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Preface
The primary inspiration of my thesis topic is generated from the course ‘Integrated Ecosystem Assessment in
Regional planning’ given by dr. Rudolf de Groot who became my thesis supervisor later then. The concept of
ecosystem services was first introduced to me then as well as the valuation of ecosystems which generated
my great interest in this field. I became especially interested in the use of the concept in ecosystem restoration
and started reading extracurricular articles, news, and visiting websites of those institutes dedicated to
ecosystem restoration. My expanding perception of ecosystem restoration motivated me to engage in
research on it. Dr. de Groot introduced me to the Regeneration Academy, offered by the farm La Junquera in
Southern Spain that is dedicated to natural restoration in drylands. With the hope to apply the knowledge of
valuation of ecosystem services I learned from the course on the restoration process happening on the farm
La Junquera in southern Spain, I wrote my thesis proposal trying to help the landowner with the decision
making on future planning. To further understand the restoration process, I attended the student program
provided by Regeneration Academy spending 2 months (from October to December 2019) in southern Spain
during which I experienced the local climate, culture, multifunctional farming, and natural restoration
practices. I learned deeply about natural restoration by participating in interviewing local farmers, working
with other students designing restoration plans, joining in lectures and fieldwork, and having dialogues with
experts. The great experience in southern Spain built the foundation of my thesis with the primary data
collected on the spot from 30th of October to 20th of December 2019.
After I collected the data and went back to the university, the COVID-19 pandemic exploded, and I had to
return to China to finish the rest of my thesis report. Affected by the COVID-19, I lost the internship
opportunity in the Netherlands and started seeking new internship chances in China at the end of June 2020.
When I was admitted to the new internship institute NIES, I chose to suspend my thesis process until the 13th
of November when I finished the internship. All the unexpected issues cause the delay of my thesis by more
than one year.
After all, I would like to thank all who have supported me from the start to the end of my thesis. First and
foremost, I sincerely appreciate the help from my thesis supervisor, Rudolf de Groot, always being patient to
supervising me from selecting thesis topic to writing the report, giving me the most professional guidance and
suggestions while I lost directions midway, supporting me as I went through hard times due to the COVID-19
pandemic. Moreover, I would like to thank Yanniek Marijn Schoonhoven for supporting my study in Spain,
giving me the chance to learn the concept of regenerative farming and its practices, and organizing meaningful
lectures and presentations to share the knowledge and findings with each other. Also, I feel grateful to the
landowner Alfonso Chico de Guzman for providing me plenty of essential information through interviews and
giving me tours of the farm to better understand the farm functioning.
I want to thank all my colleagues who were together with me in the ‘Regenerative Agriculture Research
Program’ Alisa, Anouk, Eloi, Enya, and Mariska for giving me support with accommodating on the farm, helping
me understanding interviews with farmers who can only speak Spanish, working together on the restoration
design and sharing knowledge. I want to thank Jaco for giving impressive lectures on regenerative agriculture
and interesting handcraft workshops. I also want to thank Miguel for sharing the experiences and knowledge
of beekeeping and organizing the voluntary work of olive picking.
Last but not least, I want to thank my examiner Rik Leemans for reviewing my thesis report to give me a chance

to optimize my thesis, and the secretary of ESA Mathilde Witteveen for coordinating all the issues that
occurred in the process of my thesis.
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Summary
Land degradation is one of the global environmental problems threatening 3.2 billion people around the
world and causing $6.3 trillion/ year in financial loss due to the deterioration of ecosystem services. Land
degradation in arid and semi-arid areas known as desertification is expanding rapidly in Mediterranean
areas, resulting in problems of soil erosion, salinization, soil compaction, loss of soil organic matter, and the
loss of ecosystem services. Spain, as one of the most affected countries, has 74% of territory at risk of
desertification and 18% at high risk of becoming irreversible desert according to the National action
programs (NAPs) for the United Nations Convention to Combat Desertification (UNCCD).
The Commonland Foundation works together with the Alvelal association to build a platform in southern
Spain gathering local farmers for transforming conventional agriculture to regenerative agriculture to
alleviate desertification issues. The demonstration farm La Junquera in Alvelal territory took the lead in
restoring the natural areas on the farm. Among the natural areas that the landowner plans to restore, I
selected the so-called Pilot Mountain as the study area in my thesis for assessing the costs and benefits of
the natural restoration plan.
To achieve this objective, seven research questions are formulated in my thesis, including: What are the main
interventions and management measures of the Nature Restoration Plan in the study area (Q1), and how do
they affect the provision of Ecosystem Services (Q2)? What are the costs and benefits of the ecosystem
services in monetary terms before and after the Nature Restoration Plan (Q 3 &4), and how does that affect
the Total Economic Value (TEV) of the Pilot Mountain (Q5)? What are the socio-economic implications of the
Nature Restoration Plan (Q6), and what recommendations can be given to restore natural areas in the region
(Q7)?
Three main methods were applied: Ecosystem Service Analysis, Monetary Valuation, and Integrated CostBenefit Analysis (iCBA) for the assessment in three scenarios: the current situation in the Pilot Mountain (2019),
in six years (2025), and in 20 years (2039).
To better understand the climate, culture, and restoration practices of the Nature Restoration Plan on the Pilot
Mountain, I went to La Junquera to collect field data from 30th of October to 20th of December 2019, by
performing interviews with the landowner, farmers, experts, and students involved in the restoration process,
observing the on-site landscape, participating voluntary work, engaging in AlvelAl activities, as well as the
literature review.
The result shows that the TEV for the whole Pilot Mountain (13ha) is €18,840 for 2019, €5,783 for 2025, and
€31,482 for 2039, equal to €1,450/ha/year for the year 2019, €445/ha/year for the target year 2025, and
€2422/ha/year for the target year 2039. The wider socio-economic impacts in the future are difficult to predict
but also look positive for the future development of the region by offering opportunities to global researchers,
improving local employment and economy, and providing educational opportunities to local and foreign
students.

1 Introduction
1.1 Background
Ecosystems provide humans countless benefits consisting of goods and services (TEEB,2010; IPBES, 2019).
However, due to the high rate of modernization and industrialization, natural ecosystems are degrading
significantly (IPBES, 2019). Land degradation is one of the global environmental problems affecting the
functioning of healthy ecosystems (Millennium Ecosystem Assessment, 2005). According to the United Nations
Convention to Combat Desertification (UNCCD), land degradation is defined as an environmental issue causing
the reduction or loss of land’s biological or economic productivity, irreversible loss of the land’s carrying
capacity, and long-term loss of ground cover (Pacheco et al., 2018; Hill et al., 2008). Evident environmental
impacts of land degradation comprise loss of soil fertility, quality reduction of surface water and groundwater,
the decline of biodiversity, and decrease of ecosystem services (Pacheco et al., 2018). Drivers of land
degradation can be traced to natural environmental changes as well as unsustainable land management by
humans (Pacheco et al., 2018). Land degradation undermines 25% of ice-free land, including 40% of the
agricultural land (Pacheco et al., 2018; IPCC, 2019), and threatens 3.2 billion people around the world, resulting
in a financial loss of 10% of annual global GDP (IPBES, 2018; Mor, 2019; IPCC, 2019). Regarding a study
conducted in 2016, it would cause up to USD 6.3 trillion/year of lost ecosystem service value due to the
deteriorated ecosystem functioning on a global scale (Sutton et al., 2016). Considering the huge environmental,
social and economic cost of land degradation, restoring degraded ecosystems into a balanced condition is
extremely urgent (Pacheco et al., 2018).
According to the Sustainable Development Goals (SDGs) formulated by the UN General Assembly in 2015, SDG
15 was formulated to “combat desertification, restore degraded land and soil, including land affected by
desertification, drought, and floods, and strive to achieve a land degradation-neutral world” by 2030 (AkhtarSchuster et al., 2017). The innovative concept of land degradation neutrality, which is described as not losing
the net natural capital of the land compared to the reference state, will be implemented under the framework
of the Rio Convention (Pacheco et al., 2018). Desertification, referring to land degradation taking place in arid
and semi-arid areas, is especially a big pressure on soil quality. It mainly results in soil erosion, salinization,
sealing, compaction, and loss of organic matter, and consequently degrades the provision of ecosystem
services. Ultimately, desertification unbalances the human-nature system (Martínez-Valderrama et al., 2016).
Mediterranean areas have been going through gradual changes in land use in the past decades. Due to climate
and land-use change, soil temperature, water content, and aeration changed and the already shallow soil in
Mediterranean areas became more vulnerable to land degradation and desertification (Hill et al., 2008;
Khatteli et al., 2016). Since land restoration is becoming increasingly urgent in recent years, many
organizations are dedicated to land restoration. The Commonland Foundation (www.commonland.com) is one
of these organizations, aiming to inspire and initiate large-scale landscape restoration projects around the
world. Commonland developed the ‘4 Returns’ framework as a practical concept for transforming land use
and ecosystems by collaborating with scientific institutions, businesses, schools, farmers, and experts. ‘4
Returns’ aims to restore certain landscapes focusing on 4 main aspects: inspiration, social capital, natural
capital, and financial capital over 20 years. Among the 8 long-term restoration projects that Commonland is
now working on, the project in Spain is one of the largest restoration projects in Europe, devoting to reversing
desertification in Mediterranean areas (Commonland, 2020).
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1.2 Study Area
The restoration activities of Commonland in Spain are located in the Altiplano, Andalusia, Southern Spain,
involving 1,000,000 hectares of degraded land. The 4 Returns concept recommends that landscape restoration
is implemented in 3 zones, which are the natural zone, combined zone, and economic zone. In the natural zone,
the mission is mostly protecting native vegetation and restoring trees to preserve biodiversity. In the Combined
zone, the land is restored by transforming conventional agriculture into regenerative agriculture. The Economic
zone provides economic add-ons like processing regenerative products and connects to the external market.
Complying with its main concept, Commonland supported the establishment of the AlvelAl association in 2015
to bring together the local farms from Southern Spanish highland regions of Granada, Los Veléz, Alto Almanzora,
Guadix, and the Northeast of Murcia, where the rain-fed almond production is the main agricultural activity.
Figure 1 shows the geographic location of AlvelAl territory. The AlvelAl association is a platform for local
farmers to share knowledge and experience of regenerative farming and to facilitate the land transition
(https://www.alvelal.net/). To further develop the region as an integrated production system, AlvelAl launched
a business case called La Almendrehesa to promote local regenerative almond production. La Almendrehesa
pays the local farmers higher margins for the regenerative almonds to motivate farmers to participate in the
agriculture transition. Meanwhile, the farmers can have more money to invest in nature restoration which is
comparably less profitable but beneficial to long-term agricultural production (Commonland, 2020; AlvelAl,
2020).

Figure 1. AlvelAl territory in Spain
The red marks the location of La Junquera Farm
Source: AlvelAl.net
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Within the AlvelAl territory, La Junquera is a pilot regenerative farm carrying out restoration practices for many
years, and also part of the AlvelAl association. Situated in the province of Murcia, Farm La Junquera takes up
to 1100 ha land of which 300 ha are natural areas (Interviewee 1). The farm is covered by hilly terrain at a high
altitude of 1100 m on average. Identified as the semi-arid climate, the region has a very low annual
precipitation of 300 mm rain ("Regeneration Academy", 2020). Back in the past, La Junquera was a prosperous
village with many natural springs and harmonious inhabitants. However, due to the intensification and
modernization of mono-agriculture, the arable land was destroyed by machines and consequently severe land
degradation. Villagers were moving out of this place, while most land and springs were abandoned ("History
— La Junquera", 2020).
The Pilot Mountain is a demonstration area on La Junquera that takes the lead to start the natural restoration.
It is located in the north of the farm and covers about 13 ha of the land. To the north of the mountain, there is
an almond field owned by La Junquera (Figure 2).

Figure 2. The view from the north of Pilot Mountain
The bottom of the picture is part of the Pilot Mountain; the north of the Mountain is the almond field.

The mountain is barely vegetated but with some wild grasses and aromatics covered. There are no trees on
the mountain that can give shade to the land or help hold the soil from erosion (Figure 3). This mountainous
area, Pilot Mountain, is selected as the study area of my thesis since it is under restoration and there is an
innovative Restoration Plan designed for it by Kuchler (2018), a student who engaged in the educational
programs provided by a local institution: the Regeneration Academy1.
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A local institution called ‘Regeneration Academy’ that offers learning opportunities to whom interested in regenerated organic
farming and provides cultural services on the farm (www.regeneration-academy.org).
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Figure 3. The view from the south of Pilot Mountain
The bottom of the picture is part of the Pilot Mountain

1.3 Problem statement
The AlvelAl association aims to follow the Commonland-approach to restore three different zones, the natural
zone, combined zone, and economic zone. However, most farms in the AlvelAl area are focusing on
transforming conventional mono-agriculture into regenerative almond production and multi-functional
agriculture (i.e., the ‘combined zone’). Few farmers and entrepreneurs are investing in restoring natural zones
because of the high costs and negligible financial return. So far, La Junquera is one of the few farms dedicated
to nature restoration but still at the very start point. The outcome of nature restoration is not yet visible due
to the long lifecycle of plants and the high primary death rate of seedlings and young plants. Lack of convincing
evidence for the economic benefits of nature restoration makes it ignored by investors and farmers. The
natural zone takes up a large area in this region which is crucial for combating desertification in the southeast
of Spain.
For my research, I used the farm La Junquera as an example. The natural zone on the farm accounts for 27% of
the total area, of which only a small fraction is under restoration. There is a mountain in the natural zone that
is used by the landowner as a pilot area of nature restoration. In this report, I used this area as my study area
and call it ‘Pilot Mountain’.
Even though there is already a preliminary nature restoration plan for La Junquera, the farm still has the
problem with funding for the large demand of labor and financial budget needed to implement the plan.
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1.4 Purpose of Study and research questions
The purpose of this study is to analyze the cost and benefits of implementing the Nature Restoration Plan
designed for the so-called ‘Pilot Mountain’ on the farm La Junquera. The outcome of my thesis can hopefully
contribute to attract investments for the restoration in other natural areas of the region and help to gain the
attention of local farmers to restoring natural areas as a contribution to combating desertification in the south
of Spain. From the viewpoint of the farmers, the results of this research can provide them with evidence of the
feasibility of the Nature Restoration Plan for long-term benefits in the future. From the academic perspective,
this thesis tests the robustness of the existing ecosystem valuation method by applying it in a real case study
situation.
Research Questions (RQ):
1. What are the main interventions and management measures of the Nature Restoration Plan in a natural
area (‘Pilot Mountain’) on La Junquera farm?
2. How does the Nature Restoration Plan affect the provision of Ecosystem Services in the Pilot Mountain area?
3. What are the benefits of the ecosystem services in monetary terms provided by the Pilot Mountain area
before and after the Nature Restoration Plan?
4. What are the costs of the Nature Restoration Plan?
5. What are the changes in Total Economic Value (TEV) of the Pilot Mountain?
6. What are the socio-economic implications of the Nature Restoration Plan (NRP)?
7. What recommendations can be given to restore natural areas in the region?

1.5 outline of the thesis
In chapter 1, the current situation of land degradation was introduced and the importance of land restoration
to reverse desertification is explained. The study area located in the southeast of Spain, as well as the
prominent problems concerning nature restoration, are described. The purpose of the study is illustrated, and
research questions are explained in more detail. In Chapter 2, the conceptual framework of the study is
elaborated based on the concept of iCBA (integrated Cost-benefit Analysis). In the following subchapters, the
main research methods (including Ecosystem service analysis and monetary valuation methods), the process
of data collection, and data analysis approaches are presented. Chapter 3 shows the restoration practices and
management plan as suggested by the Nature Restoration Plan with the timeline of implementation. Three
scenarios (2019, 2025, 2039) are depicted to compare the TEVs of the study area to show the changes over
time. In Chapter 4 the ecosystem services are classified into four categories and the definitions and functions
of each type of ecosystem service are explained and quantified. Chapter 5 gives the results of the valuation of
the selected ecosystem services, the cost of the restoration plan, and public and private subsidies. In Chapter
5.4, the TEVs of the three scenarios are calculated and compared. Chapter 6 reflects on the socio-economic
implications of the Nature Restoration Plan. Chapter 7 reviews the assumptions made in this study and
interprets the limitations. A sensitivity analysis is performed to assess the robustness of the results under
different assumptions. Chapter 8 summarizes the main answers to each research question and draws
conclusions regarding the findings of this study.
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2 Methodology
2.1 Research framework
My methodology follows the steps of an integrated Cost-Benefit Analysis as developed by de Groot et al.,
(2018) The analysis starts with the categorization of ecosystem services retrieved from several ecosystem
service studies (i.e., MA, TEEB, CICES, IPBES). Further, the defined ecosystem services offered by the Pilot
Mountain under different scenarios are quantified and valued, as well as the cost of implementing the Nature
Restoration Plan. In the end, the Total Economic Value (TEV) of each scenario can be determined (see Figure
4)

Figure 4. Research framework
NOTES: RQ refers to Research Question. Scenario 2019, 2025, and 2039 are introduced in Chapter 3. iCBA
refers to integrated Cost-Benefit Analysis which is the main environmental assessment tool used in this
thesis. TEVs refer to Total Economic Values. Dashed rectangles indicate in which step of the research each
research question is answered.
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The research framework of my study is adapted from the TEEB study (2010). As Figure 2 shows, there are five
main steps to apply in my research while each step addresses one or two research questions in sequence. The
top box outside the boundary of the research framework explains the drivers that lead to the degradation of
the area. These drivers are only mentioned briefly in the introduction and will not be discussed much in this
thesis. The steps marked with dashed boxes are the steps that will be taken to analyze the problem and answer
the research questions to achieve the aims of my study.
My research begins with the analysis of the Nature Restoration Plan (NRP) developed for the Pilot Mountain
area at La Junquera farm by Kuchler (2018). The first step analyses the possible changes that can happen on
Pilot Mountain during the indicated time period (2019-2039) which should contribute to the scenario
development in the second step. In the second step of the scenario analysis, the changes that can happen on
Pilot Mountain in different scenarios are analyzed and quantified with relevant indicators. After the
qualification and quantification of the changes in different scenarios, the net benefits of the NRP under three
scenarios can be defined in monetary terms. Defining and quantifying the different costs of the Nature
Restoration Plan generated in different scenarios is essential for the iCBA. Finally, the results of the iCBA are
used to calculate the TEVs which makes it possible to compare the benefits (or costs) of the NRP in different
scenarios. The last step of the research is to analyze the socio-economic impacts for the farm and the region
of Alvelal by implementing the Nature Restoration Plan and to develop recommendations.

