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Summary
Severe land degradation world-wide reinforces itself and reduces land-use potentials. One
of the areas that faces such land degradation is the Segura River Catchment (SRC) in southeastern Spain, which covers 18800 km2. Here, degradation is characterized by soil fertility
loss and erosion, water shortages and desertification. In addition, climate change will likely
intensify degradation by affecting water availability, lengthening drought periods and
enhancing soil aridity. Conventional agricultural practices accelerate land degradation. This
jeopardizes agriculture and has severe socio-economic consequences.
The consequences of land degradation can be expressed in declines of societal benefits
from ecosystem services, such as reduced water availability and decreases in crop
production. Consequently, initiatives that enable ecosystem restoration and adaptation to
climate change, are urgently needed. One such initiative is ‘sustainable land management’
(SLM). SLM’s implementation can improve soil quality and enhance ecosystem services.
Hence, this study investigates SLM’s opportunities and land-use changes to restore
ecosystems under current and future climates in the SRC.
The InVEST model is applied to determine impacts on water yield and wild pollinator
services. Observed land-cover changes between 1990 and 2012 were analyzed and its
impacts on these two ecosystem services were determined. Further, the effects of reduced
tillage and green manure on water yield and pollination were investigated. Last, climatechange impacts on water yield were assessed by using moderate (CC1) and extreme (CC4)
climate change scenarios for respectively the periods 2030 to 2050 and 2080 to 2100. The
scenario results were compared to the 1990-2012 conditions. Additionally, the SLM effects
under climate change are investigated.
The observed land-cover changes decrease mean water availability by 11%. This decrease
was explained by changes in vegetation cover. The extent of natural area increased and
agricultural extent decreased. This shift increased evapotranspiration (AET) rates, which
consequently reduced water yield. SLM’ implementation increases water yield by 3%.
However, large differences between sub-watersheds are observed. These differences are
related to original water availability and vegetation cover in these sub-watersheds. Some
sub-watersheds also experience decreases (when AET increases). The, climate-change
scenarios decreased water availability between 35% and 70% for CC1 and CC4
respectively. Applying SLM under climate-change conditions additionally decreased overall
water yield (-1% and -2%). However, also slightly less decreased AET values are observed
with 0.08% less decrease for CC1 and 0.04% for CC4. These differences in AET decreases
signalize an increased plant activity and this means higher crop productivity and
vegetation cover. This demonstrates an opportunity to apply SLM for both climate change
adaptation and increasing drought resilience.
The results of the ‘wild pollinators’ service showed a strong dependency on land cover,
which is demonstrated by higher abundance in 2012 compared to 1990. The decrease in
agricultural extent explains this because it means more floral resources and nesting sites in
the increasing natural areas. Moreover, the shift away from vegetable production in 1990
to more orchards in 2012 further increased the pollinators. Also, SLM’s implementation
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increases the abundance of wild pollinators. This not only demonstrates increases in wild
pollinator abundance but also their increased contribution to crop production.
To provide a more comprehensible picture of the opportunities of SLM to restore
landscapes the monetary values of the biophysical effects on the two ecosystem services
were determined. To monetize the water availability effects, irrigation costs with and
without SLM were compared. This showed that 75 million euros could be saved when SLM
is implemented wherever possible, which corresponds to a maximum area of 6522 km2.
SLM’s added value to pollination is calculated through the wild pollinators’ contribution to
crop production. It is then compared to the value generated under SLM. Increases ranged
between 8% and 14% or an added value between 4 million and 120 million euros. The
actual value depends on the crop type.
Both the biophysical and monetary analysis of land cover, SLM and climate change effects
on water yield and pollination services demonstrate land-cover change opportunities to
restore landscapes. SLM could further help to adapt to climate change by increasing plant
productivity and resilience to drought.
The InVEST model is overall well applicable. However, InVEST requires many data and its
application was only possible due to the necessary data provided by the CSIC-CEBASMurcia. The pollination model’s superficial results and the lack of a monetary valuation in
the water model made InVEST less suitable for the monetary valuation. Further, more
detailed outputs would have been desirable to better interpret the results. This is
especially true for the water yield module where causes and effects between vegetation
changes and changes in water yield were partially ambiguous. Finally, the current models
ignore feedbacks and trade-offs between different ecosystem services. This does not allow
to draw the necessary integrated conclusions.
Nevertheless, my study’s results provide insights into the opportunities of SLM’s
implementation to restore landscapes in the SRC. The gained understanding of the effects
of SLM and land-cover changes under current and climate-change conditions are likely
valuable for the agricultural sector and for decision-making in landscape restoration
projects.
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1. Introduction
1.1.

Background

Land degradation is a severe problem that especially affects semi-arid areas. These regions
are characterized by extreme summer droughts, low precipitation and sparsely vegetated
landscapes. This causes naturally high water deficits and high risks of erosion (Calatrava et
al., 2011). Ecosystem services in these areas are prone to land degradation what further
aggravates soil fertility loss, erosion, water shortages and desertification (Rey et al., 2011;
Moreno et al., 2005; Garcia-Ruiz, 2012). Further problematic is that once land degradation
started it is known to reinforce itself and cause a decline of land use potentials (Hein,
2007).
Agriculture was identified as one of the main drivers of landscape changes around the
world, thereby accelerating land degradation and desertification processes (Symeonakis et
al., 2007). The reason is that, even though agricultural activity is essential to support the
increasing human population, it brings many externalities and side effects. These can be
both positive, such as attractive rural landscapes, but also negative, especially if we
consider monocultures and livestock production causing land degradation, depletion and
pollution of water resources, sedimentation and biodiversity decline (Friederich et al.,
2012; Almagro et al., 2016). More recent studies and field observations show that
European soils are threatened by erosion, compaction and loss of organic matter
(Friederich et al., 2012). A reason for this are poorly adapted production systems and
trade-offs to increase productivity at the expense of ecosystem services (FAO, 2011). About
80% (1300 Million ha) of the world’s cultivated area are rain-fed systems, which produce
60% of the globally produced crops (FAO, 2011). Especially semi-arid areas often have
large rain-fed orchards, such as south-eastern Spain. However, not only rain-fed agriculture
drives land degradation but also intense irrigated vegetable and fruit production which
cause soil degradation and overexploitation of water resources (Calatrava et al., 2010). The
UN Convention to Combat Desertification recognized Spain as one of the countries with
discernible problems of desertification (Symeonakis et al., 2007). As a consequence, land
degradation can also have strong socio-economic implications. Past attempts to restore and
conserve soil and water resources were unsuccessful, leaving abandoned conservation
constructions behind and leading to unstopped degradation processes. This is causing high
rates of unemployment and already since the 1950’s, people are forced to migrate and
abandon their land (Commonland, 2016).
An additional hardship is that climate change is likely to enforce this process of on-going
degradation and land abandonment (Rey et al., 2011). The reason is that agriculture is not
only one of the industries directly affected by climate change, but also contributes to
emissions of GHGs from the soil and from livestock. Therefore, on the one hand, climate
change is expected to considerably affect future land and water use for agriculture (IPCC,
2007) and on the other hand, agriculture is responsible for about 30% of the total
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greenhouse gas emissions of CO2, N2O and CH4 (IPCC, 2007; as quoted in Friederich et al,
2012).
Thus, effective adaptation strategies to increase resilience of agricultural systems, as well
as mitigation efforts through soil organic carbon (SOC) sequestration and emission
reduction in agricultural soils have become a global priority (FAO, 2011). Recent studies
found that well-managed regenerative agriculture can provide a wide range of ecosystem
services such as carbon sequestration, adaptation to climate change by increasing the
resilience to drought and reducing flood risks, but also by sustaining food production,
biodiversity and an attractive landscape (Howden et al., 2007; Lal 2013; Almagro et al.,
2016). This can improve local livelihoods and quality of life in general.
Consequently, there is an increasing need for landscape restoration and for changing
conventional farming practices to more sustainable and multi-functional systems.
Worldwide, landscape restoration projects have been implemented over the past 20 years
(Holl et al., 2003). The term landscape restoration is defined differently in the literature
from one author to another, the Society of Ecological Restoration (SER) International
defines it as “assisting the recovery of an ecosystem that has been degraded, damaged, or
destroyed” (Holl et al., 2003). This thesis-research will adopt the concept of Sustainable
Land Management as a means to implement restoration practices. Sustainable Land
Management (SLM) refers to integrated management of soil, water and biodiversity to
adequately maintain and improve ecosystem services for present and future generations.
SLM practices are increasingly promoted for adaptation and mitigation purposes and aim
to reduce the vulnerability of socio-ecosystems, increase their resilience and alleviate the
negative impacts from environmental change. It represents a holistic approach to achieving
long-term productive ecosystems by integrating biophysical, socio-cultural and economic
needs and values (Holling, 2001; Schwilch et al., 2009).
A variety of methodologies and approaches to landscape restoration exist (Chazdon, 2008).
One of these approaches of holistic restoration and SLM is been carried out by
Commonland. They recently started a multi-actor partnership to restore the landscape
through implementation of regenerative agriculture, capacity building and the
development of alternative business cases. The approach combines 3 different zones: the
natural zone with emphasis on natural values, the combined zone that involves low and
sustainable economic productivity and the economic zone, which involves high and
sustainable economic productivity. The aim is to deliver four types of returns: Inspiration,
social capital, natural and financial capital. Inspiration implies an improvement of
livelihoods to create positive future outlook, social capital contains job creation and
strengthening of cultural and historical heritage, natural capital is the improvement of
ecological functionality, restoration of soils and water balance, and financial capital implies
the increase of monetary income (Figure 1).
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Figure 1. Three different landscape zones and four returns (Source: Commonland, 2016)

1.2.

Study area

In this section, the background of the study is explained with regards to the biophysical and
socio-economic aspects of the study area and the role climate change plays in southeastern Spain with regards to the study context.
This research will focus on the area of the Segura River Catchment which contains
elements of all three zones. In addition, the area Altiplano Los Vélez (AlVelAl) will be used
to exemplify the applicability of the results for areas with similar biophysical conditions.
These two study-sites are located in south-eastern Spain, on the Iberian Peninsula
(Sanchez-Fernandez, 2006) (Figure 2). The Segura River catchment is the main study area
of this research. However, it needs to be mentioned that not the entire area of the political
SRC area is used in this research but only the catchment area. The reason is that the coastal
area, of mainly Murcia, forms an independent watershed, wherefore for water yield
investigations it makes more sense to exclude it. This means that the districts Campo de
Cartagena, Aguilas and Mazaron were as good as possible excluded from the modelling and
analysis with regards to their area, crop production and water consumption.
The most relevant water sources of this 18800km2 area are the Segura River, the diversion
from the River Tajo and water supplies from desalination (CHS, 2015). The area is semiarid with an average of 312mm rainfall and an average of 15.2ºC per year (Caravaca,
Ballester et al. 2005) and soils that are generally low in organic matter and fertility
(Romero Diaz, Lopez Bermudez and Cabezas 1992). Nonetheless, 7720 km2 of the area are
used for agricultural production, of which about half (3865 km2) are irrigated (CHS, 2015).
3

The main rain-fed crops grown in the area are cereals (barley and wheat) and vegetables
on about 3900 km2 and none-citric fruits with about 2300 km2 of which almonds constitute
the largest area (CHS, 2015). Among the irrigated crops, mainly vegetables such as lettuce,
tomato and cabbage play an important role (Hein, 2007). However, also almost 1000 km2 of
none-citric fruits are irrigated. Apart from agriculture also livestock plays a role in the area.
Goats, sheep and poultry constitute the main types of land use for livestock (CHS, 2015).
Goats and sheep are mainly held in the shrubland areas and according to Hein (2007) are
undergoing constant decreases.

Figure 2 Location of Segura River and AlVelAl areas (Source: Commonland, 2016

The combined zone Altiplano Los Vélez is located between the provinces of Granada and
Almeria and covers an area of 6300km2 of degraded land. Within this area, the AlVelAl
(Altiplano, Los Vélez and Alto Almanzora) association, in collaboration with Commonland
and other stakeholders (Figure 3), promotes a large-scale landscape restoration plan. This
area has traditionally been used for agricultural purposes, wherefore one of the main
restoration initiatives is an integrated production system known as ‘almendrehesa’. It is
based on a combination of almond trees, aromatic oil crops, active bee-hiving and lamb
farming (Ferwerda & Moolenaar, 2016). However, the impacts and added values of the
almendrehesa concept for the ecosystem have not yet been investigated thoroughly.

4

Figure 3. Overview of people and institutions as well as geographical areas involved in the research
project. Green boxes represent the two Spanish study areas, black lines represent the main partner
within this thesis study and blue lines other partners involved in the study.

Climate Change in the Segura River Catchment
According to Romero Diaz and Belmonte Serrato (2002) and Alcon et al. (2013) the Segura
River Catchment currently has the third highest water stress within Europe and on a
national basis even constitutes the scarcest area. Therefore, the regional water authority
has already been regulating water supply via permits, which show decreases in permitted
volume over the last years (Schwilch et al. 2012). Considering predicted climatic changes
this situation is likely to be aggravated.
Rodriguez-Diaz et al. (2007) summarizes the climatic changes for Spain as following:
Significant increases in temperatures with up to 0.7 degrees during summer, per decade,
accompanied by reduced precipitation (from Moreno, 2005) and reduced water availability
by 17% (from Iglesias, 2005). For south-eastern Spain, the impacts will most likely be
stronger with predictions of 34% less water supply per year (Ayala, 2002 in RodriguezDiaz et al. 2007), Also temperature increases are predicted to be higher, varying from 4-11
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degrees1. As a consequence, water demand for irrigation and crop growth will strongly
increase. Further, these changes in temperature and precipitation will decrease the water
content in the soil, reducing plant growth and with that organic matter input to the soil
(Zagaria, 2014). Consequently, soil fertility will decrease leading to increasingly degraded
and decertified soils. This will result in significant socio-economic problems because large
parts of the area are solely pending on agriculture as a means of income generation (CHS,
2015). Consequently, decreases in soil fertility might lead to decreasing employment rates
in the agricultural sector and increasing land abandonment. This trend can already be
witnessed since a few years, with 1000 people less employed in the primary sector in 2013
compared to 2012 (CHS, 2015).

1.3.

Problem Statement

Research has shown that problems of land degradation, land abandonment and decreasing
farm income can be tackled by restoring the land and by applying more sustainable land
management (SLM) strategies (Almagro et al., 2016; De Vente et al., 2015). In the long term,
these SLM strategies can restore ecosystem functions and services and reduce the risks
related to climate change such as increased flooding and erosion, lower crop yields and
drought sensitivity. However, according to de Vente et al. (2015), designing and
implementing such “(...) strategies are only viable if suited to local environmental,
socioeconomic and cultural conditions (...).” Further, the effects of ecosystem restoration on
the different ecosystem services need to be identified and understood from plot to regional
scales. In the case of successful implementation of more sustainable practices, crop
productivity can be increased while also other ecosystem services are restored such as
pollination and water supply (Almagro et al. 2016). However, so far little is known about
the impacts of SLM on semi-arid Mediterranean ecosystems (Almagro et al. 2016). This
means, that the assessment of the impacts of sustainable land management on ecosystem
services has so far been investigated mainly on field experimental and laboratory scales.
Understanding the multiple benefits of land restoration for ecosystem services also at
larger regional scales is further relevant as restoration activities can also function as
climate change adaptation methods. In addition, better understanding is needed of the
benefits of restoration activities in terms of natural, social and monetary values. Creating
more awareness of the benefits of restoration is important for the acceptance and effective
implementation. In order to do so, it is vital to establish effective guidelines, find adequate
methods and tools that help assessing and analysing the benefits of restoration activities,
as well as the integration and communication with stakeholders.

1

Agencia Estatal de Meteorologia (AEMET) (n.d.). http://www.aemet.es/es/portada

2

Natural Captial Project https://www.naturalcapitalproject.org/
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1.4.

Research objectives and research questions

This thesis project is focusing on increasing the understanding of the impacts of landscape
restoration and climate change on ecosystem services in the Segura River Catchment.
The overall objective is to assess the effect of restoration activities by investigating the
impact of Sustainable Land Management (SLM) practices and changes in land cover on two
selected ecosystem services, applying the ecosystem service valuation software InVEST.
The selection of the two services was thereby based on the ecosystem valuation models
available in InVEST, their suitability for the study area and the accessibility of the required
input data. The focus is on understanding the impact of land management on water supply
and wild bee pollination. The aim is to define which parts of the study area are most
affected by each scenario and are facing the most severe changes. Based on this,
recommendations for well-directed restoration activities can be made. The assessment is
done with InVEST wherefore another objective is to investigate the suitability of the
InVEST models for the assessment of the impact of ecosystem restoration and climate
change on ecosystem services in the study area.
Further, ecosystem restoration does not happen in a closed system but is influenced by
many external factors, including the impact of global climate change. Therefore, as
mentioned above, the project will also investigate the impact of different climate change
scenarios on the selected ecosystem services. This should provide a more complete picture
of the potential impacts on ecosystem services in the study area. It would further help
stakeholders to design the most optimal land management option that ideally also
functions as a climate change adaptation measure.
To define optimal land restoration options and to create a clear message for stakeholders it
is further relevant to understand the benefits and monetary values of ecosystem
restoration. Therefore, also the monetary value of the selected ecosystem services under
current conditions and Sustainable Land Management conditions will be evaluated.
Knowing how SLM implementation changes the monetary return will create important
information for decision-making regarding the restoration of the study area and the choice
of SLM implementation in different parts of the study area and regions with similar
biophysical characteristics. These objectives are expressed in seven research questions:
Research Questions
RQ1.

What are the main differences in land cover between 1990 and 2012?

RQ2.

What are the effects of the differences in land cover on water yield and crop
pollination?

RQ3.

What are the impacts of SLM implementation on water yield and crop
pollination?

RQ4.

What are the monetary implications of SLM implementation for irrigation
costs and crop production values?
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RQ5.

What is the impact of climate change on water yield and how does an
implementation of SLM affect this impact?

RQ6.

What is the applicability of the results for regions with similar biophysical
conditions, e.g. AlVelAl?

RQ7.

What is the applicability of the InVEST models for the assessment of the
impact of land cover, SLM practices and climate change on ecosystem
services, such as water yield and crop pollination?

1.5.

Thesis outline

Following this introduction (Chapter 1) this thesis report continues with an explanation of
the methodology (Chapter 2). Among others, this chapter explains why and how the
Ecosystem Service concept was applied, how the InVEST tool was used and which
monetary valuation techniques were applied. Chapter three provides the results to RQ1
and demonstrates that land-cover changes have strong impacts on both selected ecosystem
services. The impacts of land-cover changes, SLM and climate change on water yield are
presented in chapter four and thereby provide results to RQ2, RQ3 and RQ5. Chapter 5
provides answers to RQ2 and RQ4 and demonstrates the positive effects land cover and
SLM implementation have on pollinator abundance in the study area. Chapter 6 functions
as a synthesis chapter. The opportunities of SLM implementation and land-cover changes
as landscape restoration methods will be made clear in biophysical terms and linked to the
socio-economic benefits. This is done by providing an answer to RQ4 and demonstrating
the monetary benefit of SLM implementation. Following, the discussion will be presented
with all relevant information regarding shortcomings, relevance of findings and the
answers to RQ6 and RQ7. Last, the conclusion is presented in Chapter 8.
.
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2. Methodology
In this chapter, it is described how this research was carried out. More precisely, it is
explained what the main concepts are that have been used, the methods applied, how the
data collection was carried out and how the collected data was analyzed.

