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Summary
This thesis aimed to find Ecosystem Services Indicators for the almond farmers in Southern Spain, make
these indicators operable and provide tools for monitoring that help the existing monitoring
programme in the area. It serves as an augmentation to the baseline study of the Monitoring &
Evaluation programme of the AlVelAl farmers’ association in the region. This association has been
initiated by Commonland, an NGO that works worldwide to stop land degradation. The goal of this
study is to use ecosystem services to provide AlVelAl with a framework to measure the impact of
Regenerative farming. This framework consists of a method to select indicators, measure and assess
the best operational options, and use the selected indicators for monitoring and evaluation including
possibilities for certification.
The TEEB classification of Ecosystem Services (provisioning, regulating, habitat and cultural services)
was used as theoretical framework, next to the Commonland approach of four returns (return of
natural, social, financial and inspirational capital) and three landscapes (the natural, economical and
combined zone). The thesis revolves around the construction of a causal network of the AlVelAl almond
farming system, based on eDPSIR. This uses the causal relations of eDPSIR but adds an extra dimension
by placing the factors in a network (enhanced DPSIR). Data was collected during an internship at the
AlVelAl area in southern Spain, where interviews with the almond farmers were conducted. Data
analysis consisted of analysis of the causal eDPSIR network and analysis of the existing Monitoring &
Evaluation system.
To select ES indicators (RQ 1: How to select Ecosystem Service Indicators), a causal eDPSIR network
representing the interrelations of selected Ecosystem Services in the area was constructed. After
analysis of that network for each Ecosystem Service category (provisioning: organic almond yield,
regulating: carbon sequestration, habitat: biodiversity and cultural: aesthetics and cultural identity)
the key nodes were identified. These are nodes with a central position in the framework. Yield,
vegetation cover, microbial life, topsoil and biodiversity have been identified as the most important
nodes. Vegetation cover and biodiversity came forward as very important factors for the area, because
they had the higher number of links in the network. No key nodes were identified for the cultural
services, but they are still considered in the following chapters because the impossibility to identify
key nodes is possibly related with a lack of research in this section, and cultural services are seen as
important to the contribution of the network.
After the initial selection of nodes, the best operational indicators and metrics were assessed (RQ 2:
How to measure and assess these Ecosystem Service Indicators). The possibilities for measuring these
indicators were explored by giving the options of measurement units. An assessment by several
selected criteria that were deemed most important to the AlVelAl area after literature research, in
combination with knowledge acquired at the site during fieldwork was conducted (User friendliness,
availability and relevance to the objective). After this criteria analysis the following options came
forward: For provisioning services yearly organic almond yield in kilograms per hectare was the only,
and most straight forward option. More nodes were available in regulating and habitat services. For
habitat, the measurement of an indicator species was chosen and for regulating services the
monitoring of topsoil. For cultural services the appreciation of aesthetics was chosen as most fit
concrete indicator.
The last research question revolved around implementation of the selected ES indicators in the existing
Monitoring & Evaluation framework (RQ 3: How to monitor with Ecosystem Service Indicators).
By doing this, the objective of measuring the impact of Regenerative Agriculture measures is met, but
it can also benefit the causal network. By gaining more knowledge on specific relationships, the
network is adjusted, and better suited indicators can be selected. The Monitoring & Evaluation as it is
at the moment at AlVelAl was assessed and recommended is to use a protocol to increase the low
6

response rate of the farmer interviews. Threshold and resilience science were proven useful to apply
a form of certification.
In the discussion, mostly the problems in data availability and the consequences that this has for
analysis of the causal eDPSIR network are given. It is observed that especially in the cultural servicessection of the causal network little data leads to less strong causal pathways. For habitat services
(biodiversity) the projection of the status quo is deliberately simplified to keep the network
comprehensive. Recommendations for research are done to fill these gaps. To AlVelAl, the
recommendation is made to focus data collection in order to increase the response rate of the farmer
interviews and to keep fortifying the Monitoring & Evaluation framework with recommended
indicators. Other regions could also benefit from the Monitoring & Evaluation system based on
Ecosystem Services.
Concluded is that due to the higher presence of nodes and relations in the habitat and regulating
services sections, the indicator choice has also been focusing on these ES categories. However, to not
neglect the comprehensiveness of the system, provisioning services and cultural services are
investigated. As noted earlier, the absence of a key node in the cultural services section of the
network may very well rely on an absence of research how the mechanisms in that section work.
If the choice in this thesis was purely for indicators based on nodes with the greatest number of links
in the causal network, an indicator for vegetation cover would be the ideal candidate. Indicators for
biodiversity would serve as a good second. However, the holistic character of a system should not be
overlooked, as also noted by the four returns of Commonland. By monitoring all the services an
incentive into the research of the mechanisms is also generated.
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1.Introduction
1.1. Background
Land degradation is one of the major challenges of our time. According to the UNCCD (United
Nations Convention to Combat Desertification) Land degradation that can lead to desertification
occurs mostly in arid, semi-arid and sub-humid areas. Causes come from various factors, including
climatic variations and human activities(UNCCD, 2013). Land degradation results in the loss of
ecosystems with the consequence of arid, unfertile land that supports little life. Climate change and
disturbed water- and nutrient cycles can deteriorate the land degradation even further and propel
the affected area in a downward spiral. Loss of soil fertility and biodiversity are among the impacts of
land degradation, and increased rates of erosion worsen the situation. Consequently, practicing
agriculture becomes harder. Due to these environmental changes poverty and migration are high in
the affected areas: the needed conditions for farming, such as water availability and productive soil,
are less certain and therefore harvests go down. Consequently, the groups of people that are mostly
affected by land degradation are farmers since they are dependent on the harvest for their income.
Next to the livelihoods of farmers, land degradation and desertification influence food provision on a
larger scale. Ecosystems and their services are the primary sources for food the world population
depends on (Bodirsky et al., 2015) As the world’s population is still growing and becoming
increasingly affluent, strains on food demand increase as well (R. de Groot et al., 2005; FAO, 2011).
The agricultural sector stands at the base of the world’s food supply system and experiences a
serious challenge: demand grows, but faster than supply. To address this challenge, land degradation
and the loss of ecosystems need attention.

1.1.1. Agriculture as a driver of land degradation
The other side of the coin is that agriculture, more specifically intensive monoculture, is one of the
main drivers of land degradation (Gómez-Limón & Riesgo, 2009; Kanter et al., 2018; UNCCD, 2013).
The degradation of land is one of the consequences of certain agricultural practices. They are the
cause of loss of the services that ecosystems provide and threaten food security. Intensive and
continuous use of land cause disturbed nutrient cycles and poor soil. Consequently, much needed
biodiversity is threatened. Microbial life in the soil and on the land, such as worms and pollinators,
disappear (IPBES, 2018; IUCN, 2013).
Healthy, stable ecosystems are of paramount importance for yield in the agricultural sector. The
agricultural system is one of the most common ecosystems and has a history of land degradation.
Due to agricultural malpractices as overgrazing, deforestation, over-cultivation and -fertilization the
process of land degradation is spiralled into motion. At the moment, FAO research shows that 25% of
the land on Earth is highly degraded, 36% is moderately degraded but in stable condition, and only
10% is improving (FAO, 2011).
Dryland areas such as the south of Spain are rather prone to degrade, especially when no
precautions concerning agriculture are taken. Southern Spain is one of the areas that has an ongoing
land degradation and desertification rate, that might turn the area into desert if no action is taken
(Guiot & Cramer, 2016). As mentioned above, this area suffers from a downward going spiral: land
degradation means loss of biodiversity, soil quality etc. and has led to poverty and migration (IPBES,
2018; Millennium Ecosystem Assessment, 2005). This thesis will look at the case of almond farmers in
Southern Spain, who try to practice agriculture that is beneficial for ecosystems.

1.1.2. Regenerative Agriculture and ecosystem services
There are practices that aim to restore ecosystems and stop the land degradation process. Ecosystem
restoration is divided in many practices and under many names: Regenerative Agriculture (RA) is
8

among them. With this type of agriculture, it is aimed to integrate practices and technologies that
will address human needs without harming the natural environment (FAO, 2017).
Sustainable land management (SLM) is also often mentioned as a method for farmers to employ
methods that do not deplete their soil and ecosystems, but its definition can also encompass
management decisions and political influences outside the farmers reach. Both aim to achieve land
degradation neutrality. This is defined by UNCCD as a state whereby the amount and quality of land
resources, necessary to support ecosystem functions and services and enhance food security,
remains stable or increases within specified temporal and spatial scales and ecosystems (Chasek,
Safriel, Shikongo, & Futran, 2015; Orr et al., 2017). Since RA’s specific focus is on the implementation
of farmers practices to regenerate the land, as opposed to more broad definitions such as SLM, that
is the term used throughout this thesis.
RA is a set of practises that can be implemented to preserve the services that the natural
environment provides. These are so-called Ecosystem Services (ES). It is a framework that makes the
benefits that ecosystems provide to society explicit; Human beings are dependent on ecosystems for
food, climatic regulation and cultural aspects of their lives, amongst others. In conclusion, human
wellbeing and survival relies on ecosystems (Costanza et al., 1997).
Commonland is an NGO that aims to implement RA in areas where desertification is a threat, as will
be further explained below. In Southern Spain, on the Altiplano, the farmers have organised
themselves with the support of Commonland to address the specific needs of their farms and land
with the use of RA. At this moment, the monitoring and evaluation that is needed to record the
process of land degradation, is in a very early stage (the first year).

1.1.3. Commonland and AlVelAl
In Southern Spain the Amsterdam based NGO Commonland has as a mission to stop land
degradation, with a holistic approach that takes local economy, ecology and people into account
(Brasser & Ferwerda, 2017; Ferwerda, 2015). This means that interdisciplinary teams will form
ecosystem restoration partnerships. A collaboration of business, farmers, experts and other
stakeholders in the concerned area will constitute a twenty-year plan that restores the area. The
conceptual framework of Commonland and its connections with ecosystem services will be explained
in chapter 3. Important for this thesis is the support Commonland provides for AlVelAl, an association
consisting of mostly almond farmers that want to practice organic and restorative farming in
Southern Spain. The name is a contraction of the names Altiplano Granadino, Los Veléz And Alto
Almanzora. In context of Commonland’s comprehensive framework on ecosystem restoration,
AlVelAl is working on setting up collaborative businesses and stimulates local farmers to realize,
amongst others, effective measures against land degradation. One of these businesses is
Almendrehesa, a company that aims to sell high quality organic almonds. The name is a convulsion of
the Spanish word for almond (almendra) and the very old landscape concept of dehesa: a
sylvopastoral system that combines agriculture with grazing herds. In this thesis I will come back to
Almendrehesa with the issue of certification in chapter 5.

1.1.4. Current Monitoring and evaluation at AlVelAl
At the moment, Monitoring and Evaluation (M&E) at AlVelAl has entered its first year. With the start
of the spring of 2018 interviews were scheduled with all farmers to set a baseline. The questions
that AlVelAl puts in its interview, are partly aimed to investigate the indicators that Commonland has
composed out of the 4 returns; the Commonland indicators are set in appendix I and AlVelAl’s
interview questions in appendix II.
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1.2. The study area
The area that Commonland has identified as suitable for reversing degradation is the Altiplano de
Vélez in Southern Spain, see figure 1). This site has an altitude of approximately 1000 metres above
sea level and consist of altitude steppe. The area is mountainous, with a scattering of Holly oak trees
(quercus Ilex) and esparto grass in the natural zones. Wild boars, wild cats and vultures form part of
the natural fauna.