2.2 research methods
2.2.1 Ecosystem service analysis
Ecosystem service analysis aims to analyze the benefits that ecosystems provide for humans (MA, 2005). The
classification of ecosystem services is developed by a number of global ecosystem service assessments (i.e.,
MA, TEEB, IPBES) and the CICES project. Millennium Ecosystem Assessment (MA) was the earliest project that
gives a typology of ecosystem services which was published by the United Nations in 2005 proposing four
categories of ecosystem services: ‘Provisioning services’ including food, material, and energy that can be used
by humans directly; ‘Regulating services’ that represent the way the environment regulate other
environmental media or processes; ‘Cultural services’ related to the cultural or spiritual needs of people; and
‘Supporting services’ related to ecosystem processes and functions that support the other three types of
ecosystem services (MA; 2005; Kasparinskis et al., 2018). The Economics of Ecosystems and Biodiversity (TEEB)
study develops a similar classification as MA, dividing ‘provisioning’, ‘regulating’ and ‘cultural’ services, while
changing the last category as ‘habitat or supporting services’ that provide habitat for species and maintain the
gene pool. The TEEB study attempted to analyze the economic value of biodiversity and the costs resulted from
biodiversity loss and ecosystem degradation (TEEB, 2010; Kasparinskis et al., 2018). Further, the CICES
(Common International Classification of Ecosystem Services) study proposes a new classification of services
aiming to overcome the gaps between different classification system, which distinguishes ‘provisioning’,
‘regulating’ and ‘cultural’ services as main sections that are further split into ‘divisions’, ‘groups’ and ‘classes’.
CICES study does not include ‘habitat/supporting services’ to avoid double counting (CICES, 2018; Kasparinskis
et al., 2018). The most recent and complex classification is developed by IPBES (Intergovernmental SciencePolicy Platform on Biodiversity and Ecosystem Services) that provide an extensive typology of values including
‘intrinsic value of nature’, ‘nature’s benefit to people’, and ‘good quality of life’ (Kasparinskis et al., 2018).
Considering the purpose of my thesis is to analyze the cost and benefits of implementing the Nature
Restoration Plan for the Pilot Mountain which is similar to the aim of the TEEB study, I used the TEEB
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classification approach in this study, distinguishing ‘provisioning’, ‘regulating’, ‘habitat’, and ‘cultural’ services.
Also, there are other peer studies researching on La Junquera that apply the TEEB classification system, i.e.
Scoppola’s study (2019). Applying the same classification system as peer studies in the same area can improve
the comparability and the integration of results.
As explained in the TEEB study, provisioning services include the provision of food, water, fuels, fibers, genetic
resources, ornamental products, and medicinal resources. Regulating services include processes such as
climate regulation, erosion control, and pollination. Habitat service is identified as the capacity of a certain
ecosystem to support life-cycle stages of migratory species, especially nurseries for commercial species and
unique gene pools. Cultural services refer to non-material benefits such as aesthetic and inspirational values.
The provision of ecosystem services can be reduced or increased as a result of the conversion of ecosystems
(TEEB, 2010). For example, reforestation can increase the ability of carbon sequestration (TEEB, 2010). Hence,
analyzing the provision of ecosystem services of a certain ecosystem is a preliminary process for the valuation
and iCBA. The identification of ecosystem services gives an overview of the benefits involved which is the
foundation of iCBA. Ecosystem Service Analysis aims to solve RQ 2 and the results are shown in Chapter 4.
2.2.2 Integrated Cost-Benefit Analysis (iCBA)
Cost-Benefit Analysis (CBA) is a framework model considering economic costs and benefits of projects
systematically to better inform decision making (Weng & Fujiwara, 2011; van Zyl, 2014; Kashi et al., 2018). The
outcomes of CBA compare different policy alternatives or management measures in an economically efficient
way. The results can be used to raise social awareness, affect decision making and assist with management
design (van Zyl, 2014). However, the conventional CBA only includes benefits in financial terms (i.e. market
values), ignoring non-use benefits that do not have a market value, which under-estimates the natural capital
of the ecosystem or values of a restoration plan. To better drive public and private investments in restoration,
it is important to present a true picture of the values of restoration projects that captures all forms of benefits
including the use and non-use benefits, as well as public and private benefits (Wainaina et al., 2020). In the
Guidelines for Integrated Ecosystem Services Assessment written by De Groot et al. (2018), integrated CostBenefit Analysis (iCBA) is introduced as a more holistic way to analyze the economic value of Ecosystem
Services. Different from CBA, the iCBA uses the input of not only the financial (market) values but also indirect
market values measured with shadow pricing techniques. The latter values are related to “externalities” (either
positive or negative) that can cause the total value different from the financial one. The term externality can
refer to taxes and subsidies, as well as negative external costs such as replacement costs (Kashi et al., 2018).
For instance, a healthy forest can have positive externalities by providing better air quality or water regulation,
while degraded land needs extra costs for avoiding soil erosion to replace the lost capacity of soil conservation.
Most of these externalities are out of the scope of the financial CBA,and consequently, the potential benefits
of alternative, more sustainable land use are underestimated (Markandya, 2014; De Groot et al., 2018). In my
thesis, the cost of implementing the Nature Restoration Plan was estimated, based on the restoration cost
(plantation, construction of ponds, beehives, and check dams, etc.) and maintenance cost for the Pilot
Mountain system (operation cost for ecotourism and Regeneration Academy). The framework model iCBA can
support dealing with RQ 3 and 5 of my study.
2.2.3 Monetary valuation and Total Economic Value (TEV)
Monetary valuation is a process to translate the benefits resulting from land-use change or restoration into
monetary terms (De Groot et al., 2018). It aims to provide a better understanding of the overall benefits of ESs
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to better inform decision-making. Even so, it is difficult to convert all benefits of ESs into monetary terms,
especially for abstract benefits (e.g., the benefits on culture, aesthetics, or ethic). Hence, in the practical use
of this method, the researcher can usually only take account of some benefits provided by specific landscape
management given the available time, resources, and knowledge. For those benefits that cannot be turned
into monetary benefits, the values of the benefits remain in their own dimensions for informing decisionmaking. Finally, monetary valuation should be based on the sustainable use of ESs that will not deteriorate the
functioning of the ecosystem (De Groot et al., 2018). Normally, the application of the valuation method
depends on the types of values. The values of ecosystem services can be divided into two broad classes, use,
and non-use values (see Figure 5). Use values can be further divided into direct use values and indirect usevalues. Non-use values are values people assigned to ecosystem services that are not used currently, including
bequest values (values assigned to keeping the ecosystem services available for the next generation), and
existence values (i.e. intrinsic value of biodiversity). There is also a type of value in between use and non-use
value called option value that represents the value of keeping the option free of using the ecosystem services
in the future either within our own life or for the next generations (de Groot, 2020, under review). For my
thesis, I used Direct Market Valuation and Indirect Market Valuation to assign values to those selected
ecosystem services on the Pilot Mountain. For the selected provisioning services (food, honey, water, raw
material) and cultural and amenity services (recreation, education & science) assessed in my thesis, the values
were assigned through the Direct Market Valuation method. The provisioning services were valued through
the market price (or marginal productivity cost) of the products provided. The cultural and amenity services
assessed in my thesis were valued through the price of traveling or educational programs. For the regulating
services assessed in my thesis, I used Indirect Market Valuation to give the services monetary values. The
carbon sequestration service was valued through Avoided Cost method which measures the values of removed
carbon. The erosion prevention service and pollination service assessed were valued through the Replacement
Cost method which measures the expenditures caused by substituting the lost ecosystem function. Other
values including option value, bequest value, and existence value are not considered for the complexity of the
valuation. Habitat service that might be delivered on the Pilot Mountain is only qualified with its future trends
in Chapter 4.
To better compare the effects of different scenarios from a cost-benefit perspective, a holistic overview of all,
or as many as possible of the monetary values that are related to ESs is necessary. The Total Economic Value
(TEV) is the aggregation of the values derived from the ecosystem services to estimate the comprehensive
wealth of stock changes. TEV provides decision-makers important information for understanding and
characterizing the restoration plan and the management process on a sustainable basis (TEEB, 2010; de Groot
et al., 2018; BASKENT, 2020). TEV can be disaggregated into use values and non-use values (MA, 2005; TEEB,
2010; de Groot et al., 2018). As the TEV framework shown in Figure 5, the use-values can usually be measured
with the Market Valuation method and the non-use values can usually be measured with the Non-Market
Valuation method.
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Figure 5. Components of TEV
Source: de Groot et al., 2018
Based on the components of TEV and considering the concept of iCBA, a formula is specified to calculate TEVs
in three scenarios in this report. The TEV in this report is calculated by adding the market and non-market
values of selected ecosystem services delivered on the Pilot Mountain with consideration of positive and
negative externalities as follows:
𝑇𝐸𝑉 = ∑ 𝐸𝑆𝑚𝑎𝑟𝑘𝑒𝑡 +

∑ 𝐸𝑆𝑛𝑜𝑛−𝑚𝑎𝑟𝑘𝑒𝑡 + ∑ 𝑠𝑢𝑏𝑠𝑖𝑑𝑦 − ∑ 𝑐𝑜𝑠𝑡

Source: adapted from Aulia et al. 2020
Where the TEV is the Total Economic Value (TEV) of ESs delivered on the Pilot Mountain, ∑ 𝐸𝑆𝑚𝑎𝑟𝑘𝑒𝑡 is the
sum of values of ESs with market values (i.e., provisioning and cultural services), ∑ 𝐸𝑆𝑛𝑜𝑛−𝑚𝑎𝑟𝑘𝑒𝑡 is the sum
of values of ESs with non-market values (i.e., regulating services), ∑ 𝑠𝑢𝑏𝑠𝑖𝑑𝑦 is the sum of positive
externalities including public and private subsidies, and ∑ 𝑐𝑜𝑠𝑡 is the sum of potential costs that may occur
by implementing the Restoration Plan
The key in calculating TEV is to define what costs/benefits are. For instance, labor can be seen as a benefit from
the public perspective (e.g., voluntary work, job opportunities), but from a private perspective, it becomes a
cost for the landowner to employ workers (De Groot et al., 2018).

2.3 Data collection
The data was collected on the farm La Junquera in the south of Spain between the 30th of October and 20th of
December 2019. The main approaches to obtaining data were interviews, personal talks, on-site observations,
voluntary work participation, engagement in AlvelAl activities, and literature review. During the stay in Spain,
I interviewed the farm owner (stakeholder 1), the co-founder of Regeneration Academy1 (Stakeholder 2), the
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beekeeper and entrepreneur in the AlvelAl association (Stakeholder 3), and a farmer in the region of Murcia
(Stakeholder 4). I also had some informal talks with an expert in biodiversity (Stakeholder 5) who is also the
founding member of AlvelAl, the manager director of Leopold Bachmann Foundation (Stakeholder 6) that gives
financial support to La Junquera, the designer of the Nature Restoration Plan (Stakeholder 7) and a student of
Regeneration Academy1 (Stakeholder 8). The information of all these stakeholders has been incorporated in
table 1. The content of informal talks was written as notes to make contributions to the research. Moreover,
my participation in designing the restoration plan for the gully (which is also part of the natural zone) on the
farm also helped with the understanding of my research by collaborating and sharing data with students
involved in Regeneration Academy1. Besides, I participated in the restoration planting, pruning trees, and
harvesting olives on the farm while Stakeholder 2 (responsible person of Regeneration Academy1) introduced
information of the current situation of the farm, rationale of restoration, vegetative types of the land,
correlation between biodiversity and nature restoration, etc. Meanwhile, the on-site observation was also
accompanied by voluntary work on the farm. The information retrieved from voluntary work experience and
site observation has been taken as fieldnotes for further reference. Also, the AlvelAl association organized
many activities including knowledge-sharing events, presentations by experts, and regular meetings with
membership farmers. The events provided a lot of information related to my thesis. Next to these approaches,
reviewing thesis reports from previous students working on the farm and online academic literature assisted
with collecting valid data.
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Table 1. List of stakeholders
Stakeholder Occupation
1
Owner
2
Co-founder
3
Beekeeper & Entrepreneur
4
A farmer in the region of Murcia
5
6
7
8

Organization
La Junquera
Regeneration Academy
Agrolavia
The Angel and Sophy
Farm
founding member of AlvelAl & Biologist
Commonland
Manager Director
Leopold
Bachmann
Foundation
A student of Regeneration Academy & the Regeneration Academy
designer of the Nature Restoration Plan
A student of Regeneration Academy
Regeneration Academy

Interviewee code
Interviewee 1
Interviewee 2
Interviewee 3
Interviewee 4
Personal talk
Personal talk
Personal talk
Personal talk

2.4 Data analysis
The interview contents were recorded with interviewees’ permits and transcribed into texts by reviewing the
records afterward. The interview questions and related answers are incorporated and shown in Annex 1. By
observing the on-site landscape, descriptive and reflective field notes were taken for understanding the actual
situation and better data aggregation into my research. Taking fieldnotes is considered an important approach
to access primary data for qualitative research and to provide contextual information for the subsequent data
analysis (Phillippi & Lauderdale, 2017). Data acquired from different sources (interviews, personal talks,
presentations, voluntary work, etc.) are combined in tables (Annex 3, 4), validated (Annex 5, 6), and calculated
through Excel (Annex 7). The results relevant for answering research questions are interpreted based on
scientific literature and the local situation. For the missing data that I did not obtain during the fieldwork,
assumptions are made to develop scenarios based on literature, expert judgement, and my personal
considerations. The uncertainties behind the assumptions are as much as possible explained in Chapter 6.
Furthermore, some data for valuation that are impossible to get in the field are derived from geographically
and socio-economically comparable places based on the value transfer method ("Value Transfer Method |
IPBES", 2020). The limitations of this thesis research are analyzed in the end by reflecting on the assumptions
and illustrated in Chapter 6 with a Sensitivity Analysis. The data collected in my research will be kept by WUR,
available for further analysis and research.
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3 The Nature Restoration Plan and future scenarios
In this Chapter, the practices proposed in the Nature Restoration Plan to restore the Pilot Mountain area are
introduced in detail to give insight into the provision of ecosystem service bundles found in that area. Three
scenarios are characterized to display the current and future status of the Pilot Mountain.

3.1 Actions included in the Nature Restoration Plan
The Nature Restoration Plan is made for the Pilot Mountain situated on the farm La Junquera (Kuchler, 2018).
The geographic coordinates of the site are 37°56'44.4"N 2°10'28.4"W. The climate on the farm is characterized
as a semi-arid Mediterranean climate. Thus, rain is scarce to support the fast growth of plants. The annual
precipitation is around 400 mm, mainly existing in winter, spring, and autumn. Regardless of the low average
precipitation, there is a large variation in rainfall between years. The periodically intense rainfalls can cause
soil erosion on bare land due to the low infiltration. The wind on the farm also has damaging effects on the
surface soil, resulting in the absence of ground vegetation. Before the restoration of the Pilot Mountain, the
land looks bare, dry, and stony (personal talk with Stakeholder 2). There only exist some native bushes like
sage, esparto, Thyme, artemisia, and blackthorn (personal talk with Stakeholder 6). In the Restoration Plan,
Kuchler proposes both physical and biological practices to mitigate the soil degradation and restore the
ecological environment on the Pilot Mountain, dividing the site into 7 functioning plots (Kuchler, 2018).
The physical measures include building check dams over the erosion channel. The location of check dams is
shown in Figure 3 where the slope is steep and faces the almond field. The check dams are constructed with
clustered big stones to reduce water flow and lower the risk of flood in the almond fields (Figure 4). This action
functions as a short-term solution because it takes effect very soon, compared to the planting of trees and
shrubs (Kuchler, 2018).

Figure 5. Map of the check dam location
Retrieved from Kuchler (2018).
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Figure 6. Picture of the check dam on site. Taken by the author on 19 December 2019.
As indicated in the restoration map given in NRP (Figure 7), the planting plots A-E are mainly planted with holm
oaks, pine trees, Retama sphaerocarpa, black hawthorns, rosemary, and the rare species Ephedra nebrodensis,
which are found abundantly coexisted in the surroundings of La Junquera and most likely to be potential
restoration species. The remaining plots are designed as a grazing area, truffle oak cultivation area, and a pond.
The grazing area is planned to make use of the livestock raised on the farm to rotate the ground cover on-site
and meanwhile increase the diversity of the ecosystem. Additionally, truffle oak cultivation is popular among
local farmers, and the product of the truffle oak called black truffle sells at a high price, adding market value
to the system. The pond sized 800 m2 is meant to provide habitat for animals, especially for beneficial insects
facilitating the pollination process, while increasing biodiversity. The existence of the pond can also retain
water during the intense raining period and increase ground infiltration. The blank areas in the map are spared
as reserves for original native species, which are regulated by European, national and regional law.
Furthermore, the beekeeping over the Pilot Mountain is also initiated for producing honey from rosemary,
thyme, and other possible plant blossoms, and improving pollination of crops planted near the Pilot Mountain
(Kuchler, 2018; Interviewee 1).
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Figure 7. Map of the Pilot Mountain indicating the areas divided by the implementation plan.
Retrieved from Kuchler (2018).
Figure 8 presents the implementation schedule with years given in NRP, in which Year 1 indicates the year 2019.
Based on this implementation schedule (Figure 8), I made a table (Table 2) below listing the changes that may
happen on the Pilot Mountain in the coming years. The changes are quantified in the table in different units,
differentiating in 2019, 2025, and 2039, which gives a preliminary basis for developing scenarios. In this
research, I suggest three scenarios in the year 2019, 2025 and 2039, because the restoration started in 2019,
then enters mid-term in 2025, and may have significant impacts in 2039. The description of specific changes
happening in the three scenarios is given in the subchapters below. The valuation of ESs and iCBA analysis are
built upon the scenarios identified in this chapter. Important to mention is that the scenarios are established
on the assumption that the activities proposed in the Nature Restoration Plan would be implemented by the
time suggested in the schedule. It implies that any different decisions not included in NRP made by the
landowner can make the scenarios different from as it is described in this thesis.

Figure 8. Restoration activity with hectare and the year of implementation.
Retrieved from Kuchler (2018).
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Table 2. Changes in restoration activities occurring in different scenarios.
Restoration Activities
Juniper
Hawthorn
Rosemary
Black truffles
Ponds
Cows
Oak trees
Pine trees
Check dams
Beehives
Eco-tourism
Regeneration Academy

Unit
ha
ha
ha
ha
No.
No.
ha
ha
No.
No.
No. of visitors
No. of students

2019
0
0
0.25
0
2
0
0.25
0
80
0
14
16

2025
1.78
0.575
0.9
0.75
3
8
9.25
0.575
80
2
240
24

2039
5.58
1.88
2.82
0.75
3
8
9.25
0.575
80
24
720
36

3.2 The area in the current year 2019
Scenario 2019 is the first implementation year of NRP, in which year, planting zone A1 and A2 (3.66 ha), grazing
area (1.58 ha), and the ponds are suggested to be built up (Kuchler, 2018). Through the interview with
Stakeholder 2 (Interviewee 2), the actual practices cover 600 planted trees, equally including rosemary, thymes,
and oaks. She also mentioned a plan of 5000 trees to be planted next year (2020), but the species had not
been decided yet (Interviewee 2). In NRP, the proposed planting density is 800 trees per hectare, which means
600 trees can occupy 0.75 ha of land. Thus, the first batch of planted rosemary and oaks takes up 0.25 ha of
land for each. As for the planted thymes, I assume the same amount of thyme in the following 20 years existing
on Pilot Mountain as I was unable to gather enough data for analyzing and quantifying the benefits of the
thyme during fieldwork. The assumption is also supported by the proposals given in NRP that the thyme is not
one of the main restored plants (Kuchler, 2018).
Besides the planting practices, the physical approach proposed in NRP to combat soil erosion has also been
finished in 2019. Totally, 80 check dams have been constructed so far, mainly spreading on the steep slopes of
the Pilot Mountain to avoid flushes (Interviewee 1).
Ponds have also been built on Pilot Mountain this year. Yet the size of the built ponds is much smaller than it
is proposed in NRP for the consideration of construction costs. Two ponds are in total identified on the Pilot
Mountain, with an estimated surface area of 50 m2 and depth of 3,5 m for each (Interviewee 1). It is worth
pointing out that the sediments can deposit in the pond over time and change the volume of the pond, which
can affect the functioning of the pond (personal talk with Stakeholder 8).
There is also some livestock raised on the farm, mainly pigs, horses, chickens, and cows. NRP suggests rotategrazing cows on the flat area of the mountain to fertilize the soil. When communicating with the landowner,
he said the grazing plan had not been implemented in 2019 but would try to implement it the next year
(Interviewee 1).
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From an educational perspective, the Regeneration Academy (RA), provides opportunities for students to learn
about regenerative agriculture and devotes themselves to farming transition for La Junquera. RA offers
Regenerative Agriculture Research Programs twice a year to students who want to study regenerative
agriculture. The farm can approach farm transition through students’ thesis and internships, while the student
gains knowledge and skills to work on a transitioning farm ("Regeneration Academy", 2020). In 2019, RA hosted
16 students all together in spring and autumn. The students are committed to farm work one day per week
during their research program (Interviewee 1).
Next to the above-mentioned practices, the landowner also expressed the willingness of developing ecotourism on the farm, by starting to receive a 6-people group for each visit in the coming first and a half of the
year (Interviewee 1). However, the specific number of the visiting groups every week is hard to say, while the
visiting days are not fixed. With conservative anticipation, there could be one group every week regularly
visiting the farm in 2019 while the number can grow bigger in the future. Known from the landowner, the
short-term eco-tourism plan is expected to give feedback on the long-term eco-tourism which is expected to
be realized in 5 years (Interviewee 1).