2.1.

Conceptual Framework and main concepts

In order to restore the landscape and ensure long-term effectiveness it is necessary to
apply an integrated approach to include social, economic (monetary) and ecological
aspects. The aim is to make degraded landscapes prosperous again; increasing monetary
yield in a way that it satisfies social needs but at the same time conserves nature. Such a
systematic approach has been developed by Commonland in order to guide their
restoration plans. This approach consists of a framework of seven steps, which includes 1)
impact assessment; 2) ecosystem services analysis; 3) benefit analysis; 4) monetary
valuation; 5) economic analysis; 6) capturing the value and 7) communicating value (De
Groot et al., 2017) (see Figure 4). For each step, methods and tools have been identified.
Within the framework of this thesis research, especially steps 2 and 4 will be implemented
to meet the general objective and answer the proposed research questions.
To determine the impacts of landscape restoration and climate change on the study area,
this thesis project will focus on the analysis of the effects of land use and Sustainable Land
Management on ecosystem services, as well as the impact of different climate change
scenarios (step 2). The outputs resulting from this step correspond to the return of natural
capital, which will be translated into monetary terms by following step 4 corresponding to
the return of financial capital (Figure 4).
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Figure 4. Four returns from landscape restoration and the steps required to analyze each of the four
returns (Based on Commenland, 2016; de Groot, 2017). Yellow boxes represent the four returns, oval
shaped boxes represent the seven steps (blue oval shapes the steps applied in this research), white
squared boxes represent solutions to current land degradation problems. The large outside box
represents the ecosystem investigated.

2.1.1. Land use/land cover
Over the last centuries, human land use has converted large parts of the global land cover
in terms of changing vegetated areas through deforestation, urbanization and
intensification of agriculture. Land cover thereby represents the physical aspects of land
whereas land use stands for the human purpose of land uses (FAO, n.d.). Land-cover
changes can therefore have both, natural reasons or anthropogenic reasons, which are
10

represented in the term land-use changes. Foley et al., (2005) define land-use changes as
“converting natural landscapes for human use or changing management practices on humandominated lands”. According to them, these transformations of the global land-surfaces
have been having large impacts on global and regional cycles and ecosystems. As a result,
regional water balances are disrupted and global CO2 emissions increased (Houghton and
Hackler, 2001). In this thesis report, the expression ‘Land use’ is used to talk about the
impacts of changes in the land cover of the study area on the selected ecosystem services,
since 1990. This means that transformations of the surfaces of the study area in terms of
deforestation, intensification of agriculture and urbanization are identified and their
impacts on local ecosystem services are assessed. CORINE Land Cover (CLC), which is an
inventory of land cover in 44 classes (CORINE, 2017) is used to model and assess these
changes and their impacts. In the CLC, land cover is subdivided in five main classes:
Artificial (urban areas), agricultural areas, forest and semi-natural areas, wetlands and
water bodies. Each class is then subdivided in more detailed classes; see Appendix1. The
CLC is available for the years 1990, 2000, 2006 and 2012 for many different countries and
regions that generate them by interpreting high resolution satellite images. The maps can
be used to make links between regional land use, its transformations and resulting changes
in ecosystem services, natural cycles, processes and structures. In this study, the versions
of 1990 and 2012 are used to see what impact changes in land use/land cover have on the
ecosystem service water supply. These two maps were chosen because they constitute the
largest difference in time wherefore largest differences in land cover are expected.
Modeling water yield based on the two different land cover maps allows making links
between water loss/availability over the years and the transitions in land use. The output
can then be used to further compare it to changes in water yield in the Sustainable Land
Management scenario. Similarly, pollinator abundance and distribution can be compared to
differences in land cover and impacts of SLM. The magnitude of effects between land-cover
changes and SLM implementation can be compared. This can help to make better trade-off
decisions. In addition to the CLC, a Map of Crops and Uses (MCA) from the Spanish Ministry
of Agriculture, Fishery, Food and Environment is applied. It is based on photo
interpretation and remote sensing and divides land cover in 101 classes. It thereby also
distinguishes between different crops, such as lemon, almond, cereal, peach and so on
(Classification Appendix 2). The map is crossed with the CLC 2012 in order to see which
crops are most present in which CLC class. This information is needed to produce the water
demand table for the water scarcity module because different crops require different
amounts of water. Further, it is necessary for the crop pollination model in order to define
crop dependencies for the different CLC classes. These are needed for InVEST to produce a
relative index of the value of crop production facilitated by wild pollinators.
2.1.2. Sustainable Land Management (SLM)
About 10-20% of the world’s dry lands are facing considerable land degradation and
desertification problems (MA, 2005). The Segura River Catchment in south-eastern Spain is
one of these areas. Research has found that these endangered areas require more holistic
ways of problem solving. One of them, as mentioned above is Sustainable Land
Management (SLM). It has been identified as a particularly effective medium to analyze
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problems of land degradation on the farm level. One of its characteristics is that
researchers work together with local stakeholders to cooperatively develop solutions that
can mitigate further degradation and at the same time tackle socio-economic problems. The
concept “involves soil, water, and vegetation adequately supporting land-based production
systems for current and future generations. Its key principles are: productivity, security and
protection of natural resources, economic viability, and social acceptance.”(Schwilch et al.,
2009). Even though, the concept is becoming more and more popular, in semi-arid
Mediterranean areas it is still fairly new and especially knowledge about benefits and
impacts are lacking (Almagro et al., 2016). In the international EU project “DESIRE” it was
intended to tackle this problem and create broader knowledge and understanding about
current problems and existing solutions. Through stakeholder discussions it was intended
to identify the most suitable SLM methods for the landscape characteristics of the involved
countries. A list of the most relevant SLM methods was established and a selection was
made for test implementation, Appendix 3.
A relevant outcome of that study was that stakeholders prefer combinations of SLM
options. One of these combinations is already slowly being applied in south-eastern Spain,
the combination of reduced tillage and green manure. This requires the farmer to till only
2-3 times a year instead of 5-6 times and to additionally plant crops that cover the soil and
function as natural nitrogen fixer. This combination is aimed at reducing water loss from
the soil, capturing nutrients for better crop yield and generally retaining a better soil
quality which tackles the current issues of farmers in the Segura River Catchment.
Consequently, this SLM combination was identified as the one to be most likely
implemented in the study area, in the future. Therefore, in this thesis reduced tillage and
green manure (RTG) was selected for modeling the impacts of SLM on ecosystem services.
It will be applied to five of the agricultural CLC classes, as shown in Table 3. These five
classes have been selected because they correspond most closely to the crops grown in the
experimental fields of the CEBAS. This is relevant because the input parameter for
modeling the impacts of SLM were based on soil organic carbon measurements in those
experimental fields.
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Table 1. CORINE classes selected for SLM scenario. Based on Bossard et al., 2000 and Copernicus 2017.
Code
211

221

222

223

242

CORINE LULC class

Description

Non-irrigated arable This class includes cereals, legumes, fodder crops, root crops
and fallow land (Bossard et al., 2000). For purposes of this
land
research this class comprises cereal fields.
Vineyard parcels exceeding 50% of the area. It includes
vineyards for wine production, and grapes and raisins for
Vineyards
consumption land (Bossard et al., 2000).
It includes parcels with fruit trees or shrubs: single or mixed
Fruit trees and fruit species associated with permanently grassed surfaces.
berry plantations
Study area is dominated mainly by orchards of citrus, apricots
and peaches land (Bossard et al., 2000).
Includes areas planted with olive trees and also some
occurrences of vines on the same parcel land (Bossard et al.,
Olive groves
2000).
Juxtaposition of parcels of annual crops, fallow land and
Complex cultivation permanent crops with scattered houses (Bossard et al., 2000).
patterns

2.1.3. Climate Change Scenarios
In this research climate change scenarios will be modeled to estimate the future state of the
selected ecosystem services. Obtaining this understanding can enable stakeholders to apply
landscape restoration measures as a medium to mitigate climate change impacts. For the
modeling, the representative concentration pathways from the 5th IPCC assessment will be
applied.
Representative Concentration Pathways (RCPs)
Climate research makes use of socio-economic and emission scenarios in order to provide
descriptions in terms of how the future may evolve with regards to variables such as
energy and land use, socio-economic and technological change, and emissions of air
pollutants and greenhouse gases (GHGs) (van Vuuren et al., 2011). The Representative
Concentration Pathway (RCPs) scenarios enable the evaluation of the impacts of climate
policies and costs and benefits of long term climate goals (van Vuuren et al., 2011).
The name RCPs refers to radiative forcing target level for 2100. The word representative
signifies that each of the RCPs represents a set of scenarios based on literature; the word
concentration pathway reflects the idea that these are not the final, fully integrated
scenarios, but instead are consistent projections of the components of radiative forcing
used in subsequent phases.
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A careful selection process was used to identify the RCPs, using criteria that reflected the
needs of both climate scenario developers and users (van Vuuren et al., 2011). Two
important characteristics of the RCPs are reflected in its names. The word “representative”
signifies that each of the RCPs represents a larger set of previously developed scenarios.
Thus, a set of four pathways was designed that lead to radiative forcing levels of 8.5, 6, 4.5
and 2.6 W/m2 by 2100. Each RCP scenario covers the period between 1850 – 2100
(extensions have been formulated for the period up to 2300 (van Vuuren et al., 2011).
Thereby, within the four selected RCPs one mitigation scenario leading to a very low
forcing level (RCP 2.6) was developed, two medium stabilization scenarios (RCPs 4.5 and
6), and one with a very high baseline emission scenarios (RCP 8.5) (van Vuuren et al.,
2011).
The development of the RCPs considered the following criteria (Moss et al., 2008):
1. RCPs should be based on existing literature and as a set have to be representative of
the total literature in regards to emissions and concentrations. Moreover, it should
provide a consistent description of the future;
2. RCPs should provide information on all components of radiative forcing that are
used for atmospheric chemistry and climate modelling. Furthermore, the
information has to be geographically available;
3. RCPs should have harmonized base year assumptions for land use and emissions;
4. RCPs should cover the period up to 2100; however, information needs to be made
available for the following centuries.
In addition, the development method included 7 sequential steps that are directly related
to criteria aforementioned, see Appendix 4. (van Vuuren et al., 2011)
For the purposes of this research, RCP 4.5 and 8.5 are utilized to run the InVEST model in
order to assess changes regarding the provision of ecosystem services under two possible
future scenarios for two time spans. More precisely, RCP 4.5 has been selected because it
resembles the most reasonable scenario with emissions just under 2 degrees, following the
Paris agreement. Whereas RCP 8.5 was chosen because it represents an extreme scenario
with increasing emissions that are the result of no climate regulating policy measures being
implemented. This way a good range of possible changes can be assessed and the real
impacts are likely to reside within this range.
RCP 4 and RCP 8.5
The RCP 4.5 scenario resembles the consequences of introducing climate policies that
reduce GHG emissions and lead to a stabilization of the radiative forcing at 4.5 Wm-2 (650
ppm CO2-equivalent approximately) after 2100. The RCP 4.5 can be considered a mitigation
scenario due to the fact that the transformations in the global economy, land use and
energy required to achieve this target are only possible with explicit actions to mitigate
GHG emissions.
The RCP 8.5 represents the highest emission scenario, incorporating no mitigation target.
Further, population growth, energy consumption and land use increase, wherefore GHG
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emissions and concentrations increase over the entire time span, leading to a radiative
forcing of 8.5 W/m2 by 2100. (Thomson et al. 2011). Table 4 provides an overview of the
main differences between RCP 4.5 and 8.5 for the main scenario criteria. Figures showing
changes in population, GDP, land use, energy systems and GHG emissions for all four RCPs
appendix4.

Table 2. Overview of main characteristics of RCP 4.5 and RCP 8.5. Based on van Vuuren et al. 2011 and
Thomson et al 2011
Main Characteristics
Climate mitigation target

RCP 4.5
GHG emission
policies

RCP 8.5

Figures
Appendix

None

-

valuation

Population

First rises, than declines to High increase, 12 billion by
8.7 in 2100
2100
Figure 6

Per capita income
Land use

slightly decreases due to Slow growth
introduction of carbon policy
Increasing
forest
and Intensifying
bioenergy feedstock
production

Technological progress
Energy use

Strong
Declining

Energy system

Renewable sources and fossil
fuels
Coal based

Figure 8

GHG emissions

Decreasing, carbon capture
and storage
Rising

Figure 7

2.2.

Slow
High

Figure 6
agricultural
Figure 9
Figure 8

Research Methods

In the following pages, the methods applied to conduct this research will be explained.
Thereby, the ecosystem service analysis builds the foundation for the assessment which
will be carried out using geographic information systems and InVEST. The assessment is
completed with a monetary valuation of the selected ecosystem services.

2.2.1. Ecosystem Service Analysis (ESA)
There are many studies that identified the importance of ecosystems for human well-being
(De Groot, 1992, Costanza et al., 1997, Millennium Ecosystem Assessment (MA), 2005, De
Groot et al., 2010, TEEB Foundations, 2010 and TEEB Synthesis, 2010). In order to
understand that role of ecosystem processes and functions the cascade model from The
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Economics of Ecosystems and Biodiversity (TEEB) study will be applied (figure 5). Its
concepts will help to understand the links and processes within an ecosystem and to
monetize the ecosystem services and values. Likewise, the typology of ES from the TEEB
will be used to assess the impacts of SLM and climate change on ecosystem services.

Figure 5. TEEB framework to link ecosystems to humanwell-being (Source:De Groot et al., 2012)

Climate change, land restoration activities and implementation of sustainable land use
practices can have an effect on the biophysical structures and processes of ecosystem
services. This again might change the functions and eventually services that the ecosystem
provides which has consequences for the human wellbeing socially and economically.
Therefore, to prevent devastating changes in the provisioning of ecosystem services and/or
to restore lost services it is necessary to understand the impacts on the biophysical
structures and processes. As a result, restoration activities can be implemented that benefit
the ecosystem as well as the human well-being. Four groups of ecosystem services are
differentiated by the TEEB study: Provisioning Services, Regulating Services, Habitat
Services and Cultural Services. In this thesis, the main focus will be on the provisioning
service water and secondly, the regulating service crop pollination will be investigated.
Water Yield was chosen because water supply is directly and indirectly an asset for human
life. It directly provides human beings with fresh water for drinking, food, hygiene and
indirectly by contributing to maintaining biodiversity and the functioning of the ecosystem
(Sánchez-Canales et al., 2012). Next to its intrinsic importance water supply plays an
emphasized role in semi-arid areas such as the Segura River Basin. Water scarcity in this
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area is already an issue due to the geographical location but even more as a result of
immense human extraction of water over the last decades (Bangash et al., 2013). Thereby,
land cover and land management have impacts on the hydrological cycle by influencing
infiltration, evapotranspiration and the amount of water available in all water bodies
(Sánchez-Canales et al., 2012;Ennaanay et al., 2014). Consequently, it is relevant to
understand the impacts of land use and land cover on water provisioning in order to design
smart land use options. In addition, climate change is seen as a severe problem for the
semi-arid areas by increasing temperatures and reducing precipitation. This will increase
drought periods (IPCC 2007). Ayala et al. (2002) emphasize that climate change will
intensify the problem in the coming decades by reducing water supply by up to 34%, in
south-eastern Spain. This further increases the need to develop optimal land management
plans that can function as a way to adapt to climatic impacts.
Crop Pollination has been selected as the second ecosystem service due to its importance
for human food production but also for the reproduction of many natural plants and with
that maintenance of biodiversity (Klein et al., 2007; Burd, 1994; Kearns et al., 1998; Larson
& Barrett, 2000; Ashman et al., 2004). According to Roubik (1995) 75% of the worldwide
crop harvest is to some degree dependent on wild pollinators. Further, according to ipbes
(2016) the proportion of production of pollinator dependent crops is nowadays 300 times
larger than five decades ago. This makes world-wide crop production very vulnerable to
the recently detected pollinator decline. As much as crop production is dependent on wild
pollinators it is also responsible for their decline. Increasing agricultural production and
the resulting fragmentation and degradation of natural and semi-natural habitat lead to a
decrease in nesting and food supplies which results in a decline of wild pollinators (Klein et
al., 2007). Apart from the impacts of land-cover changes on pollinators also climate change
is seen as a threat. Due to increasing temperatures and changes in rainfall, Scaven &
Rafferty (2013) define temporal mismatches as a possible future concern. They are the
result of shifts in pollinator’s activity and flowering times of plants. For this study area,
both, intensification of agriculture and climate change portray a threat to future pollinator
supply. In the Segura River Basin land degradation is leading to decreasing harvest,
fostering increasing agricultural areas and climate change is expected to increase
desertification leading to possible shifts in biodiversity. A decrease in wild pollinators
could have severe consequences as much of the area is used for highly pollinator
dependent crops such as almonds, whose crop yield is from 60% to 90% dependent on
pollinators (FAO, 2017). Therefore, investigating the impact of Sustainable Land
Management, land-cover changes and climate change is of high interest for future land
restoration decisions.
In order to make an appropriate analysis of the impact of restoration activities and climate
change, first, the current state of the two ecosystem services in the study area will be
analyzed. Gaining an understanding of the current status of the ecosystem services will
then allow portraying what effects different land cover types and climatic changes have.
This will further support stakeholders in considering trade-offs and making optimal
decisions.
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In addition, to optimally support decision-making an accounting for monetary values is
necessary. Therefore, an identification of the vulnerability of the ecosystem services in the
study area is further necessary to value impacts in monetary terms.

2.2.2. InVEST
InVEST stands for Integrated Valuation for Ecosystem Services and Trade-offs. It is a
software tool that includes ecosystem service models aimed to map and value the goods
and services provided by ecosystems. According to Kareiva et al. (2011) it is one of the
most commonly used ecosystem service modeling and mapping tools. It has been used to
map and value ecosystem services under different scenarios of land cover in the USA and
Tanzania (Petz, 2014). The software consists of 18 different models of which each uses
LULC data, biophysical and economic information to analyse spatial patterns or changes as
a result of transformations (Crossman et al., 2013). The outputs of the model can be both in
biophysical (e.g., m3 of water per year) or economic terms (e.g. value of crop production
supplied by wild pollinators) (Natural Capital Project, n.d.).
Landscape changes, in this case restoration activities and/or sustainable land practices,
influence the structure and functioning of ecosystems. The application of the InVEST
models allows then to define changes in flows and values of ecosystem services across the
landscape, taking into account the service supply and the location and activities of people
who benefit from those services (Natural Capital Project, n.d.).
InVEST is designed for decision makers to quantify trade-offs associated with different
management choices and to identify areas where investment in natural capital can improve
conservation and human development2.
In this study, as mentioned above the Water Yield and Crop Pollination models will be
applied.

