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1 Executive Summary 

This deliverable presents the outcomes of Task 3.5 “Future Trajectories of Biodiversity and 

Ecosystem Services” which aimed to model and map the future trajectories of biodiversity and 

ecosystem services (ES) across four case studies in France and Madagascar, Greece, Spain and 

Cyprus. By leveraging participatory approaches and advanced modelling techniques, such as 

Bayesian Belief Networks (BBNs) and deep Species Distribution Models (deep SDMs), this work 

seeks to align the conservation of biodiversity and ES with the policy objectives of the European 

Green Deal (EGD). 

This deliverable is part of the work carried out in Work Package 3, which focuses on the 

development of a set of tools for assessing change in the condition of biodiversity and ecosystem 

services within the EU Green Deal domains. Combined with other tasks of the WP, this task 

completes the “circle” across biodiversity, habitats, ecosystems and associated ecosystem 

services, allowing to cover the biophysical and a part of the social aspect of the social-ecological 

system at hand. All these biotic elements are influenced by the implementation of the EU Green 

Deal in a multitude of ways, hence these tasks aim to set up a framework that allows to detect the 

occurrence of such changes, the types of emergent changes, as well as to create modelling 

approaches that forecast the conditions during which such changes might occur.  

The outcomes of the task presented in this deliverable, integrate multi-scalar data, expert and 

stakeholder input, modelling and scenario-based approaches to assess future pathways for 

biodiversity and ES. At the case study level, localized ES assessments incorporate stakeholder 

priorities to evaluate the impacts of future climate and management scenarios. At the EU level, 

existing knowledge from past projects and assessments is used as a basis for the development of 

the approach.  

Key findings demonstrate that while the EGD provides a robust framework for sustainability, 

significant challenges remain in reconciling sectoral priorities with biodiversity conservation and 

ES maintenance. The results highlight opportunities to enhance policy effectiveness through 

participatory decision-making and the use of actionable ES maps tailored to local needs. 

The deliverable underscores the importance of integrating biodiversity and associated ES into 

policy and decision-making processes to achieve transformative change. It provides an integrated 

approach for addressing cross-sectoral challenges and scaling up ES research to support European 

sustainability goals. 
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2 Introduction 

The objective of this task is to quantify and map future states of biodiversity and ecosystem 

services at the EU and case studies levels under different policy and climate scenarios. To do so, 

participatory modelling approaches, allow the Ecosystem Services (ES) concept and the IPBES 

(Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services) framework 

on Nature’s Contribution to People (NCPs) to be applied, to identify the main benefits that nature 

contributes to society. Through this task, we develop ES models using Bayesian Belief Networks 

(BBNs) to support real-life decisions of local stakeholders and produce outputs that are relevant 

to their needs and priorities. The final outputs include ES maps, as well as the trade-offs and 

synergies emerging across ES in the areas of interest, both at the current state of the social-

ecological systems, but also at the future ES trajectories under different management and climate 

scenarios. 

2.1 Mapping GUARDEN outputs 

This section presents the GUARDEN Grand Agreement (GA) commitments, as extracted from the 

formal deliverable and task description, concerning their outputs and work to be performed.  

Table 2.1 - Adherence to GUARDEN GA Deliverable & Tasks Descriptions. 

GUARDEN 
GA 

Component 
Title 

GUARDEN 
GA Component Outline 

Respective 
Document 
Chapter(s) 

Justification 

TASK 

Task 3.5 
Future 
Trajectories 
of 
Biodiversity 
and 
Ecosystem 
Services  

Task 3.5 will quantify and map the future 
states of biodiversity and ES at the 
European and case studies levels under 
different policy and climate scenarios. 
Based on Tasks 3.1-3.4 and by using the 
expertise of the stakeholder panels built 
within Task 2.1, this task will work with 
global, European and local scenarios of 
future states of biodiversity and ES. These 
will use the RCP for emissions and land use 
and SSP scenarios on societal changes from 
IPCC to assess the future states globally and 
within Europe. Using also stakeholder input 
and priorities, we will adapt these global 
scenarios to “local” priorities and use these 
as input to assess the future state of 
biodiversity and ES. Biodiversity future 
trajectories will be predicted with the use of 
the species distribution models developed 
within T3.2 combined with rasters of future 
trajectories of bio-climatic and land-use 
variables. Future ES will be assessed with 
the calculation of future values of a 
selection of indicators assessing supply, 
flow and demand. These indicators will be 
modelled with the use of data on 
biodiversity, integrated with socio-
economic data and future scenarios, with 

Chapters 3-8 

Section 3 presents the 
GUARDEN integrated approach 
and the scenario building 
methodology. Section 4 
presents the future trajectories 
for biodiversity, section 5 the 
modelling approach for 
mapping the future trajectories 
of ecosystem services. Section 6 
the application of the modelling 
approach, while 7 makes a 
synthesis of the main 
observations and 8 gives the 
core conclusions. 
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the use of Bayesian Belief Network 
approaches by using the gBay platform. 

DELIVERABLE 
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2.2 Deliverable Overview and Report Structure 

The structure of the current deliverable is organised across seven main chapters (3-9). Specifically: 

- Executive Summary (Chapter 1): This section provides an overview of the entire report, 

summarising key findings related to the future trajectories of biodiversity and ecosystem 

services, the methodologies employed, and the outcomes application of the developed 

integrated approach within the case studies. It highlights the relevance of the research 

within the context of the EU Green Deal and offers recommendations for future actions 

based on the results. 

- Introduction (Chapter 2): This chapter outlines the deliverable's objectives, emphasising 

the relevance of biodiversity and ecosystem services in EU policies, particularly the EU 

Green Deal. It describes the GUARDEN project's goals and provides a roadmap for the 

structure of the report. 

- The GUARDEN integrated approach towards defining the future trajectories of 

biodiversity and ecosystem services (Chapter 3): This chapter presents the theoretical 

frameworks used to define future trajectories of biodiversity and ecosystem services. It introduces 

a cross-scale approach, assessing trajectories from the EU level down to specific case studies, and 

describes GUARDEN's integrated approach to combining policy, science, and practice. In addition, 

it provides insights into the global and European frameworks and initiatives (such as IPBES and 

GEOBON) used to assess the future trajectories of ecosystem services. It presents future scenarios 

for ecosystem services, with an emphasis on sustainability pathways and the role of management 

interventions. 

- Future Trajectories for Biodiversity (Chapter 4): This chapter details projections for 

biodiversity at both the EU and case study levels. It outlines the methodologies used for 

projecting biodiversity changes, including models and scenarios based on current trends 

and policy implementations, with a focus on how biodiversity is expected to evolve under 

different climatic conditions. 

- Modelling framework for assessing ecosystem services future trajectories (Chapter 5): 

This chapter describes the process of using Bayesian Belief Networks (BBNs) to model 

future trajectories for ecosystem services. It explains the conceptualization, building, and 

validation of these models, incorporating future scenarios to map ecosystem service 

states, and identifying potential synergies and trade-offs among ecosystem services and 

sectors. 

- Ecosystem services application in the GUARDEN context (Chapter 6): This chapter 

presents the practical applications of the developed models, focusing on case studies. Each 

application illustrates the implementation of BBN models and provides insights into 

sectoral challenges and opportunities in managing ecosystem services, alongside an EU-

level assessment. 
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- Synthesis (Chapter 7): This chapter synthesises findings across case studies. It identifies 

patterns, challenges, and opportunities for integrating ecosystem services into decision-

making, while reflecting on the project's contributions to the EU's sustainability goals. 

- Conclusions (Chapter 8): The final chapter summarizes key findings, offering 

recommendations for future policy and research. It emphasises the importance of 

integrating biodiversity and ecosystem services into EU policy and decision-making, 

particularly in achieving transformative sustainability goals. 

- References: This section lists all the literature cited throughout the report. 

- Appendices: The appendices provide supplementary materials.  
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3 The GUARDEN integrated approach towards defining 
the future trajectories of biodiversity and ecosystem 
services 

Within the GUARDEN project we are developing an integrated modelling approach that allows us 

to understand the role of present and future policy objectives as drivers that can change 

biodiversity and ecosystem condition, as well as the benefits biodiversity supplies to society and 

offers to human well-being. We do this in the context of the European Union’s Green Deal agenda, 

which sets a series of policy objectives spanning across sectors and scales in order to achieve 

sustainable futures.  

The approach we adopt integrates biodiversity, ecosystem services and human well-being as 

elements of the same system, which interact with each other and are impacted directly or indirectly 

by policy decisions (Figure 3.1). Depending on different future pathways which are looked at both 

from the changing climate perspective, but also from the perspective of changing management 

priorities, the future condition of biodiversity, ecosystem services and human well-being, as well 

as the interplay among them, are estimated through a set of integrated models. The outcomes of 

the integrated approach are expected to be integrated into the GUARDEN Decision-Support 

Application (DSA) and help inform decision-making.  

 

Figure 3.1 - The GUARDEN integrated approach. Objectives and specific targets of the new EU 
Green Deal serve as the basis to explore scenarios of how biodiversity, ecosystem services and 
human well-being will be impacted in the future, under different climate and management 
scenarios.  

 

3.1 Defining ecosystem services  

By ecosystem services (ES) we refer, in a broad sense, to the benefits people obtain from 

ecosystems (Millennium Ecosystem Assessment, 2005 [1]), in the form of provisioning services (i.e., 

products obtained from ecosystems, such as food, fibre or timber), cultural services (i.e., non-

material benefits such as aesthetic and recreational enjoyment), regulating services (i.e., non-

material and non-tangible benefits that are based on ecological functions), and 

supporting/maintenance services (i.e., the services necessary for the proper delivery of the other 

three types of services, such as nutrient cycling). The last category is often embedded in the 

regulating ES, as the services under this group often represent the ecological processes leading to 

https://www.zotero.org/google-docs/?BTYNOZ
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the regulating services; therefore, in recent years the regulating and supporting services are 

assessed as part of the same ES category (Czúcz et al., 2018 [2]). Two of the most recent and used 

frameworks that adopted a three-tiered classification system for ES are the Common Classification 

System of Ecosystem Services (CICES) and the Nature’s Contributions to People (NCPs) concept 

developed by the Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES). 

While CICES provided a more technical, detailed and structured classification system, making it 

highly suited for scientific ES assessment, it often overlooked the socio-cultural values and context-

specific contributions that ecosystems provide to different local communities (Kadykalo et al., 2019 

[3]). Yet, the NCP framework by IPBES takes a more human-cantered and inclusive approach, 

offering greater flexibility with diverse knowledge systems, including indigenous and traditional 

knowledge, and recognising various perspectives on how nature contributes to human well-being 

(Díaz et al., 2018 [4]). More information about the IPBES framework is provided in Chapter 5. 

Within GUARDEN and its associated to ES deliverables, namely D3.5, D3.6 and D3.7, we adopt the 

NCP framework and classification system, while using the terms “ecosystem services - ES”, 

“benefits” and “Nature’s Contributions to People - NCP” interchangeably to describe various 

aspects of the human-nature interactions. 

 

3.2 The EU Green Deal Agenda  

The European Green Deal (EGD)1 is the EU’s ambitious strategy to tackle the pressing climate and 

environmental challenges of this generation. As the planet faces increasing global warming, 

biodiversity loss, and ecosystem degradation, the EGD sets out a transformative plan to create a 

sustainable, resource-efficient, and competitive economy. Aimed at achieving net-zero 

greenhouse gas emissions by 2050, the EGD seeks to decouple economic growth from resource 

use, protect natural capital, and safeguard public health from environmental risks. Central to the 

success of the EGD is public participation, and a new societal pact uniting citizens, authorities, civil 

society, and industries is vital for its acceptance and implementation. Additionally, the EU aims to 

lead global efforts, using its influence and financial power to mobilise international partners 

toward a sustainable future. The EGD is aligned with the United Nations' 2030 Agenda and 

sustainable development goals, aiming to refocus EU policies toward long-term environmental and 

social well-being through coordinated actions across all sectors to maximise health, resilience, and 

economic competitiveness. 

Many policy challenges such as climate change, water pollution, or biodiversity loss originate in a 

multitude of sectors, and thus require effective management that spans across sectors, and also 

across spatial scales and/or different countries (Wiedemann and Ingold, 2022 [5]). Within the 

GUARDEN project, the selected case studies aim at addressing cross-sectoral challenges that are 

anticipated to emerge through the implementation of the EGD in practice (Figure 3.2). 

As an overall aim the EGD sets a series of policy objectives aiming at improving developmental 

policies to comply with sustainability standards and priorities.  

 
1 European Commision, 2019. The European Green Deal. Brussels, 11.12.2019. COM(2019) 640 final. 
 https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52019DC0640  

https://www.zotero.org/google-docs/?SMzpGr
https://www.zotero.org/google-docs/?ajl6DE
https://www.zotero.org/google-docs/?aochhW
https://www.zotero.org/google-docs/?l1aphJ
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52019DC0640
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In particular, within the French and Malagasy case study, transportation infrastructure is one of 

the EGD sectors, which is addressed to support economic development and improve human well-

being; still, this priority needs to be compromised with the future needs for biodiversity protection. 