Figure 1; the AlVelAl area

The climate is semi-arid, which makes the area sensitive to degradation (Millennium Ecosystem
Assessment, 2005; Rothman et al., 2007). Precipitation has declined significantly over the past
decades (Schoonhoven, 2017), and consequently the AlVelAl region in Southern Spain suffers from
the draught. It covers about 1 million hectares of land. The area consists of three nature reserves and
has two rivers, the Segura and Gualdaquivir Rivers, running through. Farming types employed are
animal husbandry and crops, mostly rain-fed almonds, cereal, and Segureño sheep. Traditionally
herds of sheep would cross the steppe and graze, providing the people with meat and other
products. Nowadays herds have to be quite large to be economically viable, and they strip the land
with their disproportionate amounts of grazing.
Demographically the area is very sparsely populated and there is a high rate of unemployment.
Young people leave the countryside to find work in the cities, where they have more opportunities.
Many farms in the Altiplano are family businesses that have little or no possibilities to hire external
employment. Accordingly, with the absent workforce of the next generations the existence of these
farms is threatened. The economy is based on farming that is supported with some subsidies from
the government, mostly coming from the CAP (Common Agricultural Policy). This system of subsidies
is provided by the European Union to support the Agricultural sector per nation and support the
fluctuations of harvest. Some farmers depend on the CAP for up to a third of their entire income. A
downside is that the CAP holds many rules and regulations, and that farmers do not have the
knowledge or time to optimally profit from it.
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1.3. Problem statement &
Objectives
Now, the monitoring and evaluation
section of AlVelAl is still in the stage
of development and in the process of
deciding upon structure. A structural
framework to select, assess and
implement (analyse) indicators is still
missing.
The purpose of this study is to
investigate what indicators can help
monitor the success of RA on a local
scale. More specifically, the aim is to
select ecosystem service indicators
(ESI) and translate them to usable
quantitative indicators of the state
and performance of the ecosystem,
its function and the services it
provides as agricultural land. It is
important that the indicators are
scientifically robust and meaningful
for the users, in this case the AlVelAl
farmers and other stakeholders.

1.4. Research questions

Former Research
In general, there have been many research projects on
Regenerative practices in agriculture and its success against
combating land degradation. An example is from De Vente &
López (2012), showing that certain RA practices in Spain are
beneficial to soil and water resources. The Food and
Agriculture Organization (2017), as well as the UNDCC (2013)
have conducted research on RA, which resulted in reports that
add to the theoretical framework and provide overviews of
the actions that can be taken against land degradation.
Relevant for the AlVelAl region, the following research has
been done. A joint project of three master students at
Wageningen University was finished at the time of writing of
this thesis, to map the Ecosystem Services of the region
(Angelucci, 2017; Bedoya Serrati, 2017; Laurent, 2017). Paula
Duske, another master student, has conducted research on
water yield and crop pollination services, and concluded that
RA can maximize these services (Duske, 2017). This was done
in the Segura River catchment, but because it has similar
geographical conditions it can be extrapolated to the AlVelAl
region.
Yanniek Schoonhoven has researched what difficulties farmers
encounter in the transition to agro-ecological farming in the
AlVelAl region (Schoonhoven, 2017); the highest threshold
farmers experience in this transition are the initial costs that
are needed to implement RA.
Box 1: former research performed in the AlVelAl area.

To address the problems and needs of AlVelAl with regard to their monitoring & evaluation setup,
the following Research Questions were formulated:
RQ1. How to select Ecosystem Service Indicators of land degradation/ success of RA?
RQ2. How to measure and assess these indicators?
RQ3. How can Ecosystem Service Indicators be used for monitoring?

1.5. Outline
First, the methodology to address these questions are laid out in chapter 2. Following, research
question 1 is addressed in chapter 3. A network that maps the natural and socioeconomic system is
constructed. In the network, interrelations between the ecosystem services of the AlVelAl area are
shown. Then, the network is analysed and the most important indicators per ES category are
selected.
In chapter 4, research question 2 is answered. To be able to measure, every indicator needs a unit of
measurement (to decide upon spatial and temporal measurement) and is split into a state and
performance unit. Further narrowing down of the indicator selection is done with a criteria analysis.
In chapter 5, it is shown how chosen indicators can be used for monitoring; how to practically apply
them in the AlVelAl context. Possibilities how to certify the almond industry, and thresholds of the
given indicators are explored. The final chapters contain the discussion and conclusion.
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2. Methodology
2.1. Introduction
In this chapter the methodology of the thesis is laid out. First, the theoretical framework with
explanation of Commonland’s four returns, and the framework of Ecosystem Services is explained.
Then, the research framework is given, and the data collection and analysis methods are explained.

2.2. Theoretical framework
The frameworks that provide the concepts for this thesis are that of Commonland and that of
Ecosystem Services assessment, as further explained below.

2.2.1. Commonland: 4 returns, 3 landscapes
The 4 returns landscape masterplan that Commonland uses in the AlVelAl region explains the
approach to battle land degradation in a holistic way (Ferwerda, 2015).
Commonland develops landscape restoration projects that promote the return of capital in 4 forms.
As figure 2 indicates, the framework is composed of 4 returns and 3 zones and encompasses a period
of 20 years for degraded land to restore.
The 4 returns are:
• Return of inspiration: restoration of joy, awareness and meaning connected to the landscape
• Return of social capital: employment and engagement
• Return of natural capital: biodiversity, resilience, ecosystem functionality
• Return of financial capital: attracting investment and establishing financial autonomy.
To get the maximum out of each return, the degraded areas are divided in 3 zones. These zones all
address a different aspect of the returns and, most importantly, make sure that the land is not
stressed. The 3 zones are:
• Natural zone: restoring biodiversity, topsoil, hydrological systems
• Combined zone: the eco-agro mix zone; restores ecology with agrological productive activities
• Economic zone: agriculture and real estate; this thesis will be most concerned with agriculture and
its accompanying activities.

Figure 2: 4 returns landscape. Source: Ferwerda, (2015).

12

2.2.2. Ecosystem services
Ecosystem services are the second theoretical framework used for this thesis. The fact that
ecosystems provide services to humankind has been recognized for a while in environmental
sciences. Costanza et al. (1997) brought to attention the importance of ecosystem services to human
wellbeing. The concept became more widely known due to the Millennium Ecosystem Assessment
and later the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES). The Economics of Ecosystems and Biodiversity (TEEB) is an international initiative that has
contributed to the realization that ecosystems, biodiversity and their valuation are of paramount
importance for the world’s economics (TEEB, 2010). Human wellbeing is inextricably linked to
ecosystem properties, functions and services. The full listing of the TEEB classification, with a figure
on the link of human wellbeing and ecosystems is presented in appendix V.
Ecosystem services are divided in the following four categories:
• Provisioning services describe what products are yielded from an ecosystem, e.g. food and timber
• Regulating services show what factors regulate the local climate and area, such as plants that
prevent erosion
• Cultural services describe what people can experience from nature in the form of recreation,
educational or spiritual experience
• Habitat services are the services that provide biodiversity and the genepool, for example for crucial
species in the area.
In investigating Ecosystem Services, the use of good indicators is crucial to tracking these vital
services, to see if they are being maintained in a sustainable way. This is also important to identify
interventions that need to be developed to better control the state and performance of Ecosystem
Services (UNEP-WCMC, 2011). Ecosystem services indicators can, as such, also be a monitoring
device for the success of RA or the progression of land degradation.
For clarification, I will use the term “indicator” when I refer to a factor under measurement. I will use
the term “metric” or “measurement unit” when I mean the specific quantifiable measurement unit
that is attached to it.
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For Commonland, De Groot (De Groot, Moolenaar, van Weelden, & Konovska, 2018) has developed
guidelines for measuring and monitoring Ecosystem Services, with Commonland’s four returns in
mind. The process is captured in figure 3.

Figure 3:ES assessment & Commonland's 4 returns. Source: De Groot et al., 2018

The scope of this research would fall under 2: Impact Assessment, 3: ES Analysis and 8:
communication. Research questions 1 and 2 address the impact that the RA method in Spain has as
well as the quantification of ecosystem services. Research question 3 deals with monitoring and is
therefore important for communication.

2.2.3. Environmental impact assessment
EIA entails assessing the direct impacts of an intervention, in this case Regenerative Agriculture,
on ecosystem structure and processes. Secondary effects such as changes in the functioning of the
landscape are also looked at and compared to a baseline. This thesis will contribute to setting a
baseline.

2.2.4. Ecosystem services analysis
ESA analyses the effect of RA on changes in actual and potential use of the present ecosystem
services. Here it is important to consider the entire set of ecosystem services to provide a good
understanding of return of Natural Capital and Social Capital. For example: providing habitat will
increase biodiversity, but possibly also provisioning services and cultural services (aesthetic
appreciation). In this thesis the causal network, as explained below, will account for that.
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2.3. Research Methods
The figure below explains the methods used in a nutshell.
2.4.1. field
work
2.4.2.
literature

2.4. Data
collection

2.4.3.
interviews
2.4.4. online
databases

2.3.Research
methods

2.5. Data
analysis

2.5.1. causal
network

RQ 1

2.5.2. criteria
analysis

RQ 2

2.5.3. impact
analysis

RQ 3

Figure 4: Research methods framework

The main research method that is used for this thesis, is the method that Niemeijer and De Groot
(2008) developed to build a causal network to select indicators. In their opinion, indicators do not
function the best possible way when they are used as isolated factors. One possibility to create order
is to use the DPSIR (drivers, impacts, pressures, states, responses) framework. This method shows
causal chains, but not causal inter-relations. Consequently, they propose an eDPSIR (enhanced
DPSIR) network , that does not only show causal chains of indicators by categorizing them according
to DPSIR, but also shows interrelations by moving to causal networks (Niemeijer & De Groot, 2006).
Later in 2008, they developed and elaborated on the method and came to the step-by-step guide
below.
The reason to choose this method is because it recognizes the need for an indicator selection process
that can depict feedbacks, interrelations, trade-offs etcetera. The causal DPSIR framework (drivers,
impacts, pressures, states and responses) answers to this need by building a network. The causal
relations of the network are enforced by use of the DPSIR framework (Müller & Burkhard, 2012).
DPSIR is often used to depict complex situations (Busch, La Notte, Laporte, & Erhard, 2012; van
Oudenhoven, Petz, Alkemade, Hein, & De Groot, 2009), and thus does not look at indicators as
isolated entities. Since the AlVelAl area has this complex interaction of socio-economic and natural
phenomena, the proposed causal network is a solution for indicator identification. The methodology
proposed by Niemeijer and De Groot is as follows:
(1) Broadly define the domain of interest.
(2) Determine boundary conditions that can help determine which aspects to cover and which to omit.
(3) Determine the boundaries of the system.
(4) Identify (abstract) indicators1 covering the factors and processes involved.

1

What Niemeijer and De Groot call “indicators” in the causal network, I will call “nodes”. The actual indicators,
which are used to measure and monitor these nodes, happens in a later stage of this thesis.
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(5) Iteratively map the involved indicators in a directional graph:
(a) Organize indicators in terms of environment related indicators, society related indicators
and those at the pressure interface.
(b) Organize indicators in sub-categories such as economic sectors or environmental
compartments.
(c) Draw the causal network with nodes connected with arrowed arcs showing the causeeffect pathways.
Step 1 to 3 is carried out in the third chapter. When the network is built, it can be used to answer the
research questions.
An example of this methodology is van Oudenhoven et al. (2012) who use the methodology of this
network to map ecosystem services of the natural reserve “Het Groene Woud” in the Netherlands,
focusing on state and impact indicators.
For this thesis, the methodology will be slightly adjusted to fit in the Ecosystem service framework,
by adding specific sections for each ecosystem service, instead of dividing nodes (indicators) in subcategories (step 5b).
The resulting causal network will then be used to see how the selected ecosystem services function
in the overall system, and what factors have most influence. An example of such a causal eDPSIR
network is shown in appendix III.