2.2.3. Model Input and Output
Water Yield and Water Scarcity modules
The Water Yield model consists of three modules: water yield, water scarcity and
hydropower production. In this research, the first two modules are being applied as
hydropower production is not relevant for the aim of this research. The yield is mainly
calculated as a function of precipitation and evapotranspiration, whereby all water that is
not evaporated is assumed to account for available water. It is thereby not differentiated
between water in the base flows, surface or subsurface flows. The module calculates water
yield based on the Budyko curve and annual average precipitation. Input data required are
2

Natural Captial Project https://www.naturalcapitalproject.org/
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mainly GIS layer (precipitation, temperature, available water content, root depth, CLC) and
a biophysical table, Table 3. In Appendix 5, a manual is included describing how the GIS
specialist from the CEBAS prepared the GIS data sets.
InVEST provides output inform of GIS-maps and tables that show actual
evapotranspiration, mean and total water yield for the entire catchment as well as for the
sub-watersheds.
In a second step water demand can be incorporated to see how scarce water supplies are.
The scarcity model requires information about the water consumption of all non-natural
CORINE LULC classes (all classes but 3). This output is then subtracted from the total water
yield. If the water scarcity module is applied the watershed output will also portray total
and mean water consumption and resupply (what remains from the water yield if
consumption is subtracted). This output is therefore only on the catchment scale and will
mainly be used for the calculation of the monetary benefits. For detailed information on
how each input parameter is defined and calculated please visit the online user guide on
the Natural Capital Project website (http://data.naturalcapitalproject.org/nightlybuild/invest-users-guide/html/). All input and output data are listed in Table 3 . (Sharp et
al., 2016)
Crop Pollination module
The Pollination model requires data about the main wild bee species or families most
present in the study area, their nesting habits, main flight ranges and average activity.
Further, information about the floral availability and nesting sites per CORINE land use
class are needed. In order, to also account for the value of pollination, data about the
dependency of the agricultural land use classes on wild pollinators needs to be included
(Table 3). Due to the fact that CORINE only has very broad agricultural classes such as
permanently irrigated, non-irrigated etc. little indication is provided about the actual crops
in those classes. However, to determine crop dependencies a rough estimate of most
present crops is needed. Consequently, the MCA map, which shows land use by crops, is
crossed with the CORINE map to see which crops are most present in each of the land use
classes. Based on this, rough dependency values can be included.
InVEST provides outputs that consist of GIS raster maps that show indices of abundance of
wild pollinators in the entire study area, in the agricultural LULC classes and indices of the
value that crop production has due to wild pollinators.
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Table 3. Input and Output data InVEST (Source: Sharp et al. 2016)

2.2.4. Scenarios
In order to analyze the effects of land restoration and climate change on water supply and
crop pollination in the Segura River Catchment different scenarios were tested. In Table 5 ,
all the scenarios applied in this study are listed per InVEST model. For water yield in total
five scenarios and the current condition were modeled. This includes two climate change
scenarios, one SLM scenario, two historic LULC scenarios and the 2012 LULC as the
current, baseline scenario. For pollination, the current scenario, the 1990 land cover
scenario and the SLM scenario were modeled.
Water Supply Scenarios
The InVEST Water Yield module allows for current and future differentiation. This means
that different precipitation and reference evapotranspiration maps can be implemented to
model climate change impacts. The precipitation and evapotranspiration maps are based
on data from the IPCC 5. For the model input, ensemble precipitation and temperature GIS
maps were prepared. They are based on the predictions produced by (12) different
Regional Climate Models of which the average was taken. This procedure was applied in
order to deal with the uncertainty in the models. In this study, as mentioned before, the
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RCP 4.5. for the period 2030-2050 and 2080-2100 and the RCP 8.5 also from 2030-2050
and 2080-2100 have been used for the model runs. More details about the selected RCPs
can be found in section 2.1.3.
Further, the LULC maps can possibly be changed to test different land cover scenarios. This
was done by applying one additional CLC maps, LULC representing 1990 next to the
current LULC 2012. These different historical maps will be used to see if changes in land
cover have an impact on water supply in the catchment. The results could be used to make
more drastic land restoration decisions for especially endangered sub-watersheds by for
example changing agricultural areas back to forests.
InVEST does not provide an option to test Sustainable Land Management practices per se.
However, this shortcoming could be bypassed by creating a LULC map that includes
different class numbers for the agricultural classes in which SLM was implemented.
Following, these new classes were included in the biophysical table, thereby also
maintaining the old ones so that depending on which LULC map is being modeled the
module would use only one of the two class versions. Additionally, a new Available Water
Content (AWC) GIS map was prepared, based on 25% increased organic carbon in the soil.
The 25% increase is based on the results of previous studies that found that organic carbon
increases between 17% and 43% when reduced tillage and green manure practices are
implemented. The increase in AWC is for one based on literature review and secondly on
the results from field experiments in the study area conducted by the CEBAS. Applying the
Pedotransfer-Function (PTF), the new AWC was calculated, based on wilting point and field
capacity (for details see Appendix 5). The calculation was carried out for five agricultural
LULC classes, Table 1. Those include the class representing cereal production and the class
representing orchards, the two most relevant classes in the study area. Other codes such as
212 (permanently-irrigated) or 244(agro-forestry) were not included because the SLM
practice could not actually be implemented, due to crop cover consisting of vegetables
under plastic or forests that have different biophysical characteristics.
Pollination Scenarios
For the pollination model the current scenario is compared to the SLM scenario to see
which impacts more sustainable land use has on wild pollinator abundance. To investigate
the impacts of land-cover changes the LULC of 1990 has been applied. The pollination
model does have an option for a future scenario, however, only in terms of implementing a
different LULC map. Therefore, to run the SLM scenario the same procedure as for the SLM
scenario in the Water Yield module was followed: creating a new layer with changed LULC
classes where the SLM is applied and including the new classes in the biophysical table. In
this model, the SLM changes are implemented in form of changes in Floral Availability (FA)
and Nesting Sites ground (NS ground) for all the agricultural LULC classes. In this case, all
classes were selected because each class consists of different crop types which the crossing
with the MCA land cover map showed. For example, the MCA showed that 213 (Rice fields
in the CLC classification) consists only to 27% of rice fields, 21% are vegetables and the
rest is made up of many different crops and natural vegetation types. This means that SLM
could theoretically be implemented for parts of the remaining 73% of code 213. Nesting
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sites in cavities are not impacted by the SLM and were therefore not changed. Changes in
FA are based on literature review which suggests increasing FA by 60%. Consequently, this
was applied for all classes except 211 and 231 which were only increased by 30% because
those LULC codes are mainly covered by cereals in which green manure is not applied, in
the study area. However, due to reduced tillage more natural vegetation can grow and
thereby increase FA naturally. NS ground will be increased by 10% in 213, 231 and 244
due to only small areas cultivated with crops where RT can be applied. 20% was chosen for
the remaining agricultural codes, whereby 20% was chosen because only reduced tillage
impacts nesting and not green manure 50% of 100% possible change, then only ground
nesting is impacted so 25% and tillage is only reduced not entirely stopped so nesting is
still expected to be impacted a little, Table 7. All changes are based on literature review.
Table 4. Parameter changes for each scenario

2.2.5. Monetary valuation
Expressing the value of ecosystem services in monetary units is an important tool to raise
awareness and convey the (relative) importance of ecosystems and biodiversity to policy
makers (De Groot et al., 2012). To generate monetary values for ecosystem services,
broadly three different methods can be distinguished: market values (market based
prices), indirect market values (cost-based revealed values such as replacement costs) and
non-market values (questionnaire based stated preference methods). Each of the three
categories has a variety of valuation methods, Table 6. The two ecosystem services
assessed in this report will be valued using two different methods.
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Table 5. Economic Valuation methods (Source: adapted from Costanza et al.1997)
Value type
Market
Value

Indirect
Market
Value

NonMarket
Value

Valuation method

Description

Market Prices

Measurement of the exchange value of Water supply
the ES when traded

Factor Income

Measures the impact of the ES on the Pollination
loss or gain in productivity

Avoided costs

Costs emerging if ES is absent

Restoration Costs

Costs emerging through restoring a lost E.g. Water
service
purification

Mitigation Costs

Costs connected to moderating the
E.g. Carbon
effects of depleted services
sequestration

Willingness to pay

ES valuable

E.g. Erosion

Measure the willingness to pay for an E.g. Aesthetic
available ES
value

Water yield will be valued applying the market price method because water is a product
whose value is regulated in our economy. It will be calculated what the water costs for
irrigation are. For that current water prices from the Murcia region and the by InVEST
generated water supply and demand data is added. The same will be carried out for the
calculation of the monetary value of the SLM scenario, only here additionally the costs of
SLM implementation are added and the increase in water yield generated by InVEST. The
costs for irrigation over the two scenarios will then be compared.
InVEST produces an index of the relative value of pollination for the Crop Pollination
model. However, this index is very broad giving no clear monetary indication. Therefore, to
calculate the monetary value of crop pollination an additional calculation needed to be
carried out. According to Winfree et al., (2011) there are two main methods applicable to
value crop pollination services. One is the replacement value method that tries to estimate
how many managed bees would be needed to replace wild pollinator services. The second
method is the production value method that uses the dependency factor of crops to
estimate the amount of the crops produced that can be attributed to wild pollinators. This
second method belongs to the factor-income approach and according to Farber et al.
(2002) it is well applicable for measuring the added value ecosystem services provide to
crop production. Further, Swinton (2007) states that it can be used by assessing the effect
the ecosystem service has on the income in terms of changing the yield or costs.
Consequently, first the current value of crop production due to wild pollinators is assessed
and then compared to the added value due to SLM implementation. This can be done by
using the production function approach which puts different inputs in relation to the
quantity of the output (Wossink and Swinton, 2007). Following, the current value
attributable to pollinators is calculated by estimating the percentage of the crops produced
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due to wild pollinators: summing the amount of the dependent crop produced multiplying
by the price and the dependency. This gives an idea of how much value is added due to wild
pollinators. The same is done for the SLM scenario, there however adding the costs for SLM
implementation and using the index InVEST produced as an estimate of how much value
would be added to crop production. The formula is adapted from Winfree et al., (2011):

Current: Vpi= Vti*Di (-total crop production)
SLM: Vpi=((Vti*Di)*Vaj)-Cs
Vpi: Value of crop produced accounted to wild pollinators
Vti: calculated by Cpi*price, where Cpi is the amount of the crop produced per
period. Vti then represents the total value of the produced crop in study area
per period
Di: Dependency of the crop on pollinator
Vaj: added value per land use class (j) due to SLM implementation
Cs: Cost SLM implementation

2.3.

Data Collection

This section will provide information about the data collection process, sources and
methods.

2.3.1. Centro de Edafología y Biología Aplicada del Segura (CEBAS-CSIC)
For the water yield module, most of the data was received during the fieldwork at the
National Research Council in Murcia. The department of soil and water conservation
previously did field experiments and supported another thesis student modeling water
yield in the region, wherefore most of the data was available and could be extracted from
their database. Partly those data needed to be updated to the most recent version and
adjusted to the purposes of this study. Most of the data obtained from the CEBAS was
biophysical data and was to a large extend provided in form of GIS layer files.
2.3.2. Literature Review
Literature review played an essential role in the data collection process of this thesis. It was
used to receive background information for all the concepts applied, to get a better
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understanding about the study area and to see at which state research currently is
regarding this study field. Further, literature was especially important for the data
collection of the pollination model. The input data was almost completely based on
literature because data collection in the field for these purposes would have been too time
and resource consuming and would have required a lot of expert knowledge. For example,
the model requires information about the different bee families present in the area, which
to investigate requires fieldwork over different seasons, knowledge about how to
distinguish bee families and resources to evaluate different land cover areas of the study
site. Further, the model requires information about availability of nesting sites and floral
availability. This would have also required investigating different areas over different
seasons measuring floral abundance and observing nesting behavior. Consequently,
literature was reviewed to find the necessary information. This was done searching in
google scholar for keywords such as: be species south-eastern Spain, bee nesting, bee
foraging, modeling pollinator abundance, measuring floral availability, land-use changes
pollination, InVEST pollination, crop dependencies wild pollinators etc. Relevant literature
was then used to find further literature by looking at the references.
Similarly, literature was reviewed to receive the required input data for the monetary
evaluation of pollination services and water supply using keywords such as: monetary
valuation ES, economic valuation ES, cost benefit analysis ES, water demand SRC, agricultural
production SRC, crop production Murcia, valuation crop yield pollination etc. Here as well,
useful literature was further used as a medium to find additional literature by checking the
references of those articles.
For the water yield module literature was used to receive further information about the
biophysical factors, the current situation in the study area, the impact of climate change on
water yield in the study area and to find similar studies. The water scarcity module input
was completely based on literature and website analysis. Mainly the website of the
Confederacion Hidrografica del Segura (https://www.chsegura.es/chs/index.html) was
used to receive information about water use and demand in the area.

2.3.3. Expert consultation
Several experts were met in person and contacted via email during the data collection and
data analysis phases. During data collection and analysis, a GIS specialist from the CEBAS,
Dr. Pedro Perez Cutillas, was cooperated with closely because he prepared most of the
biophysical data. Therefore, he was approached to discuss about which data was needed, in
which form, how available data should be modified to fit the research purposes and for
clarification purposes. In addition, Dr. Joris Eekhout was addressed with questions
regarding GIS modeling. Further, agricultural soil experts from the CEBAS were met, Dr.
Maria Almagro and Dr. Joris de Vente, to discuss about the Sustainable Land Management
option that should be used, the input parameters, and to generally get a better
understanding about agricultural conditions, problems and current practices in the study
area. Further, they were contacted for feedback on the model output.
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For the pollination model, a bee expert from the veterinary faculty, Dr. Pilar De la Rua, was
consulted to get a better understanding about bee classification, bee types in the Murcia
Region and for literature advice. Additionally, a modeling expert, Dr. Javier Martínez-López,
currently working on a similar ecosystem service model (ARIES), was contacted to clarify
doubts about how to generate certain input parameters.

2.4.

Data Analysis

This section will explain which tools and methods were used to analyze the output data.
Detailed information about data types used, data storage, data sources etc. can be found in
the Data Management Plan, which is attached in the Appendix6.

2.4.1. Excel tables
Water Yield: One of the types of outputs from the InVEST Water Yield module is tables. For
analysis purposes overview tables of the features of interest were made to be able to
immediately compare e.g. total water yield per sub-watershed for the different land cover
scenarios. Excel was used to calculate differences between 2012 and the scenarios per subwatershed and provide these differences in percentages. This was also done for the actual
evapotranspiration (AET) for all scenarios to see possible causalities between water yield
and evapotranspiration rates. For the comparison of the SLM and baseline scenario also the
available water content (AWC) was investigated on the sub-watershed and CLC scale and
compared to AET and water yield. This way, possible connections between agricultural
land use, evapotranspiration, plant water content and water yield could be investigated.
Last, result tables were prepared showing the most significant results such as biggest
changes, sub-watersheds with highest and lowest water yield and most significant
differences between scenarios.
Pollination: Outputs from the pollination model were transformed from GIS layers into
excel tables in order to have a better overview. Similar as for the water yield module most
significant outputs were organized and visualized in tables.

2.4.2. Geographic Information Systems (GIS)
Esri provides the commercial geographic mapping service GIS which can be used to
“visualize, question, analyze, and interpret data to understand relationships, patterns, and
trends” (Esri, 2017). Students receive a free one-year permit to use ArcGIS. The spatial
nature of the output data made it essential to use GIS software for visualization and
processing. Most of the by InVEST produced output is in form of GIS layers, wherefore, in
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order to process the output data for analysis and representation of results, ArcGIS was
applied in most of the cases.
Water Yield: The output of the water yield and water scarcity modules was partly in table
format and partly in layer format. Using GIS the output could be crossed, separated, certain
features could be combined with other features of interest and new tables and layers could
be produced. For example, the output of InVEST is per sub-watershed for the analysis
however, it was also relevant to receive some of the information per CLC class. Therefore,
the CLC layer was crossed with the output layer of interest and viewed in table or layer
format. Further, for some analysis parts just one of the features in the output was of
interest, wherefore this feature was selected and converted into a new raster layer. In
addition to reorganizing the output, GIS was also essential for making visualizations. This
could be in form of maps portraying differences in quantities between sub-watersheds,
highlighting significant output features and changes.
Pollination: The InVEST output of this model is only in form of GIS layers. This means
applying geographic information software was essential to visualize the output data.
Further, output values have no spatial reference, meaning they are neither portrayed by
CLC nor by sub-watershed. Therefore, in order to analyze the data GIS needed to be applied
to create spatial references, e.g. crossing output raster with CLC to see pollination values
per CLC class. GIS was also useful to make spatial analysis e.g. looking at distance between
CLC classes. Here as well GIS could be used to make visualizations of the output in form of
highlighted maps showing maximum and minimum abundance, differences, categories and
value quantities.
Last, the output raster was crossed with the sub-watershed layer to show pollination
services per sub-watershed. This way analysis was enhanced because regional patterns
were better detectable in comparison to representation by LULC classes which are very
scattered across the study area.

2.4.3. Model Evaluation and Model Calibration
After running the models the output needed to be evaluated and in some cases the input
data needed to be calibrated. According to Moriasi et al. (2007), “Model calibration is the
process of estimating model parameters by comparing model predictions (output) for a given
set of assumed conditions with observed data for the same conditions” (p.1). Therefore, to
test the model performance of the water yield module the modeled water yield output
needed to be compared to observed discharge data from some of the sub-watersheds.
Thereby, the more observed data for different sub-watersheds available, the better for the
evaluation of the model performance. The comparison of the observed and modeled data
was achieved by applying the Coefficient of Determination (R2) (Text Box 1) and the NashSutcliffe model efficiency coefficient (Text Box 2). The R2 gives a value between 0 and 1,
whereby everything above 0.7 is an acceptable output. However, the R2 is very sensitive to
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outliers wherefore also the Nash-Sutcliffe was applied, which produces values between
negative infinitive and 1. It shows good model performance at a value of 0.5 and higher
(Moriasi et al., 2007).
Box 1. Formula Coefficient of Determination (R2):
𝑆𝑆𝑟𝑒𝑠

R2= 1- 𝑆𝑆𝑡𝑜𝑡
With:

SSres= sum (yi - fi)² and SStot = sum (yi - ymean)²
y = observed values,

f = modeled/predicted values.
Box 2. Formula Nash-Sutcliffe model efficiency coefficient:

𝐸 = 1−

𝑦𝑖 − 𝑦𝑖, 𝑠𝑖𝑚
𝑦𝑖 − 𝑦

2

2

With:
yi= observed value

yi,sim= modeled value

𝑦 = mean observed values
Source:
https://stats.stackexchange.com/questions/185898/difference-between-nash-sutcliffe-efficiencyand-coefficient-of-determination (accessed: 06.07.2017)

If the Nash-Sutcliffe and the R2 are not acceptable, it means that the model over- or
underestimates water yield. In that case, the model needs to be calibrated by means of
executing a sensitivity analysis. This means certain input parameters need to be adjusted to
see which one has most effect on the output and can lead best to the model generating data
that are closer to reality. In the case of the water yield module, mainly the KC factor can be
adjusted. For example, if the model overestimates, meaning the water yield is higher than
the yield of the observed values, than the KC factor in the biophysical table needs to be
increased. The KC factor is the coefficient that is associated with the vegetation of the LULC
classes. This factor corrects the evaporation according to the land cover (Text Box 3). In the
case of having an overestimation, the evapotranspiration is too low and an increasing of the
KC factor will lead to higher evaporation values. In case of underestimation of the model,
the KC factor needs to be lowered. This can either be done for all LULC classes or in case of
both over- and underestimation the KC factor can only be changed for certain LULC classes.
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(𝑥) = (ℓ𝑥) ・ 𝐸𝑇0(𝑥)

PET= potential evapotranspiration
ET0= reference evapotranspiration
Box 3. KC Factor formula.