Therefore, implementing grey infrastructure can influence the status and quality of biodiversity in 

the area.  

In particular, in Greece, the renewable energy sector has seen considerable development, with 

wind energy emerging as a prominent focus. However, with windfarms located around and within 

protected areas, the expansion of such infrastructure could impact the state of important bird 

species and habitats, risking the efficient implementation of both the climate and biodiversity 

objectives and targets of the EGD.  

In Spain, the development of coastal infrastructure in the metropolitan area of Barcelona has 

caused significant degradation of sand dune ecosystems in the coastal zone. By taking into 

consideration the high natural and cultural value of coastal ecosystems, the Spanish case study 

aims at the restoration and sustainable management of the coastal areas benefiting both humans 

and nature.  

In Cyprus, the industrial activities of the energy centre and its expansion for the creation of new 

infrastructure are expected to improve the local economy but not without negative impacts on 

local species and habitats. Within the GUARDEN project, this case study focuses on balancing the 

implementation of the industrial area plan while achieving a zero-pollution, clean and efficient 

energy industry, as well as preserving biodiversity and ES.  
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Figure 3.2 - The GUARDEN case studies mapped across the new EGD objectives. The coloured 
shapes indicate the policy objectives that are relevant to each case study.  

In that context, the GUARDEN project aims to understand the trade-offs and synergies that 

emerge between biodiversity developmental priorities through the assessment of ES and the 

relevant aspects of human well-being that might change through the implementation of the EGD.  

 

3.3 Future Trajectories Development 

To better understand the role of EU and local policies and policy priorities as factors that shape the 

future of biodiversity, ES and human well-being, within the GUARDEN project, we develop a set of 

future trajectories, which allow us to assess the future condition of nature and people depending 

on it, under different future pathways. To assess this, we develop an integrated scenario-based 

thinking, which is assessing scenarios from both the future human use and need perspective, but 

also from a climate perspective. This aligns with the joint report produced among IPCC and IPBES 

which identified and framed the need for addressing synergies and trade-offs between biodiversity 

protection and climate change mitigation and adaptation (Pörtner et al., 2021 [6]). 

The process of developing future trajectories that are relevant to GUARDEN is based on one of the 

most commonly used scenario development typologies by Börjeson et al. (2006 [7]). This 

framework provides a straightforward yet comprehensive classification of scenario categories, 

based on three core questions a user might pose: What will happen?, What can happen?, and How 

can a specific target be reached? 

Predictive scenarios are developed to answer what will happen. They typically address foreseeable 

challenges and are further subdivided into two categories: forecasts and what-if scenarios. 

Forecasts focus on predicting the outcomes of the most likely future and are generally short-term 

in scope. In contrast, what-if scenarios explore potential outcomes based on specified near-term 

events deemed critical to future developments. 

Explorative scenarios are developed to answer what can happen. They investigate potential 

situations or developments from diverse stakeholder or user perspectives. Their main difference 

from the predictive set of scenarios is that they are designed with a medium-to-long-term horizon 

(e.g., 10–20 years) to examine more significant and transformative changes.  

Lastly, the normative scenarios are developed with the logic of what is called backcasting within 

the modelling community (Soria-Lara & Banister, 2018 [8]). This requires going backwards from a 

target that needs to be achieved and exploring potential pathways for achieving them. Depending 

on the goal of the study, these can be developed under a preserving logic, aiming at understanding 

the mechanisms required to maintain the present condition of the system, even within a range of 

expected changes, but also those that are developed under a transformative logic, in which there 

is an understanding of the need for transformation, and the pathways to achieve this are explored.  

Within the GUARDEN integrated approach, we use a combination of scenario types. In particular, 

predictive scenarios related to future climates at the EU and case-study level, are used as a means 

to explore future biodiversity trends, based on the IPCC projections (IPCC, 2021 [9]).  With regards 

to biodiversity and ecosystem service change, we develop a set of normative scenarios in a 

backcasting logic. These scenarios are informed and developed at two spatial scales: i) the EU level, 

https://www.zotero.org/google-docs/?LZl6PG
https://www.zotero.org/google-docs/?CvCCd4
https://www.zotero.org/google-docs/?YTUNAs
https://www.zotero.org/google-docs/?BUqFN4
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using as a potential future the “ideal situation” in which the policy objectives set by the EGD are 

achieved, and ii) the case study level, in which the future state of the case studies is designed by 

the stakeholders of the area. These are described in detail in sections 3.3.1 and 3.3.2 below. This 

approach allows GUARDEN to combine both a top-down perspective in scenario development, 

referring to those developed by large international organisations, along with a bottom-up 

perspective, using scenarios developed by stakeholders and beneficiaries emerging across each 

case study.  

 

3.3.1 Climate-based future trajectories 

The post-2020 global biodiversity framework set ambitious targets with quantified, measurable 

objectives underpinned by research (Mace et al., 2018 [10]). Biodiversity targets based on species 

extinction rates, in particular, are included within the global policy frameworks (Rounsevell et al., 

2020 [11]; Reyers et al., 2013 [12]). Indeed, this could help to galvanise policy in a similar way to the 

2°C maximum climate change target. Quantifying the acceleration of extinction risk due to climate 

change appears to be a top priority in this context (Mace et al., 2018 [10]) and is an active area of 

research.  

To determine the future climate scenarios within the GUARDEN case studies, DRAXIS analysed 

projections of several climatic parameters at the case study level. The climatic parameters and 

scenarios selected (Table 3.1) provide insights on the future states of biodiversity and ES in relation 

to each case study. The selection process was done with the case study coordinators within the 

GUARDEN consortium. With relevance to time frames, for all selected parameters, three time 

periods have been selected, one historical and two future periods. The historical period (baseline) 

refers to 1995-2014, and the future periods refer to 2031-2050 and 2051-2070.  

Table 3.1 - List of selected parameters used to model the future climatic projections in three case 

study areas (France, Greece and Spain).  
Parameter Unit France Spain Greece  

Number of heat stress days days/year X X X 

Heavy precipitation mm/day X   

Total runoff water Kg/m2 × s X X  

Sea surface height above geoid m  X  

Near surface wind speed m/s   X 

 

The selected climatic parameters are analysed in detail below: 

● Number of heat stress days: This is an indicator of heat stress frequency showing the 

number of days where the daily maximum temperature exceeds a threshold value. By using 

this parameter, we can gather insights on how the frequency of days with heat stress is 

changing over the years. This is a secondary index calculated based on the daily maximum 

near-surface air temperature, considered as the daily maximum ambient temperature at 

2m above the surface of land, sea or inland waters.  

https://www.zotero.org/google-docs/?Z5Qymg
https://www.zotero.org/google-docs/?lznFc2
https://www.zotero.org/google-docs/?EFnQxd
https://www.zotero.org/google-docs/?wQC8we
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● Heavy precipitation: This indicator depicts the amount of daily precipitation above 95th 

percentile averaged in a year. By using this parameter, we can gather insights on how the 

intensity of heavy precipitation days is evolving over the years. This is a secondary index 

calculated based on daily total precipitation amount, which is considered the sum of liquid 

and frozen water, comprising rain and snow, that falls to the Earth's surface. 

● Total runoff water: It is the amount per unit area of surface and subsurface liquid water 

that drains from land. Increased runoff water can be associated with floods, especially in 

urban environments where the ground is often impervious to water. 

● Sea surface height above geoid: It represents the vertical distance between the actual sea 

surface and a surface of constant geopotential with which mean sea level would coincide 

if the oceans were at rest. Studying this parameter and its evolution over the years can 

provide insights regarding the rise/fall of the sea level. 

● Near-surface wind speed: Finally, near-surface wind speed is the magnitude of the two-

dimensional horizontal air velocity near the surface. In the context of this study, wind 

speed is associated with wind energy generation potential. 

For the creation of secondary indexes, the value used as the threshold is the minimum 95th 

percentile value over the area of interest in the historical dataset. For each grid point in the region, 

a time series was created, and the 95th percentile for both temperature and precipitation was 

calculated across all daily time steps. The minimum (for temperature) and the mean (for 

precipitation) 95th percentile over the area of interest in the historical dataset served as the 

threshold for comparing scenarios on a grid cell-by-cell basis.  

The projections are provided by the Copernicus Climate Change Service (C3S). Specifically, the 

datasets are a result of the 6th phase of the Coupled Model Intercomparison Project (CMIP6)2. The 

CMIP6 is providing multi-model climate projections taking into account social and economic 

development patterns in combination with emission scenarios represented by the Shared 

Socioeconomic Pathways (SSPs) and the Representative Concentrations Pathways (RCPs) 

correspondingly.  

The SSPs outcomes are specific combinations of socioeconomic challenges to mitigation and 

adaptation (Figure 3.3) developed by O’Neil et al. 2024 [13]. That is, the SSPs are intended to 

describe worlds in which societal trends result in making mitigation of, or adaptation to, climate 

change harder or easier, without explicitly considering climate change itself O’Neill et al., 2017 [14]. 

The RCPs contain information on greenhouse gases concentrations over the years, and the 

resulting radiative forcing. The RCPs were developed during the 5th phase of the CMIP and were 

updated for the 6th phase (O’Neill et al., 2017 [15]; Riahi et al. 2017 [16]). The scenarios are referred 

to as SSPx-y. ‘SSPx’ refers to the Shared Socioeconomic Pathway, and ‘y’ refers to the expected 

change in radiative forcing (in watts per square meter) resulting from the scenario from the year 

1750 to the end of the 21st century, 2100. 

 
2
 Copernicus Climate Change Service, Climate Data Store, (2021): CMIP6 climate projections. Copernicus Climate Change 

Service (C3S) Climate Data Store (CDS). DOI: 10.24381/cds.c866074c  

https://www.zotero.org/google-docs/?EL1iDd
https://www.zotero.org/google-docs/?wepFHp
https://www.zotero.org/google-docs/?1np8Gj
https://www.zotero.org/google-docs/?h55u5U
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Figure 3.3 - Five shared socioeconomic pathways (SSPs) representing the different combinations 
of challenges to climate mitigation and adaptation (Source: O’Neill et al., 2017 [14]). 

The selected climate scenarios are SSP1-2.6, SSP2-4.5, and SSP4-6.0, and are described in table 3.2. 

The foreseen change in global surface temperature in the mid- and long- term horizon compared 

to the period 1850-1900 is also provided. 

Table 3.2 - Description of scenarios used and the estimated temperature change in different 

horizons). Description of SSP scenarios is taken from O’Neil et al. 2014 [13]. 

  
Scenarios 

  
Description (Socioeconomic developments and 

emissions) 

Temperature change 

Mid-term, 
2041–
2060 

Long 
term, 

2081–2100 

SSP1-2.6 ● SSP1: Sustainability (Taking the green road). Low 
mitigation and adaptation challenges. 

● RCP2.6: Low forcing path. 

+1.7 °C +1.8°C 

● SSP1: The world shifts gradually, but pervasively, toward a more sustainable path, 
emphasizing more inclusive development that respects predicted environmental 
boundaries. Management of the global commons slowly improves, educational and health 
investments accelerate the demographic transition, and the emphasis on economic growth 
shifts toward a broader emphasis on human well-being. Driven by an increasing 
commitment to achieving development goals, inequality is reduced both across and within 
countries. Consumption is oriented toward low material growth and lower resource and 
energy intensity. Society follows the sustainable path and finds it relatively easy to reduce 
greenhouse gas emissions and adjust to climate change. It depicts a "best case" future from 
a sustainability perspective. 

● RCP2.6: Low Greenhouse Gases (GHG) emissions. CO2 emissions cut to net zero around 
2075. Radiative forcing: 2.6 W/m2 by the year 2100. It represents the low end of plausible 
future forcing pathways. 

SSP2-4.5 ● SSP2: Middle of the road. Medium mitigation and 
adaptation challenges. 

● RCP4.5: Intermediate forcing path. 

+2.0 °C +2.7 °C 

https://www.zotero.org/google-docs/?QJR2Kv
https://www.zotero.org/google-docs/?wPiIOp
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● SSP2: The world follows a path in which social, economic, and technological trends do not 
shift markedly from historical patterns. Development and income growth proceeds 
unevenly, with some countries making relatively good progress while others fall short of 
expectations. Global and national institutions work toward but make slow progress in 
achieving sustainable development goals. Environmental systems experience degradation, 
although there are some improvements and overall the intensity of resource and energy 
use declines. Global population growth is moderate and levels off in the second half of the 
century. Income inequality persists or improves only slowly and challenges to reducing 
vulnerability to societal and environmental changes remain. Societies face a mix of 
manageable but not negligible obstacles in both reducing emissions (mitigation) and 
adjusting to the impacts of climate change (adaptation). 