2.4. Data collection
2.4.1. Literature review
Previously written theses about the area (Angelucci, 2018; Bedoya Serrati, 2018; Duske, 2017;
Laurent, 2018; Rodriguez Castañeda, 2017) were used as baselines to start from: e.g. ecosystem
services that will be mentioned often or newly (see box 1). A thorough literature review was
conducted to set a scientific basis for the research and provide a foundation for the knowledge
needed to make the causal network and do further analysis.

2.4.2. Interviews
During an internship in the AlVelAl area interviews to help with monitoring with the farmers were
conducted. These interviews were meant to gather baseline information. In appendix II all the used
interview questions are listed.

2.4.3. Fieldwork analysis
Observation of the field has been proven very useful. In order to construct a complex network such
as Niemeijer and De Groot propose, a good in-depth understanding of the specific traits of the
AlVelAl landscape is helpful. It consists out of notes made from flora, fauna, landscape and social
observations. Through (informal) conversations with local farmers, entrepreneurs and researchers, a
solid understanding of the local political and social context was formed (Kothari, Kumar, & Uusitalo,
2014).
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2.4.4. Online databases
The last used method for data collection is from online databases and datasets. It is another source
of previously done scientific work that is useful for this thesis. The datasets were used to find more
possible indicators and refine indicator selection.
Table 1; List of datasets

European Environmental agency (soil
data)
CSIC (scientific publications on agriculture
in Spain)
Ecosystem Services Partnership
For thresholds
European soil data centre (ESDAC)
Junta Andalucia (environmental reports
Southern Spain)
National data Spain
Biodiversity data

https://www.eea.europa.eu/data-andmaps/indicators/soil-organic-carbon1/assessment
http://csic.es
http://esp-mapping.net/Home/
https://www.resalliance.org/thresholdsdb
https://esdac.jrc.ec.europa.eu/projects/di
s4me
https://www.juntadeandalucia.es/temas/
medio-ambiente.html
http://www.ine.es
https://biodiversity.europa.eu/maes/mae
s-digital-atlas

2.5. Data analysis
2.5.1. Analysis of causal relations in the network
The causal network can be used to select indicator sets, provided that a very clearly scoped research
question is given. After construction of the network it is used to identify indicators for each category
of Ecosystem Service. The following steps are followed:
(1) Define the research question; in this case: “what are the best indicator(set)s to monitor
Regenerative Almond farming in Southern Spain?” available data and possible data collection
methods need to be considered.
(2) Identify key-nodes in the causal network and explore relevant sections of the causal network in
more detail.
(3) Select the best concrete indicators for the selected nodes. (In order to do this, a (Multi) Criteria
Analysis is used, as described below).
2.5.2. Criteria Analysis
Criteria analysis establishes preferences between options, by reference to an explicit set of objectives
(the criteria). By measuring the criteria, the extent to which the objectives have been achieved is
assessed. The process consists of identifying objectives, criteria and weights for these criteria
(Dodgson et al., 2009). In this case, the objectives will be the different possibilities for concrete
indicator choice, the criteria will be the needs that need to be met and the weights are the relative
importance that is given to each criterion (since addition of weights is something that is usually
established between the stakeholders of a certain setting, this last step is not carried out for this
thesis due to time constraints. It is however recommended, so a further guideline is described in
appendix IV). This will yield an overall score that makes the choice between different concrete
indicators possible and transparent. The discrepancy that can arise with this analysis is that although
some indicators are better suited to the criteria, other indicators are more important or easier to
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monitor when we look at the causal network. However, this method means that choices have to be
made, and by stating these choices the process is transparent. This forces good reasoning and
transparency, which is very important for a multistakeholder- and multifaceted problem such as land
degradation in the AlVelAl area.
2.5.3. Impact analysis
Impact analysis is the defining of factors and consequences of a change, or what is needed to set
about a wanted change. In this case, the impact analysis is conducted by using the causal eDPSIR
network. An analysis of the actions that may cause change are mapped and several factors that
influence each other are examined. In order to answer RQ 3 (how to monitor with selected ESI) I look
at the network and the status quo and propose a strategy for monitoring.
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3. Selection of Ecosystem Service Indicators
3.1. Introduction
Ecosystem services, as the product of ecosystem structure and function, are becoming quite popular
for their use as ecological indicators (Eiswerth & Haney, 2001; European Environmental Agency,
2005; UNEP-WCMC, 2011; World Resources Institute, 2015). Representing both the natural and the
social (human wellbeing) side, it is often seen as the sort of wide-ranging set of indicators that
environmental problems need (Czúcz et al., 2018; Rasmussen, Bierbaum, Oldekop, & Agrawal, 2017;
Reyers et al., 2010).
A good M&E system stands or fails by the choice of its indicators, since that choice determines what
needs to be measured and analysed. The first step in realising a good M&E system is thus the
selection of befitting indicators. The goal of this chapter is to find the factors that have most
influence in the system, and for which indicators need to be formulated. Firstly, the current M&E
situation in the AlVelAl area is described. Following, a short explanation is given of why the eDPSIR
causal network of Niemeijer is appropriate for the AlVelAl case. To answer the question how to select
them, a causal network as described under the section 2.2. “Research methods” is constructed. The
aim is to make a network that is representative of the area. Then the construction of the causal
eDPSIR network is explained, as well as the choice for the specific ecosystem services. With some
background information the links in the network are further clarified. Finally, the selection of the
indicators is addressed.

3.2. Current Monitoring & Evaluation situation
2018 is marked as the baseline year for M&E at AlVelAl. Data collection consists of yearly visits to all
the farmers that are associate with AlVelAl, but also organic farmers that wish to become part of
AlVelAl are visited, and a survey is taken. The questions almost all revolve around the
implementation of RA practices as researched in Schoonhovens thesis (Schoonhoven, 2017), and a
few questions related to the four returns of Commonland (an example is the attendance of AlVelAl
activities, to measure social return). the entire list of the asked questions is given in appendix II.
The interviews are recorded in GIScloud, a geospatial application that provides the possibility to add
questions and answers, make photos and add spatial data.
Concerning evaluation, there is no specific plan for analysis of the acquired data.
CSIC (the Spanish National Research Council) and several universities in the vicinity are connected to
the area and provide knowledge and lab facilities that might be of need for analysis of results.

3.3. Causal network for AlVelAl
With the rise of environmental assessments, the choice in environmental indicators has bloomed.
Traditionally, indicators and indicator sets are chosen as single units that convey information about
the state and performance of a system (Niemeijer & De Groot, 2006). Examples are the indicator sets
of the FAO, EEA and OECD. These sets often do not reflect the complexity of the systems that are
under surveillance, when it concerns environmental problems. Many socio-economic and natural
factors play a role and have relations that are often not entirely clear. Next to that, the effects of
interaction, trade-offs and feedback loops are underrepresented in a traditional indicator system
(Müller & Burkhard, 2012; van Oudenhoven et al., 2009).
The AlVelAl area and the problem that its inhabitants and farmers have with land degradation, is a
complex, environmental issue, the problems at hand are often multi-layered and complex, and
involve both natural and socioeconomic factors. Because traditional indicator-systems do not
address the systems complexity fully, an approach is needed that conveys that complexity and
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interlinkage better. Indicator sets in a causal network can inform the management decisions that
need to be made better than traditional indicators (Niemeijer & de Groot, 2008) because it is made
explicit what change in the system might lead to cause other factors to change.
A causal network that reflects solid knowledge of the system will invite to more informed decisions
than a list of indicators. A system’s relations, trade-offs, synergies and feedback loops have valuable
knowledge and should be made clear. As Bennet et al. (2009) point out, understanding the relations
between ecosystem services, and implementing actions according to that understanding, can prevent
the onset of unwanted regime shifts. For the AlVelAl area it is of vital importance to understand the
boundaries of the system, to prevent severe land degradation.

3.4. Construction of the eDPSIR network
Niemeijer’s method is dependent on the causal DPSIR-framework, which he names eDPSIR
(enhanced DPSIR) because of his use of causal links between indicators. For this thesis, this network
is constructed in the light of ecosystem services at the AlVelAl site.
The network was constructed with knowledge gathered from field observations at the site, farmer
interviews and conversations with experts in the area. Being at the site was of paramount
importance for understanding the specifics of the problem and see details of the landscape.
For each category of ecosystem service (provisioning, regulating, habitat, and cultural) the focus will
be on one or two ecosystem services2. This is to keep the network comprehensible and concise. The
choice for the provisioning service organic almond yield was because of the prominent position in the
AlVelAl business model; it is the main crop for most farmers. The choice for the regulating service
carbon sequestration was due to its close relation to climate regulation (the possibilities of natural
carbon sequestration to diminish atmospheric carbon), and the communicable force that has to
possible investors. Also, the connection with healthy soils, which often came up in conversations
with the AlVelAl farmers, were a reason for this choice with respect to regulating services.
The choice for biodiversity is because of its recognition in literature as a good (composite) indicator
for system resilience (Díaz et al., 2006; Mori, Furukawa, & Sasaki, 2013; Pereira, Ferrier, & Walters,
2013). At the moment of visiting the AlVelAl area, there was a high need to formulate a wellinformed indicator for this service.
Aesthetics and cultural identity were chosen as cultural services. It is important to map cultural ties,
as well as alternative knowledge systems such as that of farmers for sites such as the South of Spain.
Declining population makes it even more pressing to identify what it is that makes a strong
community. Knowledge about aesthetic experience and cultural identity is vital for this
understanding, which makes researching cultural services important (Plieninger, 2010) . Also, cultural
identity is marked as most important ecosystem service in the national ecosystem service
assessment of arid areas in Spain (Puigdefabregas Tomas & Sanchez Cruz, 2017). For these services
the network shows the interrelations between ecosystem services, functions and properties, as well
as other factors that are of influence.
The existing monitoring system has mainly focused on responses (the “R” in DPSIR); the RA
measures. These have been implemented in the network in a separate box on the left. Some of the
questions in the existing M&E system concern the threats to land degradation. these are identified as
pressures (the “P” in DPSIR) and put into a box on the right.
The separation between the natural and the social elements in the network is already indicated by
the separation in the ecosystem service classes: regulating and habitat services have factors that
mainly stem from the natural realm; cultural services are clearly social elements and provisioning
services are a combination of both.
2