In the case of the Pollination model no calibration of the model was possible because no
comparable data existed.
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3. Land-cover changes between 1990 and 2012
This chapter demonstrates the changes that occurred in land cover from 1990 to 2012.
First, an analysis of the main changes in the broader land cover groups: urban, agricultural
and natural will be presented. This explains differences in proportional distribution of the
three groups and the main location of each group within the watershed. The analysis will
then be deepened by presenting the changes that occurred within each of the three groups
in terms of changes in individual CLC classes. The aim is to further investigate the impact of
these changes on the two ecosystem services, water supply and crop pollination. Based on
the observed changes in the ecosystem services a comparison between impacts of SLM and
land cover can be made that can facilitate better trade-off decision-making.
All analyses are based on CORINE land cover classifications and GIS processing. The
comparison is carried out between the land cover of 1990 and 2012. Table 7 presents the
differences in the proportions of the three land cover groups between 2012 and 1990. We
can observe significant increases of almost 60% in the urban area from 1990 to 2012, as
well as large decreases in the size of the agricultural area of 20%.
Table 6. Area of the main LULC classes for 1990 and 2012
CLC class

1990
area in ha

change to
2012%

2012 area
in ha

overall
trend

Urban

17956

59

43551

increasing

Agricultural

988998

-21

816135

decreasing

Natural

734948

17

882635

increasing

In the following three Figures always the area of one land-cover type is highlighted while
the other two land-cover types are grouped in one color (Rest). This way the change in one
land-cover type can be compared over the two different years. Figure 6 highlights the main

Figure 6. Changes in the agricultural area from 1990 to 2012
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changes in the agricultural areas between the two years. We can observe that agricultural
surfaces got overall less dense and main changes can be witnessed in the north-western
part of the area.

Figure 7. Changes in the natural area from 1990 to 2012

When comparing the change in the agricultural area to changes in the natural area, we can
notice a correlation. Large parts of the agricultural area in the north-west, in 1990 have
been removed and transformed into natural area till 2012. Further, the map shows that in
the south-west natural vegetation is more densely distributed in 2012.
Figure 8 demonstrates the changes that occurred in the urban areas. It can be observed
that the expansion of the urban area mainly occurred in the south-eastern part of the SRC
without leaving significant traces in the natural area. However, we can observe that parts of
the agricultural area got converted into urban spaces.
This division in three main groups is still very broad and does not differentiate between

Figure 8. Changes in the urban area from 1990 to 2012
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different types of vegetation or urban spaces. For further analysis it is however important
to know about the main changes as different types of vegetation have different water
demands. Therefore, Table 8, Table 9 and Table 10 present the differences in the different
CLC classes per CLC group.
Table 7. Percentage of urban classes 1990 compared to 2012. Red
highlights highest changes
Urban
class

Area 2012 in ha

% of Urban area
2012

Area 1990
in ha

% of Urban
area 1990

111

10243

24

10001

56

112

12957

30

3573

20

121

11410

26

3138

17

122

571

1

23

0.1

124

83

0.2

1

0.01

131

3748

9

917

5

132

1020

2

10

0.1

133

2607

6

263

1

141

151

0.3

1

0.01

142

760

2

27

0.2

Table 8 demonstrates the differences in the urban classes between 1990 and 2012. Most
increases occurred in 112 and 121 which are discontinuous and industrial areas, while the
discontinuous area (111) decreased. This means that urban surfaces are less dense and
now have more natural vegetation in-between. In addition, generally larger urban surface
is likely leading to slightly increased temperatures in those areas.
In Table 9 it can be observed that most changes in the agricultural area occurred in terms
of decreases in the permanently irrigated area (212) and the mixed area of mainly
agriculture and partly natural area (243). The main increase occurred in Orchards (222),
which more than tripled from 1990 to 2012. This could be relevant for the SLM
implementation because areas with possible implementation are now larger than in 1990.
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Table 8. Percentage of agricultural classes 1990 compared to
2012. Red highlights highest changes.
Agricultural
Class
211
212
213
221
222
223
231
241
242
243
244

Area 2012

% of agric. area
2012
24

196923
85007
1420
91635
194500
24175
23275
88
144988
49149
4977

10
0.2
11
24
3
3
0.01
18
6
1

Area 1990

% of agric. area
1990
25

247845
180512
14
108305
68586
8060
1
5876
215400
153519
881

18
0
11
7
0.8
0
0.6
22
16
0.1

The main changes in the natural area are presented in Table 10. Most decreases occurred in
Sclerophylous vegetation, (323), Transitional woodland/shrub (324) and sparsely
vegetated (333). The main increase occurred in grasslands (321). This could be relevant for
the water supply because of differences in evapotranspiration between the classes.

Table 9. Percentage of natural classes 1990 compared to 2012.
Red highlights highest changes.
Natural
class

Area 2012
in ha

% of natural
area 2012

Area 1990 in
ha

% of natural
area 1990

311

9891

1

3447

0.5

312

333983

38

289662

39

313

34852

4

7983

1

321

275303

31

58528

8

322

378

0.04

24

0

323

121172

14

162945

22

324

95982

11

124649

17

331

143

0.02

1799

0.2

332

550

0.1

3450

0.5

333

10380

1

82461

11

These changes in the different CLC classes will be relevant for the analysis of water supply
and crop pollination in the following two chapters.
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4. Impacts of land-cover changes, SLM and climate change on water
yield
In this chapter impacts of land-cover changes and SLM implementation on water yield will
be analyzed. In addition, impacts of climate change will be presented. The analyses are
based on results from the InVEST water yield and water scarcity modules. The water yield
module was applied to estimate the water yield (WY) per sub-watershed based on mean
annual precipitation, evapotranspiration (AET) and land cover. The water yield module
was run for two different land cover scenarios (1990 and 2012) plus a SLM implementation
scenario and for two climate change scenarios (RCP 4.5 30-50 and RCP 8.5. 80-100). The
water scarcity module was run for the current, 2012, scenario and for the SLM scenario.
Water demand data are based on current usage and were not available for the future
scenarios. Further, the water scarcity module only produces output on the watershed level
which cannot be analyzed much further. The output is mainly used in the analysis of the
monetary value, wherefore the results of the water scarcity module are presented in the
Appendix.7.1.
In this chapter, we will start with an analysis of the impacts of changes in land cover on
water yield, followed by an analysis of the impacts of SLM. Last, to see the impact of
external factors, an analysis of the impact of climate change will be presented and analyzed
in relation to SLM implementation under climate change.
Before the analysis, the model was calibrated. However, since we used model parameters
from a previous study that already showed good results calibration played a minor role.
The calibration can be found in the Appendix 8.

4.1.

Impact of land-cover changes on water yield

As the previous chapter demonstrated, land-cover changes occurred over the last two
decades leading to significant changes in the distribution of urban, agricultural and natural
area. These changes are expected to have impacts on the water yield of the study area. The
results of modeling the 1990 scenario and the 2012 scenario are presented in the
following.
It is relevant to mention, that for both years the same precipitation map was used. A map of
mean precipitation values can be found in the appendix7.2. Most rainfall is in the northwestern part of the study area whereas lowest levels are in the south-west. These rainfall
patterns are relevant for WY results and it is expected to see lowest and highest yields
distributed parallel to lowest and highest rainfall patterns.
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The water yield results for 1990 and 2012 are demonstrated in Figure 9. It can be observed
that slight changes occurred in the total amount of water yield as well as within subwatersheds. In 1990, yield ranges between 3mm and 210 mm and the highest yield is in the
north-west whereas the lowest yield is in the south western part of the study area. In 2012,
yields vary between 3mm and 190 mm. Taking the total mean yield of all sub-watersheds
we can observe a decrease of 11% from 1990 to 2012. Sub-watersheds with highest yield

Figure… Highest and lowest mean water yield (mm) for 1990 and 2012

Figure 9. Mean water yield (mm) 1990 and 2012

are also in the north-west but sub-watersheds with lowest yield are still in the south-west
as well as in the center of the area. Generally, sub-watersheds with highest yield are located
in areas with highest precipitation levels. These areas constitute the headwaters of the
area. Lower overall yields in 2012 could be linked to changes in vegetation cover. As I
presented in the previous chapter, agricultural area decreased and natural area increased
wherefore in 2012 more areas with higher evapotranspiration rates exist. Changes in the
south-west and east of the study area are likely to be caused by changes in the type of crop
production which affects the overall water demand. For example Pareton and Pedrera
show a large increase in grassland while most agricultural classes decreased. This can
explain higher overall water yield. In Moro, in the center of the study area, natural area
increased a lot especially forest and sparsely vegetated area. This can be a reason for lower
water availability. As for both years, the same precipitation maps were used, the same
amount of water came in. This means that in case of decreasing water yield the water must
be consumed otherwise. As mentioned above, this is caused by changes in vegetation cover
leading to changes in AET which impact WY.
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Figure 10. Changes in AET between 1990 and 2012 and changes in mean WY between 1990 and
2012

To see the connection between AET and water yield Figure 10 highlights the subwatersheds that experienced most changes from 1990 to 2012. If the two maps are
compared it is notable that the three sub-watersheds with the highest decrease in AET also
have the highest increase in water yield. This means that sub-watersheds that now have
less water than in 1990 probably have different types of vegetation cover with higher
evapotranspiration rates and therefore lower water yield, see appendix7.2 for more details
about the connection between land cover and AET.

4.1

Effects of SLM implementation

This chapter will show and explain the impacts of SLM implementation on water yield. As a
reminder, the SLM scenario means that for five CLC classes (211, 221, 222, 223, 242) the
organic carbon content was raised by 25% which was used as an input in the calculation of
the available water content (AWC) which was further used as an input map in the InVEST
model. A comparison between AWC and AET for the five classes shows that AWC increased
by about 4% and led to a 1% decrease in AET (Appendix7.3). For some sub-watersheds,
this leads to an increase in water yield and an overall decrease in AET whereas for other it
has the opposite effect, Figure 11.
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Figure 11. Sub-watersheds showing main increase in mean water yield and most decrease in mean AET on
bases of AET and WY values 2012

The sub-watersheds that faced most decrease (red) and most increase (yellow) in AET are
highlighted on the left and the right figure shows the sub-watersheds that experienced
most increase in main water yield (red) and most decrease (yellow), under SLM. We can
observe that most changes occurred in the central part of the study area where largely
increased evapotranspiration matches with decreased water yield and vice versa. In subwatersheds that had relatively low water yield without SLM the increase in AWC led to an
enhancement of the water content accompanied by decreases in AET. Whereas, in areas
that had sufficient water yield the additional water is used in increased plant activity and
with that higher evapotranspiration and water loss. For details see Appendix 7.3: Figure 27
providing an overview of mean water yield under SLM and Figure 28 showing differences in
AET and water yield between 2012 and SLM for all sub-watersheds, and Table 28
demonstrating the changes in numbers and percentages for water yield and AET for all subwatersheds.
Table 11 highlights the main changes in AET and corresponding changes in WY. It can be
observed that generally values are very low with a maximum of -17mm for AET. This is a
3% change and a maximum of 7mm for mean water yield which represents a 37% change.
Overall, two-thirds of the sub-watersheds experience a decrease in AET which corresponds
to an overall decrease in AET of -0.7%. About half of the sub-watersheds experienced an
increase in water yield which is an overall increase of 3%.
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Table 10. Sub-watersheds showing most decrease in
AET and most increase in mean WY between SLM
and current
Subwatersheds

Decrease AET (mm)

%

Puentes

-17

-23

Judio

-7

-2.

Ojos

-6

-2

Valdeinfierno

-2

Judio

-5
Increase water yield
(mm)
6

30

Puentes

6

36

Ojos

7

37

Moro

4

37

%

Overall, the results demonstrate that the effects of SLM largely depend on the original
water balance. Nevertheless, whether water yield decreases or increases SLM
implementation leads to positive changes in the structure of the ecosystem by either
enhancing plant activity, soil quality or overall water yield.
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4.2

Impacts of Climate Change

This part of the chapter presents the modeled impacts of climate change on water yield. It
furthers compares the impacts of climate change with the effects of SLM implementation
under climate change. Together, this shall provide an indication of the possibilities of SLM
implementation for climate change adaptation.
The InVEST water yield module bases the impact of climate change on different mean
annual evapotranspiration and precipitation input maps, all other input data are the same.
In case of the SLM run, also a different available water content (AWC) map is included.
Results are presented for two climate change scenarios: RCP 4.5 2030-2050 (CC1) and RCP
8.5. 2080-2100(CC4). These two will represent the changes that can be expected in the
near future under a modest emission scenario and the changes that can be expected
towards the end of the century under a scenario without climate regulating policies and
continued increase in GHG emissions.
The differences in precipitation between 2012 and the two climate change scenarios are
demonstrated in Figure 12. Especially in the western part of the study area large changes in
yearly precipitation can be observed with around -80mm less for CC1and -200mm less for
CC4. Changes are largest in the north-west because there the highest precipitation levels of
the study area existed. Therefore, these areas can be impacted most strongly. Knowing that
incoming amounts of water are significantly different, large differences in water yield can
be expected.

Figure 12. Differences in precipitation (mm) between 2012 and CC1 and 2012 and CC4

The next Figure (13) shows the modeled changes in mean water yield (mm) between 2012
and CC1 and CC4. It shows that the difference in mean water yield will be between -2 and
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around - 65mm for CC1 and between -2 and -150 mm in CC4. Further, most changes can be
seen in the area where most precipitation changes occur, namely in the north-western part
of the study area. Respectively, least decreases can be observed in the south-west where
also least precipitation decreases occur. These decreased water yields can have significant
impacts on evapotranspiration and with that on crop yield.

Figure 13. Differences mean water yield (mm) 2012 and CC1 and 2012 and CC4

In appendix7.4 a table providing an overview over the sub-watersheds with most and least
changes between 2012 and CC1 and 2012 and CC4 can be found. It can be observed that the
maximum loss in WY per sub-watershed is around of 50% for CC1 and above 80% for CC4.
The total difference in mean water yield for the entire catchment is 35% for CC1 and 70%
for CC4.
Figure 14 demonstrates the correlation between reduced precipitation, reduced water
yield and evapotranspiration in form of differences in AET between 2012 and the two
climate change scenarios.
Under CC1 differences in AET are observable between around +6mm and -40mm. Subwatersheds with high decreases in WY have low changes in AET which means that those
areas still have sufficient amounts of water for plant activities. On the contrary, subwatersheds with only medium changes in WY under climate change experience high
changes in AET. The reason is that they reached very low levels of mean water yield with
climate change, wherefore this low water availability leads to drastic decreases in plant
respiration. Similarly, sub-watersheds that already had low levels of water yield do not
experience drastic changes in AET because activities were already low. This shows that the
sub-watersheds have very different responses to the changes in climatic conditions
depending on their original conditions. Overall AET is decreased by 6%.
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Figure 14. Differences in AET (mm) 2012 and CC1 and 2012 and CC4

For CC4 changes in AET are between a minimum of around -10mm and a maximum of close
to-90mm. Here, highest impacts can be found in the western part of the study area. It can
be observed that the areas which only saw few changes under CC1 now experience very
large decreases in AET. This means that those areas experienced drastic changes in water
availability. This caused very high changes in plant activity in comparison to 2012,
corresponding to a decrease in AET of 15%. Generally, it can be stated that under CC4
higher and lower changes in the sub-watersheds show a general correlation between
changes in rainfall pattern, WY and AET.
We saw that sub-watersheds respond very differently to climatic changes, therefore we
wanted to see how the sub-watersheds would respond to SLM implementation under
climate change. We could observe that implementing SLM under climate change led to very
small decreases in water yield compared to no implementation (except for one subwatershed which shows tiny increases). Values range from -1.4mm to 0.2mm for CC1 and 0.6mm and 0.2mm for CC4. The observed changes under CC4 are thereby only half as
strong as the changes in CC1. This is probably a result of the high decreases in precipitation
which led to very low levels of water yield that could not be impacted much further.
Most changes for CC1 can be seen in the west and in the north and for CC4 most differences
exist in the west. These are areas that showed only low to medium difference without SLM.
We can observe again that changes occur in areas where no SLM implementation took
place and resolution differences cause differences in water yield. (See Appendix 7.4
portraying the difference in mean water yield between CC1 and CC1 with SLM and CC4 and
CC4 with SLM)
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Relevant is whether the decreases in water yield have corresponding increases in AET.
Figure 15 demonstrates changes in AET between the climate change scenarios with and
without SLM implementation. The maps show positive changes in AET which correspond to
the negative changes in WY. Meaning highest increases in AET occur in sub-watersheds
that experience highest decreases in WY, under SLM (Appendix 7.4. Figure 30).

Figure 15. Differences in AET between SLM implementation under climate change and no
implementation

Generally, increases in AET, under SLM, range between 0.05mm and 1.6 mm under CC1 and
between 0.02mm and 0.6mm for CC4. Comparing it to CC1 it shows that AET impacts are
only half as strong for CC4. This means if incoming water supply is too low SLM
implementation may not function anymore for increasing crop yield and vegetation
productivity. However, it could still provide other services such as mitigation of extreme
runoff by enhancing the soil structure. Table 12 summarizes the main differences between
the climate change scenarios with and without SLM implementation. Observable is a
decrease in mean water yield of -1% for CC1 and -2% for CC4 which is accompanied by a
mean increase in AET of 0.08% for CC1 and 0.04% for CC4.
Table 11. Mean decrease in water yield (mm) and increase
in AET (mm) between climate change with and without SLM
Subwatersheds

Decrease Mean WY

Increase AET

Charcos

CC1
Mean%
10

CC4
Mean%
12

CC1
AET%
0.14

CC4
AET%
0.06

Risca

7

11

0.33

0.16

Alfonso XII

5

6

0.15

0.07

Moratalla

4

5

0.14

0.1
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Even though the changes are very small, it can be observed that implementing sustainable
land management methods on a large scale could function as a climate change adaptation
method. The reason for that is that already small increases in evapotranspiration mean that
crop yield could be increased. This is relevant because under climate change reduced
rainfall and increased temperatures would generally mean more difficult conditions for
crop production. Secondly, it could mean more vegetation cover in natural areas which
would also be relevant to combat increasing drought conditions and land degradation.
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5. Impacts of land-cover changes and SLM on pollination services
This chapter will present the impacts that land-cover changes and SLM implementation
have on wild pollinators’ services. All analysis is based on the output of the InVEST model.
To analyze land cover impacts, the model was run for a current scenario (2012 land cover
map) and for the scenario of 1990. To investigate the impacts SLM implementation has on
pollination services, a modified biophysical table was implemented with different floral
availability (FA) and nesting site (NS) values. The output of the InVEST model is presented
in form of maps which contain values that function as indices of pollinator abundance and
contribution to crop pollination, wherefore the legends of the maps do not have units.