● RCP4.5: Intermediate GHG emissions. CO2 emissions around current levels until 2050, then 
falling but not reaching net zero by 2100. Radiative forcing: 4.5 W/m2 by the year 2100. This 
scenario represents the medium part of plausible future forcing pathways. 

SSP4-6.0 ● SSP4: Inequality (A Road Divided). Low mitigation 
and high adaptation challenges. 

● RCP6.0: Intermediate forcing path. 

No 
estimation 
available  

No 
estimation 
available 

● SSP4: Highly unequal investments in human capital, combined with increasing disparities in 
economic opportunity and political power, lead to increasing inequalities and stratification 
both across and within countries. Over time, a gap widens between an internationally-
connected society that contributes to knowledge- and capital-intensive sectors of the global 
economy, and a fragmented collection of lower-income, poorly educated societies that 
work in a labour-intensive, low-tech economy. Social cohesion degrades and conflict and 
unrest become increasingly common. Technology development is high in the high-tech 
economy and sectors. The globally connected energy sector diversifies, with investments in 
both carbon-intensive fuels like coal and unconventional oil, but also low-carbon energy 
sources. Environmental policies focus on local issues around middle and high-income areas. 
Society can effectively reduce greenhouse gas emissions but struggle significantly to cope 
with or adapt to the impacts of climate change. 

● RCP6.0: Intermediate GHG emissions. Global GHG emissions peak just after the middle of 
the century and decline afterwards. Radiative forcing: 6.0 W/m2 by the year 2100. This 
scenario fills in the range of medium future forcing pathways. 

The C3S database provides outputs of several models for each parameter and scenario. Since 

climate model outputs do not perform with the same accuracy across all pilot regions, a validation 

of the different model outputs available in C3S was performed. Specifically, model outputs for the 

historical period 1995-2014 were compared to the ERA5 reanalysis data for each parameter and 

pilot. The validation method was based on the use of statistical metrics such as the Root Mean 

Square Error (RMSE) and the Correlation Coefficient (CC). Τhe RMSE and CC were calculated for all 

models in relation to the ERA5 and the ones performing above a predefined threshold for each 

metric, were selected for further analysis. 

The best-performing models for each region were combined into an ensemble, aiming to improve 

the reliability of climate projections using the strengths of multiple models and reducing biases or 

uncertainties associated with individual models. The models included in the ensemble are shown 

in table 3.3. After the creation of the ensembles, the average conditions for each time-period are 

calculated to represent the mid-term (2031-2050) and long-term future state (2051-2070), 

facilitating a direct comparison with the reference period (1995-2014). This approach enables a 

https://en.wikipedia.org/wiki/Human_capital
https://en.wikipedia.org/wiki/Human_capital
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clear assessment of changes over time, highlighting potential changes in climate conditions. The 

resulting 2-d arrays are extracted into a NetCDF file for further analysis.  

Table 3.3 - Models included in the ensemble per region and parameter. 
Parameter France Spain Greece (Evoia) Greece (Thraki) 

Near-surface daily 
maximum 

temperature 

CNRM_ESM2_1 
MIROC6 

MRI_ESM2_0 

CNRM_ESM2_1 
MIROC6 

MRI_ESM2_0 

CNRM_ESM2_1 
MIROC6 

MRI_ESM2_0 

CNRM_ESM2_1 
MIROC6 

MRI_ESM2_0 

Precipitation CanESM5 
INM_CM5_0 

IPSL_CM6A_LR 

   

Sea surface height 
above geoid 

 IPSL_CM6A_LR 
MIROC6 

CNRM_ESM2_1 
FGOALS-g3  

  

Total runoff water IPSL_CM6A_LR 
MIROC6 

MRI_ESM2_0 

IPSL_CM6A_LR 
MIROC6 

MRI_ESM2_0 

  

Near surface wind 
speed 

  CNRM_ESM2_1  
IPSL_CM6A_LR 

MIROC6 

CNRM_ESM2_1  
MIROC6 

MRI_ESM2_0 

 

3.3.2 Stakeholder-based future trajectories 

In order to adopt the bottom-up perspective and use it as a means to understand the role of 

stakeholders needs and priorities in relation to the area, but also the policy and management 

mandate, we c0-designed with them future trajectories for biodiversity and ES. To achieve this, we 

based our analysis on the IPBES work on Future Pathways to sustainability (Pascual et al 2023 [17]). 

Within their work, IPBES analysed a set of four alternative future pathways that may lead to 

sustainable futures, if combined with each other. The pathways are not future alternatives, but 

more a set of strategies which emerge from the prevalence of different types of values human 

society attributes to the natural environment (Figure 3.4).  The set of values considered can vary 

from purely instrumental, to intrinsic or relational (Pascual et al 2017 [18]) and are interrelated 

guiding current and future decisions.  

These pathways are combined with the Business as usual one, in which there is the assumption 

that no deviation from the current practices occurs. In brief the proposed pathways are: 

a. Earth Stewardship and living well: this pathway emphasises on local empowerment, which 

allows communities being autonomous, avoiding externalities, while promoting 

biocultural practices (e.g., permaculture) and in which relational values are prevailing; 

b. Degrowth: this one, inspired from its homonymous social movement [3], targets reducing 

overconsumption and production, while redistributing wealth in a just manner across 

societal members and sectors and in which intrinsic values prevail; 

c. Nature Protection: this pathway has as a core priority the protection of biodiversity, while 

recognising both its intrinsic and instrumental value; 

d. Green Economy: this pathway gives a high priority to instrumental values of nature (e.g., 

income, jobs generated) while emphasising on the need for a change in technologies, 

https://www.zotero.org/google-docs/?7z9FUz
https://www.zotero.org/google-docs/?gJIKY2
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economic institutions and the indicators and metrics used to assess society’s performance, 

and in which mostly instrumental values are prevailing; 

e. Business as usual: this pathway is used to describe the non-sustainable pathway i.e., the 

current state of the wider social-ecological system, in which no actual change is happening. 

 

Figure 3.4 - The diverse values of nature underpin different pathways towards sustainability 
(Source: Pascual et al., 2023 [17]).  

Within the GUARDEN integrated approach, these pathways are used as a source of inspiration in 

order to build and explore future alternatives as these may fit the different stakeholder needs and 

priorities within the different case studies. The intention of this work is not to propose the best 

https://www.zotero.org/google-docs/?5j10bq
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possible solution, but to develop a set of alternatives on how biodiversity, ES and human well-

being may change under different management choices.  

In order to link nature’s values with the proposed alternative pathways, in an operational manner 

which links different measured variables with value types and biodiversity and ES relevant 

information, we followed the framework of the Essential Variables for Ecosystem Services (EESVs) 

(Balvanera et al 2022 [19]). This framework links variables used to monitor biodiversity and ES 

within the IPBES framework and in particular the types of values emergent across its elements 

(Figure 3.5). This allows us to attribute the notion of values to the actual data in a form that  is 

relatively intuitive. In Table 3.4 below we give examples of the fit between EESV classes, 

measurable variables and associated values within the GUARDEN context for the example of the 

ES of Biodiversity Knowledge within the case study of France. 

 

 

Figure 3.5 - Systematic monitoring of GEOBON’s essential environmental variables mapped onto 
the IPBES conceptual framework (source: Balvanera et al., 2022 [19]). 

Table 3.4 - Examples of EESV classes and their measurable variables and associated values for the 

implementation of the systematic monitoring of GEOBON’s essential environmental variables 

framework in the French case study area. 

EESV class ES / NCP Variable measured Data sources Associated value types 

Ecological 
supply 

Biodiversity 
knowledge 

Species richness Modelled species richness 
within the GUARDEN case 
studies 

Relational 

Protected area 
presence 

Natura 2000 Protected area 
boundaries 

Intrinsic 

https://www.zotero.org/google-docs/?xNCUfV
https://www.zotero.org/google-docs/?i0GA68
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EESV class ES / NCP Variable measured Data sources Associated value types 

Anthropogenic 
contribution 

Accessibility Railway and road network 
(current and expanded) 

Not-relevant 

Demand Visitors of the area National Park records Instrumental 

Use Visitors contributing 
to knowledge 
through citizen 
science 

PlantNet observations Relational 

Instrumental 
value 

Not applicable   

Relational value Importance of 
stewardship, care 
and responsibility 
associated to wildlife 
viewing experiences 

Occurrence and frequency 
of biodiversity viewing 
events that embody 
relational values  

Relational 

 

This approach is followed for all variables and the modelling of biodiversity and ES within the work 

carried out in this deliverable. In Chapters 4 and 5 we present the detailed methodology of how 

biodiversity and ES data accordingly are integrated within different modelling frameworks under 

the scenarios developed in this chapter. 
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4 Future trajectories for biodiversity 

As explained in section 3.3, future biodiversity conditions are assessed under a set of different 

scenarios for climate change. To achieve this, a common practice is to use Species Distribution 

Models (SDMs) using as a basis species’ ecological preferences to then project the learned 

relationships into future climates (Guisan and Thuiller, 2005 [20]). Species are then predicted to 

become extinct if their potential habitat is reduced below minimum thresholds. In the context of 

GUARDEN, we are proposing a methodology based on this principle, but drawing on the deep 

learning techniques developed in the context of tasks T3.2 of GUARDEN (Deep Learning 

Framework for the Modelling of Species Distributions and Habitats from EO, Environmental and 

Biodiversity Data). It consists in training a deep SDM with both climatic and environmental 

variables as input predictors, and then use it in inference mode on the future projections of the 

climatic variables. For extinction risk projection, we propose an automated IUCN status 

classification method based on the SDM’s response for each species but with two distinct dispersal 

hypotheses (no dispersal or unlimited dispersal). Figure 4.1 provides a general schema of the entire 

pipeline. In the following subsections, more details are provided about the used deep Species 

Distribution Model (4.1), the distribution projection methodology according to the two dispersal 

scenarios (4.2) and the IUCN status classification methodology (4.3). Finally, we present an analysis 

of the results obtained on a specific taxonomic group, i.e. the Orchid’s family (4.4). This work was 

the subject of a scientific article submitted to the journal Ecological informatics, currently available 

in preprint form (Estopinan et al. 2024 [21]).  

 

https://www.zotero.org/google-docs/?brsfyS
https://www.zotero.org/google-docs/?XQRIA4
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Figure 4.1. BIODIV-PROJ-METHOD - Schema of the proposed method for computing future species 
distribution and extinction risks projections. The first column represents the current time frame, 
while the right column represents a future scenario (projection).  

 

Step 1 consists in associating a given set of locations with environmental covariates using deep-

SDM inference. Species niches are indicated by dashed circles. In Step 2, the predicted features are 

summarised by taking their mean, standard deviation and sum, and the result is concatenated. This 

operation allows the information that was at the point level to be condensed to the species level. 

Finally, Step 3 is the mapping between the species summary feature and its conservation status 

using a random forest classifier. Classification can be either binary, as shown, or at the IUCN status 

level. Both the SDM and the random forest models are trained solely on the present data. After 

training and validation, they are used in inference mode for the future projections by replacing the 

bioclimatic variables given as input by their future projection values.  

4.1 Species distribution models 

The first step consists in using a deep SDM (Species Distribution Model) to encode the high-

dimensional predictive data around each species occurrence into a reduced feature space (Figure 

4.1 Step 1). Such deep SDMs can be typically trained using the open source framework MALPOLON3 

developed as part of the GUARDEN project (deliverable D3.2).  The predictive variables used as 

model inputs can be of various kinds, but to study the impact of climate change on future 

biodiversity trajectories, it is essential that some of them describe present and future climatic 

conditions at each point in the geographical region of interest. In the paper's experiments 

(Estopinan et al., 2024 [21]), we use the WorldClim2 bioclimatic variables that are established 

indicators of climate annual trends, seasonality and extreme values (i.e. nineteen standard 

bioclimatic variables computed from statistics of temperature and precipitation data over the 

period 1970-2000 at 30-second resolution). The model also takes additional input variables 

characterising the local environment such as Soilgrids pedological variables, human footprint 

rasters, terrestrial ecoregions of the world 3 and the observation location (see Appendix B of 

Estopinan et al., 2024 [21] for more details). These variables, however, are held constant for future 

projections, as no future scenarios are available for them. With regard to species occurrence (or 

species presence/absence), the general approach employed in the context of GUARDEN is to rely 

on GBIF data. Open access to data and the presumed long-term sustainability of the GBIF 

infrastructure are indeed important elements if we wish to compare projections made today with 

future observational data.  

