinal and health benefits derived from aromatic plants like
rosemary and thyme that are gathered from the park (Nieto, 2017). Thyme is applied in the
treatment of certain illnesses like stomach-aches, arthritis, and diarrhoea. Apart from being used
in foods, rosemary on the other hand improves digestion and serves as anti-oxidant that improves
blood circulation and boost the immune system (Piccolella, Crescente, Pacifico, & Pacifico, 2018).
These aromatic plants are also utilised in the food industry as natural preservatives to help increase
the shelf-lives of certain food products through the phenolic compounds they contain (MartínezGraciá et. al., 2015)

6.4 Social cohesion
When the cultural services of a region are altered for the worse, the social relations among
inhabitants is also affected. In places like the Alvelal territory and the Sierra de Maria-Los Velez
Natural park together with its surroundings, where hunting (Martínez-Jauregui et al., 2016) and
sheep herding (Ruiz-Mirazo et. al., 2009) have been part of the tradition and culture for centuries,
changes in the natural vegetation therefore affect the relations between people. Most people in the
territory hunt to enjoy with their families and loved ones. This tends to bind them more and impacts
positively on their social cohesion. The number of visitors to the park has increased tremendously
(almost quadrupled) from 13,751 in 1996 to 52,924 in 2017 which demonstrates the importance
of natural areas to serve as ecotourism sites especially when they are rich in biodiversity. The
abundance and rich biodiversity in the park can be ascribed to the increase. The presence of the
park therefore draws families and tourists from different places to the park. The social interaction
that occur among visitors even as they enjoy the scenery and nature around creates some bonding
and cohesion that is quite satisfying. Some tourist take time to visit such places to take a break
from the stress of work and relax by having a different experience with other people (Chan &
Baum, 2007) and all these enhances the social cohesion in society.
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7. Discussion
7.1 Assumptions and Limitations
7.1.1 Lack of adequate data
Several assumptions were made to produce this thesis’ results. With regards to the provisioning
services, several goods like fruits, mushrooms, truffles and fuelwood that are gathered in the park,
could not be analysed because they were not quantified. This therefore limited the provisioning
services assessed in the study. Sheep which were considered as a provisioning service (food) is
also not directly benefitted from the park since they are not owned by the park. The sheep is owned
by farmers bordering the park who incur several costs including renting pasturelands from the park
to earn profit from the sheep they have bred.
Inadequate information existed for the regulating services and thus several approaches and
assumptions were made to calculate the monetary values of pollination, carbon sequestration,
erosion control, and fire control by the sheep grazing on the pasturelands. In order to gain more
accurate data on pollination, field measurement on the various kinds of wild pollinators that are
available in the Sierra de Maria Los Velez and their direct contribution to the yield of farmers
bordering the park would is required. Also, for lack of data, the above ground and soil organic
carbon should have been measured for the entire park. All the main plant species in the natural
park should be considered to determine the amount of carbon dioxide sequestered by the Sierra de
Maria Los Velez. To measure the erosion control measures that have been put in place by the park
management, information was needed on reforestation activities carried out or the construction of
swales by the park. However, such information was not readily available. There was also a lack of
data on erosion levels in the park. However, to obtain more accurate values, field measurements
of soil losses on the different slope gradients both within the natural areas and pasturelands were
required.
Although the assumptions made have some demerits because they are not based on direct field
measurements in the natural park, they provided the basis for quantifying the ecosystem services
derived from the Sierra de Maria Los Velez Natural Park. They further helped in calculating the
monetary values of each of the ecosystem services supplied by the park through scientific means
explained in subsequent sections. Assumptions are important in the face of inadequate data
(Halpern & Fujita, 2013). In an attempt to assess the economic value of ecosystem services
supplied by an area of importance, thus, several studies use assumptions to produce the required
results (Naidoo & Ricketts, 2006; Troy & Wilson, 2006). Because there was virtually limited data
on the regulating services of the park, the assumptions made together with desk research, all in all,
provided important information on the monetary values of ecosystem services provided by the
Sierra de Maria Los Velez.