For a full list of Ecosystem Services according to the TEEB classification, see appendix V.
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Lastly, some arrangement choices for the network need explaining. The selected ecosystem services
are coloured green. Two components that do not belong specifically in one of the four ecosystem
service classes have been added: Rainfall and land degradation. They are factors that are believed to
have significant effect in the entire system. For that reason, they were coloured yellow. Because the
network is constructed in such a way that all arrows indicate a positive causal pathway, the
occurrence of a negative influence is indicated with a minus sign along the arrow.
After the construction of the network key nodes can be identified. The threshold value for nodes to
be seen as key nodes is put on five links. There are three types of key nodes in the network: root
nodes, central nodes and end-of-chain nodes. Root nodes are those nodes that have many outgoing
arrows. Because their associated indicators typically provide information on the source of the
problem, root nodes are important signals for pressure change: they lie at the source and are known
to affect many factors in the system. Central nodes have many incoming and outgoing arrows and
can serve as an impact measure of multiple issues at once. End-of-chain nodes have many arrows
coming to them and associated indicators also indicate the effect of multiple issues; even more so
because they lie at the end of a cause-and-effect chain. The indicators for these nodes can serve as
early warning indicators.
On the next page, the causal network is depicted (figure 5). On the following pages the explanation
of the nodes and links is given.
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Figure 5;causal eDPSIR network
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3.5. Explanation of the links
3.5.1. Explanation of the relations for each Ecosystem Service
To construct a causal network to select indicators, knowledge of the system is necessary. I have
acquired this knowledge during an internship which consisted of helping the M&E officer and taking
surveys (stakeholder knowledge) combined with literature research. Below an explanation per
ecosystem service is given, that will clarify the choices made for the construction of the causal
network (figure 5). Nodes that appear in the network are bold.
3.5.2. Provisioning service: organic almond yield
Provisioning services are, as mentioned under the theoretical framework section, the products that
are derived from ecosystems, such as organic almond yield in the AlVelAl area. Because agricultural
ecosystems are often only assessed on their yield, overexploitation of the ecosystem service yield is a
serious threat. Careful attention needs to be paid to ensure that the agricultural ecosystem is not
only built around maximizing yield, to not disturb the balance with other services (Potts et al., 2016).
An ecosystem service is defined as a service of nature to human wellbeing and this definition
indicates that overexploitation would harm that wellbeing. Following, with almond yield explicitly
organic and sustainable almond yield is meant. To make it extra clear I name the service “organic
almond yield”3.
The most obvious provisioning service in the AlVelAl area is the yield of organic almonds, since that
is the main crop and main source of income. Yield is closely related to market demand for organic
almonds, which is an external driver in this system. For most farmers in the south of Spain, their
livelihoods depend on this rainfed form of almond agriculture. Next to that many farmers produce
various cereals. The average yield of almonds in the area is about 300/440 kg/ha/yr, with the
addition of compost it could be more. Yield depends on rainfall and the stability or enhancement of
other factors, such as the occurrence of storms and the use of compost (nr. 7 in RA measures box). A
good market will lead to the ability of the farmer and the society to gain a stronger socioeconomic
position. When the farmer has established a resilient farming system and strong economic position,
this creates an upward spiral. Farmers are able to invest more in their farm. However; to get into the
upward spiral is the bottleneck: the largest hurdle for farmers to convert to regenerative practices
are the initial costs that come along with implementing them (Schoonhoven, 2017).
3.5.3. Regulating service: carbon sequestration
Regulating services are the benefits that ecosystems provide in the form of regulation of local climate
and nutrient cycling. Carbon sequestration is important for its role in climate regulation. Globally,
the C-cycle is seriously unbalanced at the moment due to excessive use of fossil fuels, and methods
for carbon storage are necessary. Through photosynthesis in vegetation, and other processes in soils
atmospheric carbon is captured and stored (fixation of carbon by Primary Productivity). Thus, carbon
sequestration can occur in plants (trees), but the biggest land-based sink of carbon is soil (Dean,
Kirkpatrick, Harper, & Eldridge, 2015; Zhang et al., 2016). On the one hand, organic carbon storage in
arid areas is quite low due to low plant biomass, but arid soils on the other hand have a high
potential for inorganic carbon sequestration (Safriel et al., 2005) A link between biodiversity and
climate regulation, in the form of carbon capture, can be made; soils with higher count of worms
have found to capture carbon better (Orgiazzi & Panagos, 2018).

3

organic is not necessarily equivalent to the ES definition of “within the boundaries of the system”; but
because organic farming is a pillar of the AlVelAl way of farming, and it is arguably better for soil and
biodiversity, it is the term used in this thesis.
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A solid understanding of the C-cycle is helpful to depict the process of carbon sequestration. In short,
most soil organic content (SOC) is stored in the upper layer of the soil, the topsoil. Healthy topsoil
contains a diversity of microbial life. Extensive tillage, monoculture and pesticide (14, 15 and 17
respectively in the threats box) use are practices in agricultural ecosystems that have negative effects
on soil biodiversity (Cassman & Wood, 2005). Rainfall can affect it for the better as supply of water
facilitates more life. However, rainfall can also be harmful for topsoil when it comes in harsh and
aggressive storms, for which the Altiplano’s springtime is known. In the last case there is a very high
chance of erosion, which causes the topsoil to be removed and the microbial life in the soil to wash
away. Since a part of carbon respiration and storage is also done by microbes, this has negative effect
on soil carbon sequestration.
Erosion prevention is thus of vital importance in the AlVelAl area; vegetation cover plays an
important role in this by keeping soil together because of the root systems. As mentioned before,
vegetation stores carbon by means of net primary productivity. On top of that, it also provides a
habitat for soil life that facilitates carbon storage in the soil.
Dangers for soils are compaction and salinization. Herds of sheep that become increasingly larger
because the economic return per sheep becomes less, cause trampling of the soil and thus
compaction. Next to that, too large herds of grazing cattle eat a disproportional amount of
vegetation cover that in turn cannot sustain itself. Areas with high grazing intensity are associated
with carbon emissions and loss of biodiversity (Petz et al., 2014). This is in contrast with modest
herds, that impose a moderate amount of stress on the vegetation, which causes the root systems to
enlarge; more biomass means more stored carbon (Ecological Society of America, 2000).
Another danger, especially for Mediterranean arid soils, is salinization, or the accumulation of salts
that are not removed by rainfall or another form of water. This can cause a suboptimal environment
for microbial life as well as be a threat for certain crops. Irrigation, occurring at some farms in the
AlVelAl area, can also be a risk when salt-rich water and poor drainage are used. High salinity affects
the living conditions for microbes and vegetation mostly negatively (de Souza Silva & Fay, 2014).
3.5.4. Habitat service: biodiversity
Habitat services are the provision of all that an individual plant or animal needs to survive: food;
water; and shelter. Each ecosystem provides different habitats that can be essential for a species’
lifecycle. Biodiversity or “biological diversity” is the term for the variability among all living
organisms. Biodiversity is defined by the MA as “the diversity of genes, populations, species,
communities, and ecosystems” (Mace et al., 2005) Being a service that stands at the base of
ecosystems and determines its resilience, biodiversity indicators are often seen as the perfect
aggregate indicators (Elmqvist et al., 2018; UNEP-WCMC, 2011). However, links between biodiversity
and specific ecosystem services are still poorly understood and more site-specific research is needed.
Biodiversity can be divided into vertebrae biodiversity, soil microbe biodiversity, pollinator
biodiversity and bird biodiversity amongst others. A thorough understanding of the specific food web
of the area is necessary. A whole network could be built per category mentioned above, but it is kept
generic and simple here. In general, biodiversity declines when net primary productivity declines
(Bennett et al., 2009; Kosmas et al., 2013) because then the biomass that forms the alimentation for
all species decreases. Primary productivity in turn is dependent on a suitable habitat for producers.
Pollination is of utmost importance to seed and pollen dispersal of dryland vegetation.
Consequently, pollination is vital for the growing of fruits. Pollinators can be birds, bees (beekeeping
is monitored, nr.12 in RA measures box) other insects or even livestock (Safriel et al., 2005). Specific
mechanisms need more investigation, preferably locally specific (IPBES, 2018). In the AlVelAl area,
monitoring on the presence of beehives is done. The planting of aromatics is promoted, since the
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scent of these plants attract bees. The older almond trees (Marcona and Desmayo varieties) are also
pollinated by bees.
3.5.5. Cultural service: cultural identity & aesthetics
Cultural services are provided by the different types of spiritual, intellectual, and physical links
between human cultures and ecosystems. They are an important link to keep traditional and formal
knowledge systems connected (de Groot et al., 2005). The return of inspiration that Commonland
mentions as one of its returns is related to this ecosystem service.
In the AlVelAl area, farmers have specific knowledge that they gather form being in the field, which
might be unavailable to scientists. This is valuable information that needs to be made as explicit as
possible and can considerably add to knowledge growth, when shared. By sharing knowledge on RA
methods, a higher number of farmers might implement them.
Since ecosystem diversity and abundance generate ecosystem services, the expectations are that loss
of this diversity and abundance will lead to loss of cultural richness and diversity as well (Bertram &
Rehdanz, 2015; Tengberg et al., 2012).
Cultural services are often overlooked in quantifying and monitoring, but studies show that it is
possible and valuable to do (Plieninger, Dijks, Oteros-Rozas, & Bieling, 2013; Tengberg et al., 2012).
The focus of most indicators is on tourism and recreation (UNEP-WCMC, 2011). Aesthetics is a
cultural service that has been overlooked by science for a long time and came under attention when
nature needed to make way for society’s expansion. In contradiction to that trend, research shows
that people prefer to be surrounded by nature over industrialized areas (Tengberg et al., 2012). One
of the most remarkable findings is the overwhelming similarity in aesthetic preferences for natural
over built surroundings between different groups of people (de Groot et al., 2005).
More biodiversity leads to a more appealing environment, also for the experience of aesthetic
factors. A real-life example is the pond that a farmer on the Altiplano installed, which is now
booming with a diversity of animals and plants.
To measure aesthetics, the appreciation for cultural and natural sites in the area is often used.
Laurent ( 2018) has conducted such a research in the city of Baza. A higher appreciation for the
aesthetics of these sites shows correlation with the care for natural and cultural heritage (Tengberg
et al., 2012). Culture is partly expressed by the link that humans have made to their surrounding
landscapes over the years, and the strength of that link was shown to influence conservation of
heritage sites. The presence and attitude towards cultural and natural heritage sites could thus in
turn influence cultural identity.
Network theory can explain the causal relations for the cultural services section better. Social
networks are important for information flow, and information flow is important for decision making
(Stangor, 2004); stronger networks will lead to more information flow and thus knowledge growth. A
sense of social commitment has been shown to lead to more environmentally acceptable behaviour
in tourists (Su & Swanson, 2017). The same could be true for residents. Moreover, knowledge
exchange takes place on a higher rate, which will also influence the health of the ecosystem, and
consequently the aesthetic value.
The provision of cultural services is influenced by land features such as land cover, as Tengberg et al.
(2012) showed. The consequential pattern of “hot” and “cold” spots (whether the spots were
perceived as aesthetically pleasing or not) show a relation to ecosystem conservation and
management.

3.6. Assessment of the causal network and selection of indicators
With the constructed network it is now possible to see what nodes have high value for the system.
The structure of the network allows for finding nodes that are of such an influence, that monitoring
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that specific node will also serve as a gauge for the state of other nodes. For this network the specific
strength of the relationships is not known (how much the change of one node influences the other;
dose-response), so the determining aspect will be the number of connections. This is done by the
following analysis.
As mentioned before, a causal network like this is divided into root nodes, central nodes and end-ofchain nodes. At first glance it is striking that mostly central nodes occur; nodes that have both
incoming and outgoing arrows. Rain is a very present root node, which makes sense, since it is the
only input of water in the system (irrigation is not considered for this system), and factors that have
effect on rain lie out of the scope of this network. Of course, the implementation of swales and
ponds will have effect on the available water on a farm. At this moment, no end-of-chain nodes occur
in the network.
Now the M&E at AlVelAl mainly focusses on the implementation of practices and on the causes of
land degradation, depicted on the sides of the network in figure 5 because there is already data
collection on these indicators, they are not considered further in the selection process.
I have chosen to select one representative indicator per ES category, even though the causal eDPSIR
method is developed to find an aggregate or composite indicator that is the gauge for the entire
system. The reason for not doing this is that the merit of the method lies in the interconnectivity of
factors as well, which is a focus that is important to this thesis. In a further stage the indicators for
the nodes are selected which will narrow down the choice.
3.6.1. Provisioning services
Organic almond yield is identified as the only key node in the network for provisioning services. As a
central node it is a factor that influences as well as it is influenced. It seems most straightforward to
simply measure the harvest of each farm. It will still be important to keep in check all the factors that
affect organic almond yield.
3.6.2. Regulating services
The section which depicts the regulating services is striking because it contains the most nodes in
comparison to the other sections. This can be explained by the fact that many supporting processes
are depicted in this area, which are of vital importance to a farm. Microbial life, vegetation cover
and topsoil emerge as central nodes. A special mention of vegetation cover needs to be made, as it
has most connections by far of the entire network. This shows that indicators for this node could
serve as a composite indicator.
3.6.3. Habitat services
The next highest count in key nodes can be found in the habitat section; this is explained by the fact
that biodiversity is seen as a funding service for other service; there are relatively many connections
with other sections. The key nodes identified here are biodiversity and suitable habitat, both central
nodes. The highest count of connections is for biodiversity.
3.6.4. Cultural services
There were no key nodes identified in this specific area, which could be explained by the lack of
detail of this service. An answer would be to zoom in on the cultural services, do more research and
add more influencing factors and more relationships.