To showcase the methodology and how this workflow will be applied within the GUARDEN case 

studies, we give the example of the Orchidaceae family, which alone represents thousands of 

species (nearly 10% of all plant species) (Estopinan et al., 2024 [21]). Orchids are of major concern 

for conservation due to the numerous threats they are facing: habitat destruction, climate change, 

pollution, and illegal harvesting for horticulture and tourism industries. They are also considered 

as a relevant proxy of the ecosystem's health (Newman, 2009 [22]). Moreover, orchids are found 

in a wide range of habitats and they are blooming at very different altitudes. Such a range or 

environmental amplitude is difficult to achieve with other families, making the orchid family an 

 
3
 MALPOLON, Deep-SDM framework. https://github.com/plantnet/malpolon  

https://www.zotero.org/google-docs/?QIBlST
https://www.zotero.org/google-docs/?oPn1hE
https://www.zotero.org/google-docs/?u4qJM0
https://www.zotero.org/google-docs/?MhstIg
https://github.com/plantnet/malpolon
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excellent candidate for the purpose of our studying the impact of climate change. Practically, the 

mobilised dataset contains 999,258 occurrences of 14,129 species. The model used is an Inception 

v3 convolutional neural network trained with the LDAM loss, a modified cross-entropy function 

that gives more weight to rare species during training (more details in Estopinan et al., 2024 [21]).  

 

4.2 Future species distributions projections 

To compute future species distributions, we rely on the Representative Concentration Pathway 8.5 

(RCP 8.5) as suggested by several previous works related to extinction risks projections (Urban, 

2015 [23]). RCP 8.5 is the scenario with the highest assumed fossil fuel use, but also the best match 

to our current emissions levels and stated policies. Concretely, the 19 WorldClim2 bioclimatic 

variables used for the training phase of the SDM are replaced by the corresponding projections 

from the EC-Earth3-Veg climate model (Döscher et al., 2022 [24]). Four time periods are considered: 

2021-2040, 2041-2060, 2061-2080 and 2081-2100. More details can be found in our preprint paper 

(Estopinan et al., 2024 [21]). This time frame differs from the one outlined in this deliverable for 

climate projections (Section 3.3.1), as this example required a more long-term projection, and is 

related to monitoring ecosystem long-term health. 

A fundamental assumption when inferring species distributions with an SDM is that species 

maintain the same environmental niche (Bakkenes et al., 2002 [25]). The assumption that species 

have unlimited dispersal capacity leads to species niches shifting with climate change. In practice, 

however, species have specific and limited dispersal capacities that prevent them from following 

climate change (Schloss et al., 2012 [26]). As data on plant dispersal capacity is extremely scarce, 

we worked with two extreme hypothesis and assumed that the truth lies in between (Urban, 2015 

[23]):  

- No dispersal. With this hypothesis, species are supposed to be possibly present in the 

future only at locations of current presences. Thus, the future area of occupation can only 

be smaller or equal than the current one. This is the most pessimistic hypothesis in terms 

of conservation. To compute distribution’s projection according to this hypothesis, we only 

re-compute the SDM outputs at locations where the species has already been observed.  

- Unlimited dispersal. With this hypothesis, species are supposed to be possibly present in 

the future at any location matching their ecological preferences. Thus, the future area of 

occupation can be smaller or greater than the current one. This is the most optimistic 

hypothesis in the sense that it assumes that the species can move to any new region, 

regardless of distance and dispersal capabilities. To compute distribution’s projection 

according to this hypothesis, the SDM outputs (presence probabilities) are computed for 

all species at all locations of the studied area or dataset. Then, to determine if a species is 

present or not at a particular location, the presence probabilities are thresholded. The 

threshold is optimised as described in Appendix C of the preprint paper (Estopinan et al., 

2024 [21]) to return precautionary species assemblages. More specifically, the value was 

set on a calibration set to allow only a 3% error in assessing whether the true label was 

retained in the assemblage - while keeping the threshold as high as possible. As this process 

is likely to return overestimated but precautionary species assemblages, the resulting 

estimates can be considered as lower bounds on species extinction risk.  

https://www.zotero.org/google-docs/?GzEoIk
https://www.zotero.org/google-docs/?W51Mm0
https://www.zotero.org/google-docs/?QBRwmO
https://www.zotero.org/google-docs/?XJWfba
https://www.zotero.org/google-docs/?iyeLQM
https://www.zotero.org/google-docs/?4fCqZG
https://www.zotero.org/google-docs/?61ESDe
https://www.zotero.org/google-docs/?Q1kkCq
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4.3 Projection of future species IUCN status  

Manual assessment of extinction risk cannot keep up with the current levels of threats, so species 

are disappearing before they have been assessed or even discovered (Brooks et al., 2019 [27]). As 

of 2022, only 15% of the world’s known plant species have an IUCN status (barometer of life). 

Research has responded to this massive concern by developing compensatory automated 

assessment methods (Stévart et al., 2019 [28]). Methods can either estimate IUCN variables to be 

compared with the official criteria thresholds (index-based methods) or directly learn a 

correspondence between species features and IUCN status (using prediction-based methods such 

as Random Forest, e.g. in Zizka et al. 2020 [29]. However, these methods are based on current 

species characteristics, mainly geographical, which precludes their use in future projections. 

Species distribution modelling can also inform IUCN assessments by estimating IUCN range 

variables (as recommended in the official guidelines, index-based methods) and predicting IUCN 

categories (Brooks et al., 2019 [27]). The latter authors concluded that SDM-based niche size 

estimates provide valuable complementary information to range size in assessing species 

extinction risk, but are not a good proxy for extent of occurrence (EOO) or area of occupancy 

(AOO).  

Alternatively, we propose an automated classification method that benefits from the 

generalisation capabilities of the SDM but that does not directly rely on the predicted presence 

distributions. Instead, it relies on statistics of the features vectors (i.e. latent variables) learnt by 

the model. Indeed, with a deepSDM, any site can be associated with a D-dimensional vector 

representative of the habitat's characteristics and from which the species presence probabilities 

are inferred. Then, for a particular species, it is possible to compute statistics about its occupied 

habitat(s) by aggregating the D-dimensional features vectors of the sites where the species is likely 

to be present (according to the presence probabilities estimated by the model). Specifically, we 

compute the mean, standard deviation and sum of those feature vectors, resulting in a 3xD 

dimensional vector.  Those species-level feature vectors are then used to train an automated 

classifier of the IUCN status (based on the Random Forest algorithm). More details about  the 

method can be found in the preprint paper (Estopinan et al., 2024 [21]).  

The method was evaluated on a set of species with known current status and compared to another 

automated method recently proposed by Zizka et al. (2020 [29]). This evaluation demonstrated 

that our method provides equivalent classification performance, while having the great advantage 

of being usable for predicting future status (the method of Zizka et al. 2020 [29] is not usable for 

this purpose because it relies on statistics of current species occurrences and not on the output of 

a SDM).  

 

4.4 Analysis of the results obtained with the proposed 
methodology on the Orchid's family  

To showcase our approach, we first analysed the global dynamics of orchid IUCN status 

distribution over time and per continent. The main  results are displayed in Figure 4.2. The global 

https://www.zotero.org/google-docs/?kSht2W
https://www.zotero.org/google-docs/?irh4D8
https://www.zotero.org/google-docs/?6baNf4
https://www.zotero.org/google-docs/?piho2w
https://www.zotero.org/google-docs/?WiGOS0
https://www.zotero.org/google-docs/?FTWzWx
https://www.zotero.org/google-docs/?LcodY1
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trend shows an increasing proportion of threatened species across all continents. Individual 

patterns also appear:  

- Africa and Asia-Temperate are the only two continents with a current majority of 

threatened orchid species. 

- Five percent of African species are predicted to become extinct between 2041 and 2060 

(11% of IUCN assessed species). 

- In tropical Asia, threatened species become the majority by mid-century, reaching 60% by 

the end of the century. 

- Several continents - notably Europe and North America - see their proportion of threatened 

species decline in the first half of the century, before re-increasing in the second half. 

 

Figure 4.2 - BIODIV-PROJ-RESULTS: Projections of conservation status proportions per continent 
and time period. Error bars account for differences between the two dispersal scenarios. 

 

In the paper, we also studied the status projections as a function of latitude and altitude. The 

latitude study shows that the number of threatened species clearly peaks around the equator and 

in the tropics, i.e. at latitudes with high species diversity. Species going extinct are also found 

around the equator. Both high and low latitudes are dominated by non-threatened species. The 

number of threatened species increases at all altitudes. 

A more detailed analysis of the results can be found in (Estopinan et al., 2024 [21]). 

 

4.5 Discussion of biodiversity projections 

On average, considering both dispersal scenarios together, the number of threatened species is 

expected to increase by a third by 2100 with our method (14-40% rise interval). The relative decline 

of threatened species by mid-century - particularly pronounced in Europe and North America - is 

rooted in the unlimited dispersal scenario.  Indeed, in these projections, the potential niches can 

be largely overestimated, leading to lower rates of threatened species. However, this 

https://www.zotero.org/google-docs/?NQPMgq
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phenomenon is mitigated in the second half of the century, where bioclimatic change significantly 

limits species’ potential niches.  

Our method has limitations that we acknowledge in detail in the paper by (Estopinan et al., 2024 

[21]). First, the threshold for species presence prediction may be overly permissive, potentially 

leading to an overestimation of geographic support for learning species features; more restrictive 

settings could increase prediction risks, warranting further investigation. Furthermore, SDMs are 

limited by correlation-based patterns rather than causal insights, making interpretation 

challenging. In the dispersal scenario, projecting species features across time and space can lead 

to out-of-domain model inference under certain bioclimatic conditions, with potential 

underestimation of extinction risks in conservative scenarios. Lastly, performance in status 

classification drops for NT (Near Threatened) and VU (Vulnerable) categories, likely due to the 

ambiguous definition of NT, which affects the clarity and reliability of environmental 

representation learning for these statuses. 

 

 

 

  

https://www.zotero.org/google-docs/?I4cyCk
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5 Modelling framework for assessing ecosystem services 
future trajectories  

Within this section we outline the workflow used to assess the future trajectories of ES in the four 

case studies and at the European level. The full modelling analysis was performed for the case 

studies of France and Greece. Within the context of the Cypriot and Spanish case study, due to the 

topic of the trade-off among biodiversity-ES and infrastructure developed, which was different and 

therefore required a different approach. For that one, already developed models were used. In 

particular for the Spanish case study a Coastal protection model was used (Liquete et al 2013 [30]; 

Hasan et al. 2023 [31]), while for the Cypriot case study the InVest® Habitat Quality model was used 

(https://naturalcapitalproject.stanford.edu/software/invest). These are outlined in detail in 

Deliverable 3.5. The analysis focuses on the data generation process, for future states through a 

combination of approaches which vary across scales. It is important to mention that for this work, 

the focus is on the identification of synergies and trade-offs that emerge among ES, in order to 

generate a holistic approach that allows for the generation of an outcome that informs decision-

making in terms of benefit gains and losses from nature’s contributions. 

 

5.1 Case-study level assessment 

To map and assess the future pathways of ES for each case study, we developed an integrated 

modelling approach that puts together information on the local policy priorities and management 

needs, data on biodiversity change, infrastructures and their impacts on human well-being, as well 

as stakeholders’ and experts’ knowledge (Figure 5.1).  

The approach is distinguished by three main components, each of which include multiple steps. 

The conceptual model of the ES assessed, lays the foundation for the integration of ES into 

decision-making processes. This process allows defining the system map/model, engaging 

stakeholders, and building a shared understanding of the challenges and opportunities in the 

implementation of the EGD targets at the local scale. The mathematical ES modelling process, 

translates the conceptual model into actionable insights by integrating spatial data, assessing 

scenarios, and developing baseline assessments of the problem at hand. The future pathway 

modelling process, allows to assess, visualise and envision alternative futures within the studied 

systems through a spatially-explicit Bayesian Belief Network (BBN) approach. The final outcomes 

allow us to bridge scientific outcomes and policy by unravelling potential trade-offs and synergies 

emerging among ES within the selected case studies. Such outcomes allow the end-users (in this 

case, decision-makers) to actively visualise the tentative outcomes of their management 

alternatives (presented in detail in Deliverable 3.7).  

  

https://www.zotero.org/google-docs/?YU0ecZ
https://www.zotero.org/google-docs/?FVBcHV
https://naturalcapitalproject.stanford.edu/software/invest
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Figure 5.1 - The GUARDEN ES modelling approach. The red shading indicates the steps in the 
process in which integration of stakeholders’ and experts’ knowledge across the ES mapping and 
assessment occurred. 

 

5.1.1 Identification of relevant ecosystem services  

We designed a flow of activities for data collection. We organised three workshops in which local 

experts and stakeholders provided input throughout a participatory modelling process of ES 

assessment (Table 5.1). The workshops were organized in the form of in-person, online, as well as 

hybrid (both in-person and online) participation. In the case of online and hybrid workshops, we 

used online interactive platforms and participation tools, such as Mentimeter (Mentimeter) and 

Miro (Miro). 