3.3 Future scenarios
3.3.1 The area in the year 2025
In the year 2025, it comes to the mid-term of the restoration. In principle, the suggested planting plan and all
the rest activities should be accomplished this year if every step goes successfully. However, the species that
are planted in real practice can be different from what is suggested in NRP. For defining the scenario more
specifically, I would assume that the Pilot Mountain would be planted with the same species as suggested in
NRP in the following years. Another fact is that the plants are not 100% survived in principle when primarily
planted. However, taking account of the complexity and uncertainty of replacing dead plants, I assume a 100%
survival rate of the plants as an ideal circumstance to define the scenario. The uncertainties caused by the
assumptions will be discussed in Chapter 6 later.
Under optimal circumstances, the bushes including junipers, black hawthorns, and rosemary will grow up and
start to flower. Calculated by the specific planting plan provided by NRP, 1640 junipers, 460 hawthorns, 940
rosemary would have been planted spreading around planting zone A, B, and C. These bushes as medicinal
resources can provide various benefits such as berries, medicine herbs, honey, attracting bees and wild animals.
Also, oaks and pines are also growing to youth stands, taking up 9.25 ha and 0.575 ha of land. Though these
trees are quite young in 2025, they still play an important role in fixing carbon and provide byproducts like
acorns for the farm. Within these oak stands, there would be around 0.75 ha for cultivating black truffles to
extend farm productivity. The black truffle is a type of precious fungi with valuable nutrition, thus can sell at
good prices.
Apart from the planting plan, the long-term eco-tourism plan has also been implemented by 2025. the tourists
increased to 100 people per week. Since these tourists come as a group once per week, it is realistic to host
them by the volunteers as tour guides. I assume in 2025 the farm will not hire a full-time worker to manage
the tourism. So, the cost for every tourist can be saved as in 2019, while the growth in tourists will bring more
income for the farm.
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As for the physical practices, the farm will build one more pond on the Pilot Mountain. No more check dams
will be built for the plants on the slope have been grown up and fix the soil better. Two more Murcian cows
will be kept on the farm compared to the year 2019 and they are grazed on the flat area of the Pilot mountain
in the same way as the year 2019. To make use of the flowering plants growing on Pilot Mountain, two beehives
are set in certain places to harvest honey and facilitate the pollination process. The Regeneration Academy will
expand enrolled students to 12 persons per program and 24 persons per year. Students will help with
restoration practices on the farm and help running eco-tourism.
3.3.2 The area in the year 2039
In the year 2039, the Pilot Mountain has covered flourishing plants. The whole ecosystem has been showing a
good ecological balance. The trees that were planted 20 years ago have grown bigger with canopies. From this
year on, the trees can provide more shade than before, which can keep the understory soil humid for the
undergrowth vegetation. The ability of carbon fixation by trees has increased a lot. Bushes can give fruits in
the harvest season and appeal to lots of wild animals like rabbits, deer, birds, etc. The increase of biodiversity
also becomes one of the attractions to tourists.
Since the restored area is flourished with aromatics such as rosemary, thyme, and sage, the bees reproduce by
themselves under such a favorable environment. As a result, the demand for buying and setting hives manually
to maintain good pollination is much reduced. The boost bee colonies also produce more organic and highquality honey that sells for a high price.
Ecotourism has further developed and attract plenty of tourists from nearby villages. Roughly counted, the
number of tourists visiting the farm can reach 300 every week. Most of the visitors are from the nearby villages
and do not have to travel long distances to reach the farm. The visitors also participate in restoration voluntarily
as activities included in the tour.
As explained by the landowner, the subsidy received from the Commonland Foundation is supposed to be
invested in pond and silt trap construction. Based on this requirement, four more ponds can be expected since
it is feasible to use the subsidy of €2000 per year from Commonland Foundation to build four more ponds for
which one costs €100 for construction and €17/year (€1000 year-1/60 ponds=€17 year-1 pond-1) for
maintenance. With regards to the salinity problem of the ponds, students from Regeneration Academy have
been studying on it for years and several solutions have been worked out. Ultimately, these ponds can be used
for irrigating the surrounding plants.
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4 Ecosystem Services Analysis
This chapter provides the results of the analysis of ESs provision of Pilot Mountain under the three different
scenarios (2019, 2025, 2039), answering RQ 2. Due to the time and resource limitations, not all the ESs that
can be potentially provided by Pilot Mountain are included in the analysis. A list of specific ESs is selected based
on the data that was successfully obtained during the fieldwork. By choosing the most affected indicators, the
quantification of ESs is assessed which is the input data of the valuation of ESs and iCBA in the later steps.
Evidence has shown that the rehabilitation measures can result in significant improvements in ESs provision
rapidly in less than one year (De Leijster et al., 2019). Some studies also reported habitat provisioning had
increased by 12% ten years after hedgerow restoration, while another study showed that the natural
vegetation had increased the abundance of arthropods, pollinators, and birds, at the meantime reduced
surface runoff by 37% after five years (De Leijster et al., 2019).
The selection of ecosystem services analyzed in this thesis is based on the consultations with stakeholders
(interviewees), expert opinion (mainly my supervisor Dolf de Groot), literature review, and my own ‘best
professional judgement’.
The total bundles of ESs provided in the three scenarios mentioned in Chapter 3 are incorporated in a table,
given in Annex 3. In the sub-chapters below, each main category of ESs is discussed separately to give a clear
overview of the impacts of restoration practices on ESs provision.

4.1 Provisioning services
Due to the time limitation and scarce data, only the most important provisioning services are selected to be
quantified and used in the iCBA in this report. The selected provisioning services of Pilot Mountain are
delivered by the aromatics, trees, shrubs, ponds, beehives, and grazed cows on the site (see Table 3). The
provisioning services analyzed are food, honey, water, and raw material provision. These services are further
divided into more specific sub-services, and each sub-service is quantified with a selected indicator. For food,
honey, and raw materials, yield/year has been chosen to be the indicator to quantify the service delivery and
calculated for the different hectares in different scenarios. For water, the volume of the pond is selected to
quantify the water that Pilot Mountain can store and provide. The total volume of water provided by the site
varies among three scenarios because of the different numbers of ponds. In Table 3, the services are firstly
quantified in the service provision per SPU per year then calculated with each area related to the service
provision into the total service provision per year. The term SPU is Service Provision Unit that represents the
actual area related to the service provision.
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Table 3. Quantification of provisioning services in each scenario for SPU
ESs category service
subservice
2019
2025
Service
Total
Service
provision per
provision
a
per SPU year
per SPUa
per year
per year
Provisioning food
juniper
60 kg x 0 kg
60 kg x
crop yield
0 ha
1.78 ha
hawthorn
160 kg x 0 0 kg
160 kg x
crop yield
ha
0.6 ha
rosemary
crop yield

20 kg x 5 kg
0.25 ha

2039
Total
per
year
107
kg
96 kg

50 kg x 0.9 45 kg
ha

Service
provision
per SPUa
per year
60 kg x
5.58 ha
160 kg x
1.88 ha

Total
per
year
335 kg
301 kg

80 kg x 226 kg
2.82 ha

black truffle 34 kg x 0 kg
73 kg x 55 kg 112 kg x
crop yield
0 ha
0.75 ha
0.75 ha
honey
honey yield 6.5 kg x 0 0 kg
6.5 kg x 2 13 kg 6.5 kg x 24
hives
hives
hives
2
3
2
water
ponds
50m
x 350 m 50m
x 525
50m2
x
3
3.5m x 2
3.5m x 3
m
3.5m x 3
raw
oak
tree 715 kg x 179 kg 715 kg x 6614 715 kg x
material acorns
0.25 ha
9.25 ha
kg
9.25 ha
cow
0.55 ton x 0 tons 0.55 ton x 4.4
0.55 ton x
manure
0 cows
8 cows
tons 8 cows
a
Service Provision Unit (SPU), representing the actual area related to the service provision.

84 kg
156 kg
525 m3
6614
kg
4.4
tons

4.1.1 Juniper berries
Juniper berries have extensive use in phytotherapy, alcoholic beverages, and essential oils (Salamon et al.,
2014). However, almost none of the farms within AlvelAl territory currently harvest juniper berries, which
makes the quantification of the yield difficult. Due to the scarce data about the yield of juniper berries, I
assume one-hectare juniper can produce 60 kg juniper berries, referring to the yield of other shrubs in this
area (hawthorn 160 kg/ha and rosemary 50 kg/ha).
The cover area of the juniper that can produce juniper berries is based on the planting area of junipers
proposed in NRP (Kuchler, 2018) for 2019 (0 ha) and 2025 (1.78 ha). In 2039, the cover area is considered to
take the dispersal rate into account. As found in the study by Vanden-Broeck et al (2011), the dispersal rate of
seed-mediated juniper ranges between 3% and 14%. Thus, the assumption has been made that the dispersal
rate of the juniper on Pilot Mountain is 8.5% between 2025 and 2039. So, the area of the juniper will cover
5.58 ha in 2039. By assuming the yield of berries is 60 kg/ha, a total yield of 107 kg/year (60 kg x
1.78 ha) berries can be produced in 2025, and 335 kg/year (60 kg x 5.58 ha) berries can be produced in 2039
(Table 3). For 2019, the yield is 0 kg/year because the juniper was not planted.
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4.1.2 Black hawthorn
Black hawthorn (Rhamnus lycioides) is one of the most important plants to be restored on the site. This species,
together with oaks (Quercus coccifera) and pines (Pinus halepensis) is considered to form the main
substitutionary vegetation of the land which was shrubland in the past (Kuchler, 2018). The hawthorn has a
number of usages in food and medicine production. The berries can be made into jams, jellies, candies, and
wines. Other parts of the plant can be made into herbal medicines to treat digestion, kidney diseases, anxiety,
cardiac diseases, etc (Wong, 2020). In this report, only the dry matters of the berries are counted as the yield
of the hawthorn, while the other parts of the plants should remain growing at the same place. According to
the study by Croxton & Sparks (2002), the yield of the hawthorn berry (dried matter) that is left uncut is about
40 g per 2.5 m2. So, I assume that the yield of hawthorn in La Junquera is 160 kg/ha (40*10-3/0.00025=160
kg/ha).
The area of black hawthorn in 2019 is 0 ha because it was not planted yet. In 2025, there will be 0.6 ha black
hawthorns as indicated in the NRP (Kuchler, 2018). If a natural dispersal rate of 8.5% is assumed (same as the
juniper), then 1.88 ha black hawthorns in 2039 can be expected. With a yield of 160 kg/ha, the total yield of
black hawthorns for the Service Provision Unit on the Pilot Mountain is 96 kg/SPU/year in 2025 and 301
kg/SPU/year in 2039 (see Table 3).
4.1.3 Rosemary
Rosemary also delivers many services. The flower of rosemary is a good source of nectar for bees, which also
facilitates the pollination process. The leaves can be cut and dried to sell in the market. And essential oil can
be extracted from it for cosmetics, pharmaceuticals, and therapeutics (Department: Agriculture, Forestry and
Fisheries REPUBLIC OF SOUTH AFRICA, 2012). In this report, the provision of rosemary counts the yields of
essential oil. According to the data of the rosemary yield in South Africa in 2012, one hectare of rosemary can
produce 20 to 80 kg of oil (Department: Agriculture, Forestry and Fisheries REPUBLIC OF SOUTH AFRICA, 2012).
Since the climate on Pilot Mountain is comparable to South Africa, the yield can be expected similar. Then, 20
kg oil/ha harvested in 2019, 50 kg oil/ha in 2025, and 80 kg oil/ha in 2039 can be assumed.
As the scenarios described in Chapter 3.2 and Chapter 3.3, about 0.25 ha of rosemary were planted in 2019
and 0.9 ha will be finished planting in 2025 as proposed in NRP (Kuchler, 2018). If assuming the natural dispersal
rate as 8.5% (same as the juniper and black hawthorns), then 2.82 ha rosemary can be assumed for 2039 on
the Pilot Mountain. With the assumed yield (kg oil /ha/year) above, the total yield of rosemary oil for the
Service Provision Unit on the Pilot Mountain is 5 kg /SPU/year in 2019 (20 kg oil/ha x 0.25), 45 kg in 2025 (50
kg x 0.9 ha), and 226 kg in 2039 (80 kg x 2.82 ha), see Table 3.
It is worth to be discussed that if the owner sells the rosemary in different forms, like dried leaves beside the
essential oil, it can lead to differences in the income.
4.1.4 Honey
In Scenario 2019, there are few aromatics existing. Although there are some originally growing sages and
thymes, and a small portion of planted rosemary, the landowner did not collect honey from these aromatics.
Thus, the honey yield is counted as 0 kg/year in 2019. In Scenario 2025, all the plants including rosemary are
planted and growing up. A mature rosemary shrub can grow up to 0.9 meters in height and 0.6 meters in
diameter by its second growing season and bloom in the second year since it is planted (WALDRON-GROSS,
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2020). Beehives have been set around the field and honey extracted from rosemary is collected. The area of
planted rosemary in total: 8 ha*5%+ 3.5 ha*5%+1 ha*5%≈1 ha. For pollination purposes, there can be set
two hives per hectare on the land. According to the estimation of the beekeeper, each hive can produce 6-7 kg
honey/year, on average 6.5 kg honey/year (Interviewee 3). Hence, one hectare of rosemary can produce 13 kg
honey/year (2 hives* 6.5 kg honey/hive/year=13 kg honey/year). Since the vegetation reproduction ability of
the land is not totally recovered, the extraction of honey from other aromatics like sage and thyme is not taken
into account. By 2039, the vegetative reproduction ability of the studied ecosystem has been restored. Under
favorable environmental conditions, the plant can propagate when the seeds or plant fragments are spread
over the land (Thomas, Tölle, Ziegenhagen & Leyer, 2012). The medicinal plants such as sage, rosemary, thyme,
and lavender can be expected to flourish for honey extraction on Pilot Mountain which takes up 12 ha. In total,
156 kg honey/year can be harvested in 2039 (12 ha* 2hives/ha * 6.5 kg honey/hive/year= 156kg honey/year).
4.1.5 Black truffle
There is also a plan for black truffle cultivation within the Nature Restoration Plan. The average annual
production of black truffle in Europe is still very little, around 34 kg/ha due to the unmatured technology.
However, with the improvement in the cultivation methods, the yield can excess 112 kg/ha (New World
Truffieres, Inc., 2020). Based on the assumption that the farmers cultivating black truffles kept innovating and
improving growing methods, a yield of 73 kg/ha in 2025 (which is the mean value of 34kg/ha and 112kg/ha)
and 112 kg/ha in 2039 can be expected. Told by the landowner, the plan for cultivating black truffles will not
be considered for the first few years due to the little production. It might be implemented in the future though
(Interviewee 1). Hence, I want to assume that the farm will develop truffle cultivation from 2025 onwards. The
total planned area of the truffle plot contains 0,75 ha, with a density of 278 trees per hectare according to the
NRP (Kuchler, 2018). For that the truffle is grown with inoculation in oak trees which cannot reproduce by itself,
the plot area is supposed to stay the same in 2025 and 2039, to be 0,75 ha. The yearly yield of black truffle
then will be 55 Kg/year in 2025 and 84 Kg/year in 2039.
4.1.6 Water provision
The ponds on Pilot Mountain play an important role. It can bring several benefits, such as biodiversity
preservation, flood prevention, water storage, and nutrient retention (Stewart et al., 2017). The provision of
water on Pilot Mountain is seen to come from the stored water by the ponds. Though the water has problems
of high salinity, the capacity of providing water for plants and developing fisheries can have potential values.
The benefit of flood prevention is quantified under the classification of regulation of water flows in Regulating
services that will be explained in Chapter 4.2. Benefits of biodiversity and nutrient retention and other possible
benefits will be excluded in this report for the difficulty in quantification. From the interview with the
landowner, two ponds are now present on the Pilot Mountain, of which the surface area is estimated at 50 m2
each and the depth is around 3.5 m. The volume of water can be estimated by the volume of the ponds, which is
then 350 m3 in the current year. Moreover, the landowner tells he wants to dig one more pond next year in the
gully of the area (interviewee 1), based on which I can expect 3 ponds in the year 2025 and year 2039. Then
the volume of the water that can be stored in 2025 and 2039 can be 525 m3. It is also important to be
mentioned that the volume of the ponds can be changing over time because the sediments are deposited with
runoffs. Thus, the estimation of water stored by the ponds can only be roughly calculated excluding the factor
of changing sediments.
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4.1.7 Acorns
The Pilot Mountain can also deliver raw materials like acorns from the oak trees and cow manure from the
grazed cows. Beyond that, the cut wood from the trees and shrubs are not counted in this report because
cutting or pruning trees and shrubs consume too much labor and time which generates little income for the
farm. The acorns can be used as feed for livestock or sold as holm oak seeds. As shown in the study by
Mosquera-Losada et al. (2006), the production of holm oak from Extremadura (Spain) can vary between 600
and 830 kg /ha acorns per year. So, I would assume 715 kg/ha/year acorns on the studied Pilot Mountain. The
production of acorns is based on the coverage of oak trees, which is 0.25 ha in 2019, 9.25 ha in 2025, and 2039
(see table 3). In total, a yield of 179 kg acorns (715kg x 0.25 ha) can be achieved in 2019, 6614 kg acorns (715
kg x 9.25 ha) can be expected both in 2025 and 2039 (Table 3).
4.1.8 Cow manure
There are currently 6 cows on the farm. Since the breed of the cow on the farm is rare, the landowner wants to
breed the race and integrate it into the farming system. I have assumed 2 more cows on the farm in near future,
indicating 8 cows both in 2025 and 2039. As suggested in the Nature Restoration Plan, the cows will be bred
and rotationally grazed in the flat field of the Pilot Mountain to add to the productivity of the area (Kuchler,
2018). Rotational grazing is a periodically grazing system that can improve the pasture quality, greater grass
yield, and fertilize the soil with more organic matter (FAS, 2019;). Since the fields that are used to graze the
cows are not mass-producing livestock forage, the benefits of higher quality and yield of forage from rotational
grazing are not considered in this report. The benefit of higher soil fertility mainly comes from the manure that
cows spread on the field (Morgan, n.d.). Hence, the quantification of higher soil fertility benefiting from
rotational grazing is translated into the quantification of cow manure produced during grazing. According to a
review related to the treatment of cattle manure by Font-Palma (2019), one general feedlot cow can produce
5.5 kg manure per day. If a grazing period of 100 days per year is assumed, one cow can generate approximately
550 kg/year (0.55 ton) by grazing on the Pilot Mountain. In 2019, the cows were not grazed yet thus the cow
manure is not counted in the calculation. In 2025 and 2039, eight cows are assumed to be grazed on the Pilot
Mountain, then 4.4 tons of cow manure can be produced in 2025 and 2039 from sustainable cow-grazing.