7.1.2 Benefit transfer
Benefit transfer is used to estimate the economic benefits derived from the ecosystem services of
a study site and then transferred to the site of interest, which is the policy site, with characteristics
that are quite similar. (Plummer, 2009; Richardson et al., 2015). According to Plummer, 2009 and
Sutton et al., 2014, this approach can be employed when the time and expense of collecting primary
data is not available and steps are taken to reduce transfer errors, but, not necessarily get rid of
them completely. (Richardson et al., 2015) proposed that to be able to utilise a study site in benefit
transfer, the data used should first not be subjective, be consistent, and the measurements taken,
especially, the quantitative aspects be of high quality. This makes such information reliable. These
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were further suggestions they made to support the work done by (Boyle & Bergstrom, 1992) to
stipulate some important measures to undertake including ensuring that the properties of the sites
being compared are identical; and the sites having similar populations who depend on the benefits
derived. Due to the limited time and the lack of readiness of sheep farmers to provide information
on the costs and benefits they incurred in the management of their sheep, only two sheep farmers
were considered. One rented pastureland from the park while the other who happens to also be in
the Alvelal territory but far from the park had his management transferred and used for the purpose
of this study. It was therefore assumed that this other farm (Los Morales) which also has natural
areas for sheep grazing has the same characteristics as that of Sierra de Maria-Los Velez Natural
Park. The data gathered from the farm in Los Morales followed through the requirements in
(Richardson et al., 2015) since first of all, the exact information provided by the farmer on the
management costs and benefits of rearing sheep were utilised with limited subjectivity. Also, the
site conditions were considered and were seen to be similar since they both fell within Alvelal with
similar semi-arid climates, natural vegetation and altitudes. Based on these, the benefits from Los
Morales could be transferred for the purpose of this study.
7.1.3 Semi-structured interview approach to ecosystem services assessment
Various studies have employed several approaches in their quest to assess ecosystem services that
are derived from an area. Some studies relied on the use of statistical models through which the
ecosystem service value of a particular spatial location is transferred to another place (de Groot et
al., 2012). Other studies into the assessment of ecosystems use a rudimentary approach where the
value of ecosystem services available in a specific region is transferred to another region with for
example, similar climate, the same latitude, vegetation and other biophysical conditions (Costanza
et al., 1997; Liu, 2007). In recent times, several studies conducted on the assessment and analysis
of ecosystem services have resorted to the use of mapping and modelling (Nelson et al., 2009;
García-Nieto et al., 2013). This thesis used a semi-structured interview approach in order to acquire
the information needed in terms of the costs and benefits derived from the natural park and
surrounding farms. Several studies (Albert, Hauck, Buhr, & Haaren, 2014; Calvet-mir et al. 2012;
Klain et al. 2014) have used semi-structured interviews, mostly in combination with other methods
to gain important information on the ecosystem services providing benefits for the people who
depend on them. (Klain et al., 2014) resorted to semi-structured interviews to determine the sociocultural benefits that people were deriving from their marine ecosystem. The semi-structured
interview in that study helped them to identify the ecosystem services enjoyed, their benefits and
the value that people placed on them. (Albert et al., 2014) also used a semi-structured interview to
gain ecosystem services information from relevant stakeholders that they believed could help in
the implementation of findings. They found out that even though this approach tends to give some
subjective information, certain differences and similarities in the perspectives of stakeholders
helped to reveal the hindrances and practical solutions to concrete decision-making with regards
to ecosystem services.
The upside of the use of semi-structured interviews in this thesis is that aside the subjective
information given by the respondents, quantitative data were also gathered. The sheep farmers
through this approach provided the monetary value of their management and sale of sheep as well
as the management costs they incurred. Through the interviews, it came out that some farmers who
did not have sheep but natural areas allowed shepherds to bring their sheep to graze. This according
to them was because the manure from the sheep nourished and improved the soil quality. This was
further buttressed by findings with regards to erosion control which was found to be slightly higher
45