Table 5.1 - Timeline and objectives of organised workshops across the GUARDEN case studies. 
Activities / Data Objectives Format Location 

Workshop I with stakeholders 
(France)  29-02-24 

1. Identify relevant ES  
2. Define relationships among ES 
3. Finalize conceptual model 

Hybrid Montpellier, 
France 

Workshop II with stakeholders 
(France)  25-06-24 

1. Assess initial ES outputs of BBN modelling based on 
system maps  
2. Update BBN model parameters and relationships 

Hybrid Narbonne, 
France 

Workshop III with stakeholders 
(France)  30-09-24 

1. Stakeholder-based validation of ES maps  
2. Future scenario building participatory process 

In-person Narbonne, 
France 

Workshop I with stakeholders 
(Greece)  08-04-24 

1. Identify relevant ES 
2. Define relationships among ES  
3. Finalize conceptual model 

Online - 

Workshop II with stakeholders 
(Greece)  23-10-24 

1. Stakeholder-based validation of model structure 
2. Scenario building participatory process 

In-person Athens, 
Greece 

Workshop I with stakeholders 
(Cyprus)  05-12-23 

1. Identify relevant ES 
2. Define relationships among ES  
3. Finalize conceptual model 

Hybrid Larnaca, 
Cyprus 

Workshop II with stakeholders 
(Cyprus) / 31-10-24 

1.  Assess initial ES outputs 

2. Collection of additional information for InVest® 
modelling 

Hybrid Larnaca, 
Cyprus 

During the conceptualisation of the model across the four case study areas, we developed social-

ecological system maps. During the first six months of the task, bilateral meetings were held with 

the case study coordinators to define the relevance of ES maps within the decision-making process, 

the stakeholders relevant to each case study, and the available data useful for the ES models. 

https://www.mentimeter.com/
https://miro.com/
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During these meetings, the system elements (namely social and biophysical attributes, ecological 

functions, and benefits to society) relevant to each case study, and the relationships among them 

were identified. The main output was a set of system maps (Appendix Α) that provided the starting 

point of the discussions with the Multi-Stakeholder Partnerships (MSPs) and the basis for 

compiling the BBN models. The system maps were validated and updated by stakeholders and the 

case studies’ leads, to create the final systems map (Figure 5.2) that was used for the BBN 

modelling. 

After the establishment of the MSPs, the first round of workshops was organised. The main 

objectives of these workshops were to validate and finalise with local stakeholders the system 

maps, the relevant ES, the causal relationships among important variables, and the identification 

of available locally produced data, to ensure that the best available knowledge is used. The 

materials used for validating the initial system maps included a miro board to which stakeholders 

are asked to answer questions to indicate the main societal benefits provided by the local 

ecosystems, the active public and private sectors in the areas and how the human activities linked 

to the different sectors influence landscape changes that in turn affect the ecological functions 

and services (Appendix Β). 

We developed a collaborative selection process with local experts and stakeholders embedded 

within the workshops. This process was critical for the French, Malagasy, and Cypriot case studies. 

For the most part, the selected ES by stakeholders could not be of direct use within the local 

decision-making processes (Figure 5.2). The identified ES were then assessed in relation to 

available data (either existing data or data generated within the GUARDEN project). Following 

these feasibility checks, the final list of ES to be mapped and assessed at the case study level was 

produced (Table 5.2).

https://miro.com/
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Figure 5.2 - Selection process for defining the most relevant ES/NCP across all case studies through three steps. The right table indicates the ES for which 
there was agreement across the selection process and the stakeholder and expert input.  

 

 

 



D3.6 Future trajectories of biodiversity and ecosystem services 

© GUARDEN, 2024  35 

 

Table 5.2 - List of selected NCPs/ES mapped and assessed at the GUARDEN case study level (Section 7.2, Deliverable 3.5). 
NCP group1 NCP type1 Description of NCP1 Societal 

benefits 
FR GR SP CY 

Regulating Habitat creation and 
maintenance 

The formation and continued production, by ecosystems and organisms within them, of 
ecological conditions necessary or favorable for living beings of direct or indirect importance 
to humans.  

Habitat 
quality 

X X X X 

Formation, protection, 
and decontamination of 
soils and sediments 

Formation and long-term maintenance of soil structure and processes by plants and soil 
organisms, including physical protection of soil and sediments from erosion. 

Coastal 
protection 

  X  

Material Energy The production, regulation, and management of energy resources derived from natural 
processes and elements that contribute to energy generation, distribution, and 
sustainability; these can include: biomass production, hydropower, wind and solar power, 
and geothermal energy. 

Energy 
production 

 X   

Food and feed Production of food from wild, managed, or domesticated organisms, such as fish, bushmeat 
and edible invertebrates, beef, poultry, game, dairy products, edible crops, wild plants, 
mushrooms, honey  

Agricultural 
production 

X X   

Non-material Learning and inspiration Provision, by landscapes, seascapes, habitats, or organisms, of opportunities for the 
development of the capabilities that allow humans to prosper through education, acquisition 
of knowledge, and development of skills for well-being, information, and inspiration for art 
and technological design. 

Biodiversity 
knowledge 

X    

Physical and psychological 
experiences 

Provision, by landscapes, seascapes, habitats, or organisms, of opportunities for physically 
and psychologically beneficial activities, healing, relaxation, recreation, leisure, tourism, and 
aesthetic enjoyment based on the close contact with nature (e.g. hiking, recreational 
hunting, and fishing, birdwatching, snorkeling, diving, gardening). 

Nature-based 
recreation 

X X   

Supporting identities Landscapes, seascapes, habitats, or organisms are the basis for religious, spiritual, and social-
cohesion experiences, such as the provisioning of opportunities by nature for people to 
develop a sense of place, belonging, rootedness, or connectedness, associated with 
different entities of the living world (e. g. cultural, sacred and heritage landscapes, sounds, 
scents and sights associated with childhood experiences, iconic animals, trees or flowers). 

Natural 
heritage 
value 

X X   

Cultural 
heritage 
value 

X    

 1as described in Díaz et al. (2018 [4]).

https://www.zotero.org/google-docs/?skkmKS
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5.1.2 Modelling future trajectories using Bayesian Belief Networks - BBNs 

To map the future state of ES in France and Greece, as well as the emerging trade-offs and 

synergies among them, we used a Bayesian Belief Network (BBN) modelling process. The 

development of data and baseline maps for this process is outlined in detail in Chapter 7, 

Deliverable 3.5. A Bayesian Belief Network is a probabilistic graphical model consisting of two main 

model components: 1) a directed acyclic graph (DAG) denoting dependencies and independencies 

between model variables, and 2) conditional probability tables (CPTs) presenting the strengths of 

links in the graph (Borsuk et al., 2004 [32]). The DAG consists of a set of nodes or vertices 

representing the system's variables (which include observed quantities, latent (unobserved) 

quantities, expert opinion, model outputs, or unknown parameters) and a set of arrows, links, or 

edges, indicating the relationships between the system's variables and are joining parent nodes to 

child nodes. Each node has a finite set of states which can be either continuous or with discrete 

states. The difference between this and other similar modelling frameworks is in the use of 

conditional probabilities to express the relationships between nodes. Through the CPTs, the 

probability distribution of a variable is determined by the realised states of its parent nodes, based 

on Bayes' theorem which is described as: 

ὖὃȿὄ
ὖὄȿὃὖὃ

ὖὄ
 

where P(A) and P(B) are the probabilities of observing A and B without regard to each other; P(A B᷄) 

is the conditional probability of A, given B; P(B A᷄) is the conditional probability of B, given A; and 

P(B A᷄)/P(B) is the Bayes factor or likelihood ratio. The selection of this probabilistic approach was 

selected as literature has clearly indicated the added value of probabilistic outputs for 

communicating future projections to stakeholders (e.g., Penk et al., 2022 [33]).  

The ES modelling process was conducted across six (6) steps: 

1. The coproduction of the initial BBN structure based on the conceptual model developed 

with local experts and stakeholders. In this stage, we transformed the conceptual model 

into a Bayesian Network (BN) consisting of parent nodes, child nodes and edges (Figure 

5.3) using the Norsys software Netica 7.01 (Norsys, 2016). 

 

https://www.zotero.org/google-docs/?sBXziE
https://www.zotero.org/google-docs/?x2pmV1
https://www.norsys.com/netica.html
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Figure 5.3 - Sample of a BBN structure created within Netica; where yellow boxes represent 
nodes/variables, arrows represent causal relationships between two nodes, and bar plots 
showcase the states of each node/variable.  

 

2. The population of the CPTs allows for the integration of stakeholders' input, qualitative 

data and literature in order to define the probabilities of change of all child nodes 

(intermediate and final). To fill in the conditional probability tables, we included both 

expert knowledge and available data. Expert knowledge was collected by composing 

online questionnaires regarding the links between the variables of the conceptual models 

set. The questions were based on statements expressed during the stakeholders’ 

workshops. Experts and stakeholders were asked to weigh the importance of these 

statements and the potential events under given circumstances (e.g., the 

expansion/development of roads linked to the development of windfarms leads to 

landscape fragmentation) (Appendix C). The degree of importance was used as probability 

which was then averaged in the final BBNs models to create the CPTs (Figure 5.4). More 

details on the elicitation of the CPTs are described in Section 7 of GUARDEN Deliverable 

3.5.  
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Figure 5.4 - Populating CPTs through local experts and stakeholders’ knowledge. The 
example given is from the BBN developed for the French case study.  

 

3. Finalising the BBN model and adding spatial data to create a spatially-explicit BBN 

modelling approach in order to run the baseline scenarios and map the current state of ES. 

To do this we used the open source online software gBay4 (https://gbay.ethz.ch) (Stritih et 

al., 2020 [34]), which allows for the incorporation of spatially explicit data within the BBN, 

leading to the generation of spatially explicit outputs. 

4. Following the modelling and mapping process, the outputs were further assessed to 

identify the potential synergies and trade-offs among the different ES in the current state. 

This structure is then used to develop maps of future ES states, which aim to provide 

practical and actionable insights to local stakeholders in terms of the impact of their 

interventions on both the natural environmental and human well-being. 

5. During the stakeholder-based scenario-building process, participatory approaches were 

implemented within the organised workshops (second round of workshops) to generate 

potential future pathways. These pathways are integrated into the BBN modelling process 

to map the future state of ES as well as the evolution of ES interactions (trade-offs and 

synergies). The design of these pathways includes also future climate and scenarios as 

outlined in Chapter 3 of this Deliverable. The climate change scenarios are based on the 

SSP scenarios created by IPCC.  

6. The model testing phase includes the revision of the outputs with local experts and 

stakeholders to enhance the approach’s accuracy and increase awareness about the 

 
4
 gBay was developed at ETH-PLUS and was partially supported by the ECOPOTENTIAL project (funded by the European 

Union's Horizon 2020 research and innovation programme under grant agreement No 641762). 

https://gbay.ethz.ch/
https://www.zotero.org/google-docs/?2NfQmz
http://www.plus.ethz.ch/
http://www.ecopotential-project.eu/
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process in order to facilitate integration into decision-making. During the participatory 

exercises (through online and in-person workshops), the experts and stakeholders had 

familiarised themselves with the model and gave feedback on its content and structure. 

Based on the feedback received, we iteratively adapted the BBN structure. For the final 

setup of the models and their spatial outputs, we performed a sensitivity analysis which 

included determining the extent to which uncertainty in posterior probability distributions 

of the target nodes of interest can be reduced by new findings on other nodes. For this we 

calculated a series of sensitivity metrics (Table 5.3). 

Table 5.3 - Sensitivity metrics available through the Norsys software Netica 7.01. 
Sensitivity metrics Description 

Variance Reduction This metric represents how much the variance (uncertainty) of the beliefs about the 
target node is reduced by knowing the state of the respective node; a higher variance 
reduction means that knowing the state of that node significantly reduces uncertainty in 
the target node. 

Percentage of Variance 
Reduction 

This metric shows the percentage of the total variance reduction attributed to each node, 
i.e. the relative importance of each node in explaining the uncertainty in another node. 

Mutual Information This metric measures the amount of information shared between two nodes; it quantifies 
how much knowing the state of one node reduces uncertainty about the state of the 
other node, where higher mutual information values indicate a stronger relationship 
between the two nodes. 

Percentage of Mutual 
Information 

This metric shows the percentage of total mutual information contributed by each node, 
i.e., how much each node informs the target node relative to the total shared 
information. 

Variance of Beliefs This metric shows the variance in the target node when only the respective node's 
influence is considered; a larger variance means there is more uncertainty in the target 
node when considering that particular node's state. 