5.1.

Impacts of land-cover changes on wild pollinator abundance

Chapter three showed and explained differences in the proportions of the three land cover
types between 1990 and 2012. Therefore, it was expected to discern differences in
pollination services between the two LULC scenarios. Figure 16 demonstrates significant
differences between wild bee abundance in 1990 and 2012. The map on the right shows
much larger areas of red, representing high abundance and much less areas of dark green,
representing low abundance. Overall, abundance was increased by 11% from 1990 to
2012.

Figure 16. Wild pollinator abundance 1990 and 2012

The differences could be explained by the increase in the natural area in combination with
the decrease in the agricultural area. In 2012, proportionally more natural area is available
and with that the supply of nesting sites and floral resources is increased. In the same time,
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the growth of the urban area from 2012 to 1990 does not seem to have an impact. This
could be due to the fact that the overall proportion of urban territory remains small and its
spread did not happen by the encroachment on the natural areas. Therefore, the spreading
of urban area did not significantly impact the natural area.
The abundance indices show that the upper margin of abundance did not increase
(maximum of 0.1 in both years) but rather the areas with large abundance grew. To explain
this, it is relevant to look at the division in land cover in more detail, namely by
investigating which CLC classes, types of vegetation, were most present among the main
class ”agricultural” and “natural”. This will provide information about the FA and NS ratios
for each class which can further explain availability of pollinators.
CLC classes that have high FA and NS are larger in 2012 than in 1990, Appendix 9.1, Table
32. For example, Moors with a FA of 1 and NS of 0.9/01 and grasslands with FA of 1 and NS
of 0.8/0.2 are more abundant in 2012. In comparison, in 1990 for example beaches were
significantly larger with an FA of 0.1 and NS of 0.3/0.6. Knowing that low floral availability
and nesting site availability mean that there are few resources for wild bees, this
observation can be a legitimate explanation for the increased pollination services in 2012.
In addition, looking at the changes in agricultural areas it is also evident that overall classes
that are larger in 2012, have a relatively higher FA and NS, such as Fruit trees and berry
plantations (222) with FA of 0.9 and a NS of 0.4 which is 65% larger in 2012. Whereas in
1990 agricultural areas were much larger which have relatively lower FA and NS, such as
permanently irrigated (212) with FA of 0.05 and NS of 0.2/0.4 which was over 100%
larger. For details see Table 33 (Appendix.9.1.). This shift in proportions of agricultural
classes from 1990 to 2012 can be seen as an additional reason for the higher abundance of
wild bees in 2012.
Consequently, it can be observed that changes in agricultural and natural land cover have
high impacts on pollinator abundance and with that on potential pollinator services.
Nevertheless, it can also be observed that total pollinator abundance is rather low in the
study area with indices closer to zero than to the maximum of one.

5.2.

Impacts of SLM on bee abundance and crop production

This section will provide an analysis of the potential that SLM implementation has for
enhancing pollinator services. To understand the impact a SLM implementation would
have a LULC map with increased FA and NS values for agricultural classes was
implemented into InVEST. The FA values are increased due to green manure increasing the
floral cover, as well as reduced tillage. NS values are increased due to reduced tillage
positively affecting the ground nesting availability. If this output is compared to the output
of the current scenario, it is obvious that SLM has significant effects on the abundance of
pollinators with an increase in 26% abundance of wild bees which would lead to a 15%
increase in crop production (see appendix9.2). This increased overall pollinator abundance
is demonstrated in Figure 17. The overall abundance increased under SLM and especially
45

the eastern part of the study area experienced a large increase in pollinator abundance
(purple color). It can also be seen that generally the maximum of the pollinator abundance
index increased from a maximum of 0.1 in 2012 to a maximum of 0.13 under SLM. Meaning
that not only larger parts of the study area have more pollinators but also the overall
number of pollinators was increased.

Figure 17. Overall wild pollinator abundance 2012 compared to SLM

The increased value is observable not only in areas where abundance was already high but
also in areas that had less wild pollinator supply (top right part of the map). A closer look at
the changes per CLC class demonstrates that the highest increase occurred for Vineyards
(class 2211), followed by Crop mixture (class 2421). Lowest changes can be observed for
Rice fields (class 2131). This can be explained by the low increase in FA and NS values
through SLM implementation. For details see appendix9.2.
Next, we want to compare how the distribution of the overall pollinator abundance
changed spatially through SLM implementation.
Figure 19 on the right shows current conditions of bee abundance. The correlation between
high bee abundance areas (red) and CLC classes with high FA and NS can be seen (blue for
natural areas and green and purple for the two main agricultural suppliers). The circle
indicates an area with low bee abundance under current conditions due to low density of
classes with high FA. The Figure 18 on the left shows the areas with highest increases in
bee abundance under SLM implementation. Areas with naturally low abundance now
experience high increases due to increases in FA in the CLC classes present in those areas.
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Figure 19. Added bee abundance (purple), LULC
classes highest increase in abundance (green),
and LULC with overall highest FA(yellow)

Figure 18. Current highest pollinator
abundance (red), CLC classes with highest FA.

Pollinator abundance is not only relevant for maintenance of biodiversity but also for crop
yield. Figure 20 shows how this overall increase in abundance is related to changes in the
contribution of wild pollinators to crop production. In 2012, most of the study area had low
to medium contribution of wild pollinators to crop production, except for the center of the
study area. The map on the right shows how this changes under SLM implementation. Now,
the majority of the area shows medium to high contribution to crop production. Further it
can be seen how the maximum contribution slightly increased from and index of 1.6 to 1.7.

Figure 20. Crop production value 2012 compared to SLM

47

This means that not only larger parts of the area experience a high contribution of
pollinators to crop production but that crop yields are also increased. To explain this in
more detail an analysis of the changes in individual CLC classes follows.
In Table 13 it can be observed that the largest crop production value increase (yellow)
occurred in permanently irrigated (2121) with 21%. However, it still has the overall lowest
crop production index of 1.0. The lowest increase (red) has Rice (2131) with 7%. These low
values can be explained by the fact that despite SLM implementation, these two classes still
have the lowest FA and NS resources and consequently low pollinator abundance and low
value contribution. The high percentage increase in 2121 in comparison to 2131 is mainly a
result of 2121 having relatively high pollinator dependency wherefore an overall increase
in pollinator abundance in the area also benefits crops that have low own abundance. The
rice class on the other hand has very low dependency and therefor no large increase can be
expected.
Table 12. Changes in crop production through SLM
Class
SLM

Crop
production SLM

Difference crop
production %

Pollinator
dependency

2111

1.3

16

0

2121

1

21

0.5

2131

1.27

7

0.2

2211

1.79

20

0

2221

1.8

11

0.65

2231

1.7

18

0.1

2311

1.5

14

0.1

2411

1.5

16

0.6

2421

1.6

19

0.3

2431

1.7

13

0.1

2441

1.4

12

0

The overall highest crop production value (turquoise) resides in Orchards (2221) with 1.8.
This can be explained by the fact that it has the highest FA of all the agricultural codes. In
addition, it has a very high pollinator dependency wherefore an increase in bee abundance
has high impact on the value contribution.
We can see that SLM implementation can lead to an overall increase in pollinator
abundance. This overall increase provides a high opportunity for crop yield increases
especially in areas that are naturally less attractive to pollinators.
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6. Opportunities of SLM implementation as landscape restoration
method
This chapter relates the findings of the previous chapters to each other and shows how the
results can be applied in decision-making for landscape restoration.
I explained in the introduction how relevant ecosystem services are for human well-being.
For example, freshwater provisioning is a very essential ecosystem service that contributes
to human well-being in many ways, such as providing drinking water, water for irrigation
and crop production. Especially in the SRC water supply is a topic of high relevance and
concern, due to low precipitation rates, high temperatures and expected impacts of climate
change. Also land use and land cover can impact the hydrological cycle and with that
impact water availability and crop production (Sharp et al. 2016). Similarly, pollination is
of enormous relevance for maintaining human well-being. Wild pollinators are relevant for
75% of the world’s important crops (Sharp et al. 2016). Especially in mixed landscapes of
agricultural and natural areas it can be a valuable service, enhancing the stability of seed
and fruit crops, its yield and quality (Allen-Wardell et al. 1998, Free 1993 in Sharp et al.
2016).
However, it was also mentioned that these services are endangered in many parts of the
world and also in the SRC. Land degradation due to bad practices and overuse is causing
erosion, water scarcity and loss of soil fertility. This leads to increasing needs in irrigation,
fertilizer and extension of agricultural territories which destroys habitats for wild
pollinators and leads to biodiversity decline. Therefore, this thesis investigated how
changes in land cover and land management could function as a means of landscape
restoration in south-eastern Spain.
The investigation of land-cover changes showed how large scale changes in vegetation
cover impact water availability and pollinator abundance. The investigated changes now
largely occurred without the intention to impact one of the two services. However, the
results show the potential that large scale landscape changes have for each of the two
ecosystem services. For example, sub-watersheds that saw large increases in grasslands
experienced significant increases in water yield. Consequently, changing current land cover
by extending the proportion of grassland could be a solution for highly drought endangered
territories. Further, we saw how pollinator abundance increased largely due to an overall
reduction of the density of agricultural area and by creating more diverse landscapes. In
addition, we saw that a change of landscape from largely vegetable production to more
orchards also supported an increase in pollinator abundance. Consequently, we can see
how for areas that experience high pollinator scarcity a change of agricultural production
or an implementation of more natural areas could help to increase pollination services.
However, we also saw trade-offs between the two ecosystem services as for example
territories that experienced large increases in forest area suffered from decreases in water
supply but at the same time saw increases in pollinator abundance. Therefore, decisionmakers need to consider the characteristics and needs of each area and consider all
impacts on other services that might occur when restoring one ecosystem service. This
shows that land-cover changes are rather complicated large-scale projects that are time
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and cost intensive, therefore another option was investigated which could restore
degraded landscapes more instantaneously.
We explained that sustainable land management can be applied in many different forms
and that depending on the characteristics of the landscape it has proven to enhance the soil
quality of degraded lands (Almagro et al. 2016). Further, it was mentioned that through an
enhancement of the soil quality the ecosystem functioning and provisioning of ecosystem
services could be enhanced. In this thesis, green manure and reduced tillage was applied as
SLM which is known to increase the organic matter content of the soil and with that further
enhance the available water content. The results showed that by changing the biophysical
structures of the ecosystem, both water supply and pollination services are affected
positively. These positive changes in form of increased water yield, and increased
pollinator abundance thereby further help to enhance other ecosystem services. For
example, more water yield means less soil erosion as well as increased climate resilience.
More pollinators would mean higher crop quality and an ensuring of species diversity.
Consequently, we can see how an implementation of SLM is able to directly and indirectly
effect different ecosystem services. Thus, sustainable land management can contribute to a
healthy ecosystem and a large-scale implementation could function as a means to restore a
degraded landscape, in south-eastern Spain.
This opportunity of SLM implementation can further be exemplified by presenting the
monetary value and the added benefits of SLM implementation for each of the ecosystem
services.

6.1.

The monetary value of increasing water yield

This report so far showed that an implementation of SLM would either impact plant growth
or increase water availability in agricultural areas. The total increase in water yield
accounted for solely 3% which seems negligible. Consequently, an investigation of the
monetary terms of this increase can enhance our understanding of the effect and value of
SLM implementation. This section presents the results of calculating the saved costs for
irrigation through SLM implementation. To do so, the costs of irrigation for the classes that
are potential SLM classes will be calculated and compared to the costs of those classes
under SLM. This calculation is kept rather simple without adding any costs of labor,
machinery etc. Its purpose is to provide a comparison of costs for water for irrigation
under current conditions and under SLM conditions. Providing a rough estimate of how
much costs for irrigation could be reduced by implementing SLM can support the
biophysical findings and demonstrate a more holistic picture of the benefits of SLM.
Table 14 presents the costs of irrigation under current conditions. The average price for
irrigation water is 0.19 Euro/m3 (Soto Garcia et al., 2014). The table shows that costs for
irrigation, of the listed classes, are around 100 million Euros per year. How beneficial an
implementation of SLM is for reducing the irrigation costs is demonstrated by subtracting
the total water consumption under SLM (calculated by the InVEST water scarcity module)
from the total water consumption under current conditions. The water savings will be
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Table 13. Cost for irrigation for considered CLC classes under current
conditions
Class
211
221
222
223
242
TOTAL

Description of
classes
Non-irrigated
arable land
Vineyards
Fruit trees and
berry
plantations
Olive groves
Complex
cultivation
patterns

m3/ha/y

ha class

total m3/class in
million

Price in million
Euro

89

396299

35

7

29

992729

29

6

1528

291557

445

85

45

528711

24

5

144

199629

29

6

562

109

subtracted from the water demand of the SLM classes because these are also the classes in
which the available water content was raised. The additional costs of SLM implementation
will be added to the calculated irrigation costs, by subtracting the money saved for reduced
tillage from the costs for green manure seeding because costs for tillage were not included
in the calculation of the current scenario. The results are presented in Table 15. The cost
estimation shows that SLM implementation in those five classes would generate an overall
saving of 70% of irrigation costs which is a value of around 75 million Euros.
Table 14. Saved irrigation costs SLM implementation
SLM water
consumption 5
classes m3/y
50,000,000

2.2.

Costs SLM
implementation
million €
24

Costs
irrigation
million €
9

Total costs
million €

Saved costs
million €

Saving
in %

34

75

70

The monetary value of enhancing pollinator services

It was demonstrated that pollinator abundance could be significantly increased by
implementing SLM. This section will portray which monetary value an increase in
pollinator abundance would have for crop production.
First, the value of current crop production due to wild pollinators is calculated and then
compared to the increased value due to SLM implementation. A simple formula is used to
generate a rough estimate of the value crop production has due to wild pollinators, see
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Chapter 2.2.3. Thereby, no costs of labor, machines etc. are included. The calculation is
solely based on current crop production values, the dependency of those crops on
pollinators and prices farmers receive for their crop production per year.
The first step was to create groups of crops which are dependent on pollinators. Based on
the crops listed in the MCA the five following groups have been formed: Fruit trees Peach,
Nectarine, Apricot; Almonds; Fruit trees rest; Vegetables and Orchard. The next step was to
make a more detailed selection of pollinator dependent crops for the group Fruit trees rest,
Vegetables and Orchard. For this, statistics of the region of Murcia were used to select the
main crops grown in this area. The region of Murcia makes up over half of the area of the
SRC wherefore it was used to extrapolate values. In addition, the pollinator database from
the FAO (2017) was used to identify dependencies of crops and receive an average
dependency value per group. Last data from the Spanish Ministry of Agriculture (SMA) was
used to get average values for prices and productivity by dividing the total amount of a
crop produced in Spain by the total cultivation area. The received productivity in ton per ha
was multiplied with the price per ton. Finally, to calculate the value for the SRC the area in
ha of the agricultural codes of the CORINE map were crossed with the percentage data of
the crops from the MCA map. This way the total area in ha of each crop group was
calculated for the SRC (Table 18).
For fruit trees Peach, Nectarine, Apricot, Table 15, no further grouping was necessary as
these crops were directly listed in the MCA, also productivity data of this group were
defined according to data of the SMA. For Almonds, this was the same. Fruit trees rest, was
grouped according to the remaining fruit trees listed in the MCA and data availability of the
SMA. The data applied from the SMA were summed for the different groups and an average
was taken to obtain an overall value of productivity in tons per hectare per year and an
overall price per ton in euro (price that the farmers obtain).
Table 15. Productivity pollinator dependent fruit trees Spain
2014
Crop
Fruit trees
(Apricot/Peach)
Almond

Ha Spain

Tons produced in
thousands, Spain

Productivity
t/ha

Price
Euro/Ton

86196

1,573

18

463

527029

196

0.4

1476

Fruit trees
Pear

23643

373

16

444

Plum

17003

232

14

478

Pomegranate

3922

45

12

508

14

477

Total Fruit

Table 16 shows the selection of crops used for the orchard calculation. This latter group
exists in the MCA and leaves unclear what kind of crops are part of it. Normally, many of
the already listed crops would be classified by the orchard group, however to avoid double
counting; only crops were used that were not yet in any group.
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Table 16. Productivity pollinator dependent orchard crops,
Spain 2014

Chestnut

Ha
Spain
31157

Tons produced in
thousands, Spain
161

Productivity
t/ha
5

Price
Euro/Ton
150

Raspberry

1484

14

9

1700

Kiwi

4653

21

5

831

Banana

9130

364

Orchard

Total

40

502

15

796

In Table17 the selection of vegetables used to obtain an overall vegetable value for
productivity and price is listed. These vegetables were chosen by selecting all vegetables
with pollinator dependency from the list of vegetables grown in the region of Murcia. In
addition, the amount of ha was summed and subtracted from the amount of ha of
vegetables grown that are not dependent. This showed that slightly more than half of the
crop production area in Murcia is dependent on pollinators wherefore half of the vegetable
area calculated with the MCA was used. From the list of vegetables identified it was
checked for which of them detailed data was available from the SMA. This data was, as for
the group of rest fruit, summed and the average taken. For vegetables, it is further
necessary to mention, that most of the vegetables grown in the area are not directly
dependent but need pollinators for the seed production. In this study, it was therefore
Table 17. Productivity pollinator dependent horticulture, Spain 2014. *2008

Broccoli

Ha
Spain
26612

tones produced in
thousands, Spain
446

Productivity
t/ha
17

price
Euro/Ton
375*

Cauliflower

6610

152

23

375

Potato

76129

2,544

33

173

Melon

23800

751

32

263

Watermelon

18059

923

51

175

celery

1730

49

28

270

Vegetables

cabbage

5489

173

32

270

Onion

24961

1,365

55

181

Green peas

6001

51

9

656

Paprika

18513

1,131

61

651

Garlic

20965

177

8

938

Alfalfa

3361

177

53

148

Zucchini

10102

464

46

442

Eggplant

3423

209

61

521

Carrot
Total
Vegetables

6926

377

54

292

38

383

53

assumed that they are totally dependent and the value one was chosen for the specific
vegetables.
Using the formula mentioned in section 2.2.3. the value of crop production due to
pollinators was calculated for all five groups. Table16 presents the results of all before
mentioned steps and presents the total value of pollinator dependent crop production in
euro per year for each of the five groups.
Table 166. Crop production value of pollinator dependent crops in Euros/ha/year
Dependent
crops
Vegetables
Fruit trees
(Apricot, Peach,
Nectarine)
Almond
Other Fruit
trees
Orchard

Total
area SRC
ha
78934
59749
136985
4626
14250

Tons per
year in
thousands
2,999

383

Total Production
value in million
Euros
1,149

Total value
Pollinator in
million Euro
919

0.7

463

498

349

55

0.7

1476

81

57

65

0.7

477

31

22

214

0.5

796

170

85

Depend.