in the pasturelands compared to the other natural areas, attributable to manure nourishment,
especially when there is no overgrazing. Park managers through the interviews revealed they were
managing the park at a loss if not for the annual investments from the municipality. However, this
was found to be a perception that could be untrue because they had not assessed the regulating
services the park was providing. As utilised by (Cast & Macdonald, 2008), the semi-structured
interviews were important in obtaining information on the value of the ecosystem services derived
from the Sierra de Maria-Los Velez Natural Park.

7.2 Implications for the Results
7.2.1 Fire Control
Concerning the regulating services, data was not available on the park and were therefore derived
through desk research. I assumed for fire control that the monetary cost in the other natural areas
aside the fuel breaks were comparable to that paid for sheep to graze the fuel breaks. However,
this was not the case because several other management costs (extinguishing media and
improvement of preventive structures) were incurred in an effort to prevent forest fires. The
assumption was due to the limited data on the amount of money spent yearly on mechanised
clearing alone to reduce forest fires. As revealed in other studies such as (Madrigal et al., 2017;
Marques et al., 2018; Jabier Ruiz-Mirazo et al., 2011; Youngerman & Spirn, 2013), mechanical
vegetation management is more costly apart from the higher damage they may cause to the soil as
compared to the management cost of using herbivores and the cost to the environment. Their work
therefore supported the assumption made that the fire management cost of the vegetation was way
higher than the use of sheep.
7.2.2 Pollination Service
Pollination services were also estimated for just two farms based on percentage of aggregate crop
yield in Spain attributed to pollination as well as the pollination potential of the Sierra de MariaLos Natural Park. It was assumed that the monetary value of pollination does not take into
consideration the management costs incurred by these farmers to cultivate almond which could
limit the outcome. This approach is similar to the one taken by (Losey & Vaughan, 2006) where
they assessed the total contribution of wild pollinators to the gross production of farmers among
the other measurements of pollination services considered. (Aisbett & Kragt, 2010; Aizen et. al.,
2007) conducted some studies where they also considered the gross production of farmers and thus
support the approach applied to estimate the pollination services rendered by the natural park.
7.2.3 Carbon Sequestration
Only three tree species were considered for carbon sequestration and they were assumed to cover
the whole natural area although there are other plant and tree species, shrubs and grasses that are
available there. This assumption therefore underestimates the amount of CO2 calculated to be
sequestered by the vegetation in the park. This notwithstanding, other studies (Kirby & Potvin,
2007; Padilla et al., 2010; Vidal-Legaz et al., 2013) used the particular plant species to determine
the amount of sequestered CO2. The use of the predominant tree species in the park given by the
managers based on the approach used in the afore-mentioned studies helped therefore to obtain an
estimate of the amount of CO2 captured by the park.
7.2.4 Erosion Control
The calculation of erosion control was also based on the assumption that the sheep grazed herbs
and the trees were similar to the woody crops used by Hein (2007) to derive the cost of erosion
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from that study. This was because applying his method helped to measure the amount of soil lost
and the nutrients that are lost alongside which he converted to fertiliser used. Even though
fertilisers are not applied in natural areas, the approach helps to monetise soil erosion and control.
(Galati et. al., 2015; Telles & Guimarães, 2011)are other studies that relied on the use of the
fertiliser method and the particular crops covering the area in order to determine the economic
value of erosion as this thesis.
7.2.5 Hunting
The permits given out to hunters in the towns surrounding the park was assumed to be used within
the park and was therefore applied in estimating the recreational value of the park. This assumption
would also have its downsides since not all hunters will hunt in the park, while others may come
from outside the area. However, studies conducted by (Arizaga & Laso, 2015; Macaulay, Starrs,
& Carranza, 2013) are examples of studies which showed that permits are granted by the state and
in the municipalities. This therefore makes the approach used also applicable.
7.2.6 Tourism
Visitors to the park are charged no entrance fees since citizens are taxed for the protection of
natural areas (López-Mosquera et al., 2014) and therefore see entry as a right. The monetary value
for tourism was estimated by using the amount of money invested by the park into touristic
activities. Other studies however used contingency valuation (Campos et. al., 2018; LópezMosquera et al., 2014) and travel cost expenditure (Campos et al., 2018) due to the non-charging
of entry fees at parks in Spain.