 

In Figure 5.5, we present an example of a series of inputs and outputs before and after each stage 

of the BBN process. The final output is the maps and graphical plots of the current status and future 

trajectories of ES, as well as the potential synergies and trade-offs that (might) occur under 

different scenarios.
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Figure 5.5 - Methodological flow for mapping the current state and future trajectories of ecosystem services. The example given is from the application 
on the French case study.
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5.1.3 Integration of ES in local decision-making 

As the main objective of the GUARDEN Task 3.5 is to provide information to support ecosystem 

management within the context of the EGD, the next stage includes a feedback session as part of 

a second validation or testing process. The feedback session was conducted through a third round 

of workshops with local experts and stakeholders who are actively engaged in the case study 

areas. During these workshops, participants were provided with the initial maps and drawing 

materials, enabling them to indicate where the results were accurate, what information was 

missing, and what additional data could further enhance the model and results (Figure 5.6). In 

addition, during these final workshops, stakeholders were presented with different visualisation 

options for the ES maps, allowing them to choose the most relevant and readable outputs. Based 

on their feedback, the outputs were adjusted to meet their needs and subsequently embedded in 

the DSA. Finally, by visualising the final outputs, the end-users (local stakeholders) will evaluate 

the future states of the ES supplied by their area of interest and assess their applicability within 

the decision-making process. This evaluation will be conducted through field surveys as part of 

WP5 activities. This iterative and participatory process ensures that the final outputs are both 

scientifically robust and practically relevant, empowering local stakeholders to make informed 

decisions while fostering the integration of ES into local management practices. This elaborated 

methodology for this process is outlined in detail in the GUARDEN Deliverable 3.7.  

 

 

Figure 5.6 - Stakeholder-based validation (feedback session) through participatory mapping 
organized within the French case study in Narbonne (France). 

5.2 EU level assessment 

As also discussed in Deliverable 3.5 (Section 7.4), at the EU level, we build on the work already 

carried out within the MAES assessment, which was developed by the JRC (Maes, 2020 [35]). For 

the work carried out in the context of this deliverable, we selected the generated maps 

showcasing ecosystem service potential, i.e., the capacity of the ecosystems to supply a set of 

ecosystem services to society and contribute to human well-being. Then, for each ES mapped we 

identified spatial trade-offs across them, focusing on the ES relevant for the selected case studies. 

https://www.zotero.org/google-docs/?AUa8oU
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The final sets of trade-off maps will be shared within the GUARDEN DSA and the Deliverable 3.7 

where their use for decision-making is analysed.   
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6 Ecosystem services application in the GUARDEN context 

This section is organised across the EU-level assessment and the specific case studies. At the EU 

scale, we map the potential synergies and trade-offs between the policy objectives of the EGD 

agenda to pinpoint areas where policy priorities from different sectors can be fulfilled or where 

conflicts among sectors might emerge. In the following sections, we present examples from 

implementing the GUARDEN integrated approach, including the conceptual models, the ES maps, 

the future scenarios, as well as the validation process for assessing the initial outputs. We used the 

French case study to fully demonstrate the implementation of the integrated approach, providing 

outputs from each stage presented in Chapter 5. For the other case studies, we showcase 

examples that highlight the approach's applicability, provided stakeholder engagement and 

involvement - across different spatial and policy contexts - is ensured. Additionally, for some case 

studies, we present results from the development of intermediate indicators, such as habitat 

quality, which were used in the BBN modelling process. 

Through these examples, we aim to illustrate the flexibility and relevance of the GUARDEN 

approach in addressing diverse challenges and fostering the integration of ES into decision-making 

across sectors and scales. 

 

6.1 Conservation and urban infrastructure development in France 
and Madagascar 

The Mediterranean basin is one of the world’s major biodiversity hotspots, rich in endemic species, 

but highly degraded, facing ecological, economic and demographic challenges. Land cover 

changes driven by population increase, tourism, urbanisation, agriculture or industries are the 

major cause of biodiversity destruction on the French Mediterranean coast. The development of 

urban and transport infrastructure has a high contribution towards this by directly destroying 

natural habitats or species including the endangered ones and by spreading exotic invasive ones. 

Since 1990, the population has increased by 42% on the Mediterranean coastline.  

Similarly, the flora of Madagascar, rich and diverse, is facing significant decline due to 

environmental degradation. For instance, in the past 20 years, nearly 29% of the Madagascar forest 

has disappeared. As most of the Malagasy population relies on natural resources for their 

livelihoods, this degradation impacts the ecological balance and ES, with the loss of plants like 

medicinal species affecting traditional knowledge and healthcare in remote areas. The expansion 

of Madagascar’s road network is fairly slow, with very few roads being created each year. 

However, the advanced state of deterioration of certain tracks forces users to invade natural 

vegetation, without authorisation, in order to move the tracks in conditions that are temporarily 

accessible, causing thus the loss of the population of many potentially rare plants and animals.  In 

addition, the maintenance of existing tracks or the construction of new roads, especially the 

construction of highways around urban areas that encroach on natural vegetation, further 

endangers biodiversity.  

This case study explores the balance between conservation and urban infrastructure development 

in two distinct regions: France and Madagascar. Both countries face the challenge of preserving 

biodiversity while advancing essential infrastructure projects. In France, the Ligne Nouvelle 
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Montpellier-Perpignan rail project intersects with protected natural areas, posing a unique 

challenge to biodiversity conservation (Figure 6.1). In Madagascar, the focus is on mitigating the 

environmental impacts of urbanisation and transportation expansion.  

Within D3.6, we examined how developmental plans influence the supply of ES and human well-

being under various management scenarios in the French case study area. However, due to data 

limitations in Madagascar, we did not proceed with the ES modelling process; therefore, results 

for this area refer to only the conceptual map. 

 

6.1.1 Co-production of the conceptual model 

For the French case study area, the conceptual model created with the local experts and 

stakeholders illustrates the complex interactions between external drivers, biophysical properties, 

ecosystem processes, and societal benefits in the context of balancing biodiversity conservation, 

maintenance of ES and urban infrastructure development. External factors such as large-scale 

policy strategies, local management decisions, climate change, and trade markets (mostly related 

to agricultural production) directly influence biophysical attributes like invasive species, local 

species, and infrastructure (road, rail, and urban expansion). These biophysical components, in 

turn, impact ecosystem processes, including landscape quality, ecosystem integrity, and pollution 

(waste, noise, and air). Positive relationships (represented by blue arrows) and negative 

relationships (shown in red) demonstrate how these interactions can either enhance or degrade 

ecosystem conditions. The ultimate outcomes affect societal benefits, such as biodiversity 

knowledge, cultural and natural heritage, economic well-being, and human health. For instance, 

improvements in air quality and ecosystem integrity can positively contribute to human health, 

while factors like waste production and water quality degradation may have adverse effects on 

both natural heritage and well-being. This framework underscores the interconnectedness of 

environmental management and societal outcomes, highlighting the need for integrated 

approaches in policy and management to maximise societal benefits while mitigating negative 

environmental impacts. 
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Figure 6.1 - The conceptual model of the socio-ecological system in the French case study area. 

For the Madagascar case study, the conceptual model developed with local stakeholders 

showcases how biophysical attributes like ornamental and medicinal plants, invasive species, and 

local biodiversity affect ecosystem processes such as landscape quality, ecosystem integrity, and 

timber and water production. The model also highlights the influence of social attributes, such as 

population and livestock density, on agricultural production and grazing potential. Ultimately, 

these interactions affect societal benefits like ecotourism, biodiversity knowledge, human health, 

and economic well-being. The model emphasises the need for sustainable management strategies 

that balance ecosystem integrity with economic development, particularly in regions where 

biodiversity and livelihoods are closely intertwined. 
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Figure 6.2 - The conceptual model of the socio-ecological system in the Malagasy case study area. 

 

6.1.2 Data overview and construction of the final BBN model 

To support the development and application of the BBN model in France, a comprehensive dataset 

was compiled, encompassing diverse categories relevant to the main benefits and sectors of the 

study area, as depicted in the conceptual model. These categories include data on biodiversity, 

landscape features, agriculture, infrastructure, cultural heritage, and future management 

interventions. The selection of data sources reflects the need for a multi-dimensional approach, 

integrating spatial, ecological, agricultural, and socio-economic information to effectively model 

ES. The datasets were sourced from regional, national, and global providers, ensuring both 

specificity to the study area and scalability for broader applications. 

Using these datasets and input from stakeholders, the final BBN model was constructed to support 

the mapping of the final ES, namely Economic well-being, Human Health, Biodiversity Knowledge 

and Natural and Cultural heritage value. (Figure 6.3). In addition to the final ES, intermediate ES 

were also mapped (Nutritional value, Environmental quality, Scientific knowledge of biodiversity, 

Citizen-based knowledge of biodiversity and Recreational value). All nodes in the network directly 

or indirectly influence the final modelled ES. Their probability distributions are conditional on other 

nodes in the network and defined through expert and stakeholders elicitation. The final target 

nodes are then further analysed to reveal the synergistic and trade-off relationships among 

different benefits, allowing for decisions on which way policy strategies influence the 

coproduction of multiple ES. A detailed overview of the datasets used in the BBN modelling 

process, including their categories, descriptions, data types, spatial scales, and sources, is provided 

in Table 6.1. 
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Figure 6.3 - Graphical representation of the data flow and process for all ES (benefits) of the french 
case study area. Boxes with bold outline represent input nodes of the bayesian network of 
mapping the current status of ES. 
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Table 6.1 - Overview of datasets used in the ES mapping process in the French case study area. 
Category Data Description Data type Scale Data source 

Biodiversity Species richness The number of species in a community calculated using 

Shannon's Diversity Index 

Raster Regional INRIA (WP3-T3.2 output) 

Biodiversity Protected areas 

(Natura 2000) 

Network of protected areas covering Europe's most valuable 

and threatened species and habitats. 

Vector European Inventaire national du patrimoine naturel (INPN) 

https://inpn.mnhn.fr/accueil/recherche-de-donnees 

Biodiversity Natural zones of 

ecological, faunistic and 

floristic interest 

(ZNIEFF) 

Geographical areas ‘characterised by the presence of species or 

natural habitats that are rare, remarkable or characteristic of 

the national or regional natural heritage, justifying a heritage 

value greater than that of the surrounding environment’. 

Vector Regional Lepareur et al. (2022) https://doi.org/10.3897/BDJ.10.e71222 

Biodiversity Other Effective 

Conservation Measures 

Areas (OECMs) 

Suitable areas for potential OECMs establishment Vector European HUA (WP3-T3.6 output) 

Biodiversity Ramsar sites Designated areas that meet the Criteria for identifying Wetlands 

of International Importance. 

Vector European Inventaire national du patrimoine naturel (INPN) 

https://inpn.mnhn.fr/accueil/recherche-de-donnees 

Landscape Land use/cover Division of the community territory according to land use in 

hydrography, roads, road separators and urban blocks. 

Vector Regional 

and local 

1. Le Havre Seine Metropolis https://catalogue.picto-

occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7

dc64a-6f68-413f-8326-64411d256044 

2. DRAXIS (WP3-T3.4 output) 

Landscape Geological heritage National inventory of geological heritage Vector National Inventaire national du patrimoine naturel (INPN) 

https://inpn.mnhn.fr/site/inpg/recherche 

Landscape Soil erosion by water 

(RUSLE2015) 

A detailed assessment of soil erosion by water for the EU. Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-

rusle2015 

Agriculture/Food Land Parcel 

Identification System 

maps 

A geographic database used as a reference for the appraisal of 

Common Agricultural Policy (CAP) subsidies. These data contain 

the geographical data on the main crop type within a parcel 

Vector National Agence de Services et de Paiement (ASP) 

https://geoservices.ign.fr/rpg#telechargementrpg2022 

Agriculture/Food Food nutritional value Look-up tables of the food composition for agricultural products Tables Global Food and Agriculture Organization of the United Nations (FAO) 

https://www.fao.org/4/X9892E/X9892e05.htm 

U.S. Department of Agriculture (USDA) https://fdc.nal.usda.gov/ 

Agriculture/Food Land degradation (LD) A large set of geospatial data including twelve LD processes 

(water erosion, wind erosion, soil organic carbon loss, soil 

salinization, soil acidification, soil compaction, soil nutrient 

imbalances, soil pollution via pesticides, soil pollution via heavy 

metals, vegetation degradation, groundwater decline, aridity), 

which are highly representative for agricultural productivity 

Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/themes/land-degradation 

https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://doi.org/10.3897/BDJ.10.e71222
https://doi.org/10.3897/BDJ.10.e71222
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://inpn.mnhn.fr/site/inpg/recherche
https://inpn.mnhn.fr/site/inpg/recherche
https://inpn.mnhn.fr/site/inpg/recherche
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://geoservices.ign.fr/rpg#telechargementrpg2022
https://geoservices.ign.fr/rpg#telechargementrpg2022
https://geoservices.ign.fr/rpg#telechargementrpg2022
https://geoservices.ign.fr/rpg#telechargementrpg2022
https://www.fao.org/4/X9892E/X9892e05.htm
https://www.fao.org/4/X9892E/X9892e05.htm
https://www.fao.org/4/X9892E/X9892e05.htm
https://fdc.nal.usda.gov/
https://fdc.nal.usda.gov/
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
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Infrastructure Expansion of train line The new LGV line project between Montpellier and Perpignan 

(LNMP) and the principles of connection and service of the 

territories crossed on the basis of the route validated by 

ministerial decision of January 29, 2016. 