26

3.7. Conclusion
With the construction of a causal network for the ecosystem services organic almond yield, carbon
sequestration, biodiversity and aesthetics in the AlVelAl area, it comes forth that especially
vegetation is a very important factor in the system. Also, organic almond yield, biodiversity and
microbial life had very high connection counts. Rain is also of high influence and should certainly be
kept track of and investigated to discover further relations and more quantified (dose-response)
relations but is hard to influence. From the point of view of farm management, it is therefore not
further considered (although structures of water retention and erosion prevention are certainly
relevant and accounted for in the responses).
After the selection of these nodes, the next step is to find the right indicator for each and determine
a proper measuring unit. That will be addressed in chapter 4: Measurement and Assessment of
Ecosystem Service Indicators.
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4. Measurement and Assessment of selected Ecosystem Service
indicators
4.1. Introduction
After the nodes in the network are selected, they need to be made operational. By finding the right
indicator and assigning the appropriate measurement units these nodes can be monitored.
Identifying the right metric is important because this will determine the methods of research such as
time, scale and how collection of data will take place. Selection of the appropriate measurement
unit, or metric, is often accompanied by a form of criteria application. The goal of this chapter will be
to choose appropriate indicators and measurement units for the nodes identified in the previous
chapter, with a structured assessment.
To answer the second research question (how to measure and assess Ecosystem Service indicators)
this chapter is divided into two parts. The identification of ESI is the first part and consists of section
4.2. Here, the possible indicators, and state and performance measurement units will be introduced.
The second part consists of the assessment of ESI; in 4.3 an overview of literature on criteria will be
given and a selection of the most important ones for AlVelAl in this point of time is given. In section
4.4, the two parts come together as the chosen indicators are tested to the criteria.

4.2. Possible indicators
4.2.1. Provisioning services
Organic almond yield: For yield; the choice is rather straightforward. At the moment, farmers are
asked once a year what their harvest was in kg/ha/yr. Since harvest is once a year and farmers know
their own yield best, this is the most appealing option.

4.2.2. Regulating services
Vegetation cover: this can be measured with remote sensing. That can be done via satellite images,
or at specific sites even by taking pictures and determining what amount of the photo is vegetation
cover. This might involve special equipment.
Topsoil: simply, the amount of topsoil can be measured by determining the amount of topsoil in
centimetres. By taking a soil sample at different places, the makeup of the soil and the height of the
topsoil can be determined.
Another property of topsoil is the Cation Exchange Capacity or CEC, a measure that decides what the
number of cations (positively charged particles) are present. The CEC is seen as a measure of soil
fertility, and usually highest in the topsoil, where most soil organic content is present. It is dependent
on soil pH and therefor it is very important to keep native soil pH present in the laboratory setting.
Measurement occurs with a buffer solution.
Microbial life: for the measurement of microbial life, a solid understanding is necessary of the
specific kind of microbial life present in the AlVelAl soils, and what combination makes it a healthy
soil. Factually it comes down to the same as finding an indicator species (see biodiversity below) but
then within the specific food web in the soil.

4.2.3. Habitat services
Suitable habitat is an important node in the causal network, and very closely related to specific
species. Since it only has extra value when the habitat is easier to count than the species itself, it is
left out for now.
Biodiversity is especially hard to assess, since it can be measured on different hierarchies (genes,
species, ecosystems) and to add a level of complexity, each hierarchy can be assessed on different
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characteristics (diversity, quantity, or condition)(Reyers et al., 2010). Even if the focus would only be
on the hierarchy level of species, as is the most logical for the AlVelAl case, the presences and
interactions of species are vast and impossible to measure in their entirety.
Hence, there are many possible ways of measurement, and biodiversity indices and indicators are
overrepresented in literature as an indicator for ecosystem health and resilience (Bennett et al.,
2009; Eiswerth & Haney, 2001).
First, to measure biodiversity, specific knowledge of species at the monitored site is necessary. Also,
the interactions between species; the food web of the different sections of organisms (plants, fungi,
insects, birds, predators, etcetera.) provides important information. This is immensely complex to do
correctly, and unfortunately falls out the scope of this thesis to conduct.
However, the presence of beetles and ladybugs was mentioned as important by many farmers. Also,
the presence of wild cats, vultures and wild boars could be simply counted. Below an overview of
possible measurements is given.
One way to keep track of biodiversity is by monitoring the species richness: how many different
species are present. A high count is not always a sign of a healthier ecosystem, however. Another
way is to monitor an indicator species: a species that is very sensitive to change in particular
environmental factors, and serves as an early-warning indicator (Siddig, Ellison, Ochs, Villar-Leeman,
& Lau, 2016). By choosing a specialist species, which has a very particular choice of habitat (in
opposition to generalist species, that occur more widely), the relation between the chosen species
and its specific habitat needs have to be known. Although it is relatively easy to measure, solid
knowledge of what a good indicator species would be is of paramount importance, and an
investigation as described above would need to be carried out. Measurement in the field could take
place with counting of species on specific walking tracks (of course this is dependent on the species).
The last way is keeping track of the number of threatened species. The IUCN does this already (for
example of Murcia: Aymerich et al., 2004), which would mean there is a ready-made list of species.

4.2.4. Cultural services
Even though the eDPSIR Causal network did not give a key node for cultural services, still options for
measuring cultural identity will be given. As mentioned before, it is due to a lack of information that
the relations were not more detailed in the causal network, and this does not change the importance
of measuring cultural services. The choice for cultural identity was made, because the national
ecosystem assessment of Spain identified it as the most important cultural service in dryland areas
(Puigdefabregas Tomas & Sanchez Cruz, 2017).
Cultural identity & aesthetics: the measurement these is somewhat fuzzier than of most other
ecosystem services; there is no direct quantitative data to measure state and performance. That
does not mean cultural identity and aesthetics cannot be measured quantitatively.
A few possibilities are counting the number of sites of importance, and the expression of
appreciation for these sites. Another is to keep track of the number of stories (most significant
change stories), a concept coming from Commonland, which serves as an inspirational indicator. The
number of inspirational events or workshops is already monitored by AlVelAl. The last option is the
expression of appreciation for nature; respondents are asked to grade their appreciation for their
surroundings. Most of these would be measured by interview questions.
Network strength: there are mathematical methods to calculate the type and strength of networks.
This knowledge could help greatly, for example with information dispersion. An easier method is to
carry out a good stakeholder analysis and count the number of farmers associated with AlVelAl.
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4.2.5. State and Performance Indicators
Ecosystems are complex, and to make sense of their functioning and relation to humans, they are
divided into three different levels; the ecosystem properties, the ecosystem functions and the
ecosystem services. This categorization can help with finding appropriate indicators, by specifying
what specific level of an ecosystem needs to be monitored. The biophysical structure of the
ecosystem, or its properties, provide for the ability to function well, which in turn will generate the
service. This is summarized in the flow chart in appendix V.
One way to address the difference between ecosystem properties, functions and services is by
looking at state and performance indicators. The difference can also be described as stock and flow.
The state of a service is how much of that service is available at a given point in time; this is related
to the properties of functioning of the ecosystem. The performance of a service indicates how much
of the service can be sustainably subtracted from the system, or if there is no limit no extraction
(such as with cultural services) how much of the service adds to wellbeing per a given timeslot (to
indicate growth or decline).
Table 2; State and Performance indicators per ES, with criteria analysis on right side. UF: user friendliness, A: availability, RO:
relevance to objective. The score is from low to high; - criterium applies hardly on indicator, x criterium applies intermediate,
xx criterium applies most of the time.

Ecosystem service

Node

State indicator
(measurement
unit)

Performance
indicator
(measurement
unit)

UF

A

RO

Provisioning:
Organic almond
yield

Yield

Yield (Kg/ha)

xx

xx

xx

Regulating: carbon
sequestration

Topsoil

Presence of topsoil
(Cm/ha)

Sustainable
almond yield;
how much can
be subtracted
without
depleting rest of
the system
(∆kg/ha/yr)
Addition of
topsoil per year
(∆ cm/ha/yr)
Change in CEC (∆
moles of
charge/kg)
Change in the
presence (∆ nr.
of organisms per
volume of earth)

xx

xx

xx

-

x

xx

x

xx

xx

Addition of
vegetation cover
(∆ amount
/ha/yr)

x

xx

xx

CEC (moles of
charge/kg)
Microbial life

Vegetation
cover

Presence of a
chosen organism
(Nr. of organisms
per volume of
earth)
Present vegetation
cover (Amount of/
ha)
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Habitat:
biodiversity

biodiversity

Species richness
(Nr of species/ha)

Indicator species
(Nr/ha/yr)

Threatened species
according to Red
list IUCN (nr. /ha)
Cultural: aesthetics

Aesthetics

Appreciation of
nature (Nr. of
appreciated/visited
sites)

Cultural: Cultural
identity

Cultural
identity

Culturally
important sites or
species (nr.
Species/ha)

Network
strength

Visits at AlVelAl
meetings (nr. /yr)

Change in
species richness
(∆ Nr. of
species/ha/yr)
Change in
indicator species
(∆ nr. /ha/yr)

x

xx

x

x

xx

xx

Change in
threatened
species (∆nr.
/ha/yr)
Change in
appreciation (∆
nr. of
appreciated/visit
ed sites)
Change in
culturally
important sites
or species (nr.
Species/ha/yr)
Change in visits
per year

xx

x

x

xx

x

x

xx

xx

x

xx

xx

x

On the right side of the table the outcomes of a criteria analysis are shown. The conduction of this
criteria analysis was based on the use of three criteria: user friendliness, availability and relevance to
the objective. The background of this analysis is further explained in the next section, as is the choice
for these three criteria (in section 4.3.3).