7.3 Assessment of the ecosystem services in the Sierra de Maria-Los Velez Natural Park
with literature
There have been several studies conducted on ecosystem services in South-eastern Spain and for
that matter Andalusia to be specific which applied diverse approaches. (García-Nieto et al., 2013)
focused on how protected areas in this region have the ability to provide ecosystem services that
could be mapped in relation to their beneficiaries and thus contribute to more focused management.
(Campos et al., 2019) looked at how the gap between national and ecosystem accounts could be
bridged by incorporating environmental indicators into national accounts at the regional level of
Andalusia. There have however been limited studies on the Sierra de Maria-Los Velez Natural
Park which is also found in Andalusia that focused on assessing the total bundle of ecosystem
services derived. Some earlier studies conducted on this particular natural park were either geared
towards analysing the management and prospects of the park (Cueto et al., 1995) or assessing the
floral distribution in the park (Cueto & Blanca, 1997). Cueto et al., 1997 again analysed some
management problems that were encountered in relation to the plant and animal resources that the
park was endowed with. Other researches carried out in the Sierra de Maria-Los Velez Natural
Park focused on only particular types of fauna like (Garre et al., 2016) which was about the family
Geometridae.
Apart from this thesis making efforts to analyse the ecosystem services that are derived from the
Sierra de Maria-Los Velez Natural Park, which can be compared to other natural areas in the
Alvelal region with similar characteristics, steps were also taken to monetise the ecosystem
services. In all, eleven (11) ecosystem services were analysed, even though more services are
provided by this natural area. This was because they were the ones that could be given monetary
values. While some studies such as (Ortega, 2012) used GIS to analyse the land uses and landscape
of the park in order to advise on the extension of the park and in so doing described some habitats
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there, others like (Castillo et. al., 2008) only assessed the cultural services that could be derived
from the park by the use of travel cost method. By their travel cost method, (Castillo et. al., 2008)
revealed that the recreational value of the natural park was between 14.2euros/ha and
24.62euros/ha depending on whether the travel cost was viewed either as a cost or an enjoyment.
It was realised from this study that there are several ecosystem services provided by the park but
some lacked valuation. With regards to provisioning services, some of the indigenous people pick
fruits, others kill game in hunting areas, and water from the Segura and Guadalquivir basins pass
through channels of streams and ravines (which sometimes dry up depending on the precipitation
received) in the park into the Valdeinfierno reservoir in Murcia mostly used for irrigation purposes.
These are however not valued thus, their contributions to the park are lost. Estimates are provided
in this study for the amount of timber extracted per year in the form of wood chippings and sawn
wood.
This thesis also analysed the regulating services and thus revealed the monetary value carbon
sequestration, pollination services, erosion control and fire control services were contributing due
to the existence of the park and pasturelands for sheep. The assessment of sheep herding, hunting
and tourism as cultural services together with the nursery services enjoyed from the park make this
work more detailed. Apart from taking steps to assess the total bundle of ecosystem services, it
also finds the total economic value of all the services considered.

7.4 Further research and other recommendations
Further research on the ecosystem services is recommended since certain interesting aspects of
this study were not detailed due to inadequate resources and time. For the regulating services,
several assumptions were made which can be addressed in future by direct field measurements.
The amount of carbon dioxide captured by the various types of vegetation in the park need to be
quantified with more details into all the various vegetation types and not just pines and oak.
Another aspect for future studies on the ecosystem services in the park should be to evaluate the
contribution of wild pollinators to the net yield of almond farms close to the natural park as well
as measuring the levels of erosion on different slopes in the park. The future study on the erosion
levels in the park could then compare much more accurate levels in the pasturelands to that in the
other natural areas to ascertain the economic value of erosion control.
Commonland and the Alvelal Farmers’ Association are recommended, based on my study, to
promote and engage in combining natural areas with sheep herding to enjoy the co-benefits yielded
from both practices. Sheep grazing must, however, be done within the carrying capacity of the
land used as pasture to prevent erosion.
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8. Conclusions
This thesis sought to describe the ecosystem services, their values and management practices
carried out in the natural areas with and without sheep grazing in Alvelal.
The main types of natural area management systems in the Alvelal region? (RQ1)
About 48% of the farmers in the region possessed natural areas which were their own or rented for
the purposes of sheep grazing or to establish beehives for pollination services. While 52% of
farmers with natural areas had no sheep of their own, 14% of farmers reared their own sheep that
were engaged in extensive grazing. Farmers without sheep (31%) allowed shepherds to graze their
sheep on their natural lands for the manure. Few farmers (3%) owned sheep and at the same time
allowed other shepherds to graze their sheep on their land. The farmers who had natural areas but
did not allow sheep to graze in them kept these areas for beekeeping purposes.
The main ecosystem services provided by the natural areas with and without sheep herding? (RQ2)
Several ecosystem services were identified in the Sierra de Maria-Los Velez Natural Park.
However, it was realised that some of them were either not captured by the park management or
did not have monetary values. Eleven main ecosystem services were considered including food,
timber, fire control, carbon sequestration, hunting and tourism. The study showed that even though
the natural park was not benefitting directly from the sheep as a provisioning service, they provided
pasturelands for their grazing. The provisioning services had the least economic value with regards
to the total bundle of services. This was because the quantities of fruits, mushrooms, truffles, game
among others were unknown to the management of the natural park. The regulating services were
found to be second highest contributors to the park although data on them were not readily
available. 70,606 tons of carbon dioxide was estimated to be sequestered by the park annually. The
erosion control in the pasturelands was slightly higher than that of other natural areas. This was
attributed to the addition of manure in the pasturelands which enriches and improves the soil and
its water holding capacity, especially when there is no overgrazing. An important cultural service
that was being rendered by the natural areas was inspiration for culture in the form of sheep
herding. This is because sheep rearing has been part of the culture of the landscape and the park
provided opportunity for its continuance by providing permits for shepherds to graze their sheep
in areas designated as pasturelands. Among the cultural services derived from the Sierra de MariaLos Velez, tourism has almost quadrupled between 1996 and 2017. Taxes from citizens paid to
the park through the municipality was high and therefore contributed to the cultural services having
the high economic value of 1million Euro per year. This shows how people are interested in paying
for the protection and maintenance of a quality environment.
The benefits of the ecosystem services provided by the natural areas and sheep herding? (RQ3)
Several benefits are enjoyed from the natural areas by different stakeholders including the park
managers, hunters, and local people living in the fringe communities of the park. High amounts of
money are invested into the management of the park annually from the taxes of citizens. The
highest benefit to the natural areas was what was allocated for general environment management
at €3,124,059, followed by the amount calculated for carbon sequestration by trees in the park at
about €1.5million. The money designated for maintaining touristic activities in the park was also
quite high (€1,196,007). Other economic benefits are derived from the provisioning as well as
habitat services and thus show how important the natural areas and pasturelands are.