Price
Euro/Ton

0.8

1,075

For the SLM scenario SLM implementation costs were added. This was done by taking data
from the DESIRE project (DESIRE, 2011). In this study, a combination of reduced tillage and
green manure was implemented as SLM. However, tillage costs were not included in the
calculation of the current crop production values, therefore the saved costs for reduced
tillage in the SLM scenario were also not included here. However, the costs saved for
reduced tillage were subtracted from the costs of sowing green manure seeds.
Consequently, a value of 10 Euros/ha/year was calculated as SLM costs for all crop groups.
To decide on an added value to crop production through SLM, the percentage received
from the InVEST model was used. The average of the values of the affected classes was
taken per group of crops. Results are presented in Table 17. Due to the high dependencies
of the grouped fruits and vegetables the value increase can be significant. The results show,
that overall SLM can generate an increase between 8% and 14% which are added values
from 4 million to 130 million Euros. Highest added value in million euros can be observed
for crops that grow in classes with normally little floral availability where SLM
implementation would significantly increase the resources for bees and with that the bee
abundance.
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Table 177. Added value SLM in Euros per year

Classes
affected

212/213
222/242
222/242/243
212/222/242
241

Crops

Vegetables
Fruit
(P,N,A)
Almond
Other
Fruit
Orchard

Total value
pollinated
crops
million
Euro/y

Costs
GM/ha in
thousand
Euros

Crop
production
increase

Added
value
million
Euro/y

919

789

14%

129

Total
value
pollinated
crops SLM
million
Euro/y
1,047

349

597

15%

52

401

13%

57

1,370

11%

6

62

8%

22

46

17%

4

26

14%

85

285

16%

14

98

14%

Increase
in value

12%

The two calculation sections demonstrate that implementing SLM has opportunities for
landscape restoration by directly enhancing biophysical conditions, indirectly supporting a
good status of the entire ecosystem and last by increasing the monetary benefits.
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7. Discussion
This chapter discusses the limitations, assumptions and the importance of the results in
relation to findings of related research. Further, the applicability of the model is discussed
and finally, the suitability of the results for ecosystem restoration in the AlVelAl area is
illustrated.

7.1.

Limitations

There are a few relevant limitations to this study that will be explained in the following.
Although, not a large range of ecosystem services was investigated, this study could
provide insights into the effects of land-cover changes, SLM implementation and climate
change on two relevant ecosystem services.
Notwithstanding that, InVEST is a rather simple model that also runs with simplified input
data and generates rather indices than precise values, especially with regards to the
pollination model, for the purposes of this study this simple model was well applicable. The
aim of this study was to provide preliminary insights into the effects of SLM and climate
change in the study area. This aim could be reached and valuable results were obtained
that can be investigated in more detail in follow-up studies.
Another shortcoming is the uncertainty that resides in the LULC maps applied. There is for
one the natural ambiguity that comes with classifications of land use/land cover such as
‘non-irrigated land’. Further, there is an inaccuracy in the maps that occurs because theyr
are not updated on a yearly basis wherefore not recent changes in land use/land cover are
not accounted for by the map producers, such as yearly crop-rotations or land
abandonment. Nevertheless, the aim of this study was to generally understand the effects
of SLM implementation and land-cover changes on the ecosystem services in the study area
as a large. Due to this reason, precise territorial maps were not necessary for the scope of
this study.
Last, an aim of this study was to provide not only results on a biophysical scale but to also
give an estimation of the monetary benefits that could result from an implementation of
SLM. Consequently, to provide a first preliminary insight into the magnitude of monetary
benefits simplified and averaged input data were used. For the purpose of this study it was
not necessary to provide an extensive economic analysis and account for all possibly
relevant factors such as labor costs or machinery. Therefore, to generate and estimation of
monetary benefits only the most relevant elements were accounted for. Details about the
input data can be found in Chapter 6.1. and 6.2.
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7.2.

Underlying Assumptions

Underlying conjectures play an important role in most studies. It starts with the
assumptions that the model is based on. The models of InVEST are based on presumptions
regarding links between biophysical factors. For example pollinator abundance is defined
by floral availability and nesting site suitability or water yield is defined by the water that is
not evaporated by the time it reaches the outflow of the sub-watershed, for details see the
user InVEST user guide (http://data.naturalcapitalproject.org/nightly-build/invest-usersguide/html/).
Next to the model presumptions, the results of this thesis are based on a couple of other
relevant assumptions. To facilitate modeling and to receive a clearer indication of the
effects of SLM it was presumed that all farmers in the SRC would implement SLM. This
plays an important role because the magnitude of the results highly depends on the degree
of implementation. However, a 100% rate of adaptation is in most cases unlikely. Even a
large-scale implementation is only realistic if policy incentives are released that support
such an implementation, and if knowledge about the benefits of SLM is distributed among
the farmers.
A second important assumption is a steady state which means that results do not account
for extreme weather events or monthly changes. However, the relevance of accounting for
such these events and changes is not certain and would first need to be evaluated in a
separate study. Consequently, for now it can be assumed that the averaged values provide a
realistic enough representation of the conditions in the study area.
In addition, as mentioned before the LULC maps are rather broad classifications wherefore
to provide a water consumption estimate assumptions needed be made about more specific
crop covers in each class. Nevertheless, these assumptions play a minor role with regards
to the aim of the study to generate an insight into the impacts in general rather than
providing detailed consumption patterns of all crops.
Moreover, to model pollination it was assumed that the most abundant bees in the region
of Almeria also account for the region of the SRC. This assumption had to be made due to a
lack of existing literature and knowledge about bee families present in the study region.
However, due to very similar biophysical conditions in the neighboring provinces
similarities in bee species are very likely. Moreover, it was assumed that also in the SRC the
main wild pollinators are bees, wherefore other types of insects have not been accounted
for in the modeling. Finally, in this study only wild pollinators were accounted for because
this is where the gap in research and current knowledge reside. However, in most regions
managed honey bees and other colonies are generally the most important pollinators
which would need to be taken into consideration in restoration decisions.
The last important assumption concerns the monetary valuation. Due to lack of time and
data it was presumed that the crop production of the region of Murcia is representable for
the entire SRC. This is relevant because crops have very different dependencies on
pollinators, prices and productivity rates. Consequently, the value calculated depends
strongly on the crops grown. However, as Murcia constitutes more than half of the study
area and all provinces have similar biophysical conditions, these assumptions should
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provide a realistic enough estimate of the total crops in the area for the purposes of this
pioneer study. Further, also here the generated value only accounts for current conditions,
such as current production values, rates and prices. Thereby, it is not accounted for
incidences such as pests, changes in consumption, policy interventions etc.
Notwithstanding, the relevance of the impact of these incidences on the monetary value is
not certain and to analyze that was not within the scope of this study.

7.3.

Relevance of Results

Water yield
One of this study‘s aims was to demonstrate how the implementation of reduced tillage and
green manure could improve water availability in the study area. The outcome showed that
SLM implementation would either support plant growth or increase water yield, depending
on the original conditions of the sub-watershed. Even though water availability was not
increased for all sub-watersheds, an overall increase of 3% was observed. For subwatersheds that did not experience an increase in WY the increase in AET can be
interpreted as a positive effect on plant growth. The positive results of SLM
implementation are supported by Bossio et al. (2010) who stated that land degradation,
management and water supply are strongly connected and that sustainable land
management such as organic farming and conservation agriculture (reduced tillage and
cover crops) can improve agricultural conditions and water balances. Similarly, Alvarez
and Steinbach (2009) support that reduced tillage leads to higher soil water content but at
the same time would decrease crop yield because of reduced nitrogen levels in the soil.
However, in this study reduced tillage is combined with green manure which is known as a
nitrogen fixer wherefore crop production is expected to not be impacted negatively.
According to findings of the DESIRE project crop yield could even be increased by
implementing reduced tillage and green manure (DESIRE, 2011). Despite, the fact that the
results showed a generally positive feedback, results in some parts of the study area were
not explainable and seemed to be the outcome of resolution differences in input layers.
Moreover, there is substantial uncertainty regarding the degree of SLM implementation
and this could affect SLM’s effects as a land restoration strategy. In this study, it was
assumed that in all possible areas SLM would be implemented, however, according to Hein
(2007) there is considered uncertainty regarding the adoption of SLM due to multiple
factors. One important reason for low rates of SLM adoption is the lack of knowledge about
the costs of land degradation and the benefits of SLM (Hein, 2007). Lower adoption could
result in significantly lower effects of SLM implementation. However, a similar study by De
Vente et al. (2015) found increases in water yield of 2% with an SLM implementation rate
of 10% of the possible SLM implementation area. This demonstrates that SLM adoption
already effects overall water yield under low adoption rates. Furthermore, to support
higher implementation rates added value of SLM was not only measured in biophysical
terms but also in monetary terms. Regarding the SLM results another uncertainty was that
the model calculated changes in areas where hardly agricultural area is, so where hardly
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SLM implementation took place. This is largely the case in the north-west such as
Anchuricas and Fuensanta which have a maximum of 10% agricultural surface, however
experienced large decreases in AET and increases in WY. Consequently, these results are
likely not caused by SLM implementation but rather a result of resolution differences in the
input layers. This means, the model is using data from neighboring pixels which should not
be applied. The exact causes of these results need to be investigated in more detail in a
separate study. Nevertheless, the affected part of the study area was minor wherefore the
overall effect of SLM implementation was still clear and demonstrated potential for
landscape restoration.
To better understand feedbacks and trade-offs it is necessary to model effects on a broader
range of ecosystem services. Therefore, the results of Felipe Castano’s study should be
compared and synthesized with this one. Analyzing outputs jointly cannot only enhance
knowledge about trade-offs but can also support conducting a better monetary valuation.
This could be done by including the effects of restoring one ecosystem service on the yield
of another ES, such as effects of reduced erosion on the increase of the lifespan of
reservoirs to restore surface waters. Furthermore, a joint analysis is recommended to be
able to decide on sub-watershed bases which ecosystem services are most degraded and
which one is most relevant to restore. To do so it is advised to investigate where to best
implement SLM within the study area and compare and evaluate the impacts on each of the
ecosystem services (Mekonnen et al., 2014).
The analysis of land cover impacts on water yield demonstrated that the SRC experienced
an overall decrease in mean water yield of 11% from 1990 to 2012. Reasons for decreases
on a sub-watershed level were not always visible. However, it was claimed that the main
reason could be the increase in natural area of 17%, which mainly consisted of increases in
forests, shrublands and grassland and decreases in agricultural area (Contreras and
Hunink, 2015). Increases in forest and shrublands would thereby lead to higher
evapotranspiration and consequently less water yield. However, increases in grassland
would result in the opposite. Decreases in overall water yield were observed for different
watersheds in Spain. Gallart and Lllorens (2013) state that decreases in water supply over
the last decades are thereby not just a result of increased irrigation and climatic changes
but rather a result of afforestation of headwaters. This could justify decreases in water
yield in the catchments that experienced strong increases in forest areas. This is further
supported by Zhang et al. (2001) who claim that forest catchments have higher
evapotranspiration than grassland catchments. However, the latter further mentions that
this difference is more relevant for areas with more than 500mm of precipitation, which is
only valid for the north-west of the study area, so not a viable explanation for decreases in
all sub-watersheds. Similarly, Bagstad et al. (2012) found that grassland has a higher water
yield and lower evapotranspiration. Therefore, to identify definitive reasons for the
changes in water yield of the different sub-watersheds a model would needed that has
more detailed results and allows for better analysis of causes and effects.
The output of the climate change modeling demonstrated high decreases in water yield off
35% in the RCP 4.5 2030-2050 (CC1) scenario and up to 70% in the RCP. 8.5. 2080-2100
(CC4) scenario. The results of the RCP 4.5 thereby correlate with the findings of other
studies that predict decreases of up to 34% for southern Spain (Ayala, 2002). According to
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Diaz et al. (2007) these current climate change predictions would lead to an increase in
irrigation needs of up to 20% wherefore findings of this study predicting an increase in
mean water yield with SLM implementation could function as an adaptation strategy.
However, findings also showed that an SLM implementation under climate change would
cause a further decrease in mean and an increase in AET. The values are very small but
they indicate that crop yield could be increased and drought resilience enhanced even
under the most severe climate change scenario. These findings support studies, such as
Zhang and Oweis (1999) who found that crop yield increased linearly with
evapotranspiration increases. This indicates that SLM implementation under climate
change could function as a means to increase vegetation cover thereby increasing drought
resilience in a semi-arid climate. Further, Lal (2006) states that there is a strong
relationship between soil organic carbon (SOC) and AWC and the capacity to withstand
droughts. This would additionally support the choice of implementing RTG as a sustainable
land management option in south eastern-Spain.
Pollination
Under current global problems such as pollution of water surfaces and climatic changes the
choice to investigate pollination instead of other seemingly more relevant ecosystem
service might seem to be an irrelevant choice. However, the importance of generating more
knowledge about pollination services and their declines has been expressed by different
national governments (Zulian et al., 2013) and international studies (ipbes 2016, Grafius
2016). This relevance is especially given in the SRC where increasingly degraded soils lead
to crop yield decreases wherefore pollination services are more and more relevant to
remain high quality crop and seed production. Moreover, the results showed that pollinator
abundance is generally very low in the study area with indices around 0.1 wherefore there
is a need to enhance the natural conditions for wild pollinators. Consequently, results that
provide an indication of the status and impacts on pollination services are highly relevant
for current and future land management decisions.
The results of the pollination model are rather vague and solely provide indices of the
correlation between landscape structure and bee abundance. According to Sharp et al.
(2016) this simplicity is a result of the lack of absolute numbers of floral resources and
nesting sites. Nevertheless, the results provide an indication of the factors that positively or
negatively impact pollinator abundance. Our results demonstrated for example that more
diverse landscapes affect pollinator abundance positively which supports the findings of
Steffan-Dewenter et al. (2002). Similarly, Weiner et al. (2011) found that species richness
increased with less dense agriculture and more floral availability. However, this cannot be
supported by this study because species richness was not accounted for. Further, it was
demonstrated that SLM implementation is beneficial for pollinator abundance, which has
not been investigated by other studies with regards to the combination of RTG.
Notwithstanding, Norfolk et al. (2016) found that it is beneficial to have flowering ground
vegetation in orchards. Also, Sanchez et al. (2014) and Nicholls (2013) discovered that
planted field margins benefit pollinator diversity as well as abundance. In this study, it was
assumed that reduced tillage has a positive effect on ground nesting availability. This is
supported by Cane (1996) and Shuller et al. (2005) but could not be proofed by Julier et al.
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(2009). However, to account for this uncertainty in the effects of RT, the increases in
ground nesting through SLM were kept very low in the input data.
Other uncertainties in this study are the flight ranges and bee activities selected for the
pollinator families because different species within one family have very different
behaviors. Consequently, not knowing the exact species in the area required making
assumptions which cause inaccuracy in the results. According to Walther-Hellwig (2000)
and Greenleaf (2007) it is however relevant to know the flight ranges in order to find out
how the bees respond to the landscape. In addition, the model does not account for
weather and climate parameter which however according to Connell (2000) and Corbet et
al. (1993) is relevant for determining the activity and pollination service of the bees.
Moreover, the lack of climate parameter is problematic because impacts of climate change
cannot be analyzed. However, according to several studies (Scaven & Rafferty 2013, Murcia
1990, Aarssen 1995, Aspi et al., 2003) climate change might have significant impacts on
pollinators by impacting flowering times, plant heights and pollinator activities. Especially
in southern Europe impacts on plants inform of reduced flowering are expected. This could
have strong impacts on pollinator abundances and species richness (Scaven & Rafferty,
2013).
Further, I could observe that crop production in all agricultural classes increased with
increasing pollinator abundance. This supports the findings of Kennedy et al. (2013). They
found out that conventional agriculture benefits from pollination services if the
surrounding landscape has a high quality. In that sense, pollinators can also profit from
agriculture, if the crops grown increase ground nesting possibilities or if crops provide high
floral availability, such as oil seed rape (Klein et al., 2007). Consequently, agricultural
surfaces are not necessarily negative. This is supported by the findings of this study which
demonstrated very high pollinator abundances in orchards.
Last, this study measured the monetary value of crop production due to wild pollinators.
According to Zulian et al. (2013), this is a legitimate technique. However, even though it is
one of the most widely applied methods it is also criticized by for example Muth and
Thruman (1995). They fault that this method does not distinguish between average and
marginal contribution of pollinators and further does not include actions that the farmer
might take to counterbalance losses. Knowing about the simplifications applied to calculate
the monetary value in this study it is acknowledged that the values might not be completely
reliable. However, the aim of the calculation was rather a comparison between SLM and
non SLM values and whether SLM could generally increase the monetary benefits.
Consequently, even though the value might not be exact it still demonstrates that a wide
range of crops is dependent on wild pollinators and that they significantly add to the crop
production and to the farmer’s income. Moreover, it was demonstrated that added crop
yield exceeds SLM implementation costs. This can be a highly useful indicator for decisionmaking in landscape restoration contexts. This finding is supported by Blaauw et al. (2014)
and by the DESIRE project (DESIRE, 2011).
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7.4.