4.2 Regulating Services
The regulation services are the services provided from the regulation of ecosystem processes, such as air
quality maintenance, climate regulation, moderation of extreme events, regulation of water flows, waste
treatment, erosion prevention, maintenance of soil fertility, pollination, and biological control (TEEB, 2010).
On Pilot Mountain, the regulating services are mainly delivered by the restored vegetation, the ponds, the
check dams, and the bees which are fed by almonds and other aromatics. Table 4 gives the analyzed regulating
services and subservices delivered on Pilot Mountain. The quantification of each service for the different
scenarios is shown in Table 4 and will be explained in the following sections. The vegetation including oak trees,
pine trees, and other shrubs mainly functions as carbon pools. They might also deliver other regulating services,
for instance, holding the soil to prevent erosion or regulating the water system, but will not be discussed in
this report.
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Table 4. The quantification of regulating services in each scenario
Ess
service
subservice 2019
2025
2039
category
Service
Total
Service
Total
Service
provision per
provision per
provision
a
a
per SPU year
per SPU year
per SPUa
per year
per year
per year
Regulating Coak trees
1.2 ton x 0.3
4.5 ton x 41.6
4.7 ton x
sequestrati
0.25 ha
ton
9.25 ha
ton
9.25 ha
on
pine tree
1.2 ton x 0 0
4.5 ton x 2.59
4.7 ton x
ha
ton
0.575 ha
ton
0.575 ha
shrubs
4.1 ton x 48.2
4.2 ton x 9.1
4.4 ton x
11.75 ha
ton
2.175 ha
ton
2.175 ha
2
3
2
3
regulation
ponds
50m
x 350 m 50m
x 525 m 50m2
x
of
water
3.5m x 2
3.5m x 3
3.5m x 3
flows
erosion
erosion
pmb
pmb
pmb
prevention prevention
pollination pollination pmb
pmb
pmb
a
Service Provision Unit (SPU), representing the actual area related to the service provision.
b
The service is provided on the Pilot Mountain, but the quantification data is not available.

Total
per
year
43.5
ton
2.7
ton
9.6
ton
525 m3

4.2.1 Carbon sequestration
Oaks (Quercus coccifera) and pines (Pinus halepensis) are considered to form the main substitutionary
vegetation of the restoration on the Pilot Mountain (Kuchler, 2018). Oak coppices are broadly spread in
western Spain as an important source of fuel in the past. However, since the European Union policy stimulates
conserving the oak trees, the benefits of oak trees are now mainly related to balancing the Carbon Cycle
instead of using the timber (Lancho et al., 2004). On the Pilot Mountain, the oak trees can function as a carbon
pool, as well as the pine trees. Through the study by Nunes et al. (2014), the pine and oak forest can capture
an average of 3.97 and 3.66 ton C ha-1 year-1, respectively, in northern Portugal, while the forest aged 38 years
and 55 years for pine and oak, respectively. A study about the relationship between carbon sequestration and
forest stand age was researched by (He et al., 2012), where the relationship was considered to be fitted in the
equation below:

𝑆𝑒𝑞𝑢𝑒𝑠𝑡𝑒𝑟𝑒𝑑 𝐶𝑎𝑟𝑏𝑜𝑛(𝑎𝑔𝑒) = 6.0848(1 +

𝑎𝑔𝑒 2.5745
)
−1
3.2401
𝑎𝑔𝑒
𝑒 3.2401

0.1876(

)

Source: He et al. (2012)
Where the Sequestered Carbon (age) is the amount of net flow of sequestered carbon by pine/oak at a
certain age.
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Calculated with age 1, 6, and 20 (scenario 2019 is year 1, 2025 is year 6, and 2039 is year 20) in the equation,
the corresponding amount of carbon fixation is 1.6 ton C/ha/ year, 6 ton C /ha/ year, and 6.3 ton C /ha/ year.
If the age of pine was 38, the amount of carbon fixation can be 6.09 ton C/ha/ year through the equation.
Compared to the observed results by Nunes et al. (2014), the result calculated with the equation is 53% higher.
It also indicates that the carbon sequestration can be varied in different areas (i.e. affected by the climate, soil
fertility, or planting density). Thus, I assume the carbon sequestration of pine and oaks in my study can capture
1.2 ton C /ha/ year, 4.5 ton C /ha/ year, and 4.7 ton C /ha/ year in 2019, 2025, and 2039 (75% of the calculated
results through the equation).
The rest plantation area of the Pilot Mountain is considered to cover native shrubs, according to the NRP. The
shrubland is also considered to make contributions to carbon sequestration in this area. According to de Groot
(2020, under review), the carbon sequestration in abandoned shrubland is 5.4 ton C /ha/ year and 5.8 ton C
/ha/year in natural habitat. To be conservative to the estimation, I would like to assume the carbon
sequestration of the shrub area on the Pilot Mountain 4.1 ton C/ha/year, 4.2 ton C /ha/ year, and 4.4 ton C
/ha/year in 2019, 2025, and 2039 (25% lower than the data in the literature), to distinguish the different stages
of the shrub area. The coverage of the shrubs is the total plantation area (12 ha) excluded the pines and oaks,
indicated in Table 4.
It is important to realize that carbon sequestration can be quite different with the effects of climate, the age
of plants, the size of plants, the soil type, etc. Thus, the quantification of carbon fixations by the plants on Pilot
Mountain contains uncertainties.
4.2.2 Water retention
The ponds on the mountain can retain the water. Since the area is quite dry most of the time, the water
retention of ponds on one hand can provide water to irrigate and keep the humidity of soil. However, the ponds
are currently not used for irrigation or aquaculture as the water is highly salinized and not suitable for irrigation
(Interviewee 1). Though some students who attended the Regeneration program have been studying the
salination problems of the ponds on the farm, proper solutions have not been found yet. Therefore, the ponds
are considered to deliver only the regulating service of retaining water which can be indicated by the volume
of the ponds. In 2019, there were already 2 ponds existed on the Pilot Mountain, with a surface area of about
50 m2, and 3.5 m in depth. The volume of the water that can be retained in 2019 is then 350 m3 (50m2 x 3.5m
x 2). In 2025 and 2039, I assume 3 ponds present on the Pilot Mountain with the same size as those present in
2019. Then 525 m3 (50m2 x 3.5m x 3) water is considered to be retained by the three ponds on the Pilot
Mountain both in 2025 and 2039.
4.2.3 Erosion prevention
Considering the mountain slopes, the ponds hold not only the water but also prevent soil erosion during rainy
seasons. The service of erosion prevention by the ponds can be quantified in terms of the changed sediments
of the ponds (soil loss caught by the ponds). However, the data was not obtained during the fieldwork due to
time and resource limits. Besides the ponds, also the physical practices of check dams play a role. The check
dams are all built on the slopes of the mountain that hold the soil effectively while raining. 80 check dams
were built until 2019 for soil erosion on the Pilot Mountain. The quantification of soil loss prevented by the
check dams was not obtained during the fieldwork, but the service value provided by the check dams will be
valuated through Indirect Market Valuation in Chapter 5.1.2.
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4.2.4 Pollination
The Pilot Mountain also delivers pollination services. It is delivered by the establishment of beehives. The bees
are fed by the aromatics on the mountain and help with the seed dispersal. As described in the scenarios, there
will be 2 and 24 beehives to maintain the basic pollination cycle in 2025 and 2039 respectively. No beehives
were set in 2019 because the vegetation and trees are still sparse. The quantification of the service of
pollination should be expressed in the effect of the bees on reproduction and yield of the pollinated species.
Unfortunately for the study area, those data are not available. However, the service values provided by the
beehives will be assumed through Indirect Market Valuation in Chapter 5.1.2.

4.3 Habitat Service
Habitat services are identified as the role of ecosystems in providing habitat for migratory species and genepool maintenance for endangered species (TEEB, 2010).
There are lots of native species on the farm La Junquera. The Esparto, the Spanish word for Stipa tenacissima,
is a grass predominant on the Pilot Mountain. It used to be fiber materials for producing commodities such as
mats and baskets, which were sold for high prices. It resulted in the wide cultivation of esparto by local people
in the past, though it lost its financial value nowadays (Kuchler, 2018). Another typical plant on the Pilot
Mountain is Tamarix, growing in the wet area of the mountain. Thanks to its salt and drought tolerance it is an
excellent species to be maintained on the Pilot mountain. It is also considered a potential species that alleviates
the salinity problems of the ponds on the farm (Kuchler, 2018; personal talk with Stakeholder 8). In the
restoration plan, an unplanted area was designed to conserve the old plant varieties like Esparto and Tamarix.
The area can provide habitat for these old varieties when the surrounding environment stays in a good
condition instead of turning into a desert. Providing old variety plants habitats can be classified as one of the
nursery services. The quantification of this service can be represented by the number of old varieties that grow
on the Pilot Mountain. Yet, the underlying relationship between the environment and the growth of these old
plants is not studied for predicting the trend of growth in the future. I assume the number of old plant varieties
will increase following the restoration process which implies the value of delivering the service of nursing old
varieties will be higher over years.
The Pilot Mountain also provides a habitat for many wild animals. There are quite some types of birds living in
this area, such as eagles, condor, steparian birds, Terax terax, and Falco naumani (Interviewee 1). Other animals
like rabbits, deer, foxes, and other wild animals can be frequently seen during the harvest season. The indicator
for quantifying the service of nursing wild animals is counting the number of wild animals appearing on the
Pilot Mountain. The number of wild animals can be counted by setting infrared ray equipment on the mountain
to detect them. Due to the time restrictions, I was not able to do this work during the fieldwork, but it will be
an interesting topic for further research on this site. Over the restoration process, the Pilot Mountain will
attract more wild animals gradually because of the boom of vegetation on the mountain, which means the
mountain will have a higher value in 2039 regarding the habitat service for wild animals than in 2019, though
it is not quantified in this thesis report.
The maintenance of habitat for native plant varieties and wild animals is important to protect the gene pool.
Due to lack of data, the habitat services are only qualified instead of being quantified, which makes them not
involved in the valuation step and integrated cost-benefit analysis. However, the values contained in habitat
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services give additional value to the restoration plan. The potential values should not be ignored, and they will
be discussed in Chapter 6.
Table 5. The qualification of the trend of Habitat services
ESs
service
subservice
Unit
category
Habitat

Gene-pool
protection

Gene-pool
protection

2019

N. of rare native plants and +
wild animals

2025

2039

++

+++

The number of “+” signs represents the value of the service over years.

4.4 Cultural & Amenity Service
Cultural and amenity services are conceived as the “environmental settings” that can give leisure, recreation,
tourism, religious, spiritual, and health benefits and other benefits that humans obtain from nature, which
create linkages between nature and society materially and culturally (TEEB, 2010; CICES, 2012). Cultural
services are regarded as a result of direct or indirect interactions between humans and the living environment
(CICES, 2018). The cultural and amenity services delivered on Pilot Mountain are mainly related to Ecotourism,
the educational institute named Regeneration Academy, and the non-profit organization named Ecosystem
Restoration Camp. The indicators used for the valuation of the services are quantified in Table 6.
The development of ecotourism diversifies the income sources of the farm that provides opportunities to bring
tourists to the farm, also to diversify the sustainable use of nature. Ecotourism is a type of tourism that covers
the scope of natural, human-made, and cultural environments. It is defined by The Ecotourism Society as
“purposeful travel to the natural areas that creates an understanding of cultural and natural history of the
environment, safeguarding the integrity of the ecosystem while producing economic opportunities that make
the conservation of natural resources beneficial to local people” (Bashar, 2018). The visitors can have the
chance to further understand the necessity of regenerative agriculture and the restoration of natural areas,
which allows better dissemination of knowledge regarding nature restoration and agriculture transformation.
Meanwhile, the tourists will be organized to participate in restoration activities, which can speed up the
process of reforestation (Interviewee 1). As for the number of tourists that will be received on the farm every
year, the landowner expects a 6-people group at a time at the starting point. I assume the farm received on
average 6 people every week, 288 people/year for the entire farm in the year 2019 because it was the firstyear trial for eco-tourism. Since the Pilot Mountain is a small part of the entire farm (13 ha/1100 ha= 1.2%) I
assume 5% of the tourists will visit the Pilot Mountain for it is a demonstration of nature restoration in the
region. Then about 14 people in 2019 visit the Pilot Mountain. As the ecological environment of the farm gets
better, the number of tourists will increase considerably over the year. For estimating the benefits that will be
brought by eco-tourism, I make assumptions on the future numbers of tourists in 2025 and 2039 as 4800 and
14400 for the whole farm, then 240 visitors will visit the Pilot mountain in 2025 and 720 visitors in 2039.
Regeneration Academy has been established to offer learning opportunities to those interested in regenerated
organic farming and provide cultural services on the farm. The restoration plan of the Pilot Mountain was
designed by a student who attended the Regenerative Agriculture Research Program to reverse the condition
of the area. The institute creates a great transdisciplinary learning environment for students, professionals,
and entrepreneurs to make innovations for the multifunctional farm system. It provides a bunch of programs
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and projects open to those who want to make contributions to regenerative farming (Regeneration Academy
website: www.regeneration-academy.org). However, since the outreach of the institute is developing, what
can be decided is that the programs provided for bachelors and masters are regular. So in this report, only the
program opportunities the institute offered to bachelors and masters are taking into account and the number
of students Regeneration Academy hosts every year indicates how much cultural service the institute delivers.
There are two programs every year offered for students. Known from the past programs, every program
received 8 students on average (Interviewee 1). For the future, the landowner said they did not consider
receiving more students in short term, but in long run, it may happen (Interviewee 1). In the scenarios I
pictured in this report, Regeneration Academy will address each program to 12 students in 2025 and to 18
students in 2039. This is possible to happen in the future and it will enhance the development of Regeneration
to expand. I would also assume all the students are either involved in the nature restoration on the Pilot
Mountain or attracted by the successful demonstration of NRP on the Pilot Mountain.
Ecosystem Restoration Camp is a non-profit organization with hundreds of members around the world that
have the common wish to restore ecological functionality. The Camp established Camp Altiplano in 2017 that
locates in La Junquera. The landowner of La Junquera gave a 5-ha plot to Ecosystem Restoration Camp to
manage the restoration work, which is located on the Pilot Mountain ("Camp Altiplano – Ecosystem Restoration
Camps", 2020). In 2019, Ecosystem Restoration Camp organized three activities, each involved about 10
volunteers ("Camp Altiplano Update March 2020 – Ecosystem Restoration Camps", 2020). In total, 30
volunteers participated in restoring Pilot mountain in 2019. By participating in restoration practices, volunteers
can acquire both knowledge and practical skills of ecological restoration and increase the awareness of nature
restoration. These benefits represent part of the cultural services delivered by Pilot Mountain. In 2025 and
2039, the restoration of Pilot Mountain is considered finished, so I would not assume more volunteers working
on Pilot Mountain but on other places in La Junquera instead.
Table 6. The qualification of cultural & amenity services for the farm La Junquera
Ess
service
subservice
Unit
2019
category
Cultural
Recreationa Eco-tourism
/ N. of tourists/year
14
&
l
& enjoyment
of
amenity aesthetic
scenery
Education & regeneration
N. of students/year
16
science
academy
Ecosystem
N. of volunteers/year
30
Restoration
Camp
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2025

2039

240

720
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36

0

0

5 Integrated Cost-benefit analysis of the NRP
This chapter is split into three main sections: in section 5.1 the benefits of each service are presented, in
section 5.2 an overview of the costs, in terms of facilities and maintenance, for each service is presented, and
in section 5.3 possible subsidies (including public and private) are analyzed.

5.1 Monetary benefits of the ecosystem services
The valuation processes of ESs aim to quantify both use and non-use values of an ecosystem into monetary
terms (De Groot et al., 2018). It is a useful approach to quantify the effects of land-use change, landscape
management, and restoration for supporting better decision making. The performance of ecosystem services
is elaborately analyzed in Chapter 4 which enables the economic valuation of ESs in this chapter. Depending
on the availability of ecological knowledge and data, the values of ESs can be assessed by direct measures or
proxies (TEEB, 2010). In real cases, the values of ESs are often influenced by the management regime of the
ecosystem. It is necessary to take account of both potential values and actual use values (both direct and
indirect use values) of ESs when applying valuation (TEEB, 2010). The valuation in this chapter is based on the
quantification of services in Chapter 4 and will provide input data for TEV calculations and support iCBA in the
following.
5.1.1 Monetary benefits of provisioning services
The valuation of provisioning services usually uses the method of Direct Market Valuation which valuates the
service through measuring the price that ecosystem services have in trade (de Groot, 2018). Table 7 gives a
total calculation of the values of provisioning services on the Pilot Mountain, based on the quantification data
measured in Chapter 4. For each subservice, it will be explained below the table how it was calculated into
monetary values in €/year in the table. The market prices of some of the services might be different from the
real cases, like the food and raw materials, because they are not used for trade by the landowner yet and all
the prices that were not obtained from the interviews are sourced from online shop websites or literature.
The prices may differ from different sources and fluctuate over time, but they will be discussed in the
sensitivity analysis in Chapter 6.
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Table 7. Monetary benefits of provisioning services (€/SPU/year)
Service
Subservice
2019
2025

juniper
berries yield

Value
(€/SPUa
/
year)
60 kg x
ha x €1

Total
Per
year
0 €0

food
hawthorn
crop yield

160 kg x 0 €0
ha x €1
€34

rosemary
crop yield

honey

water

raw
material

genetic
resources

20 kg x 0.25
ha x €6.8
34 kg x 0 €0
black truffle ha x €55
crop yield
€0
6.5 kg x 0
honey yield
hives x €30
50m2
x €763
3.5m x 2 x
ponds
€2.18
715 kg x €32
0.25 ha x
oak
tree €0.18
acorns
€0
0.55 ton x 0
cow x €40
cow manure

Esparto
Ephedra
nebrodensis
Berberis
hispanica
Total (13 ha)
(€/year)

a

Valuation
Type

2039

Value
Total
a
(€/SPU
Per
/
year
year)
60 kg x
€ 107
1.78 ha x
€1
160 kg x €96
0.6 ha x
€1
€306
50 kg x 0.9
ha x €6.8
73 kg x €3,011
0.75 ha x
€55
6.5 kg x 2 €390
hives
x
€30
50m2
x €1,145
3.5m x 3 x
€2.18
715 kg x €1,191
9.25 ha x
€0.18

Value
(€/SPUa
/
year)
60 kg x
5.58 ha
x €1
160 kg x
1.88 ha
x €1
80 kg x
2.82 ha
x €6.8
112 kg x
0.75 ha
x €55
6.5 kg x
24 hives
x €30
50m2 x
3.5m x 3
x €2.18
715 kg x
9.25 ha
x €0.18