49

The costs of managing the natural areas and sheep herding? (RQ4)
Besides the benefits enjoyed from the natural areas, certain costs were also incurred with the
highest being the amount of money spent on fire control by the park (€2,382,684). This cost was
way high because of the semi-arid nature of the vegetation of the park which made it easily
susceptible to forest fires. Mechanised cleaning and extinguishing media were therefore
contributing to the fire control costs. There were also high costs incurred by sheep farmers
(€62,950) relative to the benefits (€68,250) and this made the sheep farming business less lucrative
and just a means of diversifying income for the farmers. The cost of tourism (€140,106) was quite
low as compared to the economic benefits earned from tourism. Tourism should therefore be seen
as a positive venture in the natural area when they are well maintained and rich in biodiversity.
The total monetary value of the main ecosystem services derived from the natural areas and sheep
herding? (RQ5)
This thesis revealed that the monetary value of the pasturelands (€282/ha/yr) on a per hectare basis
was about one and a half times higher than that of the ecosystem services provided by the natural
areas (around €186/ha/yr). The main reason for the monetary value of the pasturelands being
higher than that of the natural areas is that sheep were used to control fires which was way cheaper
than the mechanised cleaning in the natural areas. The total economic value of the ecosystem
services derived from the natural areas was however higher than that of the total economic value
of ecosystem services derived from the pasturelands. This was due to the differences in the land
sizes. The total economic value of the whole park was calculated to be €4,191,035 thus the park
derives about €186/ha/year from the ecosystem services supplied.
The socio-economic implications of restoring the ecosystem services provided by the natural areas
and sheep herding? (RQ6)
When the ecosystem services provided by natural areas and sheep herding are restored, several
socio-economic benefits are enjoyed by stakeholders. These were found to include the direct
livelihood of the local people surrounding the natural areas in terms. They gathered fuelwood,
mushrooms, truffles, among others from the park. Employment opportunities are also created by
the presence of natural areas because park managers are employed to protect the environment,
hunters gain permits to hunt wild animals, and farmers indirectly depend on the wild pollinators
for their yield. The pasturelands also render employment to the shepherds who graze their sheep
on them. Healthwise, the natural vegetation contributes to having clean air and thus decreases the
occurrences of air-borne diseases. The aromatic plants such as thyme and rosemary, that are
derived from natural areas also have health benefits including acting as anti-oxidants, improving
blood circulation and boosting the immune system of people who use them. The restoration of the
ecosystem services form natural areas enhances the social cohesion among its beneficiaries.
Hunting which is usually carried out for recreational purposes produces game that are enjoyed
amongst families and friends. Tourism within the natural areas also creates some interactions
among visitors and bonding among families.
Overall conclusion
I conclude that the pasturelands and other natural areas generate various ecosystem services. The
sustainable management of the pasturelands to ensure sheep do not overgraze will help to reduce
fire occurrences through the control of the biomass while also improving soils with manure
nourishment. This enhances erosion control. Communicating the many services of the park helps
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park managers, Commonland and the Farmers’ Association to gain a better understanding of the
importance of natural areas and improve future policy and management. My study’s outcome helps
to enhance the capacities of the relevant institutions needed to ensure the equitable distribution of
services.
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Appendices
Appendix 1: Detailed map of the Sierra de Maria-Los Velez Natural Park
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Appendix 2: The Total Monetary Value (costs and benefits) of the ecosystem services
Ecosystem
service