Model Applicability

The two InVEST models applied expressed different forms of applicability for this research.
The main reason is that they have very different degrees of complexity with regards to
input requirements and output data.
The water yield module requires a range of biophysical input data that is time consuming
to receive and prepare. Further, good GIS knowledge is necessary for the data preparation
and analysis. Consequently, in the case of this research applying the water yield module
would have not been possible if large parts of the data would have not already existed. Also
other studies found that the applicability of this model is time consuming and not feasible
without specific skills (Bagstad et al., 2013). Regarding the results, it can be said that the
output showed to be relatively close to reality and with that provided a relatively realistic
measurement of the availability of water in the study area. This is supported by findings of
Sanchez-Canales et al. (2012) who state that the water yield module can produce good
results if the precipitation and evapotranspiration input data match the characteristics of
the study area. However, the water scarcity module was less useful for a detailed analysis
and the results rather provide a rough estimation of overall water consumption and
availability. The results do not allow for much additional analysis as they only consist of
values for the entire watershed. Consequently, it was not possible to make spatial
differentiation between sub-watersheds and CORINE classes. Last, the function to analysis
monetary values only exists for hydropower and not for pure water availability which
therefore needs to be evaluated manually, if needed. For the purpose of this study, the two
modules proved to be an overall useful tool and allowed a general analysis of the status of
water yield in the study area. For a more detailed analysis the modules are possibly less
useful or require an application of additional tools.
The pollination model requires less biophysical input data and with that less
parameterization and calibration. The model is rather based on expert opinion and
extrapolation from literature, wherefore it is also applicable in studies that have limited
time and especially data availability. Generally, this means that the results lose accuracy
with regards to truly matching the environmental characteristics of the study area.
However, the results are in itself of a rather vague nature by consisting of indices rather
than concrete numbers. Therefore, it is less problematic that the input data was based on
extrapolations from literature. The results provide the user with a relevant estimation of
pollinator availability in different parts of the area and the correlation between vegetation
cover and pollinator supply becomes more cl. A true shortcoming of this model for the
purposes of this study is that it does not allow for an analysis of impacts of climate change
as the model does not require any climatic input data. In addition, the economic valuation
function of the model does not provide any economic data but also rather an index that
however, comes without any references of magnitude. This means the InVEST guide
doesn’t provide precise information about the range of the monetary index values,
wherefore results are difficult to compare to other studies. Consequently, also here a
monetary valuation needed to be conducted manually.
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7.4.1. Applicability of the results for AlVelAl
In this study, it was claimed that the results are applicable to study areas with similar
biophysical conditions. Therefore, in the following, it is discussed how and if the results of
the water yield model and the
Table 18. Comparison percentage of area of main LULC pollination model can be applied to the
AlVelAl area.
classes, SRC and AlVelAl
First, it is presented how the pollination
data used for the SRC could be applied
Urban
to the AlVelAl area by simply replacing
Agricultural
47
47
the LULC map. With that new LULC and
an adapted biophysical table (using the
Natural
50
51
LULC classes present in the new study
area) the InVEST model can be run with the other original data. The output is then first
compared with regards to the land cover. Table 18 shows that the proportions of the four
main land cover classes in the SRC and AlVelAl area are very similar. This means that the
results are better comparable, because pollination services are to a large extent dependent
on land cover distribution.
Class

Area SRC 2012
%
2

Area AlVelAl 2012
%
0.8

Knowing that the land cover distribution is similar and that both areas are in the same
geographical region, it is likely that they have the same main wild pollinator families. Under
these conditions the model can be run and compared. Table 19 shows that the results for
the pollination services are very similar. The same can be observed when the SLM option is
implemented.
Table 189. Comparison total pollination services SRC and AlVelAl 2012
Service
2012

AlVelAl total agr.
service index

SRC total agri.
service index

Crop
production

11.8

14.1

Supply

0.6

0.7

Service
SLM
Increase
crop
production
Increase
supply

Change
SRC in %

Change
AlVelAl in %

15

13

30

27

The small differences in numbers can be explained when the proportions of the individual
agricultural classes are compared between the two study areas, see Table 20.
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Table 190. Comparison of percentage of area of single agricultural classes of total
agri. area, SRC and AlVelAl (red showing sig. differences)
Class

CLC Description

211
212
221
222
223
231
242

Non-irrigated arable land
Permanently irrigated land
Vineyards
Fruit trees and berry plantations
Olive groves
Pasture
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation
Agro-forestry
Total area SLM

243
244

AlVelAl area class of
total agricultural area%
41
6
0.04
22
6
0.5
10

SRC area class of total
agricultural area%
24
10
11
24
3
3
18

7

6

8
79%

1
80%

Analyzing the distribution of the agricultural subclasses, three relevant observations are
made. First, AlVelAl has a much larger non-irrigated area (almost half of the entire
agricultural area) whereas for the SRC it makes up only about one-fourth of the agricultural
area. This is significant because this agricultural class has a very low floral availability and
also low nesting site availability. This means low supply for wild pollinators. Consequently,
a larger percentage of an area with low FA and NS means that the overall abundance of
bees is lower. Further, the second significant difference is that the vineyard class is much
larger in the SRC, which on the other hand is characterized by a high floral availability and
medium nesting site availability. Consequently, having a larger proportion of a class with
high FA and NS should be beneficial for the overall abundance of bees in the study area.
Last, the size of the overall area in which SLM can be implemented is very similar. This is
relevant for estimating the similarity of the SLM effects between the two areas
Comparing the proportional difference of the natural classes between AlVelAl and the SRC,
Table 21, does not provide too much explanation for the differences in numbers.
Significantly larger in the SRC are only coniferous forest and natural grassland, which have
either high floral availability or high nesting site availability. These are both good
indicators for better values in the SRC.
Table 21 Comparison percentage of area of single natural classes of total natural area,
SRC and AlVelAl (red showing sig. differences)
Class

CLC Description

311
312
313
321
322

Broad-leaved forest
Coniferous forest
Mixed forest
Natural grasslands
Moors and heathland
Sclerophyllous
vegetation
Transitional woodlandshrub
Beaches, dunes, sands
Bare rocks
Sparsely vegetated
areas

323
324
331
332
333

AlVelAl %area of class of
total natural area
2
24
6
22
0.2

SRC %area of class of total
natural area
1
38
4
31
0.04

35

14

8

11

0.1
0.2

0.02
0.06

3

1
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However, in the AlVelAl area Sclerophyllous vegetation is significantly larger, which
according to the CORINE land cover (n.d.) (p.24) is a type of vegetation that is “generally
composed of kermes oak, arbutus, lavender, thyme, cistus, etc. May include a few isolated
trees.” and is characterized by a high floral availability and high nesting site availability.
Consequently, differences are more or less balanced out.
This analysis demonstrates that the results of the pollination model are well adoptable to a
similar study area. It is beneficial to have a LULC map in order to compare the distribution
of different classes. Obtaining such a map the pollination model can also be run for the
other study area making estimations more precise. Knowing about the applicability of the
pollination model to similar study areas can be useful for projects that need a rough
estimation of possible effects of SLM implementation but have a too tight time schedule to
collect all necessary data.
The results of the water yield modules are less easily applicable to other study areas. The
reason is that the modules are based on more specific biophysical data that need to be
tailored to the specific study area. This means for AlVelAl precipitation, root depth,
available water content, potential evapotranspiration, water demand and LULC GIS maps
are needed to obtain reliable model results. However, we do know that the study areas are
biophysically very similar with regards to soils, precipitation and vegetation cover. Further,
from the AlVelAl LULC map we know that the proportions of the agricultural areas in which
SLM can be implemented are similar between the SRC and AlVelAl. Consequently, we can
generally expect similar effects of SLM implementation for the AlVelAl area.
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8. Conclusions
To provide an answer to RQ1 the differences in land cover between 1990 and 2012 were
analyzed. This demonstrated that the study area saw a significant decrease in agricultural
area accompanied by a large increase in urban area and natural area. The spread of the
urban area occurred mainly in the eastern territory whereas the increase in natural area
dominated the north-west. The impacts of these changes on the two ecosystem services
were investigated to answer RQ2. I could see that changes in land cover showed effects on
both ecosystem services investigated. The main observation was that the proportion of the
different land cover impacted the evapotranspiration rate and with that the overall water
availability. This means that in water scarce areas the crop selection as well as the type of
plants for re-naturalization should be chosen carefully. Also for pollinator abundance and
pollinator services large impacts of land cover differences were observed. Thereby,
agricultural areas did not generally have a negative impact, as long as they provided
nesting and floral resources, abundance was high. Generally, the reduction of agricultural
area and the diversification of the landscape demonstrated positive effects on pollinator
abundance.
The implantation of green manure and reduced tillage under the semi-arid conditions of
the study area showed to have positive impacts on water yield and plant growth. The
analysis of RQ3 demonstrated that overall AET was reduced by -0.7% and water yield
increased by 3%. Further, results showed that the correlation between water yield and
evapotranspiration was very dependent on the original water conditions of the subwatershed as well as on the main vegetation covers. This has implications for decisionmaking regarding the location of SLM implementation.
The results to RQ3 further showed that pollinator abundance is according to the model
highly dependent on the land cover, especially in the agricultural zone. Having crops that
have high nesting site supply but particularly providing high floral availability was
determinant for the abundance of wild pollinators. The model showed that SLM would
generally cause an increase in crop production and pollinator abundance in areas where
both NS and FA were already high. However, it also demonstrated that SLM could
significantly increase the pollinator abundance in areas with naturally scarce pollinator
resources. This means that seeding green manure could be a valuable measure for crop
production in areas with low floral resources.
A monetary valuation under RQ4 demonstrated that implementing sustainable land
management in the study area would generally be a valuable method to reduce costs for
irrigation. Especially due to the low investment costs even small changes in water
availability would already pay off. In this case, the valuation showed that irrigation costs
could be reduced by 70%, resulting in savings of around 75 Million euros which makes RTG
a cost-effective restoration choice. For pollination, the monetary valuation showed for one
that pollination services are very important for crop production because a significant
number of crops grown in the study area is highly dependent on pollinators. An analysis of
the monetary effects of SLM demonstrated that pollinator abundance could be increased
significantly. This is especially viable for areas with naturally scarce pollinator resources
where increases in pollinator abundance could significantly increase crop yield. This
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increased pollinator abundance could lead to increases in monetary values from 8% to
14% which are added values from 4 to 130 million Euros.
Running a moderate and an extreme climate change scenario to provide an answer to RQ4
demonstrated that due to significant reductions in precipitation also water yield and
evapotranspiration would be strongly reduced with values ranging from 35% for CC1 and
70% for CC4. We could also observe that impacts of climate change signified large
variability in WY and AET, depending on the original conditions of the different subwatersheds. In addition, results demonstrated that under climate change, SLM
implementation would lead to further decreases in mean water availability of -1% for CC1
and -2% for CC4. This decrease was however accompanied by an observed overall increase
in AET of 0.08% for CC1 and 0.04% for CC4. These changes were very small however the
trend was clearly indicating that SLM could be a possibility to increase resilience to
drought by increasing vegetation cover and crop production, especially for rain-fed crop
production.
The answer to RQ6 is that the application of the input data for a different study area and
the comparison of outcomes showed that findings from the pollination model are well
relatable to study areas with similar biophysical conditions and can therefore be used as an
indicator of expectable impacts of land restoration activities. Further, to answer RQ7 it can
be said that for the purposes and conditions of this research project the InVEST model was
a suitable tool for most of the research questions. It helped to provide an estimation of the
impact of land cover and land use on pollination services as well as a quite realistic
estimation of impacts on water yield under different land cover, land use and climatic
conditions. However, for the monetary valuation the models were of less value, as well as
for detailed analysis of causes and effects between vegetation, AET and water yield.
Overall it can be concluded that this study was able to indicate how water yield and
pollination services can be increased through SLM implementation and how smart landcover and land use-choices can positively affect biophysical and monetary benefits. For
water yield, this study also demonstrated that climate change might have severe impacts
on the overall water availability in the area but that an implementation of SLM could, even
under strongest climatic changes; function as an adaptation method by increasing the
drought resilience. Therefore, SLM implementation is generally advised due to the
observed benefits for pollinators, water yield and vegetation growth, especially with
regards to the low implementation costs.
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Appendix
Appendix 1 CORINE
Table 205. CORINE Land Cover Land use classification (Source: Copernicus, 2017)
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Appendix 2 MCA
Table 21. MCA classification, Source: http://www.mapama.gob.es/es/cartografia-ysig/publicaciones/agricultura/mac_2000_2009.aspx (accessed:31.07.2017)
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Appendix 3 SLM
Table 22. Overview Sustainable Land Management options DESIRE Project (Source: Schwilch et
al., 2009).
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Appendix 4 RCPs
a)

Figure 21. Overview of the RCP development process (SOurce:van Vuuren et al., 2011)

b)

Figure 6. Population and GDP of the RCPs

Figure 8. Energy sources by sector

Figure 7. Emissions of main GHGs
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Figure 9. Land use across RCPs

Figure 22. Differences in main critera between RCPs Source: van Vuuren et al., 2011

Appendix 5 data preparation

Water Yield Module


Precipitation

Precipitation is one of the variables necessary for running the baseline scenario but also to
generate the climate change scenarios with the data from the IPCC 5. The current values
were obtained from the corresponding series of historical data from the Atlas Climatico of
the Iberian Peninsula. The average is taken of a series of 15 years from 1950 to 1999.
Raster layer: PrAnual_WA100_mm_etrs89.img’
For the climate change input data, ensembles were created. This refers to the average
annual rainfall or temperature data based on predictions from multiple Regional
Climate Models (RCMs). Since the predictions of climate change often differ strongly
depending on the RCM used, one way to reflect this uncertainty is to work with
ensemble predictions, so taking the average prediction of multiple RCM's. 12 RCM's
were used to calculate an average.


Evapotranspiration (ETo):

Reference evapotranspiration was obtained from temperature data from the Atlas
Climatico with the average of a series of 20 years from data between 1950 and 1999. To
calculate the ETo a simplified version of the Hargreaves formula was used (Harbreaves
y
Samani,
1985):
,
𝐸𝑇 = , 23 𝑇
1 ,
𝑇
−𝑇
Where:
𝐸𝑇 = potential daily evapotranspiration in mm/day
𝑇
= average daily temperature, °C
= extraterrestrial solar radiation in mm/day (tabulated)
𝑇
= Maximum daily temperature
𝑇
= Minimum daily temperature
To obtain the
the average radiation values from the Atlas Climatico were used
Raster: EToAnual_WA100_etrs89’
 Root Depth
The root depth data were obtained from the SoilGrids raster, with the absolute depth
based on the rock (mm). Soilgrids is a global soil database (soilgrids.org). The soil grids
data base contains an information layer with rooting depth, or depth to bedrock; so a
physical barrier for root growth; the directly used this layer from the database and from
this database the soil texture classes (sand, silt and clay content) and the organic matter
content were extracted. These data are then used to calculate the plant available water
(AWC) using pedotransfer functions. For these calculations, he used the soil
characteristics of the upper 30 cm. Raster: BDTI_mm_M_250m_ll_WA_etrs89’
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Available water content (PAWC):

This raster could be obtained directly by reclassifying the quantity of AWC for the
texture classes. However, in order to modify these values in terms of the OM (organic
matter) for the SLM scenario, the calculation was obtained via the values of Wilting
Point (WP) and Field Capacity (FC) (0.33 and 15 mega Pascale respectively, or what is
the same is the pF of 2.5 and pF of 4.2, using the Pedotransfer (PTF) function. The
difference between FC and WP (deduct the raster) provides us with the AWC. In this
process the soil texture raster and the OM raster averages at the depth of 30cm are
applied. To apply this data in InVEST they need to be expressed in fractions (values
between 0 and 1). The data from the PTF are already expressed in this unit, in case we
want to express these values in percentages. Therefore, the raster only needs to be
multiplied by 100. To receive the equation of the PTF a literature research was
conducted because a version of the equation was needed that would calculate PAWC via
texture and organic matter thereby omitting the Bulk Density (BD). For the analysis of
the PTF the output of the soil humidity data from the PTF was compared to the WP and
FC data from the LUCDEME project database. To see which data have most correlation a
statistical analysis (linear regression SPSS) was conducted. The final result showed that
for the study area and the used USDA texture classifications (SoilGrids classification
based on data of the soil base raster) the PTF obtained by Rawls (1982) are most
suitable:
pF 2,5 - Rawls82 (USDA):
0.2576 - (0.0020 * Sand) + (0.0036 * Clay) + (0.0299 * OM)
pF 4,2 - Rawls82 (USDA):
0.0260 + (0.0050 * (Clay) + (0.0158 * OM)
NOTE: The soil texture values and OM need to be in percentages. In addition, it needs to
be paid attention to the range in which the fractions of the texture data are presented
(International System or USDA). In this case Rawls develops his equations with
fractions of the USDA. Therefore, one needs to first prepare the texture data based on
these values:

NOTE: To conduct the complete AWC calculation a modelbuilder was developed in
ArcGIS (My Toolboxes: Invest_PAWC_Rawls)
PAWC calculation with SLM (25%)
In order to calculate the effects of applying SLM the changes in organic matter content
need to be estimated which are then applied in the PTF calculation. Five CORINE classes
were selected that received the increases organic matter content: 211, 221, 222, 223
and 242.
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 Vector layer Watershed and Sub-watershed
The vectorial borders of the layer were obtained via the digital terrain MDT ASTER
(MDT), applying the hydrological arcHydro model. For the demarcation of the subwatersheds the location of the 33 reservoirs in the SRC was used as end of these
drainage areas.
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Appendix 6: Data management plan

This data management plan template is designed by the library and adapted for
use by ESA MSc thesis students by Nynke Hofstra and Wichertje Bron. Please ask
them if you have any questions. This is an appendix to the MSc data management
policy available from the MSc thesis brochure, available from this URL.
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Title

Effects of landscape restoration and climate change on Water Yield and
Crop Pollination in the Segura River Catchment, Spain
A case study applying InVEST

Abstract

Land degradation is a severe problem in the Segura River Catchment
(SRC) in south-eastern Spain leading to ecosystem service loss rural
abandonment, economic and societal issues. Agriculture is one of the
main drivers of land degradation causing water scarcity, erosion and
soil fertility loss. Further, through climate change an aggravation of
these

problems

is

expected.

This

research

investigated

the

opportunities of landscape restoration in the SRC for two important
ecosystem services, water availability and pollination. Further, the
impacts of climate change were analyzed as well as the monetary
benefits of restoration. For these purposes the software InVEST was
applied. Land cover conditions of 1990 and 2012 and their impacts on
the two ecosystem services were analyzed, the effects of sustainable
land management (SLM) implementation were studied and last the
impact of two different climate change scenarios was investigated.
Results demonstrated decreases in water yield from 1990 to 2012 and
increases in wild pollinator abundance, both fostered by increases in
natural vegetation. SLM implementation presented positive effects for
vegetation growth, increases in water yield and increases in pollinator
abundance.

Results

of

climate

change

modeling

demonstrated

decreases in mean water yield of 35% to 70% and opportunities of SLM
to function as a means to adapt to climate change. Finally, significant
monetary benefits of SLM implementation were identified for both of the
ecosystem services.
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3.

Define

data

management

roles

(info)

Roles
Who is collecting the data?

Name of researcher: Paula Duske

(Even in a modelling study

Role of the researcher: Running, organizing and analysing

someone (most likely you as

the data

MSc
collect

thesis
the

student)
required

will
input



Collection of the data for the pollination model and the
monetary valuation. Processing of all the data in an

data for the model, even if

organized way. Responsibility for the quality of the

these are already available).

newly collected data and safe storage of data during
the project (i.e. short-term storage). The researcher
will allow the supervisor and others involved in the
research access upon request.


Responsible for documentation and submission of the
data files for long-term storage according to ESA
guidelines (after finishing the publication, thesis or
completion of the project).

Who is analysing the data?