4.3. Criteria for measurement units
4.3.1. Criteria in literature
A short literary review will show that there is an extensive number of criteria present to assess
indicators. A selection of criteria will be made, based on the possibilities, needs and wants of the
AlVelAl area and consequently a simple criteria analysis will be conducted.
Historically environmental indicators have grown to a wide and varying set. With the rise of
consciousness of the gravity of land degradation, the demand for indicators also rose. In general,
environmental indicators have taken a gain in interest and along with it the Ecosystem Services
Indicators. Various projects that are specifically concerned with identifying and assessing ES
indicators exist (Czúcz et al., 2018; Maes et al., 2015; UNEP-WCMC, 2011).
One of the definitions of indicators is provided by the EEA: indicators are a simplification of reality to
make complex processes quantifiable so that the information obtained can be communicated (EEA
2005). Quantifiability and communicability arise as criteria from this description. Another often
forthcoming characteristic of a good indicator is the ability to aggregate information, not otherwise
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accessible, for management purposes. Taking note of these definitions, one can appoint the right
criteria to the desired indicator or indicator set. Following, the next step is to define these criteria for
the case at hand. Following the myriad of indicators, an extensive number of criteria to which an
indicator should adhere also exist.
Nathan and Reddy ( 2011) have categorised criteria in three classes: What, How and Whom, that are
further clarified in more classes (“How” relates to data collection and is subdivided in the criteria
availability, quality and measurability, for example). Niemeijer and De Groot (2008) classify criteria in
specific “dimensions”: scientific, historic, systemic, intrinsic, financial and practical, data availability
and policy & management dimensions. In a meta-analysis of the use of different criteria, the scientific
analytical soundness (viability), communicability and relevance are most widely used. The European
Environmental Agency (2005) gives nine criteria for their core set of indicators: Policy relevance,
progress towards policy targets, understandability of the indicator, and part of EU priority policy
issues. With every institution using their own wording, a standardized criterion- and indicator set is
not in sight. A call to unification of these criteria has been done more than once (Gómez-limón &
Sanchez-Fernandez, 2010; Nathan & Reddy, 2011) but problems arise with this effort in terms of
specific local applicability.
Availability is of importance because many of the data still need to be collected, must be measurable
at set frequencies, not too costly and well-timed. Communicability stands in high regard at AlVelAl
because all stakeholders need to be involved as actively as possible, which requires understandable
and transparent indicators that invite participation where necessary. The relevance to the objective
reflects whether the options answer to the set research objective. Most important for a good
indicator set is that a well-formed idea exists of the goals of the project, and that the indicators
correspond to that. Several meta-studies to the effectiveness of indicators mention the importance
of relevance to the objective (Nardo et al., 2008; Niemeijer & de Groot, 2008; Rasmussen et al.,
2017) which in this case would be: finding indicators that are sensitive to change in order to measure
the success of RA.

4.3.2. Relation to AlVelAl indicators
In the current AlVelAl M&E system the focus lies on response indicators, and specifically the
measurements of that farmers can implement to enhance their own farm. The system is partly based
on the Commonland monitoring system, which evolves around aggregate indicators to measure the
four returns (natural, financial, social and inspiration). For natural return, for example, Commonland
lists a soil, water and biodiversity index, which are services that are categorized under regulatory and
habitat services. Social and inspirational return share most characteristics with cultural services.
Financial return is least measured by this thesis, as looking for business opportunities is not a part of
the Ecosystem Service framework. The valuation of Ecosystem Services is certainly a part of it, which
is a step that has been done by Angelucci (2018), Bedoya (2018) and Laurent (2018).
For a full listing of the Commonland indicators see appendix I.

4.3.3. Criteria analysis
For a criteria analysis it is of course best to assess indicators to as many criteria as possible. Due to
time constraints only the three criteria user friendliness, availability and relevance to the objective
were chosen. The assigned values in the three right columns of table 2 are based on best professional
judgement. It would be best to conduct a Multi-Criteria Analysis (MCA), and involve stakeholders in
criteria and indicator choice. A guideline for this is given in appendix IV.
AlVelAl is a small, bottom up organization that values knowledge growth, knowledge sharing and
stakeholder involvement. That makes user friendliness (UF) an important criterium. Important
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aspects that it considers are the explanatory power to a layman (understandability), whether it is
user sensitive and transparent.
Availability (A) is important for the possibility to conduct the same measurements on a set frequency
and checking whether the indicator is available in terms of cost.
The relevance to the objective (RO) is the criterium for seeing to that the goal of the study is
accomplished, and that no indicators are measured that say too little about progress towards this
goal.
Table 2 shows the outcome of the criteria analysis on the right-side columns. For the provisioning
services yield was the only option, but it adheres well to all criteria. For regulating services,
measuring topsoil by the means of the added centimetres per year is best. For habitat services,
monitoring an indicator species is best. This only did not score the highest for user friendliness,
because an initial effort is needed to identify that species. In the cultural services, all options were
ranked with an intermediate score for relevance to the objective, because RA measures do not have
such a direct impact on these indicators.

4.4. Conclusion
To answer this research question, an overview of the possible indicators and metrics of the selected
nodes were given. A differentiation between state and performance indicators was explained, and an
example for each node was represented in table 2. An introduction to the available criteria in
literature, in combination with AlVelAls needs now gave rise to three criteria: user friendliness,
availability and relevance to the objective.
Organic almond yield is already monitored and could be better kept track of with state and
performance measurements. Concerning regulating services: measuring topsoil came out the
analysis as the best option. In habitat services, the choice for an indicator species was deemed best
according to the three criteria. Cultural identity, aesthetics and network strength did not turn up as
key nodes, but for the sake of more attention and research they are still mentioned as possible
indicators.
Using criteria analysis to select indicator is the secondary step with a reason; the causal network
provides the insight into an analytically supported choice, and criteria analysis can give guidance in
the choice of a concrete indicator with appropriate metric. Another indicator can arise here than the
one that seems most important judging from the causal network: this is the case with vegetation
(highest count of links in the network) and topsoil measurement (more user friendly in the criteria
analysis). None have to be ruled out. The process of monitoring in AlVelAl is based on growing
knowledge of the area, which is represented better by a more holistic set of indicators.
In the next chapter, the final part of the M&E process will be assessed; what analyses to do and how
improvements in data collection and can be established.
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5. Monitoring using the selected Ecosystem Service Indicators
5.1. Introduction
The final research question concerns the use and analysis of gathered data. In this chapter the
question how to use the found ES indicators for monitoring will be answered. As mentioned before,
M&E in 2018 was the base line year, when first data were gathered and stored into GIScloud. The
plan for data-analysis is not very strong yet at AlVelAl. Since GIScloud is not only an application for
data storage but can also be used for analysis, for each ES the possibilities of analysis will be explored
and a proposition for impact analysis will be done (how certain RA measures affect other factors).
Then, because monitoring also exists to prevent the onset of radical shifts in a system, a short
introduction to resilience science and thresholds will be given. This will be applied to the need for
local businesses, such as Almendrehesa, to certify farms. An example of a method to use ES in socalled radar-graphs is given.

5.2. Assessment of current Monitoring & Evaluation at AlVelAl
5.2.1. Data collection & storage
The interview consisting of 56 questions (with that was taken from the farmers is represented in
appendix II. During a visit at the farm, in combination with a view of the fields, the interviews were
taken. Via the mobile app of GIScloud the answers were recorded, along with some pictures of the
farm. The total number of farmers that have been visited is 53. The mean value of the answered
questions per farmer is 9.3 questions.
This response rate is quite low, which could have various reasons:
− Farmers still have to get used to the working ways of Commonland and AlVelAl, and the
monitoring process that comes with it.
− the local culture does not allow for a straight forward interview; people feel as if they have
to pass an examination when so many questions are asked.
− gathering information while walking and talking can be challenging, which causes the
interviewer to forget to record answers. The fact that multiple people join, and several
questions can be asked in rapid speed is not of help either.
− there are too many questions.
A certain form of a protocol could provide a solution, also considered that the idea exists for differing
student and researcher groups to visit the area. The first two reasons can only be addressed by
adequate acting of the interviewer(s) and might become better in following years. The number of
questions does not necessarily have to be diminished, but by giving precedence to a small number of
questions, the dataset would become considerably more solid. The causal network and the chosen
key nodes provide outcome here.

5.2.2. Data analysis
The M&E reports of the end of 2017 and the beginning of 2018 were roadmaps give the status quo
and identify ideas and pit holes. The graphs represented in the report give typical baseline
information such as the number of farmers using tillage and fertilization, and the attendance to some
AlVelAl related events. The selected indicators can offer a guideline for analysis in the years to come.
Exploring the possibilities of GIScloud is part of this, since it is now mostly used for data storage,
while analysis of spatial data could add to the AlVelAl M&E programme.

5.2.3. Data communication
The GIScloud app is no publicly assessable app, since quite strict regulations concerning privacy of
the farmers apply. Open distribution of the produced maps is therefore not possible. The only way is
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by official documents and reports that have entirely anonymized the results. One way of
communicating change and involving stakeholders is to keep up with the participatory character of
AlVelAl. Commonland has the most significant change stories, that can be a very inspirational and
engaging manner of communication.

5.3. Monitoring with GIScloud (possible analyses)
5.3.1. Introduction to GIScloud
GIScloud is an online mapping tool. With use of a mobile app, data can be collected in the field.
Relatively simple analyses such as heat maps and point distances are available to do. AlVelAl has
acquired the app to be able to see improvement over time of the Altiplano area.

Figure 6; desk top representation of GIScloud (retrieved from the AlVelAl account)

Spatial mapping is more and more popular to identify policy needs with regard to ecosystem services
(Maes et al., 2015). However, Lavorel and Bayer (2017) warn for the aptitude that is needed to
understand, analyse and visualise spatial ES data.
There are two kinds of analysis: one over the years (longitudinal analysis; state and performance
indicators can be used for this) and one between factors to clarify causal relations. What M&E can
also do is find correlations between factors in the system, i.e. how and to what extent heavy rainfall
influences topsoil. Both are in need of some statistical knowledge, but do not have to be very
complex. Because 2018 was a baseline year, no longitudinal analysis was possible. Due to a lack of
data, it was also not possible to do analysis between factors, as there was no consistency in
answered or filled out questions.
A side note to the use of GIS has to be made: still a considerable level of knowledge between
relationships is necessary. In a (participatory) mapping project, the following ethical questions can
also arise: who’s information is shared, who benefits and who is empowered (Chambers, 2006).
These are especially important if all stakeholders need to be involved.

5.3.2. Provisioning: yield
Yield can be monitored by recording the yearly yield of almonds per hectare per year for each
farmer. For comparison between years, the performance indicator can be used. However, for this
year that is not possible since it is the baseline year.
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Data collection: the cheapest and easiest way is to carry on with the current method to let farmers
report their yield yearly.
Data analysis: in tracking the performance indicator, the priority would be to find out how organic
almond yield differs over the years and what could explain these fluxes. Investigating the links that
lead to organic almond yield in figure 5 help in formulating research options. An example is what the
effect of tillage is on yield.
After the farmers that do not have organic almond yield were taken out of the set, the number of
farmers who answered the question on average organic almond yield over the past 3 years (question
13) and how often in the year they till (question 38) amounted on 7.
Tillage
0
(times/year)
Yield
700
(kg/ha)

1

1-2

2

2

2

3-4

500

700

180

250

500

500

Of course, no definite conclusions can be taken from such a small sample. It is however interesting to
see how wide ranging the yield is; this could be because of the age of the trees, use of compost or
another factor. This table does point in a direction that tilling less will give higher yield (tilling 0 to 1-2
times a year gives a mean yield of 633,33 kg/ha, while tilling 2 to 3-4 gives a mean of 357,5 kg/ha).
Data communication: Spatially, every farm can show its performance on the GIScloud map in
relation to the others. Over time growth or decrease of almonds for every farmer can be made
visible.

5.3.3. Regulating: topsoil
Topsoil is rather easy to monitor with a low threshold of necessary knowledge of being able to
distinguish between earth layers. It would require measurements in the field and good preparation
and recording of those measurements for repetition.
Data collection: the use of an Edelman boor is all that is needed for this data collection. Points of
interest must be identified, and a GPS point can be stored in GIScloud for future reference.
Data analysis: the simplest analysis is identifying the number of centimetres of topsoil. Further
analyses (such soil pH, electrical conductivity, etc) can be done with a participatory toolkit.4
Data communication: data can be stored on the corresponding GPS point in GIScloud. If there is
enough data available, maps showing the thickness of the topsoil could be made.