Provisioning
Food

Subservice

Value
category

Value (€)/
Qty

Qty/ye
ar

Segurena
sheep (lamb)
Culled ewe

direct

€60/lamb

1125

€25/sheep

30

Value
(euro/
ha/yr)

Total
benefits

€67500

0.23

€750
€68250
€100000
€10000

Timber

Sawn wood
Wood
chippings

€10/m3
€1/ton

10000
10000

Aromatic
plants

Thymus zygis

€0.5/kg

30000

€110000
€15000

Rosmarinus
officinalis

€0.2/kg

20000

€4000

1.05

Regulating
Control
of
extreme events

Carbon
sequestration

€2190.14/s
hepherd

7

P. halepensis

€22/ton

48838
± 6760

P. nigra

€22/ton

6208.6
± 711.8

Q. ilex

€22/ton

16863.
3
±
5412

Fire control

indirect

0.84

€19000

-94

€273,000

68.85

Pollination
services
Erosion
prevention
Cultural
Recreation

(27.9%).(56
%) yield (€)

Hunting
Maria
Velez Blanco
Velez Rubio
Chirivel

Tourism
Inspiration for
culture
Habitat
Gene
pool
protection
General
investments
and costs
Total

Sheep herding

€13960
0

Total
costs

Indicators

Literature

lambs/ha/yr

(de Groot et. al.,
2010)

sheep/ha/yr
€62950
m3/ha/yr
ton/ha/yr
€86351
kg/ha/yr
kg/ha/yr

€2,362,68
4

shepherds/ha/
yr

€107443
6
±
148720
€136598
±
15659.6

ton/ha/yr

€370992.
6
±
119064
€
1,582,02
0

ton/ha/yr

0.97

€21812

41.05

€963979

ton/ha/yr

yield/ha/yr
€37722

€14.5/perm
it
€16.04/per
mit
€15.07/per
mit
€20.10/per
mit

76

€1102

permits/ha/yr

90

€1444

permits/ha/yr

298

€4491

permits/ha/yr

106

€2130

permits/ha/yr

€31.9/perso
n

37520

0.77

€9167
€119600
7
€4969

7.93

€178944

110.9

€312405
9

185.8

60

(Jabier
RuizMirazo et al.,
2011);(J RuizMirazo et al.,
2009)
(Vidal et al.,
2010),
(World Bank,
2015)

28688±5
148

Direct

0.41
46.8

(Rudolf S. de
Groot et al.,
2002)

€140106

(Zulian et al.,
2013)
(Hein, 2007)

(Arbez & Birot,
2002; MartínezJauregui et al.,
2016)

persons/ha/yr
(Riedel et al.,
2007)

€622000

Appendix 3: Semi-Structured Interviews for farmers and their answers
Semi-structured interview guide for sheep farmers

Preguntas sobre ovejas y espacios naturales.
¿Cuál es la ubicación de la granja?
¿Cuál es el tamaño total de la finca (en hectáreas)?
¿Cuáles son las características (vegetación y su extensión con las partes que se rozan / no (en
hectáreas), el clima, las características del suelo de las áreas naturales)?
¿Por cuánto tiempo llevas criando ovejas?
¿Qué tipo de ovejas crías? ¿Cuántos son (corderos y adultos)?
¿Su sistema de cultivo es intensivo, extenso o semi-intensivo?
¿Dónde pastan las ovejas, en granjas o áreas naturales?
¿Cuál es el tamaño del área natural donde pastan?
¿Cuál es la principal temporada de pastoreo del ganado?
¿Cuál es la rutina diaria de los pastores? ¿Cuántas veces las ovejas pastan por día?
¿Qué productos obtiene de las ovejas (p. Ej. Carne, lana, estiércol, etc.)
¿Cuál de los productos vendes?
Para cada producto (¿qué cantidad vende / año) y a qué precio?
¿Qué hace con los que no vende (por ejemplo, estiércol / lana) y por qué?
Los costos
Trabajo: ¿Cuántos pastores y cuánto les paga por mes?
Costos de alquiler: cuánto paga por el alquiler de terrenos naturales / año
Costos de alimentación: ¿Hay? ¿Grano? ¿Sal y minerales? ¿Piensos para corderos? Mantenimiento
del pasto?
Costos de salud: ¿desparasitación? ¿Vacunación? ¿Inseminación? ¿Otros costos veterinarios?
Otros costos: esquila? ¿Transporte / transporte? ¿Lecho? ¿Suministros? ¿Protección del ganado?
Limpieza de graneros? ¿Otros gastos?