Total
Per
year

0.55 ton x €176
8 cows x
€40

0.55 ton €176
x 8 cows
x €40

€335

DMV

€301

DMV

€1,534

DMV

€4,620

DMV

€4,680

DMV

€1,145

IMV

€1,191

DMV

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

€6,422

-

€13,982

€829

Service Provision Unit (SPU), representing the actual area related to the service provision.
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a) Juniper berries
The yield of juniper berries in three scenarios is quantified in Chapter 4.1.1 (0 kg/year in 2019, 107 kg/ year in
2025, 335 kg/year in 2039). The valuation of the service regarding juniper berries is based on the market price
of the juniper berries (Direct Market Valuation). According to an online shop selling juniper berries, the retail
price of juniper berries is approximately €11/kg (Natural Spices, 2021). For the farmers, I would like to assume
10% of the retail price as the real income obtained by the farmer, at €1/kg juniper berries. As the yield of
juniper berries is assumed 0 kg/year for 2019, 107 kg/year for 2025, and 335 kg/year for 2039 in Table 3, the
values of junipers provided by the Pilot Mountain would then be € 1 in 2019, € 107 in 2025, and € 335 in 2039
(see Table 7).
b) Hawthorn
The hawthorn is often used in food and medicine production. The berries can be made into jams, jellies,
candies, and wines. Other parts of the plant can be made into herbal medicine to treat digestion, kidney
diseases, anxiety, cardiac diseases, etc (Wong, 2020). The valuation of the service regarding hawthorn
provision is based on the market price of the dried hawthorns (Direct Market Valuation). Through the market
price provided by the website “Organic Herb Trading”, the dried hawthorn can be sold for about €10 per kilo
(Organic Herb Trading Company - Price List, 2019). To convert to the real revenues for the farmer, I would like
to assume 10% of the selling prices as the real benefits for the farmer, at €1 per kilo. The yield of hawthorn in
different scenarios calculated in Table 3 is 0 kg/year in 2019 (160 kg/ha/year x 0 ha), 96 kg/year (160
kg/ha/year x 0.6 ha) in 2025 and 301 kg/year (160 kg/ha/year x 1.88 ha) in 2039. The total values of hawthorns
would then be €0 in 2019, €96 in 2025, and €301 in 2039 (Table 8).
c) Rosemary
The rosemary is assumed to be sold for its essential oil in this report. The price for the rosemary essential oil
is about €68 per kilo referring to an online shop from Barcelona in Spain (Ventós Aromaterapia, 2019). To
converted to the real revenues for the farmer, 10% of the selling prices is assumed the real benefits for the
farmer, at €6.8 per kilo. The yields of rosemary essential oil are 5 kg (20 kg/ha/year x 0.25 ha) in 2019, 45 kg
(50 kg/ha/year x 0.9 ha) in 2025, and 226 kg (80 kg/ha/year x 2.82 ha) in 2039, which leads the total values of
essential oil to €34 in 2019, €306 in 2025, and €1534 in 2039 (Table 8).
d) Black truffle
The average market price of black truffle in Mediterranean countries is €550 per kilo. The black truffle can sell
at high prices mainly due to the high quality and low production in the region ("The French black truffle
industry is threatened by Spain", 2019). To convert the retail price of black truffle to the real revenue the
farmer can get, I use 10% of the retail price at €55/kg. The price can be different after several years, while the
growing methods are improved, the trend of the market price is uncertain, probably will decrease since higher
production. at the assumed revenue of €550/kg truffles and the yields of 0 kg in 2019, 55 kg in 2025, 84 kg in
2039 that defined in Table 3, the value of black truffle is €0 in 2019, €3011 in 2025, and €4620 in 2039 (see
Table 7).
e) Honey
The minimum price of the honey harvested on the farm is €30/kg because the plants that the honey is
extracted from are regenerative and produce less than non-regenerative ones, told by the beekeeper on the
farm (Interviewee 3). Different from other provisioning services, the honey is assumed to be sold directly from
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the farm instead of the retailers, so the selling price of €30/kg is assumed as the real income the farmer can
get. Combined with the yields calculated in Table 3, 0 kg for 2019, 13 kg for 2025, and 156 kg for 2039, the
total values of honey that can be provided by the Pilot Mountain are €0 in 2019, €390 in 2025, and €4680 in
2039.
f) Water provision
The values of water provision benefited from the ponds on the Pilot Mountain are calculated with the water
price in Spain since the farm had to buy water for irrigation as well as construct irrigation system without the
retained water in ponds. In fact, the price of irrigation water should be used, but to consider the cost of an
irrigation system, I suggest using the higher price for drinking water to valuate the service. The drinking water
price in Spain is €2.18 per cubic meter of water (SPI News Feed, 2020). With the volume of water that can be
contained by the ponds, 350 m3 in 2019 and 525 m3 in 2025 and 2039, the total values of water provided that
the ponds generated are €763 in 2019 and €1145 in 2025 and 2039. It should be noted that the value is
underestimated because the real volume of water that the ponds hold is changing due to the infiltration and
refill. However, since it is hard to foresee the weather and measure the infiltration rate, the water that can be
retained is uncertain.
g) Acorns
The price of acorns can vary largely with different ways of harvesting (i.e., naturally falling or handpicked).
Hand-picking acorns are very costly and difficult. Accordingly, the market price can be rather high (MosqueraLosada, Rigueiro Rodríguez & McAdam, 2006). Thinking the farmer wants to limit the cost for the restoration,
using naturally fallen acorns is more feasible. The price for acorns used in this report is valued under the
assumption that the acorns are sold as feed for Iberian pig which had been estimated by a farmer in Spain in
2002 (Standiford, Ovando, Campos & Montero, 2013). The estimated price of acorns is €0.18/kg. Then, the
values of acorns generated in three years are 32 €/year, 1191 €/year, 1191 €/year.
h) Cow manure
The cow manure is supposed to be sold for composting fertilizers. Through Interviewee 1, one ton of cow
manure can sell €40, and it can generate 4.4 tons both in 2025 and 2039 as indicated in Table 3. Then, the
values generated from selling cow manures can reach €176 in 2025 and 2039. Though the cows were not
grazed in 2019 so the value was €0
i) Genetic resources
The genetic resources are not valued in this report for the lack of data.
5.1.2 Valuation of regulating services
Table 8 defined the values of regulating services available on the Pilot Mountain in three scenarios and the
following part will explain how these values are defined.

32

Table 8. Monetary values of regulating services (€/SPU/year)
Service
Subservice
2019
2025

oak trees
Csequestration
pine tree

Shrubs

erosion
prevention

erosion
prevention

Value
(€/SPUa
/year)
€25
x
1.2 ton x
0.25 ha
x 3.67c
€25
x
1.2 ton x
0 ha
x 3.67c
€25
x
4.1 ton x
11.75 ha
x 3.67c
€8/dam
x
80
dams

Total
Per
year
€27.5

€0

€4,420

Value
(€/SPUa/y
ear)
€25 x 4.5
ton x 9.25
ha
x 3.67c
€25 x 4.5
ton
x
0.575 ha
x 3.67c
€25 x 4.2
ton
x
2.175 ha
x 3.67c

€640

Pollination

Total (13 ha)
(€/year)

Total
Per
year
€3,819

€237.4

€838

€640
€8/dam x
80 dams

€0

Pollination

2039

€1.8/hiv
e/year x
0
+
€4.5/hiv
e/year x
0
+€50/hi
ve/year
x0

€112.6

€1.8/hive
/year x 2 +
€4.5/hive
/year x 2
+€50/hive
/year x2

€5,090

Value
(€/SPUa
/year)
€25
x
4.7 ton x
9.25 ha
x 3.67c
€25
x
4.7 ton x
0.575 ha
x 3.67c
€25
x
4.4 ton x
2.175 ha
x 3.67c
€8/dam
x
80
dams
€1.8/hiv
e/year x
24
+
€4.5/hiv
e/year x
24
+€50/hi
ve/year
x24

€5,642

a

Service Provision Unit (SPU), representing the actual area related to the service provision.

c

1 ton C=3.67 ton CO2

Valuation
Type

Total
Per
year
€3,989

IMV

€248

IMV

€878

IMV

€640

IMV

€1,351

IMV

€7,111

a) Carbon Sequestration
Carbon sequestration is a process in which trees remove atmospheric CO2 by storing CO2 as biomass (Schon et
al., 2014). On the Pilot Mountain, the oak trees, pine trees, and shrubs (including planted and wild) are the
main carbon sinks as they can absorb more carbon than they release over a period. Since 2005, the European
Union has established the EU emissions trading system to control greenhouse gases. By setting a ‘cap’ on the
total amount of emissions, the companies can sell or buy carbon credits if they need less or more emission
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allowances. The limit on the total amount of emissions allows carbon to have a value like a commodity (EU
Emissions Trading System (EU ETS), 2017). The carbon credits value about €25/ton CO2 but may fluctuate
between €20/ton and €30/ton over time (CO2 European Emission Allowances PRICE Today| Markets Insider,
2020). The carbon sequestration of oak and pine trees and other shrubs on the Pilot Mountain can generate
indirect market values for the landowner through the carbon market system.
As it is quantified in Table 4, the carbon sequestration of the Pilot Mountain (oak, pine, and shrubs) in 2019 is
48.5 ton C (0.3 ton C+ 0 ton C +48.2 ton C), while converted to CO2 (1 ton C = 3.67 ton CO2), 178 ton CO2 (1.1
ton CO2+ 0 ton CO2 +176.9 ton CO2) can be removed by the Pilot Mountain in 2019 (see Table 8). Calculated
with the value of €25/ton CO2, the landowner can have an economic compensation of €4,450 in 2019 for the
carbon removal (Table 8).
In 2025, the total carbon sequestration of the Pilot Mountain will be 53.29 ton C (41.6 ton C+ 2.59 ton C +9.1
ton C), equivalent to 195.6 ton CO2 (152.7 ton CO2 for oaks, 9.5 ton CO2 for pines, and 33.4 ton CO2 for shrubs)
can be fixed by the Pilot Mountain in 2025 (see Table 8). While the carbon price is €25/ton CO2, the landowner
can get a compensation of €4,889 for contributing to carbon removal in 2025 (Table 8).
In 2039, the total carbon sequestration of the Pilot Mountain will be 55.8 ton C (see table 8), with 43.5 ton C
removed by oak trees, 2.7 ton C removed by pine trees, and 9.6 ton C removed by the shrubs. Converted to
the CO2 removed, it will be a total of 204.8 ton CO2 with an economic value of €5,120 (204.8 ton CO2 x €25/ton
CO2) that should be the compensation for the landowner (Table 8).
b) Regulation of water flows (water retention)
For my thesis, I limited this service to water retention by the ponds. The valuation of the service can then be
estimated based on the amount of water that can be sustainably used for irrigation or other purposes. As
quantified in Table 4, the ponds can hold 350 m3 of water in 2019 and 525 m3 of water in 2025 and 2039. I
assume that 10% of the stored water can be used for irrigation. The value of the water can be calculated by
assuming that without the ponds, the farmer would have to buy the water. According to the SPI News Feed
(2020), customers in Spain pay €2.18 per cubic meter for water. Hence, the value of water retention represents
€76 in 2019 and €115 in 2025 and 2039. However, only a small percent of retained water from the ponds can
be used on a sustainable basis for irrigation. To avoid double-counting with service of water provision (Table
7), and for lack of data, this value has not been included in the overall calculations.
c) Erosion prevention
The service of erosion prevention is delivered by the check dams built on the slopes of the mountain. The
benefits are generated from the avoided replacement cost of soil erosion prevention. In 2019, the farm paid
€8/dam to build 80 dams for preventing soil erosion (Interviewee 2). In 2025 and 2039, the dams built in 2019
will still be in use for soil erosion, so the benefits provided by restoring natural vegetation can be derived from
the avoided replacement cost of building the dams which value €640 in 2025 and 2039. However, in 2019, it
was the first year that the dams were built, so the benefits equal to the cost which leads to zero net benefits
in 2019 (it will be also explained in Chapter 5.4 where TEVs are calculated).
d) Pollination
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The service of pollination is delivered by the restoration of aromatics and other vegetation. The aromatics
provide bees with food to live on the mountain so that bees can help with the pollination cycle on the farm.
In 2019, the planted aromatics were not grown sufficient yet for feeding the bees so that there was no
pollination service delivered on the mountain. In 2025, part of the area will have been restored, assumed to
provide well pollination in 1 ha of the area. According to the beekeeper (Interviewee 3, Annex 1.3), setting 2
beehives/ha can make the area provide well pollination. So the values of 1 ha well-pollinated area of the Pilot
Mountain in 2025 can be translated into the avoided replacement cost of 2 beehives and the corresponding
maintenance cost. The cost of constructing one beehive is €100 (including €55 of bees and €45 of the box),
according to the beekeeper (Annex 1.3). The cost for bees is a one-off cost because the bee can replicate by
itself in a favorable environment. Translating the cost for bees to cost per year, it is €1.8/hive/year (in 30 years).
The wood box (€45) might be changed after 10 years (Annex 1.3), if translated to cost per year, it is
€4.5/hive/year for the box. The maintenance cost for one hive is about €50/hive/year. The value of pollination
on the Pilot Mountain in 2025 is estimated €112.6 (€1.8/hive/year x 2 + €4.5/hive/year x 2 +€50/hive/year x2),
see Table 8. In 2039, the Pilot Mountain will be fully restored so that the pollination service is extended to the
whole area (12 ha of planting area). The values of the pollination on the mountain can be translated into the
avoided replacement cost of 24 hives (2 hives/ha x 12 ha). The value of pollination on the Pilot Mountain in
2039 is estimated €1351 (€1.8/hive/year x24 +€4.5/hive/year x 24 + €50/hive/year x24), see Table 8.
5.1.3 Valuation of cultural& amenity services
The cultural& amenity services delivered on the Pilot Mountain are connected to eco-tourism and the
Regeneration Academy. The planned ecotourism provides recreational and aesthetic services. The
Regeneration Academy provides education and science services. The values of cultural and amenity services
delivered on the Pilot Mountain are generated from the income of hosting students and visitors. Total values
of cultural & amenity services are defined in Table 9 and will be explained below for each subservice.
Table 9. Monetary Values of Cultural & Amenity Services (€/year) for the Pilot Mountain
Value（€/year）
ESs category
service
subservice
Cultural
&
2019
2025
2039
amenity
Eco-tourism & aesthetic €70
€1,200 €3,600
Recreation
appreciation
Education
&
€2,240 €3,360 €5,040
science
Regeneration Academy
Total (13 ha)
€2,310 €4,560 €8,640
(€/year)
a) Eco-tourism and aesthetic enjoyment
The development of ecotourism can bring substantial income to the farm by charging traveling fees from the
visitors. According to the conversation with the landowner, every visitor will be charged at least €100 per day
for visiting the whole farm, for sleeping, meals, and activities (Interviewee 1). To transfer the visit fee to visit
the Pilot Mountain, I assume €5/person/day. With the quantified yearly number of visitors defined in Table 6,
the potential income from the recreational service delivered on the Pilot Mountain is estimated at €70 in 2019,
€1,200 in 2025, and €3,600 in 2039.
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The assumption behind the valuation regarding ecotourism is that visitors only make it a one-day trip to the
farm so they just need to pay €100 per person. Also, the values have high uncertainty because the willingness
of potential visitors to pay €100 for the trip is not thoroughly investigated.
b) Regeneration Academy
The RA provides two programs per year for BSc and MSc students, and each program lasts 4 months. The
program fee for each student is €700 per month. Also, to convert the total program fee to the fee regarding
the Pilot Mountain, I assume €35 (5%) per person per month for learning the knowledge derived from the Pilot
Mountain. By considering the total number of students received by RA every year (as quantified in Table 6) and
months, the farm can receive €44800 in 2019, €67200 in 2025, and €100800 in 2039.
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5.2 Cost of Nature Restoration Plan and negative externalities
The cost of the NRP involves the plantation, construction and maintenance of check dams, ponds, and beehives,
harvesting and processing of cow manure, the establishment of black truffle cultivation, Regeneration
Academy, and ecotourism. The cost of implementing the Nature Restoration Plan for each ecosystem service
is displayed in Table 10. The detailed costs are explained in the following subchapters from different aspects.
Checking the costs that are involved in implementing the Restoration Plans is essential for calculating the net
benefits of the Restoration Plan.
Table 10. Cost of each ecosystem service in three scenarios for implementing NRP (€/year)
ESs category
service
subservice
Cost (€)
2019
2025
Provisioning
food
juniper crop yield
0
3,275
hawthorn crop yield
0
1,058
rosemary crop yield
440
1,540
black truffle crop yield 0
1,157
Honey
Honey yield
Water
ponds
234
151
raw material
oak tree acorns
Cow manure
0
2,304
genetic resources
Esparto
Ephedra nebrodensis
Berberis hispanica
Regulating
C-sequestration
oak trees
440
16,280
pine tree
0
1012
juniper
hawthorn
regulation of water ponds
flows
erosion prevention
erosion prevention
640
0
pollination
pollination
1,351 1,238.6
Habitat
Gene-pool protection Gene-pool protection
nursery habitat
old plant varieties
wild animals
Cultural & Amenity Education & science
Regeneration
640
960
Academy
Eco-tourism
& 42
720
Recreation
aesthetic appreciation
Blank cell: missing data or repeated data.

2039
0
0
0
0
51
2,304

0
0

0
0

1,440
2,400

5.2.1 Cost of Planting
The cost of restoring the natural area mainly comes from the tree planting process. Steps of growing trees
include digging holes, buying seedlings, watering, applying compost, putting on tree shelter and cardboard,
and labor. Based on the farm expenditures, obtained through interviews, the cost of each planting step is
37

averaged and shown in Table 11. In total, planting a tree or shrub needs €2,30 with the assumption that the
plant survives initially. Both considering that the planting density is 800 trees per hectare and hectares of each
species presenting in three scenarios, a total amount of cost in €/year for planting different trees and shrubs
can be calculated.
Table 11. The cost of plantation method (€/tree)
Planting Method
Labor
Holes
Seedling
Water
Compost
Tree shelter
Cardboard