Vector/ 

Polyline 

Regional Société National Chemin de Fer (SNCF) https://catalogue.picto-

occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/7ef7

5137-0666-4c55-b894-af935f5313e3 

Infrastructure Current railway Current railway system Vector/ 

Polyline 

Global OpenStreetMap (OSM, 2021) 

Infrastructure Road network Current road infrastructure Vector/ 

Polyline 

Global OpenStreetMap (OSM, 2021) 

Infrastructure Location of wind 

turbines 

Wind power delivery stations in Occitanie (WFS service) Point Regional Regional Directorate for the Environment, Planning and Housing 

Occitanie (DREAL Occitanie) https://catalogue.picto-

occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/50a

67019-ff8b-4c5d-9054-0d168ed42edb 

Infrastructure Location of 

photovoltaics 

Parcels used for energy production (photovoltaics) Vector Regional Le Havre Seine Metropolis https://catalogue.picto-

occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7

dc64a-6f68-413f-8326-64411d256044 

Cultural Location of Inrap 

archaeological 

excavation sites 

This dataset presents the geographical locations of a selection of 

preventive archaeological excavation operations carried out on 

French territory by Inrap. 

Vector/ 

Points 

National Institut national de recherches archéologiques préventives 

(Inrap) 

https://www.data.gouv.fr/fr/datasets/localisation-des-sites-de-

fouille-archeologiques-de-l-inrap-576210/ 

Cultural Location of cultural 

places and facilities 

A geocoded database of cultural sites, locations and facilities Vector/ 

Points 

National Ministère de la Culture 

https://www.data.gouv.fr/fr/datasets/base-des-lieux-et-

equipements-culturels-basilic/ 

Future scenarios Future visions on the 

expansion of the new 

railway link 

Potential management interventions in relation to the 

expansion of the new railway link. This information was based 

on stakeholders' knowledge for the study area 

Vector/ 

Polyline 
Local Stakeholders' workshop organized within T3.5 activities 

 

 

https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/7ef75137-0666-4c55-b894-af935f5313e3
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/7ef75137-0666-4c55-b894-af935f5313e3
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/7ef75137-0666-4c55-b894-af935f5313e3
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/7ef75137-0666-4c55-b894-af935f5313e3
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/50a67019-ff8b-4c5d-9054-0d168ed42edb
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/50a67019-ff8b-4c5d-9054-0d168ed42edb
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/50a67019-ff8b-4c5d-9054-0d168ed42edb
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/50a67019-ff8b-4c5d-9054-0d168ed42edb
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://www.data.gouv.fr/fr/datasets/localisation-des-sites-de-fouille-archeologiques-de-l-inrap-576210/
https://www.data.gouv.fr/fr/datasets/localisation-des-sites-de-fouille-archeologiques-de-l-inrap-576210/
https://www.data.gouv.fr/fr/datasets/base-des-lieux-et-equipements-culturels-basilic/
https://www.data.gouv.fr/fr/datasets/base-des-lieux-et-equipements-culturels-basilic/
https://www.data.gouv.fr/fr/datasets/base-des-lieux-et-equipements-culturels-basilic/
https://www.data.gouv.fr/fr/datasets/base-des-lieux-et-equipements-culturels-basilic/
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6.1.3 Defining future scenarios of railway development 

During the second round of workshops, local experts and stakeholders from different sectors 

(transportation, nature protection/management, agriculture and cultural heritage) were asked to 

create and elaborate on the potential future management interventions in regards to the 

expansion of the new railway link. With this process, stakeholders were grouped into three groups 

and given printed maps of the study areas, where they could design the expansion based on their 

knowledge and visions for the future. Using IPBES’ future pathways towards sustainability 

scenarios (see Section 3.3.2) we co-designed with stakeholders three future scenarios: 1) the 

Development scenario, 2) the Nature conservation scenario and, 3) the Utopian scenario. Table 6.2 

describes in detail the main focus, compensation measures and policy relevance of each scenario 

as discussed during the stakeholders’ workshop.  

Table 6.2 - Defined future stakeholders’ visions in the French case study area, including the main 

focus, compensation actions and policy relevance of each scenario.  

Development scenario Conservation scenario Utopian scenario 

   

Main focus 
- Current railway affects the 

water and soil quality in 
agricultural areas 

- The new railway is designed 
based on environmental 
conditions (e.g., topography, 
soil porosity) and optimized for 
minimum costs. 

- Increase in trade market 
transportation capacity. 

Main focus 
- Current railway affects the 

ecological functions (e.g. due 
to fragmentation, water 
pollution) in protected areas 

- Avoid routing the new railway 
through important habitats 

- No impacts on natural 
ecosystems, including 
protected areas 

Main focus 
- Make use of current 

infrastructure 
- Minimize impacts on natural 

ecosystems, including 
protected areas 

- Concentrate new activities on 
the existing urban and rural 
areas without creating new 
pressure points 

Compensation measures/actions 
- Decrease of the current 

agricultural areas but farmers 
will be given new land 

Compensation measures/actions 
- Avoiding protected areas 

might increase expansion costs 
but natural ecosystems will not 
be further degraded 

Compensation measures/actions 
- Increase of pressures on urban 

areas but no further 
degradation of natural regions 

Policy relevance 
- Make freight transport more 

efficient and sustainable in the 
EU 

Policy relevance 
- Protect nature, biodiversity, 

and ES 

Policy relevance 
- Protect nature, biodiversity, 

and ES 
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The Development scenario was considered the Business-As-Usual scenario as it reflects the 

continuation of existing trends, such as economic growth, resource consumption and increased 

emissions, with no particular consideration of the impact on the environmental status quo. The 

Nature conservation scenario recognises the value of expanding the railway due to the current 

pressures of the existing railway network in protected areas, and highlights the importance of 

avoiding negative impacts on important habitats in the future. Finally, the Utopian scenario 

describes earth stewardship as an approach that enables people and nature to thrive; within this 

scenario, part of the new railway link is shifted to remove pressure from the protected area and 

avoids disruption of natural ecosystems, while another part makes use of the current 

infrastructure to concentrate pressures in the existing urban and rural areas. 

Following the creation of the scenarios, we digitised the information to create geographic line 

features (Figure 6.4), which were then used as input data for the BBN model to map future 

trajectories of ES under different management scenarios. Ultimately, we produced maps of the 

current ES state, maps showing changes in the distribution and magnitude of ES for each scenario, 

as well as maps and graphs illustrating potential synergies and trade-offs for both the current and 

future situations under each scenario. 

 

Figure 6.4 - Geographical representation of the three defined future scenarios in the French case 
study area. 
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6.1.4 Model validation 

In the following section we present the findings from Netica’s built-in sensitivity analysis procedure 

to evaluate the predictive performance of the BBN model in modelling ES. This process produces 

information on the independence between the nodes of the network, which can provide guidance 

on which factors to prioritise when refining and updating the model.  

The results of the sensitivity analysis for the benefit of “Biodiversity knowledge” (Table 6.3) 

highlight Citizen-based knowledge as the most influential node for Biodiversity Knowledge, with 

the highest variance reduction (59.9%) and mutual information contribution (39.5%). This indicates 

that incorporating citizen-driven inputs significantly reduces uncertainty about biodiversity 

knowledge. Species richness and Cultural heritage are also critical contributors, accounting for 

26.5% and 24.8% of variance reduction, respectively, emphasising their relevance in understanding 

biodiversity. Other notable nodes include Scientific knowledge (14.8%) and Road accessibility 

(13.3%), which provide moderate influence. In contrast, nodes such as Landscape naturalness, 

Historical distinctiveness, and Geological heritage show no measurable influence, indicating their 

limited contribution to the current model's understanding of biodiversity knowledge. 

Table 6.3 - Sensitivity analysis produced through Netica for the benefit of “Biodiversity knowledge” 

in France. 
Node Variance 

Reduction 
Percent of 
Variance 
Reduction 

Mutual Info Percent of 
Mutual Info 

Variance of 
Beliefs 

Citizen-based knowledge 0.621 59.900 0.800 39.500 0.137 

Species richness 0.275 26.500 0.291 14.400 0.017 

Cultural heritage 0.256 24.800 0.222 11.000 0.023 

Scientific knowledge 0.153 14.800 0.166 8.210 0.018 

Road accessibility 0.137 13.300 0.168 8.290 0.004 

Protected areas 0.129 12.500 0.124 6.180 0.010 

Natural and Cultural heritage 0.072 6.940 0.053 2.610 0.003 

Railway accessibility 0.012 1.140 0.011 0.565 0.001 

Natural heritage 0.009 0.849 0.008 0.395 0.001 

OECMs 0.006 0.580 0.016 0.800 0.000 

Landscape naturalness 0.000 0.000 0.000 0.000 0.000 

Historical distinctiveness 0.000 0.000 0.000 0.000 0.000 

Geological heritage 0.000 0.000 0.000 0.000 0.000 

 

For the benefit of “Natural and Cultural heritage value”, the sensitivity analysis reveals that this ES 

is most influenced by Natural heritage and Landscape naturalness, with variance reductions of 

51.3% and 32.6%, respectively. These nodes significantly reduce uncertainty and contribute the most 

mutual information (26% and 13.9%, respectively) to the target node. Cultural heritage also plays an 

important role, contributing 17.2% to variance reduction and 7.51% to mutual information. Other 

nodes, such as Biodiversity knowledge and Citizen-based knowledge, have moderate influence, 

with contributions of 6.91% and 6.73% to variance reduction, respectively. However, nodes like 

Geological heritage, Road accessibility, and Railway accessibility show minimal impact, with 

variance reductions below 2% and negligible mutual information contributions. 

 

 



D3.6 Future trajectories of biodiversity and ecosystem services 

© GUARDEN, 2024  53 

 

Table 6.4 - Sensitivity analysis produced through Netica for the benefit of “Natural and Cultural 

heritage value” in France. 
Node Variance 

Reduction 
Percent of 
Variance 
Reduction 

Mutual Info Percent of 
Mutual Info 

Variance of 
Beliefs 

Citizen-based knowledge 0.621 59.900 0.800 39.500 0.137 

Species richness 0.275 26.500 0.291 14.400 0.017 

Cultural heritage 0.256 24.800 0.222 11.000 0.023 

Scientific knowledge 0.153 14.800 0.166 8.210 0.018 

Road accessibility 0.137 13.300 0.168 8.290 0.004 

Protected areas 0.129 12.500 0.124 6.180 0.010 

Natural and Cultural heritage 0.072 6.940 0.053 2.610 0.003 

Railway accessibility 0.012 1.140 0.011 0.565 0.001 

Natural heritage 0.009 0.849 0.008 0.395 0.001 
OECMs 0.006 0.580 0.016 0.800 0.000 

Landscape naturalness 0.000 0.000 0.000 0.000 0.000 

Historical distinctiveness 0.000 0.000 0.000 0.000 0.000 

Geological heritage 0.000 0.000 0.000 0.000 0.000 

 

For “Human health”, the sensitivity analysis demonstrates that it is primarily influenced by Water 

quality, which accounts for the second-largest variance reduction (64.6%) and contributes 

significantly to mutual information (53.5%). This highlights the critical role of water quality in 

shaping human health outcomes. Other important nodes include Distance to Road (5.38% variance 

reduction), GHG emissions from Transport (3.51%), and Distance to Railway (3.39%), which show 

moderate influence on Human Health. In contrast, nodes like Crop nutritional value (0.442%) and 

Habitat quality (0.118%) contribute minimally to variance reduction, indicating a lower influence in 

the current model. 

Table 6.5 - Sensitivity analysis produced through Netica for the benefit of “Human health” in 

France. 
Node Variance 

Reduction 
Percent of 
Variance 
Reduction 

Mutual Info Percent of 
Mutual Info 

Variance of 
Beliefs 

Water quality 0.260 64.600 0.732 53.500 0.149 

Distance to Road 0.022 5.380 0.041 2.990 0.009 

GHG emissions (Transport) 0.014 3.510 0.029 2.110 0.001 

Distance to Railway 0.014 3.390 0.026 1.920 0.002 

Distance to AgriAreas 0.013 3.210 0.024 1.770 0.002 

Distance to Water 0.013 3.210 0.023 1.650 0.002 

Crop nutritional value 0.002 0.442 0.006 0.445 0.000 

Railway accessibility 0.002 0.383 0.003 0.255 0.000 

Nature-based recreation 0.001 0.237 0.003 0.213 0.000 
Habitat quality 0.000 0.118 0.001 0.087 0.000 

 

6.1.5 Visualization of ES distribution, synergies and trade-offs 

The visualisation of ES is a critical step in understanding their spatial patterns, synergies, and trade-

offs across different scenarios. By mapping the current and future distribution of ES, we can 

identify areas where multiple services coexist or possibly conflict, providing insights for informed 

decision-making. This section presents the outputs generated through the Spatially-explicit BBN 

modelling process, highlighting the interdependencies and trade-offs among ES but also between 

different sectors. These visualisations serve as tools for communicating complex ES relationships 
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to stakeholders and guiding the prioritisation of interventions that maximise synergies while 

minimising trade-offs.  