5.3.4. Habitat: biodiversity with indicator species
Before a species can be monitored, a solid knowledge is necessary of the flora and fauna of area to
know what would be a could candidate. Preferably it would be one that is rather easy to spot, to get
actual data that can be analysed. A certain degree of sensitivity to ecosystem change is also needed,
so that the frequency these species is spotted tells something useful. For this, and to set out
appropriate walking tracts, knowledge on the habitat of this species is important. Preferably a food
web would be created, so that the relations to other flora and fauna can be established.
An example of an indicator species in the AlVelAl area could be the European roller or “carraca” in
Spanish. It is a specialist species that only occurs in a specific habitat, and also occurs in Southern
Spain.

4

For example from the US Agriculture Department:
https://www.nrcs.usda.gov/wps/portal/nrcs/detailfull/soils/health/assessment/?cid=nrcs142p2_053873
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Data collection: walking transects need to be set out at appropriate sites. The number of spotted
individuals of the selected species will be noted and can be stored under GIScloud on a polygon with
the searched area.
Data analysis: the collected data can be used to assess whether the population is growing, declining
or staying stable. In the first two cases the cause is interesting; here one can refer to the food web
and formulate research questions about reasons for imbalance (higher level of predators, abundance
of food). Relations with habitat can also be researched.
Data communication: publishing the progress of this species would be a good start. The presence of
a species is quite a powerful communication tool, because it is understandable. Depending on the
choice of species, people can also feel attached to its wellbeing.

5.3.5. Cultural: aesthetics
Aesthetics will be most typically measured by the degree of appreciation for nature. The method will
be more reliable when more people are questioned.
A stakeholder analysis that maps the number and the type of relationships that people have might
also be of use.

5.4. Resilience & Thresholds
5.4.1. Introduction
Resilience is defined as the ability of a system to absorb disturbances and still remain in the same
state, as well as the ability to reorganize in response to these disturbances (Elmqvist et al., 2018).
Thresholds, or critical thresholds are the point that separates two different states of a system (Rocha,
Biggs, & Peterson, 2014). However, that point is not so easily captured. The idea that thresholds are
defined values, can result in the conclusion that a certain ecosystem has undergone a regime shift,
while that is not the case (Prato, 2017). Also, crossing a threshold does not mean that the state of the
system cannot be reversed, which is the case with tipping points. When a tipping point is passed a
regime change occurs. Regime changes are defined as large, persistent changes in the structure and
function of social-ecological systems, with substantive impacts on the suite of ecosystem services
provided by these systems (Rocha et al., 2014).
All complex systems contain many feedback loops, and at some point, a critical threshold may be
passed where the nature of the feedbacks changes; existing feedbacks might become more dominant
or other feedback mechanisms might have developed. The result is that the system experiences a
large, often abrupt change in structure and function.
Monitoring and evaluation ideally involve knowledge of the thresholds and resilience, as exactly as
possible, to know which stress on which node might tip the system into another state.
The goal is to understand the ecosystems resilience and use that knowledge to stay in its particular
boundaries. Consequently, one needs to know these boundaries (thresholds) and take appropriate
measures to stay within them. However, knowledge of these thresholds is often not at hand or very
site specific (Marudian, 2001), or as mentioned before, a wrong conception of the existing thresholds
can lead to the wrong conclusions about the state of the system (Prato, 2017). Up till now, it appears
to be easier to predict the nature of the regime shift than the actual value of the threshold or tipping
point (Andersen, Carstensen, Hernández-García, & Duarte, 2009; Rocha, Peterson, & Biggs, 2015).
The predictive power of thresholds is therefore quite uncertain.
Nonetheless, thresholds can be used to reflect upon the causal eDPSIR network for AlVelAl. The
network shown in figure 5 shows that certain points have multiple strings leading away from them or
leading towards them; the key nodes. These nodes either have influence on the system or are
sensitive to changes in the system, and as such thresholds for these would serve as early warning
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systems. However, investigating the amount of disturbance that these nodes can absorb is difficult
because so many factors are involved. Moreover, no tests can be done to change parameters. The
conclusion is that data gathered form other sites is needed to be able to formulate some threshold
values.
The decision to integrate thresholds in a M&E system will to a certain extent be subjective. An option
is to set “regulatory limits” which are managerial choices set by a considerable knowledge of a
system (Jax, 2014). Maximum or minimum amounts, for example of the indicators that were
identified in the previous chapters, informational limits that are set as a managerial overview, but
not necessarily mean a shift of state or regime. The table below summarizes possible definitions of
thresholds, and if found some values.
Table 3; Thresholds. Where no value is found, a question mark is put.

Ecosystem service

Indicator

Threshold definition

Value

Provisioning:
Organic almond yield

Yield (net productivity)

Maximum amount of
yield
Max. amount for
system?

?

Min amount for fertility

Semi-arid areas: up
to 30 cm (Rodríguez
Martín et al., 2016)
?

Topsoil

Regulating: carbon
sequestration
Vegetation cover
Habitat: biodiversity

Cultural: aesthetics

Indicator species

Aesthetic appreciation
Network strength

Minimum amount of
cover
Minimum amount for
species to be called
threatened
maximum amount for
species to be called
plague
No threshold
Minimum amount of
links between
stakeholders

?

?

?

?

5.4.2. Importance of resilience & thresholds for certification
Certification is defined as being granted confirmation that certain predetermined characteristics
apply: attested as being true or as meeting the standard according to online dictionary MerriamWebster.com (2018). Firstly, one needs to decide upon a standard and secondly, the certifier needs
to be identified; certification can occur with first, second or third parties assuring the quality of the
delivered product. For the Almendrehesa project a certification process is needed that is based on
solid monitoring and good indicators. Moreover, Almendrehesa needs a good overall indicator of
sustainability to guarantee the quality of the product they deliver (organic almonds). One can
measure set indicators, but when a farmer uses for example plastic to cover his crops and tills it into
the soil after harvest, his or her overall sustainability is worthless.
In contrast with the AlVelAl monitoring project this means that the monitoring needs to be
specifically done per farm, instead of an area. Data from AlVelAl can however be used for this. For
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both certification and M&E it is interesting to find certain threshold values for the indicators under
scrutiny. Below an example of a possible radar graph is shown, devised by the RISE software.

5.4.3. Visualising thresholds with RISE
RISE is software that is developed to assess the performance of farms (Grenz, Studer, Stämpfli, &
Thalmann, 2009). On specific points, a farm is assessed and given a score. The radar graph that
depicts the outcome is shown in figure 7. By making a similar radar graph for ecosystem services
indicators, thresholds can help to identify the different classes (green as good, orange as the danger
zone and red as passing the threshold). Figure 7 shows an example of an assessment. Similar
assessments could be made with the use of Ecosystem Services and the threshold values determined
for the AlVelAl area.

Figure 7;example of RISE assessment. Source: Grenz et al., 2009.

5.5. Conclusion
In order to monitor the AlVelAl area well, a solid framework of M&E needs to be set up in the fields
of data collection & storage, data analysis and data communication. With the suggestions in this
chapter, a focus is given to the M&E with the use of the causal network. For provisioning services,
the recommendation is done to investigate the causal links in the network in more depth, with an
example of the effect of tillage on yield. No real conclusions could be drawn with n=7, but it seemed
that tilling less had a more positive effect than tilling more on yield. For the monitoring of topsoil and
biodiversity, more data collection on the field is necessary. Finally, for the purpose of the certification
of farms, the science of regime shifts and thresholds in ecosystems was explored, and a connection
was made with the certification method of RISE.
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6. Discussion & Recommendations
6.1. Introduction
Assumptions and limitations of this thesis concerning data collection, data analysis and results are
discussed below in the sections 6.2 to 6.4. In the last sections, recommendations for further action
are given to AlVelAl, and options for investigation are given to future researchers.

6.2. Data collection
The limitations of data collection mainly comprise the absence of data from the AlVelAl area. Due to
this low specific data availability, the construction of the causal network is made up of links that have
less certainty, and of which less is known in terms of the quality of the relationship. This does not
mean that the causal network is of no use: the links represented are still supported with literature,
although of a more general nature. Moreover, the proposed method can be an initiation of an M&E
framework where local data is collected, and indicators are assessed according to a structured
method.
Relating to that point, the literature research that was done for the causal network involved mostly
general literature on dryland systems or semi-arid regions. The analysis has always been made
whether the conclusions drawn in the reviewed literature could be extrapolated to the causal
network for AlVelAl. Especially specific literature for the cultural services in the region was hard to
find, and consequently that section of the network suffered most uncertainty and the absence of key
nodes. However, this does not mean that cultural services are not of importance to the area and
therefore cultural services were accounted for in the rest of the analyses. An important conclusion
that can be drawn from this is that it should invite more research.
Reasons for low data availability can also be found in the low response rate of the farmer interviews.
As mentioned in chapter 5, the setting of the interviews was meant not to intimidate farmers and
hence the coverage of data was not very high. However, since the specific data-outcomes of the
interviews were not used for analyses in this thesis, this is not a very compromising fact. The
response rate should, of course, be held in consideration in the future.

6.3. Data analysis
In data analysis, assumptions and limitations concern mostly the causal network and the choices
made in relation to its analysis. The causal network has to reflect a very complex system, which is
almost impossible to capture in general and even more so with this method (as opposed to models
that would have grasped more of the complexity). In effect, there was a trade-off between
comprehensibility and detail; for the purposes of AlVelAl and due to time constraints,
comprehensibility was deemed more important. Relating to that point, arrows in the network
sometimes represent a too simplistic pathway; trade-offs, synergic relations and feedbacks that are
important to the system are not depicted, neither is the strength of these relationships. In analysing
the network, the simplification as mentioned above has effect on the final indicator choices: many
relations that might exist are not depicted, as well are factors that are unknown.
However, this does not mean that the relationships that are depicted are meaningless. Moreover, it
provides a good starting point for follow up research into the exact dose-response between factors.
For its purpose as a method to select indicators for the chosen Ecosystem Services, it served.
A few choices have influenced the outcome of the analysis of the network. The chosen Ecosystem
Services (organic almond yield, carbon sequestration, biodiversity, aesthetics & cultural identity)
influenced each other in the causal network. If others were chosen, a different set of indicators
would probably have arisen because the focus would have been elsewhere. However, that does not
discredit the network; clear reasons for the choice of these specific ecosystem services were given in
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chapter 3. The research behind the causal network is qualitative and many choices had to be made to
construct the network. However, all these choices are made as explicit as possible and the
relationships that are depicted are sound as they are informed by literature research.
The choice for a minimum of five connections before assigning a node-class in the network was quite
arbitrary, but a choice had to be made so that the key nodes could be identified. More sophisticated
statistical methods could be used for this in the future, but for now it was the most practical in order
to have the factors of the network with the most connections.
Lastly, due to time constraints there was no possibility to implement and assess new possibilities on
site. This is a part of the process that will have to be carried out in the years to come.