Cost
€0.50
€0.50
€0.50
€0.50
€0.10
€0.10
€0.10

The plantations of junipers, hawthorns, rosemary, oak, and pines can all be calculated with the specific
plantation cost in Table 11 and hectares quantified in Table 2. The results of the plantation are defined in Table
12. The cost of the tree management is not included because most of the management measures are
undertaken by volunteers and it will not generate extra expense. In the year 2019, only a few trees are planted
which are 0,25 ha of rosemary and the same numbers of oaks with a cost of €440 for each. In 2025, the
plantation of trees is expected to be finished, so the cost generated in this year on plantation reaches the
highest. Up to 2039, no more plants are planted manually, the added areas of plants are reproduced naturally.
Thus, no extra cost is caused. With regards to the management of the area, the natural area can adapt to the
living condition under this scenario because of the recovered ecological capacity, which saves the cost of labor
on management. For the pruning of pines and oaks, I would assume that only a few times of pruning should
be done periodically which can be completed by the farmer himself, students from Regeneration Academy,
and volunteers (i.e., from Ecosystem Restoration Camps). The costs for other ecosystem services in Table 12
are explained in the below subchapters.
5.2.2 Cost of Black truffle cultivation
The black truffle plot will be established in 2025 since the budget of the farm cannot afford the expensiveness
of growing black truffle in the current year (2019). Told by the farmer Alfonso, his aunt has been trying to
cultivate truffles 8 years ago, but the result is not optimistic in terms of harvest. Some trials have been showing
that establishing truffles might not be a cost-benefit way of restoration considering financial limits (interviewee
1). However, with the progress in planting technology on black truffles, it is possible to establish this 0,75 ha
of plot in 2025.
Based on the estimation by Kuchler in his Nature Restoration Plan, the establishment of the truffle plot can
cost in total €1157 which includes cutting Atriplex, removing cut Atriplex branches, digging holes, labor for
planting and planting materials (Kuchler, 2018). The cost is only generated in 2025. The truffle is supposed to
grow naturally, so there is no cost caused in 2039. The labor for harvesting truffles is not included because the
data is not able to be obtained.
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5.2.3 Cost of harvesting cow manure
Besides, the cost of providing cow manure consists of the expenditure caused by grazing area establishment
and manure processing. In the current year (2019), the cow manure is not collected and sold after processing,
while it only remains on the land fertilizing the soil. So, the cost mainly comes from the establishment of the
grazing area. Due to the grazing area is not brought into reality yet, the cost can refer to the estimation made
by Kuchler in his Nature Restoration Plan. The result turns out €375 for creating the grazing area, including
cutting nutritious plants like Atriplex for resprouting, removing branches and seeding herbs. In 2025 and 2039,
the costs of offering cow manure are generated from processing the cow excretion if the farm is supposed to
sell the cow manure. Processing a ton of cow manure costs about €18 with advanced technology, referring to
research on the life cycle assessment of green manure (CORDIS Europa, 2017). Ultimately, the costs in 2025
and 2039 are both €454 (€375 + €18 x 4.4 ton) as to the same number of excretions is assumed to be produced.
5.2.4 Cost of pond construction and maintenance
The cost of the ponds comes from the initial construction and afterward maintenance. To build a pond,
excavators should be rented to excavate the topsoil of the selected site and the dam is heightened with
excavated soil. The separated cost of renting an excavator and hiring labor is not obtained, but the total cost
of constructing a pond is around €100 for a small-sized pond. Since the construction cost is supposed to be a
one-off payment, it is counted only in the construction year. In 2019, 2 ponds are constructed which costs €200.
While one more pond is added in 2025, so the cost for pond construction this year is €100. In 2039, the cost
of pond construction is €0 because no more ponds are built this year.
Regarding the maintenance cost of the ponds, the farmer told that all the ponds on the farm are managed
once per year altogether (interviewee 1). There are 60 ponds in total on the whole farm, and it costs €1000
every year to maintain these ponds (interviewee 1). On average, one pond needs €17 for maintenance every
year. So, the maintenance in three scenarios turns out to be €34, €51, and €51 in 2019, 2025, and 2039. The
overall cost for the ponds is €234 for 2019, €151 for 2025, and €51 for 2039.
5.2.5 Beekeeping
Beekeeping offers ecosystem services regarding honey production and pollination. The cost of beekeeping
contains the cost of setting beehives and management of beehives. It costs at least €100 to set a beehive,
including €55 of bees and €45 of the box. The lasting time of the beehives depends on the health, food
resources & maintenance of the bees. The hive can replicate and maintain by itself under favorable living
conditions. The wood boxes last for many years, around 10-15 years (Interviewee 3). For the first year (2019),
there is not a lot of bee food for bees to living and collecting honey, so no hive is set, and honey yield is none.
However, there is an underlying cost for the absence of pollination on the site, which in this report is quantified
as the cost of setting beehives. The cost of constructing one beehive is €100 (including €55 of bees and €45 of
the box), according to the beekeeper (Annex 1.3). The cost for bees is a one-off cost because the bee can
replicate by itself in a favorable environment. Translating the cost for bees to cost per year, it is €1.8/hive/year
(in 30 years). The wood box (€45) might be changed after 10 years (Annex 1.3), if translated to cost per year,
it is €4.5/hive/year for the box. The maintenance cost for one hive is about €50/hive/year. In total, the beehive
costs €56.3/hive /year. So, for the ecosystem service of pollination in 2019, it can cause a cost of €1351 (setting
24 hives). When it goes to 2025, the site is partly restored by the planted aromatics and trees, but it still loses
a part of pollination capacity. So, for the restored part, it can be used to harvest honey, while the unrestored
part has an underlying cost of pollination absence. The quantification method of the cost generated by the
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unrestored part is the same as it is in 2019. Therefore, the cost in 2025 is €1238.6 (€56.3/hive /year x 22 hives)
for the pollination absence. In 2039, the situation is simpler. Since the site has been restored entirely and
gained the capacity of pollination, it will not generate a cost for the service of pollination.
5.2.6 Check dams
The cost for check dams is generated from the construction of them. Constructing 80 dams by paying €8 for
each dam causes €640 expenditure for the landowner in 2019. In 2025 and 2039, since the Mountain will be
partly restored or fully restored, I assume the farm would not build more dams so that the cost for check dams
will be zero both in 2025 and 2039.
5.2.7 Regeneration Academy
Regeneration Academy provides the service of education and sciences. The Academy offers 2 programs that
each lasts 4 months every year. The Academy receives 8 students/program in 2019, while the number increases
to 12 students/program in 2025 and 18 students/program in 2039. The program fee is €700/student/program,
within which €300 is for accommodation and €400 is paid for the lecture, workshop, and office equipment.
Also, to convert the cost of Regeneration Academy to the cost concerning the Pilot mountain, I assume 5% of
€400 is using for the Pilot Mountain. Then the cost is €20/person/program. The total cost for the Regeneration
Academy using on the Pilot Mountain is €640 (€20 x 16 x2) in 2019, €960 (€20 x 24 x2) in 2025, and €1,440
(€20 x 36 x2) in 2039.
5.2.8 Eco-tourism
The farm is as described in the scenarios supposed to carry out a short-term touristic plan in 2019 and a longterm touristic plan in 2025 and 2039. The cost generated in tourism is mainly from the accommodation, meals,
and activities of tourists and the employment of a tour guide. Roughly calculated by the landowner, the total
cost of hosting one visitor, including accommodation, meals, and activities, is €60. By assuming 5% of the cost
is counted for visiting the Pilot Mountain, then the cost is €3/person. In 2019 and 2025, the farm is assumed
not to hire any tour guide for running the eco-tourism concerning the comparably small group of visitors.
Hence, the cost depends on the number of visitors. As estimated, there can be a total of 14 visitors in 2019
and 240 in 2025, which leads to a cost of €42 in 2019 and €720 in 2025. In 2039, the number of visitors can
increase significantly, resulting in the demand of employing tour guides. Given the number of visitors can reach
720 every year, hiring one tour guide is the most cost-effective for the farm. According to Interviewee 1 (Annex
1.1), hiring a full-time tour guide can cost approximately €2000 per month. Hiring a tour guide for the whole
year costs €24000. Assuming 1% of the cost of hiring the tour guide is related to the Pilot Mountain, then
€240/year should be an additional cost besides the basic visit cost (€3/person). So, in 2039, the cost for ecotourism related to the Pilot Mountain can reach €2,400, in which the basic cost accounts for €2,160.

5.3 Public and Private subsidies
Besides the benefits generated by the ecosystem services, the farm can also benefit from restoring the natural
area by getting support from the public and private subsidies. Table 13 lists the sources of public and private
subsides with the values that can be used in the later TEV calculation.
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Table 12. possible public and private subsidies in three scenarios (€)
Public & private subsidies
2019
2025
Pruning subsidy
0
0
subsidy from AlvelAl association
0
200
Volunteer
work
(Ecosystem 12,945
0
Restoration Camps)
Volunteer
work
(Regeneration 1,456
16,800
Academy)
Total
14,400
17,000

2039
5,900
200
0
0
6,100

5.3.1 Pruning subsidy
Since the nature restoration in the region of Murcia is at the very start, the government sets up a specific
subsidy for pruning forests to motivate local farmers to manage the natural area. Known from the farm owner
of La Junquera, he successfully applied an amount of €59,000 in 2015, for pruning pine trees located in the
other farm La Amudema that he owns. However, he failed to apply the same subsidy in 2019. Though, he
believes that he can apply it again in the future (Interviewee 1). Based on a conservative expectation, the farm
is possible to obtain the same amount of subsidy in 2039 as it did in 2015. while in 2025, it can be difficult to
get the subsidy for that the forest is not grown up and does not need pruning. To convert the subsidies to the
amount that is affected by the Pilot Mountain, I would assume 10% of the total subsidy as the amount attracted
by the Pilot Mountain. Therefore, the subsidy can be €5,900 for the year 2039, but €0 for 2019 and 2025.
5.3.2 Alvelal
AlvelAl association also provides subsidies for combating desertification within AlvelAl territory. The farm used
to get some subsidies from AlvelAl for building swales, ponds, sediment traps, and hedges on the farm,
including the natural area. In 2019, the farm did not get the subsidy as it received once 2 years before. However,
the landowner would expect an average of €2,000 from AlvelAl in the near future, probably from 2025 onwards
(Interviewee 1). So I would assume that the farm can get a subsidy of €2,000 from the AlvelAl association both
in 2025 and 2039. Converted to the amount affected by the Pilot Mountain, it is also assumed 10% of the total
which is €200 for the year 2025 and year 2039.
5.3.3 Voluntary work
Another source of subsidies that is normally not counted into the valuation system is the benefits from
voluntary work. On the farm La Junquera, many volunteers are participating in farm work periodically, which
can bring considerable benefits to the farm in the way of reducing labor costs. One important organization that
attracts volunteers is Regeneration Academy. The Academy provides students opportunities that allow them
to learn regenerative agriculture on a real site. Besides, the students volunteer to work on the farm one day
per week, planting trees, designing restoration plans, pruning, etc. One student can work 128 hours on the
farm every year. According to Eurostat (2021), the minimum wage in Spain is €1108 per month. If the worker
works 8 hours/day for 5 days per week, the minimum wage for one hour is about €7. Assuming these students
spend 13 hours on the restoration of the Pilot Mountain in 2019 and 100 hours/year on the maintenance of
the Pilot Mountain in 2025, the value of the voluntary work generated by students from Regeneration Academy
in three scenarios is respectively €1,456 for 2019 and €16,800 for 2025 based on the student numbers (see
table 6). For the year 2039, it is assumed that no students do voluntary work on the Pilot Mountain but on
other needed areas.
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5.3.4 Ecosystem Restoration Camp
Apart from the volunteers from Regeneration Academy, another association, Ecosystem Restoration Camps,
also makes contributions on the farm nature restoration by organizing voluntary work regularly. Ecosystem
Restoration Camps is a network organization that collaborates with Farm La Junquera to restore the land
("Camp Altiplano – Ecosystem Restoration Camps", 2020). The Camp organizes activities to involve its members
in the restoration by doing voluntary work on the farm. According to the timeline of the activities held by the
Camp, there were in total three activities in 2019, respectively in January, September, and between autumn
and winter (Ecosystem Restoration Camps, 2018). On average, 10 volunteers participated in each activity which
lasts around 3 weeks. The volunteers helped with planting agroforest trees and shrubs in the natural area,
which can reduce the expenditure of the restoration on labor ("Camp Altiplano Update March 2020 –
Ecosystem Restoration Camps", 2020). Since the working hours of the volunteer are not fixed each day, I
assume each volunteer works for 3 hours on the restoration every day on the restoration work and has leisure
on the farm for the rest. In total, volunteers of the whole year work for 1350 hours on the restoration, which
brings benefits of €9,450 to the farm in 2019 (calculated with the wage of €7 per hour). To convert to the
benefits for the Pilot Mountain, I assume 10% of the total benefits at €945. Besides, a total of 30 volunteers
should pay €400 for their accommodations during the activity and the rented houses belong to the landowner.
So it gave the landowner an income of €12,000 for renting the houses. In total, the landowner got €12,945
(€945+€12,000) of subsidies from Ecosystem Restoration Camps in 2019 (Table 13). In 2025 and 2039, I would
not assume more volunteers from Ecosystem Restoration Camps.
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6 TEV and socio-economic implications
6.1 TEVs of the three scenarios
Table 13 shows an overview of the integrated Cost-Benefit Analysis of selected ecosystem services provided by
the Nature Restoration plan for the Pilot Mountain. The total value of the selected ESs expressed in the table
as ‘Total TEV’ which represents the integrated Total Economic Value embracing the benefits of the selected
ESs, the costs of implementing Nature Restoration Plan on the Pilot Mountain, and the potential private and
public subsidies for the future development of the region. As a result, the Total TEV for the whole Pilot
Mountain area (13 ha) is €18,840 in scenario 2019, €5,783 in scenario 2025, and €31,482 in scenario 2039
(Table 13), equal to €1,450/ha/year for the year 2019, €445/ha/year for the target year 2025, and
€2422/ha/year for the target year 2039.
The Benefit-cost of ecosystem services is expressed in Table 13 as ‘TEV (€/year)’ in the last three columns. In
scenario 2019, the TEVs of rosemary, carbon sequestration of oak trees, pollination services on the mountain
are negative which indicates the cost of these services is larger than the benefits. For instance, the pollination
service on the Pilot Mountain in 2019 is almost absent because the abandoned natural land is too bare, hence
the cost of replacing the service to maintain good pollination of the area is higher. In scenario 2025, the TEVs
of juniper, hawthorns, rosemary, cow manure, carbon sequestration of oak and pine trees, and pollination are
negative. It to some extent shows these services can hardly provide economic benefits in 6 years (short-term).
In scenario 2039, only the TEV of cow manure is negative, which indicates that the practice of selling cow
manure is not economically efficient for the farm even in 20 years. From the long-term side, all the selected
ecosystem services except the cow manure provision can bring benefits for the farm.
The total TEV integrating public and private subsidies shows the implementation of the Nature Restoration
Plan is beneficial for the region from the long-term perspective. The total TEV can decrease in the short term
because of the large cost of the plantation and the management (from €18,840 to €5783). Nevertheless, the
TEV can increase rapidly once the area is restored from the long-term side (20 years), with the TEV increased
to €31,482 in 2039.
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Table 13. The overview of iCBA of NRP of selected ESs on the Pilot Mountain
Ess category service

subservice

Benefit (€/year)
Cost (€/year)
2019
2025
2039
2019
2025
provisioning food
juniper crop yield
0
106.8
334.8
0
3275
hawthorn crop yield
0
96
300.8
0
1058
rosemary crop yield
34
306 1534.08
440
1540
black truffle crop yield
0 3011.25
4620
0
1157
honey
honey yield
0
390
4680
water
ponds
763
1144.5
1144.5
234
151
raw material
oak tree acorns
32
1190
1190
cow manure
0
176
176
0
454
genetic resources
Esparto
Ephedra nebrodensis
Berberis hispanica
regulating
C-sequestration
oak trees
27.525 3819.094 3988.831
440
16280
pine tree
0 237.4031 247.9544
0
1012
shrubs
4420.056 838.1363 878.0475
regulation ponds
of water flows
0
0
0
erosion prevention
erosion prevention
640
640
640
640
0
pollinationpollination
0
112.6
1351.2
1351
1238.6
Habitat
genepool protection
genepool protection
2431 18530.6
nursery habitat
old plant varieties
wild animals
Cultural & amenity
recreation Eco-tourism& aesthetic appreciation
70
1200
3600
42
720
Education &
regeneration
science
academy 2240
3360
5040
640
960

TEV (€/year)
2019
2025
0
-3168
0
-962
-406
-1234
0
1854
0
390
51
529
994
32
1190
454
0
-278

2039
0
0
0
0

0
0

0
0
0

2400
1440

-412
0
4420
0
0
-1351

-12461
-775
838
0
640
-1126

2039
335
301
1534
4620
4680
1094
1190
-278

3989
248
878
0
640
1351

28
480
1200
1600
2400
3600
Tobal Benefit-Cost
4440 -11217
25382
Positive externalities(€/year)
14400
17000
6100
Total TEV (€/year)
18840
5783
31482

The distributions of costs, benefits, and public and private subsidies for three scenarios (2019, 2025, and 2039)
are shown in Figure 9. The green bars show the aggregate values of ecosystem services that are defined in
Chapter 5.1 in the three different target years, with the grey bars showing the cost and the red bars showing
the public and private subsidies. The TEV in 2039 has a value of €31,482/year higher than the TEV in 2019
(€18,840). The benefits of the selected ecosystem services increase slowly from 2019 to 2039 (green bar in
Figure 9), while the cost has a large increase in 2025 probably because of the large cost to finish the restoration
plan and decreases to a low level in 2039. The subsidy is shown to take large proportions in 2019 and 2025,
but to decrease for the year 2039. The TEV of the year 2039 is mainly derived from the benefits of the service
itself instead of the subsidies. The overall TEV will increase a lot in the long run after implementing the
restoration plan even though it may contain a drop in the short term.
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Figure 9. TEV (in €/year) distribution in three scenarios (target years)

Figure 10 shows the distribution of values in different ESs categories at different stages of restoration.

Figure 10. Distribution (%) of values in different ESs categories.
In 2019, the provisioning services only contributed 10% to the TEV because most of the vegetation and other
restoration practices were not established. The TEV mainly came from the values of regulating services, taking
up 62%, benefiting from the carbon sequestration of originally growing shrubs. The cultural and amenity
services contribute 28% to the TEV. When it goes to 2025, the restoration practices are finished and plants are
more grown-up, so the system can provide more products like acorns, honey, black truffles, rosemary oil, etc.
Thus, the value of provisioning services in this year increase to 39%. The values of regulating services
accordingly take up a smaller share of 34%. In 2039, the distribution of values changes again. Long-term
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ecotourism is developed for the good ecological status on the Pilot Mountain, leading to a slight increase in
the values of cultural and amenity services. The values of regulating services have a smaller share of the TEV
along with the increase in values of provisioning services and cultural and amenity services, with a share of
24%. The values of provisioning services take up a larger share of the TEV at 47%.

6.2 Socio-economic implications
Further and wider social and economic impacts of the Nature Restoration Plan on the farm and the region can
be possible besides the positive environmental impacts on Ecosystem services. In 2019, Regeneration Academy
and Ecosystem Restoration Camp already have positive impacts on local people and even the people abroad.
RA provides opportunities for students and entrepreneurs to study, cooperating, and practicing multifunctional
farming, and in the meantime connects professionals to the farmers, students, and entrepreneurs to explore
innovative ways of farm transition. Ecosystem Restoration Camp organizes voluntary work which helps the
restoration process of degraded land, spread the knowledge, and improves public awareness of regenerative
farming. From the economic aspect, the students and volunteers attracted to the farm by RA and Ecosystem
Restoration Camp facilitate the local economy by renting houses in the nearby village and La Junquera,
shopping in the local groceries, and having recreations.
The capacity of supporting people’s livelihood of La Junquera has increased. About 7 years ago, the farm can
only hold 3 families due to the monoculture system, while it can support 8 families including the farmers and
workers in 2019 (Scoppola, 2019). The farm is expected to give more local people livelihoods by providing work
opportunities in maintaining the farming system, eco-tourism, and RA in the future. With the increase of
students involved in programs provided by RA, the institution will need to employ teachers organizing lectures,
workshops, and fieldwork. Also, with the development of ecotourism, more people will be needed to run the
ecotourism such as tour guides, drivers, agencies, etc.
Other cascading impacts can be imagined with the development of a multifunctional farming system.
According to Interviewee 2, the restoration projects already attracted regular investments from companies like
Palagonia. With the diversification of the farming system, more investments will be attracted to support the
pilot project in La Junquera for making contributions to farm transition and sustainable agriculture. Public
subsidies may also increase due to the success in La Junquera, which will motivate local farmers to join the
farm transition.
Other social impacts may also include alleviating the brain drain problems of the area. If other farmers will
follow to make transitions, the demand for young professionals will increase for designing specific restoration
plans, researching ecological problems (i.e., salinity problems, appropriate restoration plant species), and
other consultations. I believe more young researchers will be attracted to the region to study regenerative
agriculture, restoration of desertification, valuation of ecosystem services, and other interesting subjects.

6.3 Sensitivity Analysis
The Sensitivity Analysis (SA) is recognized as an approach to assess whether the model can be suitable to
inform decisions. SA can give clues on how sensitive the model is to the changes in individual parameter values
and which parameter has more impact on the results (Mateus & Franz, 2015). Considering the limitations
discussed above, the uncertainties and assumptions may lead to different TEV when the variables change.
Performing SA can examine the robustness of the valuation method and find the influential variables. With
the method of ‘one-factor-at -a-time’, the impact on the outcome of one changing parameter at the time can
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be determined (Köhler & Wirtz, 2002; Mateus & Franz, 2015). In my study, the uncertainties, assumptions,
and the deviation from personal interviews can all be changing parameters that affect the valuation of ESs and
TEVs. Since the changing parameters in my study are numerous, I select some parameters to perform the SA
to avoid excessive computation. There are also some proposed methods that do not analyze single parameters
but clustered parameters in certain groups to avoid a complex sensitivity matrix (Mateus & Franz, 2015). To
some extent, the not-all-inclusive SA can give evidence on whether the conclusion in this report is reasonable
and reliable.
6.3.1 Capacity of carbon sequestration
The first selected parameter is the capacity of carbon sequestration of the restored trees. In the category of
regulating services, the value of carbon sequestration takes up most of the share which has more potential to
affect the TEV than other regulating services. Since the data about how much carbon the restored trees on
the Pilot Mountain can sequester is speculated from literature, it has large uncertainties in it. To perform the
SA, the amount of carbon that the trees can capture in different years is changed in clusters as indicated in
Table 14. The changed data are put in the TEV calculation model that was used in previous chapters to examine
the sensitivity (Annex 7).
Table 14. Changed amount of captured carbon to perform SA
Report used data
SA 1
SA 2
Subservices
carbon 2019 2025 2039 2019 2025 2039 2019
2025
2039
sequestration
oak trees
tons/ha/year 1.2
4.5
4.7
1
4.3
4.5
1.4
4.7
4.9
pine tree
tons/ha/year 1.2
4.5
4.7
1
4.3
4.5
1.4
4.7
4.9
shrubs
tons/ha/year 4.1
4.2
4.4
3.9
4.0
4.2
4.3
4.4
4.6
SA 1 represents Sensitivity Analysis 1 that contains a set of the changed parameter; SA 2 represents Sensitivity Analysis 2
which contains another set of the changed parameter.