61

Description of the Farms used in this study
Characteristics
Farm location
Natural area size
Farming system
Sheep numbers

Products derived
Products sold

Products not sold

Costs
Shepherd
Rent fee for land
Salt and minerals
Livestock sanitation
Shearing
Livestock
and
agricultural insurance
Water and electricity
Cleaning
and
disinfection
Social security for
worker
and
selfemployment
Land, vehicle & real
estate taxes

Farm 1
Cortijo Chirivel
80ha + 2000ha leased
Extensive
About
1000
(750female + 35male
adults) + 200lambs
lambs, wool, manure,
milk
800 lambs/year at
€60each (€48000)

Farm 2
Total
Los Morales
50ha
2130ha
Extensive
320 adult sheep + 300 1630sheep
to 350 lambs

Lambs, culled sheep &
manure
325lambs/yr at €60
(€19500) and 30culled
sheep/yr at €25 (€750)
-Cheese from milk for Manure applied to crop
self-consumption
lands
-Manure for organic
matter on almond and
cereal lands

Lambs, wool, manure,
milk, culled sheep
€68250

Milk and manure

€1500/month
€6000/year
€1200/year
€2000/year
€1800/year
€2400/year

€1500/month
No fee
€1250/year
€1000/year
€700/year
-

€62950
€36000
€6000
€2450
€3000
€2500
€2400

€1500/year
€1000/year

-

€1500
€1000

€600/month

-

€7200

€900/year

-

€900

Cost of Labour on the Sierra de Maria-Los Velez Natural Park
Position
Conservation Director
Technical Advisor
Administrator
Environmental Agents

Salary (€)/year
47000
39000
32000
36000

Number
1
1
1
14
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Total
47000
39000
32000
504000
622000

Appendix 4: Typology of the Natural Areas and Sheep Herding in Alvelal
Name of
farm

Total
number of
hectares
206

Natural
area on
farm
50

Fertilisation
type

Livestock
owned/other

No fertilisation

No livestock

407

220

Manure

Yes

65

48

Compost

4

Yes

120

70

Manure

Other(shephe
rds)
Owned
(extensive
grazing),
other
shepherd
No livestock

5

Yes

150

100

Compost

6

Yes

260

100

7

Yes

60

3

Compost,
manure
Organic
fertiliser

Yes

26

8

Yes

13

8

No fertilizer

Other
(shepherd)

Yes

8

1

Manure

No livestock

Yes

52

25

Manure

No livestock

La
Junquer
a
La
Empred
rada

Yes

1700

600

Compost

Other (sheep)

Yes

277

174

Compost

No livestock

Yes
natural

Las
escaleri
cas
Periago,
Ilano de
alcoluch
e
Cortijo
Riondo

Yes

36

6

Compost,
green manure

Other
(shepherd)

Yes

310

80

No
fertiliser
used

Other
(shepherd)

Yes,
planted
& natural
Yes,
natural

Yes

10

6

No livestock

Yes

250

125

No
fertiliser
used
Compost,
manure

Yes

327

120

Manure

Owned
(extensive
grazing
on
land)

1

Part of
Alvelal
Assoc.
Yes

2
3

8
9

10

El Junco

El
Chirral
El
Chaparr
al
Las
traspues
tas

11
12

13

14

15

16
17

18

Los
Morales

Hedges
and
borders
Yes,
natural
Yes,
planted
No

Number
of
beehives
None

Yes,
natural

50

Owned
(extensive
grazing)

Yes,
natural

30

No livestock

Yes,
natural
No

Other
(shepherd)

Workers
on farm

Family
Tempora
ry
workers

Family,
temporar
y
workers
Family,
permane
nt
workers
Family

Family

63

Other
(shepherd)

No

Family

45

Yes,
natural
Yes
natural

Yes,
planted
Yes,
planted
& natural
Yes
natural

Family

Permane
nt
workers
Permane
nt
&
temporar
y
workers
Family

Family,
permane
nt
workers

80

Family

Permane
nt
workers

19

Yes

38

11

Compost

No livestock

20

Yes

56

12

No livestock

21

Yes

35

5

Compost,
manure
Compost

Yes

36

4

Compost

No livestock

Yes

330

230

No
fertiliser
used

No livestock

Yes,
natural

Family

Yes

70

40

Compost

Owned
(extensive
grazing)