6.4. Results
Concerning the results of the analysis of the causal eDPSIR network a few remarks can be made. The
outcome of no node for cultural services due to little available literature is the first. As mentioned
before, there is little research on connections between different factors that constitute this system
as a whole, which makes drawing causal relations a challenge. It is clear that on more documented
areas, such as regulatory services, these causal pathways are more easily drawn. However, it is not
useless to try and draw these causal relationships anyway: the causal network can provide
opportunities in making clear where more research is needed, as well as what specific relationships
need more attention. Another remark concerns the habitat section, more specifically biodiversity:
the causal network represents a very simple instance of how biodiversity works. This choice was
made because biodiversity comprises many things and can be monitored in different ways (species
abundance, diversity, etcetera). Because of this complexity, no elaboration on the specific
biodiversity at the site was depicted in the causal network. It could (and should in future research) be
made more specific by making “food webs” and finding out what local species, on all levels
(vegetation, birds, insects, amphibians, etcetera) have influence on the network. This is the
recommendation made in chapter 4 for an indicator of biodiversity in the form of an indicator
species. However, this is such a vast project that it was not carried out for this thesis.
The following limitations can be mentioned for further selection of indicators and metrics by means
of a criteria analysis. The choices made in this analysis, both for the three criteria as well as the
assigning of the suitability, were on the basis of best professional judgement. Of course, this is not
how it is ideally conducted, but the method of criteria analysis sets an example that can be of use in
the future. A more detailed guide on how to conduct a Multi-criteria analysis with the most
important stakeholders is given in the appendix to assist future Multi-criteria Analysis. The power of
such analyses lies partly in making choices and judgments explicit, which promotes a transparency
that is very important for a relatively non-hierarchical organization with many different stakeholders
such as AlVelAl.
The second mention is of the instance in chapter 4 where the measurement of topsoil was chosen
over the measurement of vegetation cover, even though vegetation cover has a very strong position
in the causal network. It is of course conceivable that a node that seems important in the causal
network is eliminated because related indicators do not score high in a criteria test. The
differentiation lies again in making choices explicit and deciding what is the best solution for a
specific instance. A distinction that can be made is that the nature of the two methods is different.
The causal network provides the analytical basis for a choice of indicator, while a criteria analysis,
with specific criteria suited to a specific time and place, sees to the needs and width of possibilities of
the M&E system at a certain point.
The last remark concerns the use of thresholds for the M&E system and certification. No clear-cut
thresholds were given, which was due to the lack of consensus in literature on what values of
thresholds lead to system-state change, and no availability of site-specific data. However, more
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research into the mechanisms of state and regime shifts for the AlVelAl area is necessary before
conclusions can be drawn from these threshold values. This thesis provides the starting point for
finding these values and stresses the importance to keep it in mind for a well-functioning M&E
framework and certification system.

6.5. Recommendations to AlVelAl
The highest need for AlVelAl at the moment is in deciding what to monitor, and how best to do that.
By using the indicators that are identified in this thesis and building upon the proposed methods for
monitoring and evaluation, the first steps toward that need are made.
A second recommendation for AlVelAl is to set a protocol for data collection and continue the
development of a system for analysis that builds up knowledge. By following the method of indicator
assessment as proposed in this thesis, the M&E program is provided with an analytical base in
indicator selection.

6.6. Recommendations for Future Research
Each ecosystem service chosen here could use a lot more specific research. Also, other ecosystem
services and their relations in the rest of the system could be examined. For regulatory services this
could be in nutrient or water control, and for provisioning services the use of fire wood. For cultural
services this is in general necessary.
The nature of specific relations (positive and negative feedback loops, thresholds, the specific
sensitivity) using statistical and other techniques is also a required topic for future research. Also,
research on threshold values to identify risk-areas needs to be investigated. This will be very useful
for the development and keeping up-to-date of the causal network. in relation to that, participatory
methods of monitoring could be investigated to see how data collection, analysis and communication
can be maximised in efficiency.
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7. Conclusion
7.1. Introduction
This thesis aimed to give a framework for monitoring and evaluation (M&E) for AlVelAl in southern
Spain. For every research question the main findings will be given below. This chapter is concluded
with a general conclusion, referring to the problem statement as formulated in section 1.3.

7.2. RQ1. How to select Ecosystem Service Indicators of land degradation/ success of
RA?
With the construction of a causal network for the ecosystem services organic almond yield, carbon
sequestration, biodiversity and aesthetics in the AlVelAl area, it comes forth that especially
vegetation is a very important factor in the system. Furthermore, organic almond yield, microbial life,
salinization, suitable habitat, biodiversity and topsoil were important nodes. For cultural services no
key nodes were identified, which is probably inherent to a lack of knowledge about this services
system in the area. Rain is also of high influence and should certainly be kept track of and researched
to discover further and more quantified (dose-response) relations but is hard to influence. From the
point of view of farm management, it is therefore not further considered.

7.3. RQ2. How to measure and assess these indicators?
To be able to measure the chosen nodes, a befitting measurement unit or metric needed to be
chosen. In order to assess whether these measurement units are fit for monitoring, testing to a few
chosen criteria was done.
For each node, the possible indicator and measurement units in literature were laid out, which are
especially plentiful for biodiversity. In order to make a further categorization of the possibilities, the
indicators were presented in a table with their state and performance metrics.
After a short review of the abundance of criteria in literature, a few criteria were chosen as most
important for the AlVelAl area (user friendliness, availability and relevance to the objective) and the
measurement units were tested to them. The conclusion was that yield, topsoil, an indicator species
for biodiversity and aesthetic appreciation were the best options.

7.4. RQ3.How can Ecosystem Service Indicators be used for monitoring?
In order to monitor the AlVelAl area well, a solid framework of M&E needs to be set up. An analysis
was given of how the current system functions in the three stages of data collection, analysis and
communication. The interview success rate is quite low; an average of 9 of 56 questions is answered
between the 53 interviewed farmers. To enhance data collection, a stricter protocol should be
followed. Concerning data analysis, for all selected indicators a guideline is proposed. The
importance of good monitoring to certification is stressed, and the concepts of resilience and
thresholds are addressed. An example is given to apply threshold-science to the monitoring of
individual farmers with a radar graph (RISE).

7.5. General conclusion
This thesis has shown how Ecosystem Services can serve as a method for indicator selection at the
AlVelAl region. With the use of a causal eDPSIR framework the system was made explicit. The
conclusion drawn is that knowledge of the system is very important, and this network is a method to
make it explicit. While on the one hand it is possible to select an aggregated indicator, that serves as
a gauge for the overall system, it also shows the importance of knowledge on interconnectivity. In
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order to reinforce the network, its causal pathways could be further explored by adding strength of
influence and see how the individual nodes need monitoring.
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Appendices

I. Commonland indicators
Financial return

Natural return
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Social return

Return of inspiration
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II. AlVelAl interview questions
1. Part of AlVelAl/Almendrehesa/interested?
2. Year of birth
3. Date of interview
4. Name of farm
5. Polygon number(s), parcel numbers
6. Address
7. Location
8. Altitude
9. When did you start with regenerative agriculture?
10. Total amount of hectares
11. Natural area on farm (ha)
12. Almond area (ha)
13. Production of almonds: kg/ha/2015, kg/ha/2016, kg/ha/2017 (or the average of the
last 3 years)
14. Cereals area (ha)
15. Production of cereals over the last 3 years
16. Olives area (ha)
17. Production of olives over the last 3 years
18. Vineyard area (ha)
19. Aromatics planted
20. Amount of aromatics planted in hedges and borders
21. Amount of aromatics planted
22. Winter ground cover (ha)
23. Seeding
24. Ground cover management
25. amount of hectares ground cover whole year round
26. Fertilisation type
27. Compost ha, kg/ha
28. Manure ha, kg/ha
29. Bokasi ha, kg/ha
30. Pruning
31. Mulching (type and amount: kg/ha)
32. Livestock owned/other
33. How many lambs per year, how much income per lamb?
34. Livestock other
35. Pest management
36. Hedges and borders
37. Total m2 hedges and borders planted
38. Tilling/ploughing
39. When in the year do you till?
40. Ponds (amount of ponds)
41. Swales amount
42. Terraces yes/no
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43. Sediment traps (number)
44. Bees (amount of beehives)
45. Extra info: interesting things that need to be mentioned
46. Which event/workshop was most interesting, and why?
47. Involved in/ setting up a new business? What business and with whom?
48. Do you have income from subsidies % of total income?
49. Income from subsidies specified per crop
50. How do you see your return of investment done in regenerative agriculture?
51. Other sources of income: €/year, €/ha/year, €/animals/year
52. Which regenerative practices do you want to implement in the coming 5 years?
53. How many people work in the farm?
54. How many people of your family are working on the farm?
55. Amount of permanent workers on farm
56. Amount of temporary workers on farm
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III. Example of Causal eDPSIR network (by Niemeijer & De Groot, 2006)
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IV. Multicriteria Analysis
A (Multi) criteria analysis is a method to specify the criteria for a process and test it to different
options. A simple criteria analysis consists of the construction of a performance matrix. To make such
a matrix, three decisions must be made; the different options under scrutiny, the criteria that must
apply, and the weight (importance) that is given to each of these criteria.
There are a couple of advantages to the MCA-method. First, it is a consistent method to make sense
of the often large and amounts of information and options that come with setting up an indicator
set. It is applicable to various sorts of indicators, both qualitative and quantitative; so, concerning the
ES indicator set it can be applied for all categories. It makes the decision-making process transparent
and to all stakeholders, which forces all the involved to make their choices explicit. Followingly, this
opens the possibility to make changes to criteria, scores and weights when that is deemed necessary.
There is no specific skill set needed to undertake an MCA, which also makes it a viable means to
communicate choices to the wider community (Dodgson, Spackman, Pearman, & Phillips, 2009;
Guillermo A. Mendoza; Phil Macoun, 1999; Nathan & Reddy, 2011).
The MCA method can be approached in various mathematically profound methods and has a deep
rooting in decision-making theory. Many forms and approaches that quantify the best decision have
been developed. However, a criterion for this particular analysis is that it is reproducible by people
not necessarily skilled with complex calculations and modelling. Moreover, it is important that the
process is transparent for all stakeholders.
The most applicable and layman friendly form of MCA is with a simple rating method. All options are
given a score that assesses the expected performance of each option against the criteria. Then the
value associated with the consequences of each option for each criterion. The criteria are weighted
to reflect their relative importance to the decision. Finally, for all the options the final score is
calculated by adding up the values.

Criteria and weights
For an MCA to deduce ES indicators, a performance matrix was made for every ES. These contain
various options for measurement units with preselected criteria.
For this MCA, I have chosen to three criteria: availability, communicability and relevance to objective,
as mentioned in chapter 4. The weights assigned to each criterion lie between 0 and 1 and together
add up to 1. Communicability is given the highest weight (0.4) because AlVelAl depends heavily from
bottom-up input such as the farmers. Communicable indicators towards possible investors is also an
important factor. Availability and relevance to the objective are given equal weights (0.3). For each
criterion, a score of 1 to 10 will be divided between the options.
Example: organic almond yield
Yield is an ecosystem service that can be directly measured. The options for this MCA revolve mainly
around the options for collecting the data, since the measurement unit is quite straightforward.
Communicability is there for steady over the options. The method of measurement by AlVelAl at the
moment is based on farmer reporting. This method can lead to incorrect answers due to response
bias; farmers might give answers they feel are expected of them. Another option is that neutral
actors, or a third party, weighs the yield every year.
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Table 4;MCA for yield indicator options

Unit: Kg/ha/yr

Availability (0.3)

Relevance to
objective (0.3)
3

total score

6

Communicability
(0.4)
5

Reported by
farmers
Reporting by third
party

4

5

7

58,1

33,9

sensitivity analysis
sensitivity analysis serves to see if a different weight is given to a criterion, would it influence the
outcome in a significant manner.
Sensitivity analyses are needed to see the effect of input in the system in relation to the output, to
see if a different weight is influencing the outcome (see Dodgson). Easiest way to perform a
sensitivity analysis is OFAT (One Feature at a Time). By keeping all factors constant except one, the
effect of that change can be noted.
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V. TEEB Ecosystem Service Classification & link to human well being
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