The result of the SA with changing the amount of captured carbon by restored trees are shown in Table 15.
The final TEVs of SA 1 and SA 2 turn out similar to the results used in this report. In SA 1, the deviations of TEVs
in different years are -1.17%, -3.82% and-0.7% compared to the original data. In SA 2, the deviations of TEVs
in different years are 2.36%, 7.93%, and 1.41% compared to the original data.
Table 15. the result of SA by changing the amount of captured carbon
Report used data
SA 1

TEV (€/year)

2019

2025

2039

2019

18840

5783

31482

2025

SA 2

2039

2019

18620 5562
Deviation SA 1

31261

19060 6003
Deviation SA 2

31702

-1.17%

-0.70%

2.36%

1.41%

-3.82%

2025

7.93%

2039

6.3.2 Prices
The second parameter to examine is the prices of the products that deliver the provisioning services.
Theoretically, the prices will be affected by the inflation rate over years though the input data used in the
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report were assumed not. In the sensitivity analysis, the inflation rate will be considered to examine the
sensitivity of the prices to the results. Seeing from the historical data in ‘The World bank’, the inflation rate in
Spain keeps steady for the past ten years, with an average inflation rate of 0.35% for the past ten years
("Inflation, GDP deflator (annual %) - Spain | Data", 2020). In the sensitivity analysis, an inflation rate of 0.35%
is used in SA 1 and 0.7% in SA 2 (Table 16). Besides, the prices in 2019 are also changed for the sensitivity
analysis of price variations (Table 16).
Table 16. Changed prices of products to perform SA
subservice
Unit) Report used data
SA 1
2019
2025
2039
2019
juniper crop €/kg 1
1
1
2.00
yield
hawthorn
€/kg 1
1
1
1.50
crop yield
rosemary
€/kg 6.8
6.8
6.8
7.50
crop yield
black truffle €/kg 55
55
55
60.00
crop yield
honey yield
€/kg 30
30
30
35.00
3
ponds
€/m
2.18
2.18
2.18
2.50
oak
tree €/kg 0.18
0.18
0.18
0.25
acorns
cow manure €/ton 40
40
40
45.00

2025
2.04

2039
2.14

SA 2
2019
3.00

1.53

1.61

0.70

0.73

0.80

7.66

8.04

6.30

6.57

7.24

61.27

64.34

50.00

52.14

57.49

35.74
2.55
0.26

37.53
2.68
0.27

25.00
1.80
0.15

26.07
1.88
0.16

28.74
2.07
0.17

45.95

48.26

35.00

36.50

40.24

2025
3.13

2039
3.45

SA 1 represents Sensitivity Analysis 1 that contains a set of the changed parameter; SA 2 represents Sensitivity Analysis 2
which contains another set of the changed parameter.

As indicated in Table 17, the TEVs can be affected by the prices to some extent. In SA 1, the TEV in 2025 is
27.24% higher than the report result, and the TEV in 2039 is 12.43% higher than the report result. In SA 2, the
TEV in 2025 is 22.96% lower than the report result. However, even with the differences, the year 2039 is still
the best-performed scenario in terms of the TEV. Thus, the conclusion given in this report is reliable even
considering the price variations and inflation.
Table 17. The result of SA by changing prices of provisioning services
Report used data
SA 1
SA 2
2019
2025
2039
2019
2025
2039
2019
2025
2039
TEV
(€/year) 18840
5783
31482
19188
7358
35395
18919 5669
32473
Deviation SA 1
Deviation SA 2
1.85%
27.24%
12.43% -1.40% -22.96% -8.26%
6.3.3 Students and visitors
The last parameter to examine in the sensitivity analysis is the number of students and visitors. As described
in the scenarios, the development of ecotourism and education is assumed with uncertainties. Thus, examining
the sensitivity of the results to the number of students and visitors is important for decision-making. In Table
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18, the number of students and visitors is changed in a cluster in SA 1 and SA 2, which will be used as input
data in the calculation model of TEVs (Annex 7). The result of the SA is indicated in Table 19.
Table 18. Changed number of students and visitors to perform SA
subservices

unit

Report used data
2019 2025 2039
14
240
720

SA 1
2019
20

2025
300

2039
600

SA 2
2019
30

2025
150

2039
650

Eco-tourism N. of visitors
&aesthetic
appreciation
regeneration N. of students
16
24
36
16
20
32
16
28
40
academy
From the results in Table 19, the final TEV is not very sensitive to the number of visitors and students. In SA 1,
the TEV in 2019 is just 0.16% more than that calculated in the report, for 2025 it is 4.5% less, and for 2039 it is
3.68% less. In SA 2, the deviations vary from 0.26% to 6.7%.
Table 19. The result of SA by changing the number of students and visitors
Report used data
SA 1
2019
2025
2039
2019
2025
2039
TEV (€/year)

18840

5783

31482

18870

5523

30322

SA 2
2019

2025

2039

18920

5893

31692

Deviation SA 1
Deviation SA 2
0.16%
-4.50%
-3.68%
0.26% 6.70%
4.52%
After all, the best-performed scenario in terms of TEV is still that in 2039 either according to SA 1 or SA 2, which
to some extent prove that the restoration plan on the Pilot Mountain is valuable.
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7 Discussion
Uncertainty is commonly existed in ecosystem service assessment due to the complicated relationship
between humans and the environment (TEEB, 2010; Hou et al., 2013). Through the quantitative review of 153
ecosystem service assessments by Seppelt et al. (2011, 2012), about 45% of the assessments gave insufficient
information about the uncertainties. Insufficient explanation of uncertainties causes difficulty in understanding
the pattern- and process-based ecosystem services which can mislead the decisions (Hou et al., 2013). Thus,
uncertainty analysis is indispensable for better understanding the ecosystem service assessment.
According to TEEB (2010), the uncertainties in the economic valuation of the environment can be distinguished
into three sources. Firstly, the uncertainty origins from the nature of the ecosystem service delivery called
‘natural supply uncertainty’. Secondly, the way people form their preferences about ecosystem services causes
uncertainty, i.e., they can value the ecosystem services and biodiversity subjectively, called ‘preference
uncertainty’. Lastly, the uncertainty arises from the application of valuation methods (technical uncertainty).
The natural supply uncertainty of ecosystem services results from the complexity of ecosystem functions so
that specific roles of species or objectives in ecosystem service supply are uncertain (Hou et al., 2013). Figure
11 gives some examples of the sources of uncertainties underlying the delivery of ESs. In my study, the delivery
of ESs on Pilot Mountain is uncertain in many respects. For instance, cultural services (ecotourism and RA
programs) can be negatively affected by the health crisis (i.e., Covid-19). The development of COVID-19 can
influence the number of students and visitors because of the restricted travel regulations in the coming years.
The lack of participation of students, visitors, and volunteers can slow down the process of restoration. The
potential uses of plants in the future are also with high uncertainties since the commercial uses of the products
(i.e., acorns, rosemary, hawthorns) are hypothesized and whether the landowner will develop the assumed
commercial uses is not certain (TEEB, 2010). Besides, the productivity of plants can be influenced by climate
change, management patterns, and shifting land use. In my study, I assume that the first plot of restored plants
was 100% survived, but in fact, an extra replant process is needed which may consume more time and labor.
The restored species also can be changed due to the low survival rate. According to Interviewee 2, the actual
survival rate in 2019 was only about 80 % due to the stony texture of the soil. If taken this into account, the
system would be rather complex in the ages of the plants, the composition of plant species, and the cost of
replanting and management. The restoration would be an iterative process especially under unfavorable
climate which adds the uncertainty of the assessment of benefit returns. Also, the productivity of drylands is
more vulnerable to climate change which can influence the delivery of provisioning services. Moreover, the
delivery of regulating services such as carbon sequestration and water regulation can also be affected by
climate change and land management. The growth of the plants that sequester carbons is largely determined
by land management and climate, while the water regulation that concerns precipitation, evaporation, and
infiltration is also related to climate.
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Figure 11. Source examples for uncertainties in the natural ecosystem service supply
retrieved from (Hou et al., 2013)
The second uncertainty is described as “preference uncertainty” in the TEEB study (2010). This kind of
uncertainty is mainly related to the Contingent Valuation Method (i.e., Willingness To Pay). Since the survey
study regarding the WTP is not performed during my fieldwork on La Junquera, there are uncertainties in the
assumed quantification data. For example, the number of visitors that will be attracted to La Junquera in the
future is uncertain because WTP can change the real situation. The number of tourists can be affected by
abrupt changes, such as disease outbreaks, oil prices (including aviation fuel prices), carbon taxes, natural
disasters, etc (TEEB, 2010). Even though the tourists to the farm are mainly from its own country, the
restrictions on international traveling (i.e., the travel restrictions due to COVID-19) can prevent those who are
interested in this area internationally, and thus impact ecotourism. Moreover, the decision shifts by the
landowner can also affect the development of ecotourism. For instance, the new subsidies on ecotourism in
the future can have positive impacts. On another side, the market of regenerative products that sell higher
prices also relates to WTP by people. If the customers were willing to pay more for regenerative products, the
prices can be higher than assumed in my study, and vice versa.
Lastly, the uncertainty comes from the valuation methods. The Monetary Valuation methods used in my study
have shortcomings especially in valuing indirect market values. Two aspects of uncertainties concerning
valuation methods are mentioned by TEEB (2010), that one is the accuracy of valuation estimates and the
other is the discounting future values. Through the global meta-analysis on the monetary valuation of dryland
ecosystem services researched by Schild et al (2018), the monetary valuation outcomes are largely determined
by the selected methodology including valuation method and study extent. It also indicates that the current
valuation approaches cannot capture the dryland conditions enough for better decision-making (Schild et al.,
2018). Thus, the valuation of ESs in dryland has significant limitations. Due to the time and resource limits, the
‘Value Transfer’ method has been used to value some of the ecosystem services involved in my study, such as
the market prices of provisioning services and the amount of carbon sequestered by restored trees on the Pilot
Mountain. Even though the value transfer method makes use of the available literature to obtain values that
cannot be measured in the study area, it has uncertainties with the absence of high-quality valuation studies
concerning key questions on-site (Bateman et al., 2010). For instance, the acorns are not utilized in the study
area which leads to the difficulty pricing it, then the price of acorns is retrieved from a webshop which may
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differ from the actual price that sells locally in the future. Another example of the value transfer related
uncertainty is the amount of carbon the restored trees can sequester in the future. The quantification data of
sequestered carbon is inferred from individual valuation studies from other areas, but in reality, the ages,
species, and planting density of the trees and the climate can make a difference to the amount of carbon
removal.
The uncertainties that occur in defining ecosystem service delivery, quantification, and valuation can cumulate
in the final TEVs causing even larger systematic uncertainty. The TEV in the target year 2039 in my study is
calculated at €2,422/ha/year, while in another study by de Groot (2020, under review) the TEV for
conventional almond monoculture in the southeast of Spain is €1,440/ha/year. The TEV for the restored
natural area in my study is almost 40% higher than the TEV for conventional almond monoculture in this area.
The big difference is probably from one hand generated from the subsidy (€470/ha/year) assessed in my study.
On the other hand, it can also be derived from the values of cultural and amenity services (€370/ha/year)
which is not applicable in the almond monoculture system. It is also interesting to find another study on the
farm La Junquera from the student Scoppola (2019), in which the TEV under multifunctional farming system
for the year 2039 is estimated at €886,558 (for 1100 ha), about €806/ha/year. There is a big difference
between the results for the restored Pilot Mountain and multifunctional farming system. I think the difference
mainly affected by the real area that deliver services. The TEV assessed in Scoppola’s study is mainly
concentrated on the TEV of farming system takes up about 810 ha of the farmland. In the multifunctional
farming system describe in Scoppola’s study, the natural area of La Junquera which also takes large proportion
on farm (300 ha) were not defined with as many services as it really can provide (see Annex 1.1 for the
partitions of the farm). Therefore, the TEV per hectare can be low. I believe my results in one of the natural
areas of La Junquera can compensate for part of the data gap in Scoppola’s study, which leaves future
researchers to assess the integrated TEV of the whole farm. And if other natural areas on the farm beside the
Pilot Mountain (13 ha) is restored the same way as the Pilot Mountain, the assessment in my thesis has the
possibility to apply to the whole natural area (300 ha) on the farm.
After all, the decision-makers should notice the uncertainty underlying my research and compare my study
with other studies in this area for better-informed decisions. The sensitivity analysis performed in Chapter 6.3
based on the discussed uncertainties can to some extent examine the robustness of the methodological tools
used in this report and gives the decision-maker more evidence to believe in the conclusions.
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8 Conclusions
The main findings of each research questions are:

RQ1. What are the main interventions and management measures of the Nature Restoration Plan in a
natural area (‘Pilot Mountain’) on La Junquera farm?
The main interventions and management measures include physical and biological practices. The physical
measure is building 80 check dams at the slopes of the Pilot Mountain to reduce soil erosion. The biological
measures contain multifunctional management by planning plantation areas (Plot A-E), developing rotation
grazing, cultivating truffles, and digging ponds for water regulation. The planting area will introduce holm oaks,
pine trees, Retama sphaerocarpa, black hawthorns, rosemary, and the rare species Ephedra nebrodensis that
are abundantly found in the surroundings of the Pilot Mountain. The rotation grazing is to involve 8 rare cows
in the Pilot Mountain area for diversifying the species and making use of the cow manure. Cultivating truffles
is a trial for expanding financial income for the farm. And the ponds can help retain water during rains and
provide water during dry seasons.
RQ 2. How does the Nature Restoration Plan affect the provision of Ecosystem Services in the Pilot Mountain
area?
To the time and resource limits, not all the ecosystem services that can be potentially provided by Pilot
Mountain are included in the analysis in this report. However, the provision of the most influential services
that NRP can affect is analyzed. Provisioning services include the supply of food (junipers, hawthorns, rosemary,
black truffle), honey, water, and raw material (oak acorns and cow manure). Regulating services involve the
carbon sequestration contributed by oak, pine, juniper, and hawthorn, regulation of water flows by ponds,
erosion prevention by check dams, and pollination by bees. The habitat services regard the maintenance of
local or ancient species like Esparto (Stipa tenacissima), Tamarix, and nursing wild animals (i.e., rare birds,
rabbits, deer, and foxes). However, the habitat services have not been able to be quantified to time and
resource constraints. Lastly, the cultural and amenity services are mainly delivered by ecotourism, Ecosystem
Restoration Camp, and Regeneration Academy. Ecotourism provides the recreational and aesthetic services,
while Regeneration Academy and Ecosystem Restoration Camp develop education services.
RQ 3. What are the benefits of the ecosystem services in monetary terms provided by the Pilot Mountain
area before and after the Nature Restoration Plan?
To analyze the changes of ecosystem services provided by the Pilot Mountain after implementing the Nature
Restoration Plan in monetary terms, the monetary valuation method was used to calculate the values of
different ecosystem services. With the Direct Market Valuation method, the provisioning services including
food (junipers, hawthorns, rosemary, black truffle), honey, water, and raw material (oak acorns and cow
manure) value €829, €6421, and €13981 in the year 2019, 2025, and 2039. Through Indirect Market Valuation,
the regulating services including carbon sequestration, regulation of water flows, erosion prevention, and
pollination value €5088, €5647, €7106 in the year 2019, 2025, and 2039. Among the cultural services, the
direct incomes of ecotourism and Regeneration Academy value €2310, €4560, and €8640 in 2019, 2025, and
2039.
RQ 4. What are the costs of the Nature Restoration Plan?
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The cost of NRP can be generated from the plantation, construction, and maintenance of check dams, ponds,
and beehives, harvesting and processing of cow manure, the establishment of black truffle cultivation,
Regeneration Academy, and ecotourism. The final calculated costs needed for implementing NRP are €6218 in
2019, €46376 in 2025, and €4345 in 2039. The costs for managing harvesting the plants are not considered.
Also, the labor cost for collecting cow manure in the future is not included. The effect of honeybees on the
wild pollinators (causing the cost of pollination lower or higher) is also not taken account. There is not any
land tax included.
RQ 5. What are the changes in Total Economic Value (TEV) of the Pilot Mountain?
The Total Economic Value (TEV) can have a drop in the short term (6 years) because of the large costs to finish
the restoration plan but increase fast after the completion of the restoration plan from a 20-year time span.
The TEV for the whole Pilot Mountain (13ha) is €18,840 for 2019, €5,783 for 2025, and €31,482 for 2039, equal
to €1,450/ha/year for the year 2019, €445/ha/year for the target year 2025, and €2422/ha/year for the target
year 2039. The result shows that the net benefit of NRP is positive over the 20 years and indicates it is valuable
to implement it. By analyzing the composition of TEV over the 20 years, the values of provisioning services
have the possibility to increase from 10% in 2019 to 39% in 2025, then 47% in 2039; the values of regulating
services take up 62%, 34%, and 24% of the TEV in the three scenario years; the values of cultural and amenity
services can make contributions of 28%, 27% and 29% of TEV in the three scenarios.
RQ 6. What are the socio-economic implications of the Nature Restoration Plan (NRP)?
The NRP can have positive impacts on local education, economy, and employment, attract more investments
and young professionals to the region for restoration, motivate surrounding farmers, and increase the capacity
of the farm supporting peoples’ living. From the educational aspect, RA has made a success in engaging
students and entrepreneurs in studying, collaborating, and practicing multifunctional farming. Ecosystem
Restoration Camp organizes voluntary work to help restoration as well as disseminating knowledge of
regenerative farming to improve public awareness. From the economic aspect, the people involved in the NRP
facilitate the local economy by renting houses, shopping, and amusing. More investments are likely to be
attracted to the area for restoration due to the success of NRP. The farm will increase the capacity of supporting
peoples’ living in the wake of a better ecological environment, which may alleviate the brain drain problems
of the area.
RQ 7. What recommendations can be given to restore natural areas in the region?
I recommend the landowner continue with restoring other areas of the farm based on the experience of the
restoration on the Pilot Mountain, encouraging students, entrepreneurs, and experts to work together on the
natural restoration. Enhancing contact with other farmers in Alvelal territory to communicate the
experimenting natural restoration and innovative restoration practices. Motivating local farmers to make
initiatives in restoring natural areas by strengthening the socio-economic-environmental values. I recommend
Alvelal Association to explore potential markets for regenerative products, expanding the demand for
regenerative products by disseminating the story of La Junquera and sustainable values of regenerative
farming system, to build a production and sales chain for regenerative products and incentivize local farmers.
For future research on the valuation of ESs on the Pilot Mountain, I recommend investigation on the species
and population of wild animals and old local plants. Further research on the ‘Willingness To Pay’ of local people
for regenerative products, protecting environmental functions (i.e., soil erosion, pollination, water regulation),
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and environmental education can be helpful to reduce the uncertainty of the valuation. For other valuation
studies in the dryland in the future, I recommend integrate updated studies, involve more respondents and
sources for better representativeness, improve and standardize assessment tools and optimize the spatial and
geo-biological database to reduce the uncertainties underlying the assessment of ecosystem service in
drylands, referring to the study by Hou et al (2013). With the inevitable uncertainties in the valuation of the
ecosystem, explicit descriptions of uncertainty sources and probabilities should be provided as much as
possible in the valuation report.
In general, the objectives of this research can be partly achieved by answering the seven research questions
throughout. The objective to analyze the cost and benefits of implementing the Nature Restoration Plan
designed for the so-called ‘Pilot Mountain’ on the farm La Junquera is basically achieved through the detailed
integrated cost-benefit analysis. However, missing data still remain on many services, such as the information
about habitat services, the avoided soil loss regarding soil prevention, the real yield of products affecting
provisioning services, etc, which leaves spaces for future researchers. My research also makes some
contributions to attract investments for natural restoration in the region by enriching the database of
ecosystem service values of natural areas of the region. The positive results on the financial returns of nature
restoration in my thesis can also provide evidence for local farmers to consider restoring natural areas as part
of their farm transition strategy. From the academic perspective, my thesis provides comparable data for other
studies in this area and tests the robustness of the existing ecosystem valuation method through the
application of the model.
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Annexes
Annex 1 Interviews
Annex 1.1 Interview with Stakeholder 1 (Interviewee 1)
1. The area of the natural area:
a) There is 300 ha of natural areas around the farm, do you know how many of them are bare and
degraded?
There are no thick forests in a natural area, 200 ha in relatively good condition, and 100 ha left
very bare and badly degraded.

b)
Is the figure still valid for the current situation?
This figure remains valid. Some small things changed. The almond field in fact accounts for 310
ha, and the natural area takes up 327 ha.
2. Gully:
a) We planted hawthorn, juniper, rosehip, oak trees, and populus in the gully, do you know in how many
years they would grow up and be productive?
For populus trees, it takes at least 100 years to provide timbers. It takes oaks trees also 100 years
to give acorns. However, within 20 years, the trees can only provide shade, shelter, and food for
wildlife instead of being productive. For those shrubs, it is possible to be productive in 20 years.
b) Do you know how many gullies on the farm are public owned? And how many are owned by the farm?
I don’t know the exact data. But if the government owns the area, I should ask for permission to
take action on it. If I just want to plant a few trees, I don’t have to ask for permission because
the process of application consumes time.
c) Are you allowed to sell the fruits produced by the tree/shrubs with a small amount in your own gully?
(eg. Juniper berries, rosehip berries, etc)
I’m allowed to sell the fruits and sub-products, but I should ask the government for permission.
d) If you want to develop seafood/shrimp farming in the ponds in the gully, how many seafood/shrimps
in kg would you expect per pond every year?
I never heard anybody doing something similar before.
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e)

Do you think the ecological state of the gully has an impact on the farm-producing system?
The better the area is restored, the better shelter it can provide to more wildlife which can
increase the biodiversity in the area. It’s also good to see a lot of wildlife on the farm and they
are beautiful. However, I think it doesn’t have many direct impacts on the farm producing system.