Name of researcher: Paula Duske
Role of the researcher:


Analyses of the data in an organized way. She is
responsible for the quality and authenticity of the
results.

Other
(Do

Name of researcher: Dr. Pedro Perez Cutillas
other

persons

contribute, for example by
writing code?)

Role of the researcher: GIS Layer preparation


He is a GIS expert from the CEBAS-CISIC in Murcia
who was responsible for the preparation of the
required GIS data, their quality, authenticity and their
safe storage within the CEBAS.

84

Name of researcher: Dr. Joris de Vente
Role of the researcher: Supervision and verification of
input data

What is the role of your
supervisor?

Name of supervisor: Dolf de Groot, Joris de Vente
Role: The supervisor Dolf de Groot checks the monetary
data before long-term storage and is responsible for the
data quality clarity and completeness. The fieldwork
supervisor checks the biophysical data files before modelrunning and the range of the model output. He is further
responsible for the biophysical data quality, clarity and
completeness.

4. Give an overview of expected type of research data (info),
software choices (info), data size & growth (info)

Data stage

Raw data

Processed data

Specification
research data

of

type

of

Software
choice

Data size/
growth

GIS

Stored

-

Field capacity data

-

Wilting point data

CEBAS

-

Soil texture data

Murcia



Precipitation



Temperature and

- Atlas Climatico

radiation data (Hagreaves
formula)

-

Corine

cover
-MDT Aster



Raster SoilGrids



Land use data

-arcHyro



Vectrial limits of area

ArcGIS
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land

from

Stored
CEBAS

in

in

Models/code

Pollination: Bee species, flight

InVEST:

ranges, nesting habits, seasonal

Pollinatiion,

activity,

Water Yield

land

biophysical

cover

table

raster,

with

floral

availability, nesting availability,
half saturation constant and crop
pollination

dependency;

future

landcover map
Water Yield: Landcover raster
(for different years); root depth
raster; precipitation raster (for
different

climate

scenarios);

change
reference

evapotranspiration

raster

different

climate

scenarios);

biophysical

(for

change
table

with available water content, Kc
factor and root depth; water
demand table
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5.

Short

term

storage

solutions*

(info)

Describe where the data will be stored physically and how the back-up is organised.
Data stage

Storage
location

Backup procedures

Raw data

C-drive pers. Pc

Google drive daily, hardware weekly

Processed data

C-drive pers. Pc

Google drive daily, hardware weekly

Models/code

C-drive pers. Pc

Google drive daily, hardware weekly

(storage medium and location/ how often?)

Other?

The data will be saved on the personal M drive of the researcher, to ensure daily back up by
ICT-WUR. If storage capacity is too limited the D drive could be used for storage, but the
researcher is responsible for sufficient back-up.
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6.

Structuring

your

data

and

information

(info)

Give a visual representation of the system for directory- and file names you intend to use.
See the examples for inspiration.

My

proposed

directory-

and

file

naming

structure:

To avoid confusion about different versions of data files, dates of last change should be
added at the beginning of the file name using the following format: (YYYYMMDD). This way
facilitates sorting the files according to the version’s date and previous versions are not
overwritten.
Literature


Pollination



Water



Sustainable land management



Monetary valuation



InVEST

Organisation
-

Planning

-

Documents

Thesis Data
-

Original data
-Raster
-Vector
-Tables



Water Yield
- Results
-SLM
-Climate Change Scenarios
-Land use
- Interpretation
-results
…AWC_analysis
…Joint_output
...Subwatershed_analysis
…CLC_analysis
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- GIS data
-Monetary valuation


Pollination
-Original data
…-Tables
…Raster and Vector
-Results
-Interpretation
results
...Subwatershed_analysis
…CLC_analysis
…1990_analysis
…Zonal_statistics
…Reclass
…Tables
.GIS data
-Monetary Valuation



AlVelAl
-Original data
…-Vector, Raster, Tables
-Results
-Interpretation



LULC

Does your workflow provide for version control? If not, describe how you intend to keep
versions apart.

Versions are separated by giving them new names in case they contain new content or
adding first the date, if two on the same date the correct one gets an “ok” or “correct”
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7. Documentation and metadata* (info)
Describe how you are going to document your data collection process, what the resulting
data files comprise and how they will be processed further. Think about documenting the:
1. content (what does your dataset contain?)
The dataset contains GIS layer, biophysical tables, excel tables, graphs, secondary
data in form of reports and articles.
2. context (who, what, why, where and how will the data be collected and analysed)
Part of the biophysical data has been collected by the CEBAS in Murcia. They partly
collected their own data in field experiments and partly the data was received from
open data bases such as for precipitation, temperature, soil etc. Most of the data
used was already available in the CEBAS as it has been used for their own
experiments and in an earlier MSc study. Some of the data needed to be updated
which was carried out by a researcher in Murcia who is specialised in this type of
data management and processing. The data that was not yet available as for the
pollination model and for the economic analysis was gathered through website
research, literature review and conversations with local experts in Murcia. Most of
the data was used as an input in the InVEST model. The output was then analysed
using GIS software.
3. process (are there specific processes and does it make sense to organise notes by
process?)
The main processes are data preparation and analysis. First the data needs to be
collected, organized and prepare for the model. The output is then being organized in
primary and processed output. This means, the output directly produced by the
model needs further processing to analyse it profoundly. Therefore, different output
was connected with one another to see relations and other output was connected
with base data to have relevant input information available in the output. Further,
calculations were made based on the output, new tables were created, graphs and
new GIS maps showing relevant relationships between the data. These processes
were written down as some of them required multiple steps that are otherwise
difficult to repeat.

NB: Good data documentation ensures that:
 The data are organized in such a way that it facilitates efficient data analysis and
minimizes errors.
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Data are self-explanatory and understandable to supervisors/project partners in
order to facilitate communication and teaching.
Data can be retrieved, understood and properly interpreted, now and in the future,
as relevant context is available.

8.

Sharing

Sharing

and

and

ownership*

ownership

(info)

(With) who(m), what and how?

sharing

As this thesis project is carried out

- Do you expect that others may be interested to

within a bigger international project it is

re-use your data? Do you have plans to share your

assumed that the data will be used for

data

the on goings of the project. The

Data

with

these

parties?

- How are you going to make sure your data files

fieldwork

institution

will

receive

all

will be accessible once you leave the department?

relevant data and the supervisor will

Who will take care of your data?

also receive the data that he considers
relevant for his further work.

Data

ownership

- Any funder’s requirements to share you data, or
to

impose

an

embargo?

- Are there agreements on how the data will be
used and shared within your group or with other

The supervisor is: Dr. Rudolf de Groot
The fieldworkd supervisor is Dr. Joris de
Vente.

The

project

leader

is

Commonland who might also require
access to the data.

parties involved in this research? (outside your
group or outside Wageningen UR)
Privacy

There are no strict issues, however the

- Are there privacy or security issues, and if there

data will not be given to people outside

are, how are you dealing with them?

the project and reports that have not
been published will not be distributed
further.
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9.

Long

term

storage*

(info)

Which part of your research data has value for long term storage? Do you intend to
preserve these data for the long term?

Yes or no ?

Argumentation

yes

The code of conduct for scientific practice requires that you retain your
data for five years after you have published your article/thesis and that
you make it available upon request for verification purposes.

Which

data

archive

do

you

intend

to

use?

After completion of the thesis/papers/project, data files will be submitted to the secretary
for long term storage (at least 5 years). For ESA data will be stored in a dedicated central
location for ESA data storage on the server of ICT.
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Appendix 7 Water Yield
Appendix 7.1.water scarcity module
The water yield module was also run with the extension of the water scarcity module. This
means that in addition a LULC map was included indicating water consume of the different
LULC classes. This module solely provides results for the entire watershed. It needs to be
mentioned that the SRC does not have enough own water supplies wherefore they use
external sources such as water from desalinization and from a traverse with a different
river. The total additional water from these external sources are included in the final
calculation.
The preparation of the water demand table showed that the crops that consume most
water per ha are rice (16000m3/ha/y) and alfalfa (14000m3/ha/y), surprising is that
irrigated vegetables only consume about 6000-9000m3/ha/y. Overall, most water is
consumed by orchards and vegetables due to the large cultivation areas.
Implemented in the water yield module, the water scarcity function produces an overall
value for water yield, consumption and resupply. Table 31 shows a comparison of the
model outputs with and without SLM implementation.
Table 28. Difference in total water consumption and resupply between SLM and 2012
Scenario

WaterYield
m3/year

Consume
m3/year

resupply
m3/year

External
Source

Total
resupply

Current

531341799.25

540305446.88

-8963647.63

117099393.92

108135746.30

SLM

556139616.28

31231857.65

524907758.64

117099393.92

642007152.56

Difference
SLM %

83

The results are surprisingly high with a difference in resupply of 83% with SLM
implementation. A reason for this high increase can partly be due to the difference in
resolution and the modeled yield increase in the north-west, where no SLM
implementation took place. Therefore, this probably results in an overestimation of total
increased water yield.
Nevertheless, it can be assumed that SLM implementation can help to reduce water scarcity
and can contribute to an overall enhanced water balance.
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7.2. Appendix Land cover impacts on water yield
a) Mean precipitation in mm for 2012 and 1990

Figure 23. Mean precipitation 2012

b) Distribution of highest and lowest evapotranspiration rates in connection with different
land cover groups (agricultural and natural)

Figure 24. Evapotranspiration (AET) in 2012 for the different
land cover groups
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Appendix Water Yield SLM

8.1.1.
a) Mean water yield SLM

b)AWC increase under SLM and AET

Table 23. Classes with most changes in
available water content (AWC) and
evapotranspiration (AET) in %
CLC
classes
211

AWC
increase
%
4

AET
decrease
%
-1

221

4

-1

222

4

-1

223

6

-1

242

4

-1

Figure 25. Mean water yield (mm) SLM

c) Differences in AET and WY between SLM and 2012

Figure 26 Comparison of overall increase and decrease in mean95
water yield (mm) and AET

d) Differences in AET and WY
Table 24. d)

Differences in AET and WY between 2012 and SLM per sub-watershed

Name_1

subws_id_1

Mayes

30

Pedrera

27

Pliego

22

Moratalla

11

Cenajo

9

Boqueron

2

Camarillas

10

Guardamar

29

Risca

20

Charcos

8

Algeciras

24

Santomera

26

Rodeos

23

Carcavo

14

Argos

12

AlfonsoXIII

13

Romeral

25

Bayco

1

Taibilla

5

DeLaCierva

21

Pareton

28

Moro

16

Valdeinfierno

18

Ojos

17

Judio

15

Vieja

7

Puentes

19

Fuensanta

4

Talave

3

Anchuricas

6

AET_SLM_2012
13.99769391
10.32954734
2.989858339
2.870236531
1.888416686
1.818825861
0.707178376
0.428791836
0.345638437
0.026051683
-1.598402702
-1.690680025
-1.792514697
-1.813633465
-2.230584152
-2.245227912
-2.674737559
-3.398930494
-3.519533962
-4.4960521
-4.63685678
-4.709233265
-5.481349967
-6.393378435
-6.885152643
-8.590643892
-8.979310019
-13.40537823
-13.49275935
-17.36040666

%
4.6
3.9
0.8
0.7
0.5
0.5
0.2
0.1
0.1
0.0
-0.4
-0.6
-0.6
-0.6
-0.6
-0.6
-0.9
-1.0
-0.8
-1.3
-1.6
-1.5
-1.7
-2.0
-2.1
-1.5
-2.8
-2.5
-2.7
-2.9
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Mean_SLM_2012
-0.871246286
-17.31819259
-0.923065299
-3.307107201
-0.72726792
-1.897862084
-1.116570054
-2.35227512
-1.675464844
0.433449476
8.544880246
2.788345234
2.532174316
-0.189562789
0.669192259
-0.029216667
-1.275077195
3.091127735
-0.325468414
4.327122315
-0.352487115
3.909837781
2.165161224
7.283361486
6.008688719
-11.54676798
5.595459345
10.38093576
11.29207503
4.538317944

%
-29.5
-267.0
-4.2
-13.8
-3.4
-25.8
-7.6
-7.8
-5.0
3.9
26.6
17.1
22.1
-2.1
2.1
-0.2
-8.9
20.9
-1.0
24.8
-3.3
37.1
23.4
36.9
30.0
-7.7
36.0
10.3
11.5
2.3

e) Distribution of all SLM implementation zones and a detailed map of the location of
the different SLM classes.

Figure 27. Study area where SLM was implemented vs. area with no
changes

7.4. Climate change
a) Change in mean WY from 2012 to CC1 and 2012 to CC4.
Table 25. Change in mean water yield 2012
compared to CC4
Subwatersheds

CC4 Mean
yield (mm)

Mean
difference
(mm) to 2012

Table 31. Differences in mean water yield between CC1 and
2012

Change
in %

Subwatersheds

CC1 Mean
yield
(mm)

Mean
difference
(mm) to 2012

Change
in %

Highest
impacts
Moro

3.5

3.1

48

Highest
impacts
Vieja

29.0559874

132.6339878

82

Charcos

1.752797814

9.015848499

84

Mayes

1.99

1.8

48

Risca

5.631569827

29.29773359

84

Charcos

5.3

5.5

51

Taibilla

5.200890952

29.23835599

85

Pliego

10.8

12.1

53

Lowest
impacts
Pedrera

19.64812769

4.155489754

17

Lowest
impacts
Pedrera

21.3

2.5

11

Santomera

10.14457935

3.393945844

25

Santomera

11.5

2.1

15

Guardamar

22.51824289

10.07185398

31

Pareton

8.9

2.1

19

Pareton

6.767481

4.253993751

39

Guardamar

26.14576

6.444335036

20
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b) Differences in WY between climate change and climate change with SLM

Figure 28 Differences in mean water yield between SLM implementation under climate change and no
implementation
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Appendix 8: Model Calibration
As has been explained in the methodology chapter, model calibration is the process of
finding model parameters to optimize the agreement between model output and observed
data. In the case of the water yield module this was performed based on discharge datapreprocessed and selected by Dr. Joris Eekhout. He used the data obtained from the
Confederación Hidrografica del Segura (n.d.). In order to obtain discharge data not affected
by irrigation waterextractions, he selected those discharge data that showed best
agreement with the difference between precipitation and evapotranspiration for two time
spans (1987-2006 and 2001-2010). Based on this evaluation, we selected discharge data
from the following nine sub-watersheds for calibration:










Santomera
Valdeinfierno
La Cierva
Alsonso XIII
Puentes
Argos
Cenajo
Anchuricas
Fuensanta

Following, modeled water yield from InVEST was
compared to the observed data of the selected nine subwatersheds and we calculated the R2 and Nash-Sutcliffe
model efficiency.

The first model run already showed good results since we
used calibrated model parameters from a previous model
application (Zagaria 2013), Nevertheless, to further
optimize the model performance and adjust it to the land
use conditions of 2012 we performed some further
calibration by analyzing whether the model over- or
Figure 29. Subwatersheds used for underestimated. Since for most of the sub-watersheds the
calibration
model was overestimating, in a second step, we analyzed
which CLC classes were dominant in the sub-watersheds
where yield was overestimated. For the two dominant classes we increased the KC factor
by 10%. With this new combination of KC values InVEST was run again and the results of
the calibration are a R2= 0.9 and the Nash-Sutcliffe=0.93 which are both highly
satisfactory results.

water yield m3/year Observed

Observed vs Modeled 2012
70000000

y = 0.7966x + 2E+06
R² = 0.9016

60000000
50000000
40000000

Observed vs Modeled 2

30000000
Linear (Observed vs
Modeled 2)

20000000
10000000
0
0

40000000

80000000

water yield m3/year Modeled
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Appendix 9: Pollination
9.1. Land-cover changes Pollination
the increase of the pollination services from 1990 to 2012 as an index and in percent, listed
for the crop production estimate, the overall abundance of wild pollinators and the
abundance on agricultural cells.
Table 26. Change in area of single natural classes 1990 compared to 2012 and Floral availability and Nesting sites
CLC
class
311
312
313
321
322
323
324
331
332
333
334

CLC Description

NS
cavity
0.8
0.8
0.8
0.8
0.9
0.9

NS
ground
0.1
0.1
0.1
0.2
0.1
0.1

0.85

1

0.2

-30

0.1
0
0.35
0.2

0.3
0
0.7
0.3

0.6
0
0.6
0.1

-1156
-527
-694
n/a

FA

Broad-leaved forest
Coniferous forest
Mixed forest
Natural grasslands
Moors and heathland
Sclerophyllous vegetation
Transitional woodlandshrub
Beaches, dunes, sands
Bare rocks
Sparsely vegetated areas
Burnt areas

0.9
0.3
0.6
1
1
0.75

change from
1990 to 2012
65
13
77
79
94
-34

Table 27. Change in area of single agricultural classes 1990 compared to 2012 and Floral availability and Nesting sites
CLC
class
211
212
213
221
222
223
231
241
242
243
244

0.2
0.05
0.05
0.6
0.9
0.4
0.4

NS
cavity
0.2
0.2
0.2
0.4
0.4
0.5
0.2

NS
ground
0.4
0.4
0.1
0.4
0.4
0.4
0.4

change from
1990 to 2012 %
-26
-112
99
-18
65
67
100

0.5

0.4

0.4

-6606

CLC Description

FA

Non-irrigated arable land
Permanently irrigated land
Rice fields
Vineyards
Fruit trees and berry plantations
Olive groves
Pasture
Annual crops associated with permanent
crops
Complex cultivation patterns
Land principally occupied by agriculture,
with significant areas of natural vegetation
Agro-forestry

0.4

0.3

0.4

-49

0.75

0.3

0.4

-212

0.5

1

0.1

82

Table 28. Changes in pollination services increase
from 1990 to 2012
2012 compared to
1990

Change
Index

Change
in %

total increase crop
production 2012

0.480

4

total increase overall
abundance 2012

0.046

6

total increase farm
abundance 2012

0.034

5

100

9.1.

SLM Pollination

Table 29. Change in pollination services 2012
compared to SLM
2012 compared to SLM

Index

Total increase crop production
SLM
Total increase overall abundance
SLM

2.498

change
in %
15

0.287

26

Table 31 Changes in crop production through SLM. Yellow=
largest change, red= smalles change, turquoise= larges overall
crop production value
Class SLM

Crop
production SLM

Pollinator
dependency

1.3434797

Difference
crop
production
%
16

2111
2121

1.0028378

21

0.5

2131

1.2715891

7

0.2

2211

1.7872564

20

0

2221

1.8186757

11

0.65

2231

1.6750982

18

0.1

2311

1.5134485

14

0.1

2411

1.4547106

16

0.6

2421

1.6167573

19

0.3

2431

1.7413293

13

0.1

2441

1.3614399

12

0

0
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Table 30. Increase in abundance through SLM
implementation
compared
to
2012.
Red=smallest change, yellow=larges change

Class SLM

Difference
abundance %

2111

29

2121

32

2131

11

2211

40

2221

23

2231

35

2311

25

2411

33

2421

37

2431

30

2441

17