Yes,
planted
& natural

Family,
permane
nt
workers

Yes
Yes

125
120

25
34

Compost
Manure, green
manure

No livestock
Owned
(extensive
grazing)

Yes,
natural

Yes

250

210

Manure

Other
(shepherd)

Yes,
planted
& natural

Interest
ed

500

300

300

100

Other
(shepherd)

Yes,
natural

70

Yes

53

25

Compost,
manure,
organic
fertiliser
Compost

No livestock

Yes,
natural

20

Family

Yes

112

15

Manure

No livestock

Yes,
natural

20

Family,
temporar
y
workers

22

23

24

25
26

27

Llano el
pinar

Los
Ramale
s
Coto
Gallard
o
Lo
Galera

El
Circuel
o
Aljibe

28
29

30

31

Cortijo
Colorad
o

64

No livestock

Yes,
natural
No

2

Family

80

Family

Yes,
natural
Yes,
natural

35

Family
Family

22

Family,
temporar
y
workers

Appendix 5: Pasturelands within the Sierra de Maria-Los Velez Natural Park for 2017
Plot

Name of Monte

1
LOS BARRANCOS
2
3

4
5
6
7

8
9

10

11

LOS BARRANCOS
DEHESA DE LA
ALFAHUARA
Y
UMBRÍA DE LA
VIRGEN
UMBRÍA DE LA
VIRGEN
UMBRÍA DE LA
VIRGEN
CORTIJICO Y LOS
CHAVESES
ZONA
OESTE
HASTA
RAME.MANCHEÑO)
EL CORTIJICO Y
LOS CHAVESES
PEÑA CASANOVA
(SIERRA LARGA Y
ESTEPARES)
SIMA
(SIERRA
LARGA
Y
ESTEPARES)
TAIBENA (SIERRA
LARGA
Y
ESTEPARES)

Pastureland
No.

4-year
total rent

Annual
rent

Land area
(hectares)

Number
of sheep

186

694.52 €

173.63 €

378

91

184

3,816.00 €

954.00 €

2700

500

175

780.16 €

195.04 €

110

100

MARÍA

176

1,526.40 €

381.60 €

160

200

MARÍA

178

381.50 €

95.38 €

65

50

MARÍA

190

2,709.00 €

677.25 €

501

350

CHIRIVEL

185

1,259.28 €

314.82 €

440

165

VÉLEZ
BLANCO

409

2,709.00 €

677.25 €

548

350

CHIRIVEL

181

2,105.28 €

526.32 €

544

272

VÉLEZ
BLANCO

179

3,483.00 €

870.75 €

940

450

VÉLEZ
BLANCO

181

410.24 €

102.56 €

105

53

VÉLEZ
BLANCO

65

Municipality
VÉLEZ
BLANCO
VÉLEZ
BLANCO

Appendix 6: Hunting licences granted from 2014-2018 in towns surrounding the natural
park
2014-2018
hunting
licenses
Maria
Velez Blanco
Vélez Rubio
chirivel
Total

Area (hectares)
304
359
1190
422
2275

Total amount
4,408.56
5,758.62
17,935.33
8,481.18
36,583.69

Amount (€) /
license
14.50
16.04
15.07
20.10
16.08

Annual licenses
issued
76
90
298
106
569

Average annual
amount (€)
1,102
1,440
4,484
2,120
9,146

Appendix 7: Investments into the Sierra de Maria Los Velez Natural Park from the
Andalusian Government
General
Year of investment Environment
in park
Management
1988
240,405
1989
607,022
1990
741,811
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
1,832,470
2001
2002
1,135,758
2003
939,918
2004
1,268,353
2005
1,501,304
2006
4,979,638
2007
6,248,225
2008
4,285,623
2009
3,500,840
2010
3,292,724
2011
2,767,402
2012
3,070,726
2013
1,931,500
2014
1,755,965
2015
1,263,529
2016
2017

Rest: public use,
environmental
prevention,
broadcasting
and
adverts
Total
186,314
426,719
24,041
631,063
213,798
955,609

349,438

2,181,908

652,858
547,637
792,720
603,403
645,487
865,958
1,863,147
1,608,319
2,097,590
2,396,038
1,313,361
504,897
63,500
51,254

1,788,616
1,487,555
2,061,073
2,104,707
5,625,125
7,114,182
6,148,770
5,109,159
5,390,314
5,163,441
4,384,086
2,436,397
1,819,465
2,077,345
1,342,116
2,803,416
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