3. Hunting:
a) Can the natural area be rented out for hunting?
i.
What is the price of renting the natural zone for hunting (€/year)?
ii.
How many hectares do you rent for hunting?
iii.
What kinds of animals are allowed hunted? How many of them are from the natural zone?
We used to rent some land out for hunting, but not anymore at this point.
4. Subsidy:
You receive the subsidy from Common Agricultural Policy（CAP）, frutos secos subsidy, steparian
(migrating) bird, and the subsidy for organic production.
a)

How many of these subsidies also include the natural zone restoration? Are you getting any extra
subsidy for restoring the natural zone?
Normally, if I restore the natural area, the main ’economic profit’ is coming from the subsidies, partnership
support, the public, and the foundation. Yet at this moment, I don’t receive any subsidy especially for restoring
natural areas. Besides, about 10% of the income from the farm always uses for the restoration of the natural
area. Nature restoration is non-profit.
Four years ago, we received €59,000 from the government for La Amudema (the other farm out of La
Junquera) for pruning 120 ha of pine trees. However, the subsidy and the profit from selling the wood are just
enough to cover the cost of labor. The pruning consumes a lot of time. Last time, 6 people pruning 120 m 2 of
trees cost the whole day (8 hours). About the price of the wood from pruning, the oak wood can sell €0,05/kg
and the pinewood can sell €0,01/kg.
This year, we lose the chance to get this subsidy again, but I think we still have chances to get it in the future.

Also, you got the subsidy from the Alvelal association for the implementation of swales, ponds, and
sediment traps and, in 2017 you received the young farmer subsidy from the Region of Murcia.
b)

Is it possible to get the subsidy from the Alvelal association if you want to build swales, ponds, and
sediment traps in the natural zone?

We received the subsidy from the AlvelAl association for 2 years before. One year was €15,000 and the other
year was €10,000. The subsidy was indeed for building swales, ponds, sediment traps, and hedges on the farm,
including the natural zone. I would expect more subsidies in the medium term (around 2025), but not in near
future. These subsidies could be used to build ponds and silt traps in natural zones, but not for swales because
it is too complex to make. For the future funding, I believe it could go for an average of €2,000 per year.
c)

Will you used some of the young farmer subsidies to restore natural zones?
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The young farmer subsidy is especially for the almond fields. It is not allowed for restoring natural
areas.
5. Sediment traps
a) Do you also have a plan to build sediment traps in the gully?
I plan to build 600 sediment traps in total next year for the whole farm (also including the gully and
natural area). Maybe 1/4 of the sediment traps will be built in the natural area.
b) How much will it cost to build one sediment trap?
€200 per sediment trap
c) How many sediment traps do you plan to build per hectare?
It depends on the land condition.
6. Ponds: there are 60 ponds in total on the whole farm
a) There are 4 ponds in the gully we are now working on. Do you know how much it costs for the
maintenance of these ponds? What are the activities for the maintenance of these ponds?
The maintenance mainly includes rebuilding the dams and cutting the invasive plants. We maintain
these ponds once a year and it costs €1000 per year.
b) Do you know the cost of digging the ponds in the gully?
Since the ponds in the gully are small ones, it costs €100 to dig one pond. However, for a big pond, it
costs €18,000 each.
c) Since these ponds are artificial ones, do you know the size of these ponds?
No. The volume of the pond is changing over the year because the sediments are accumulating over
time.
d) How many ponds were there on the Pilot Mountain as proposed in the restoration plan? How much
did it cost?
There are 2 ponds in total on the Pilot Mountain. They cost €100 each.
7. Swales:
a) Is it possible to build swales in the gully?
No, it is not possible to build swales in the gully and the natural area.
8. Pest management
a) Do you apply pesticides in the natural zone? No. On which plants do you apply them?
No, we never applied pesticides in the natural zone. Also, the pest is not a problem in the natural
zone, nor in the production area.
9. Other farms:
you own two other farms apart from La Junquera: La Amudema (650ha) and Reverte (50ha) that are
characterized by natural areas and almond fields.
a) How much of the land are natural areas?
Half In both.
b) Do these areas also include gullies that need restoration?
No.
10. Beehives:
a) Do you think it is also possible to set beehives beside the gully in the future? Then you can get
benefits from the beekeeper by renting out the “pollination service”.
yes, around the border of the gully.
11. Education programs of Regeneration Academy: Ecosystem Restoration Camp
a) How many students do you receive per program now?
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8 students on average.
b) How many programs are there every year?
2 times a year.
c) How much do you charge for the educational program per student?
€700 for each student, including housing, courses, and workshop.
d) Do you have a plan to increase the number of students received in the coming year?
I have no plan for the short term, but maybe I will consider receiving more students when the farm
system becomes better.
12. Ecotourism plan
a) In how many years would you implement the short-term/long-term ecotourism plan?
In the coming one and a half years, I’d like to implement a short-term ecotourism plan to gain
experience and feedback, for preparing the long-term eco-tourism plan. Hopefully, I can implement
long-term ecotourism in 5 years.
b) Is there already a concrete proposal for the ecotourism plan?
There is only a rough plan.
c) What activities included in the plan will happen in the natural zone? (e.g. Fishing, hunting, bird
watching, voluntary planting for fun…)
There are probably six main activities included in the ecotourism plan, which are horseback riding,
beekeeping observation, and participation, planting vegetables, participation in reforestation, bird
watching, and star watching.
d) I observed the black little birds many times. Is it typical in this area? What’s the name of it?
It is typical in this area but not so rare to see. Thus, the bird is not an attractive type for bird watching.
There are many other birds in which tourists would be interested, such as eagles, condor, steparian
birds (which mainly exist in cereal fields), Terax terax, and Falco naumani.
e) How much will you charge for eco-tourism per person per day? What is included in the charging fee
(e.g. housing, permit for fishing, a ticket for entering the farm…)
At least €100 per person per day, including sleeping, meals, and activities. At first, a group of 6 people
is suitable for each trip, otherwise, we need to hire more people as tour guides. The cost of the tour
is €60 per person per day. What can be expected is to receive a 100-people group for each trip in the
future, but still the payment will not be less than €60 per person per day.
13. Pilot Mountain
a) what activities proposed in the restoration plan are implemented? And what is not yet implemented?
Till now, 5,000 m2 of the area is mainly planted with oak trees, junipers, rosemary, and hawthorns.
b) Do you implement the restoration practice following the timetable given in Thor’s plan?
Yes.
c)

d)

Do you know the surface area (roughly estimated the original size while digging) of each pond on
(Thor's) Pilot Mountain if not considering the depth? I remember you mentioned there are 2 ponds in
total on Pilot Mountain already.
I never measured the area of the ponds, but they are quite small. I imagine they should be around 50
m2 each.
Have you started truffle oak cultivation as proposed in the Restoration Plan for the Pilot Mountain
yet?

65

e)

f)

g)

h)
i)
j)

No, I haven’t tried the truffle yet. My aunt tried it on the farm next to La Junquera, and she planted the
trees 8 years ago. There started to grow some truffle, but very small. So, I think it might not be a costbenefit way of restoration. Because it can be difficult to harvest the truffles.
Have you started to graze a cow on the Pilot Mountain? When do you expect to use the Pilot Mountain
as a grazing area?
No. We probably will do it next year, but not on the slope because the slope is already planted with trees.
We will graze on the flat area instead.
Do you know the price of cow manure by the kilo?
I don’t know the price of cow manure per kilo because there are very few cows in the area. And it is not
something normally sold. However, I know the sheep manure is sold around 0.03-0.04 cents per kilo. I
think cow manure should be a similar price to sheep manure.
About the seedings on the Pilot Mountain, do you have a plan for seeding? and what species will you
choose? If seeding the rare Ephedra Nebrodensis can help establish the species, would you like to seed
it even though it costs a lot in terms of labor and time? Or would you like to test it first and see how it
goes for further action?
No, I never heard of it.
Do you know the survival rate of the first patch of planted trees and shrubs on the Pilot Mountain?
The survival rate is about 80% for the first patch.
Do you know the price of hiring a tour guide per day if you want to develop ecotourism as a business?
We will need to hire people paying the full-time salary, about €2000 per month.
Do you want to build more sediment traps on Thor’s Pilot Mountain the next year and the following
years? I remember you said you planned to build 600 sediment traps next year and 1/4 of them will
be in the natural area. I would like to know how many of the 1/4 is possibly located on Thor’s Pilot
Mountain. (based on the Restoration Plan, I suppose all the sediment traps are completed in the first
year on the Pilot Mountain.)
We do want to build more sediment traps, but we now want to reduce the cost on-farm. So, maybe 1-2
more sediment traps will be built.
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Annex 1.2 Interview with Stakeholder 2 (Interviewee 2)
1. What is the investment of this area mainly from? Whom they are? Does the government help
with/support the restoration?
The investment is mainly from the farm owner, but also a small part is from Regeneration Academy. Besides,
there are some other sponsors who support periodically like Palagonia.
2. Would you like to donate part of the money to restore certain ecosystem services such as air/water
purification?
We will invest in restoring the natural areas which is almost a non-profit activity, but we would like to see
the area with high biodiversity and green cover.
3. Do you have the map of the whole farm with all the different vegetation indicated?
We haven’t had it so far.
4. Have the check dams already been built on the Pilot Mountain as Stakeholder 7 proposed in the
Restoration Plan?
Yes, the dams have been built in suggested areas already. Each dam cost around €8.
5. How big will the trees grow to after 20 years?
Most trees will grow to 2-3 meters high with little shades, and the bushes can also grow to meters high,
but it all depends on the species.
6. Have you ever sold the aromatics like juniper berries, hawthorn berries, etc. for business?
No, no one in this area has ever harvested these aromatic fruits.
7. What’s the meaning of restoring the Pilot Mountain to the farm?
We’d like to use this Pilot Mountain area as a pilot site to test the restoration and provide feedback on
restoring other natural areas on the farm.
8. How far have you implemented the Nature Restoration Plan on the Pilot Mountain?
We planted 600 trees, equally rosemary, thymes, and oaks in September 2019. And we plan to plant 5000
more trees in the next year (2020).
Annex 1.3 Interview with Stakeholder 3 (Interviewee 3)
1. How much does it cost to buy a beehive? Is it a one-off cost? How many years can a beehive last usually?
It costs a minimum of 100€ in total per beehive, including 55€ of bees and 45 € of the box. The lasting time
depends on the health, food resources & maintenance of the bees. The optimum life span is 3 years for a
Queen bee. Other bees last no longer than 3 months. After, the hive can replicate naturally by itself and
maintain itself if conditions are favorable. Wood boxes last for many years, around 10-15 years.
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2. How much does it cost to maintain a beehive every year?
The cost of maintaining non-migrating hives is low, mostly on working hours, not on patrol like migrating
colonies management. Roughly calculated, it costs around 50 € for the management of a hive every year.
3. What’s the price of one-kilo regenerative honey?
Minimum 30€ /kg since the production is several times lower than migrating beekeeping. The extraction
of honey depends on the floral season which is short in this area therefore short resources for the bees.
The price is a bit higher than the non-regenerative honey. This is also one of the reasons that it is very
important to boost biodiversity in this area.
4. How many kilos of honey can a hive produce per year?
Every hive can produce 6-7 kg honey per year.
5. How many hives should be set for good pollination?
Approximately 2 hives in general per hectare if you want well pollination.
6.

Have you already put hives on the farm?
Yes, some hives have already been put near the almond trees and some near the water resources.

7. Does setting beehives help with restoring ecosystem services?
Yes. The more bees on the farm, the more honey and seeds are produced. The bees facilitate the
reproduction of plants which attracts more animals. Ultimately, setting beehives can help with increasing
biodiversity.
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Annex 1.4 Interview with Stakeholder 4 (Interviewee 4)
Stakeholder 4 is a farmer of an organic farm in Granada. He is now experimenting with different approaches
of cultivating almonds and olives to transit the land use.
1. Do you have natural areas on your farm?
No.
2. Is there any biodiversity hotspot somewhere on the farm? What kind of animals can probably exist?
There are some rabbits and birds. Birds pick the worms from the deep to the surface soil which are
favorable to wild animals. The worms loosen the soil and increase the harvest of crops. Nevertheless, insect
problems are not prevailing in the region.
3. How much does it cost to fertilize the soil? In other words, how much does it cost to buy 1 kg of organic
matter?
It costs 1 €/ tree/year to buy cow manure. However, the non-organic fertilizer only costs 30~40
cents/tree/year to restore the soil, which is 3 times more than the manure.
4. Have you started to make profits from the farm?
Not yet. Normally, there will be 5~8 years without any income to run a regenerative farm. I just started this
farm 2 years ago. Last year, a big frost happened which lowered the yield of almond trees.
5. How much does it cost to buy the bees?
To ensure well-functioned pollination, I need to buy 2 hives for one hectare which costs 100 € each.
6. How do you harvest the almonds and olives? How much does it cost per hour to harvest?
It costs 50 €/hour to rent the ‘shaking’ machine to harvest the almonds and olives.
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Annex 2 Total bundle of ESs provision in the study area
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Annex 3 Quantification of ESs in three scenarios
ESs category

service

subservice

Unit

2019

2025

2039

Provisioning

food

juniper crop yield

Kg/year

0

107

335

hawthorn crop yield
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5
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0
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0
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water
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525

525
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Kg/year
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0
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Annex 4 Monetary benefits of selected ESs (€/year)
ESs category Service

Subservice

Benefit（€/year）
2019

2025

2039

Valuation
Type

Provisioning
food

honey
water
raw material

juniper berries yield
hawthorn crop yield
rosemary crop yield
black truffle crop yield
honey yield
ponds
oak tree acorns
cow manure

0
0
34
0
0
763
32
0

107
96
306
3011
390
1145
1191
176

335
301
1534
4620
4680
1145
1191
176

DMV
DMV
DMV
DMV
DMV
DMV
DMV
DMV

oak trees
pine tree
shrubs
erosion prevebtion
pollination

27.5
0
4420
640
0

3819
237.4
838
640
112.6

3989
248
878
640
1351

IMV
IMV
IMV
IMV
IMV

70
2240
8227

1200
3920
16628

3600
5600
29727

DMV
DMV

Regulating
C-sequestration

erosion prevention
pollination
Habitat
genepool protection
Cultural & Amenity

genepool protection

Eco-tourism&
aesthetic appreciation
recreation
Education & science
regeneration academy
Total
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Annex 5 Cost of each ecosystem service in three scenarios (€/year)
ESs category

service

Provisioning

subservice

food

Regulating

Habitat

Cultural & Amenity

juniper crop yield
hawthorn crop yield
rosemary crop yield
black truffle crop yield
Honey
Honey yield
Water
ponds
raw material
oak tree acorns
Cow manure
genetic resources
Esparto
Ephedra nebrodensis
Berberis hispanica
C-sequestration
oak trees
pine tree
juniper
hawthorn
regulation of water ponds
flows
erosion prevention
erosion prevention
pollination
pollination
Gene-pool protection
Gene-pool protection
nursery habitat
old plant varieties
wild animals
Education & science
Regeneration Academy
Eco-tourism
&
Recreation
aesthetic appreciation

Cost (€)
2019
0
0
440
0

2025
3275
1058
1540
1157

2039
0
0
0
0

234

151

51

0

2304

2304

440
0

16280
1012

0
0

640
1351

0
1238.6

0
0

640

960

1440

42

720

2400

Annex 6 Calculation of TEVs in three scenarios (€/year)
Ess category

provisioning

service

food

subservice

unit

juniper crop yield
kg/ha*year
hawthorn crop yield
kg/ha*year
rosemary crop yield
kg/ha*year
black truffle crop yield kg/ha*year
honey
honey yield
kg/hive/year
water
ponds
m3
raw material
oak tree acorns
kg/ha*year
cow manure
tonnes/cow*year
genetic resources
Esparto
Ephedra nebrodensis
Berberis hispanica
regulating
C-sequestration
oak trees
tonnes/ha*year
pine tree
tonnes/ha*year
shrubs
tonnes/ha*year
regulation of water flows ponds
m3
erosion prevention
erosion prevention
N. of check dams
pollination
pollination
N. of beehives
Habitat
genepool protection
genepool protection
nursery habitat
old plant varieties
wild animals
Cultural & amenity recreation
Eco-tourism& aesthetic appreciation
N. of visitors
Education & science
regeneration academy N. of students

quantification

area (ha)

price (€/unit) Price unit

2019
60
160
20
0
6.5
175
715
0

2025
60
160
50
73
6.5
175
715
0.55

2039
60
160
80
112
6.5
175
715
0.55

2019
0
0
0.25
0
0
2
0.25
0

2025
1.78
0.6
0.9
0.75
2
3
9.25
8

2039
5.58
1.88
2.82
0.75
24
3
9.25
8

1.2
1.2
4.1
350
80
0

4.5
4.5
4.2
525
80
2

4.7
4.7
4.4
525
80
24

0.25
0
11.75

9.25
0.575
2.175

9.25
0.575
2.175

1
1

1
1

1
1

14
16

240
24

720
36

1
1
6.8
55
30
2.18
0.18
40

kg
kg
kg
kg
kg
m3
kg
ton

25
25
25
2.18
8
56.3

ton
ton
ton
m3
dam
hive/year

5 visitor
140 person
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Benefit (€/year)

cost (€/year)

TEV (€/year)

2019
0
0
34
0
0
763
32.175
0

2025
106.8
96
306
3011.25
390
1144.5
1190.475
176

2039
334.8
300.8
1534.08
4620
4680
1144.5
1190.475
176

2019
0
0
440
0

2025
3275
1058
1540
1157

234

151

51

0

454

454

27.5
0
4420
0
640
0

3819.1
237.4
838
0
640
113

3989
248
878
0
640
1351

440
0

16280
1012

0
0

640
0
1351 1238.6
2431 18530.6

0
0
0

70
2240

1200
3360

3600
5040

42
640
6218

720
960
46376

2039
0
0
0
0

2400
1440
4345

2019
0
0
-406
0
0
529
32
0

2025
-3168
-962
-1234
1854
390
994
1190
-278

2039
335
301
1534
4620
4680
1094
1190
-278

-412
0
4420
0
0
-1351

-12461
-775
838
0
640
-1126

3989
248
878
0
640
1351

28
480
1200
1600
2400
3600
Tobal Benefit-Cost
4440
-11217
25381.69
Positive externalities(€/year)
27184
26576
97864
Total TEV (€/year)
31624
15359
123246