Below we present some examples from the spatial BBN modelling process for Narbonne (France), 

where darker areas indicate higher provision of ES supply (Figure 6.5). From the maps we can also 

pinpoint areas where multiple ES overlap possibly suggesting a synergistic relationship. It is also 

evident that around the current transportation network, including roads and railway, there is more 

probability that areas present a lower value of ES. 

 

Figure 6.5 - Examples of different benefits (left) and the total ES (right) supplied in the area of 
Narbonne (France). 

By incorporating the future scenarios described in Section 6.1.3, we calculated the differences 

between the current and future ES states and compared the results across the three 

transportation scenarios (Figure 6.6). The findings revealed that the BAU scenario has a higher 

likelihood of causing extensive changes in the ecosystem condition of the study area, ultimately 

impacting the overall ES value. In contrast, the Conservation and Utopian scenarios produced 

similar outcomes, with low to medium rates of change, suggesting that both are better 

alternatives to the BAU scenario for achieving a sustainable future pathway.  
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Figure 6.6 - Changes in the distribution and supply of ES between the current and future scenarios 
in the area of Narbonne (France). The highlighted (circled) areas indicate the differences in the 
magnitude of changes in the status of ES under each future scenario. 

The French case study served as a demonstration of the GUARDEN integrated ES modelling 

approach, showcasing its potential to provide evidence for the uptake of ES into balancing 

transportation development and nature conservation. Through this case study, we illustrated the 

critical role of stakeholder engagement in ensuring the relevance and applicability of results that 

align with the needs and priorities of local decision-makers. The involvement of stakeholders in the 

iterative process, including the stakeholder-based validation, helped refine the BBN model and 

produce more accurate outputs which can facilitate their actual integration into decision-making. 

Furthermore, the alignment of ES assessments with local policy contexts further highlighted the 

importance of tailoring outputs to be practical, actionable and impactful. Moreover, the case study 

emphasised that while interventions in land use and infrastructure are often inevitable, trade-offs 

can be located and potentially minimised by considering the complex interactions between human 

activities and nature through an ES assessment. In summary, the French case study effectively 

demonstrated how the developed integrated approach can bridge the gap between ES science 

and policy, providing a transparent framework for fostering sustainability and minimising trade-

offs, both cross-sectoral and cross-scale, when implementing complex policy agendas, such as the 

European Green Deal. 

In the following sections, we present example outputs from various stages of the developed 

integrated approach (where applicable) across different policy contexts for the remaining case 

studies. The final outputs will be embedded into the GUARDEN DSA, enabling end-users to 

evaluate their usefulness in the decision-making process. However, a full validation process has 

not yet been organised, as the activities related to the performance evaluation of the ES models 

(WP5) are still ongoing. As a result, this Deliverable focuses on presenting the integrated approach, 

with a full implementation provided exclusively for the French case study. 

 

6.2 The Greek Case Study 

The EU policy for drastic reduction of greenhouse gas emissions in the energy sector has led to an 

unprecedented development of Renewable Energy Source (RES) projects in Greece, the great 
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majority of which comprise windfarms. The currently installed capacity of RES projects is over 7.1 

Gigawatts (GW) with 3.9 GW being the share of wind energy. In order to achieve the 2030 goals, 

set in Greece’s “National Plan for Energy and the Climate”, it is expected that additional 800 

Megawatts (MW) of RES capacity would need to be installed annually. This is expected to provide 

for more than 100 wind turbines installed each year. Even though the installation of windfarms is 

considered an environmentally friendly development, wind turbines may also have adverse effects 

on biodiversity and especially avifauna. They can interfere with migratory or soaring birds as well 

as bats, with birds of prey, both diurnal and nocturnal, being the most sensitive. Out of the 

approximately 2,800 wind turbines currently installed almost exclusively in mountainous parts of 

Greece, it is estimated that 1/3 of them are placed in a protected or significant area for birds (Special 

Protection Areas - SPAs or Important Bird and Biodiversity Areas IBAs), with their percentage 

exceeding 50% if bats are also taken into account. With windfarm development occurring within 

protected areas, adequate mitigation measures are required to be included in the planning and 

decision-making process. Therefore, the main general objective of the case study is to enhance the 

relationship between windfarm operation and biodiversity conservation, especially in protected or 

ecologically important areas, by strengthening the adaptive management of post windfarms’ 

construction. 

 

6.2.1 Co-production of the conceptual model 

For the Greek case study area, the framework explores the balance between biodiversity 

conservation, ES provision, and urban and renewable energy infrastructure development, 

particularly in the regions of Thrace and Karystos. External factors, including large-scale policy 

strategies, local management decisions, climate change, and the green energy market, influence 

biophysical elements such as forest cover, road infrastructure, wind capacity, and the presence of 

bird species. These biophysical attributes, in turn, affect key ecosystem processes, like landscape 

accessibility, soil and water quality, and noise pollution, alongside renewable energy potential and 

grazing suitability. The societal benefits derived from these ecosystem processes include cultural 

and natural heritage value, nature-based recreation, human health, nature attractiveness, and 

economic well-being. For instance, improved forest cover and ecosystem integrity contribute 

positively to scenic quality and recreational opportunities, while windfarm infrastructure and road 

networks may have negative impacts on landscape integrity. This conceptual model underscores 

the interconnectedness of environmental management, renewable energy development, and 

societal well-being, emphasising the need for holistic approaches in policy and land-use planning 

to optimise societal benefits while safeguarding ecosystem integrity. 
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Figure 6.7 - The conceptual model of the socio-ecological system in the Greek case study areas 
defined with the local experts and stakeholders; boxes highlighted with dashed outlines represent 
elements unique to the region of Thrace, while boxes with solid outlines represent elements 
unique to the region of Karystos. 

 

6.2.2 Data overview and construction of the final BBN model  

The BBN model for the Greek case study was supported by a dataset incorporating data from the 

biodiversity, agriculture, and green energy sectors. Using these datasets and input from 

stakeholders, the final BBN model was constructed to support the mapping of the final ES, namely 

Economic Well-being, Human Health, Nature-based Recreation, and Natural Heritage Value (Figure 

6.8). Similar to the BBN developed for the France case study, several intermediate 

indicators/factors were estimated within the BBN modelling process, except for the Habitat 

Quality indicator (Figure 6.9), which was integrated after its estimation using the InVEST® software 

(further details regarding the estimation of Habitat Quality can be found in Deliverable 3.5). After 

estimating the four ESs, the resulting geographical layers were further analysed to reveal 

synergistic and/or trade-off relationships across the case studies, enabling informed decisions on 

how policy strategies influence the supply of multiple ES. 
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Figure 6.8 - graphical representation of the data flow and process for all ES (benefits) of the greek 
case study area (Karystos). Boxes with bold outline represent input nodes of the Bayesian Network 
mapping the current status of ES. 

 

 

Figure 6.9 - Habitat Quality indicator estimated in InVest®, for the Greek study areas. 
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Table 6.6 - Overview of datasets used in the ES mapping process in the Greek case study areas. 
Category Data Description Data type Scale Data source 
Biodiversity Species richness The number of species in a community calculated using 

Shannon's Diversity Index 
Raster Regional INRIA (WP3-T3.2 output) 

Biodiversity Protected areas 

(Natura 2000) 
Network of protected areas covering Europe's most valuable 

and threatened species and habitats. 
Vector European National cadaster https://www.ktimatologio.gr/e-services/35 

Biodiversity Other Effective 

Conservation Measures 

Areas (OECMs) 

Suitable areas for potential OECMs establishment Vector European HUA (WP3-T3.6 output) 

Landscape Land use/cover Division of the community territory according to land use in 

hydrography, roads, road separators and urban blocks. 
Vector European 

and Local 
1. Corine land use 

https://land.copernicus.eu/en/products/corine-land-

cover/clc2018 

2. DRAXIS (WP3-T3.4 output) 
Landscape Soil erosion by water 

(RUSLE2015) 
A detailed assessment of soil erosion by water for the EU. Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-

rusle2015 
Agriculture/Food Land Parcel 

Identification System 

maps 

A geographic database used as a reference for the appraisal of 

Common Agricultural Policy (CAP) subsidies. These data contain 

the geographical data on the main crop type within a parcel 

Vector National Greek Payment Authority of Common Agricultural Policy 

https://www.opekepe.gr/en/ 

Agriculture/Food Land degradation (LD) A large set of geospatial data representative of agricultural 

productivity 
Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/themes/land-degradation 
Agriculture/Food Livestock Census data for livestock breeding Vector National Hellenic Statistical Authority https://panorama.statistics.gr/en/ 

Infrastructure Road network Current road infrastructure Vector/ 

Polyline 
Global OpenStreetMap (OSM, 2021) 

Infrastructure Location of 

photovoltaics 
Parcels used for energy production (photovoltaics) Vector National Regulatory Authority for Energy, Waste and Water (RAAEY) 

https://geo.rae.gr/ 
Infrastructure Location of wind 

turbines 
Wind power delivery stations Point/Vect

or 
National Regulatory Authority for Energy, Waste and Water (RAAEY) 

https://geo.rae.gr/ 
Future scenarios Future visions on the 

development of 

windfarms 

Potential management interventions in relation to the 

development of the new windfarms. This information was based 

on stakeholders' knowledge for the study areas. 

Vector/ 

Polyline 
National 1.Stakeholders' workshop organized within T3.5 activities.  

https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://inpn.mnhn.fr/accueil/recherche-de-donnees
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://www.opekepe.gr/en/
https://www.opekepe.gr/en/
https://www.opekepe.gr/en/
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://panorama.statistics.gr/en/
https://panorama.statistics.gr/en/
https://geo.rae.gr/
https://geo.rae.gr/
https://geo.rae.gr/
https://geo.rae.gr/
https://geo.rae.gr/
https://geo.rae.gr/
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6.2.3 Defining future scenarios of windfarm expansion 

During the second round of the workshop, experts and stakeholders from various sectors—

renewable energy industries, nature protection management bodies, NGOs, and consultants 

involved in the renewable energy licensing process—were asked to create and elaborate on 

potential future interventions regarding the establishment of new windfarms (Figure 6.10). 

Stakeholders were divided into two groups, each focusing on one case study area (Karystia and 

Thrace) based on their knowledge and engagement in these regions. Two scenarios were co-

designed for the case study areas: 1) the Development Scenario, and 2) the Repowering Scenario 

(Figure 6.11).  

 

Figure 6.10 - Defining future scenarios via participatory mapping organized within the Greek case 
study. 
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Figure 6.11 - Geographical representation of the potential future expansion in the Greek case study 
areas. 

 

The Development Scenario is considered the Business-As-Usual scenario, as it reflects the demand 

for further establishment of windfarms in the two regions, based on the wind energy capacity in 

mountainous and natural regions with no particular regard to the conservation status of areas 

under the Natura 2000 network. In this scenario, the transportation of wind turbines and other 

infrastructure is seen as the main challenge, due to the need for extensive interventions to expand 

the existing road network towards areas where new windfarms will be established. The 

Repowering scenario is similar to a Green Economy scenario which envisions a future where 

economic growth and development are achieved while prioritizing environmental sustainability, 

social equity, and resource efficiency. This scenario contrasts with a Business-As-Usual scenario by 

integrating policies and practices that align with green principles. In this case, the scenario 

suggests the continuation of existing windfarm activity in the areas without the further expansion 

in new areas while also upgrading the already established wind turbines with newer ones that offer 

higher power capacity. Similar to the Development scenario, the Repowering scenario has 

identified the transportation of new wind turbines as the main challenge, however the use of the 

existing road network, even with minor interventions, is expected to have a smaller impact on the 

landscape. 

 

6.3 The Spanish Case Study 

The metropolitan area of Barcelona comprises 36 municipalities spread over 636 km², with a 

population of 3.2 million inhabitants. This region includes 42 km of coastline, of which 30 km consist 

of beaches and dunes managed by the AMB. These beaches cover an approximate area of 

2,100,000 m², with 650,000 m² designated as dune areas. The beaches span across eight coastal 

municipalities: Castelldefels, Gavà, Viladecans, El Prat de Llobregat, Barcelona, Sant Adrià del 

Besòs, Badalona, and Montgat, collectively housing more than two million inhabitants. In the 

territory of the Barcelona metropolitan area there is a significant degradation of the beaches and 

a reduction of dune areas, as a result of the accumulation of human-caused effects, including 

urbanisation of the area, construction of dams and channelling of rivers, urban occupation of dune 

areas, construction of marinas, and others. During the last decade, the Barcelona metropolitan 

area, with the collaboration of the city councils and actions of the Ministry for the ecological 

transition, has recovered and protected the dunes, which have doubled their surface area and 

grown in biodiversity. At the same time, the number of visitors to the beaches has been increasing 

year after year, with more than 11,000,000 visitors last summer. This situation represents a 

potential increase of the conflicts around the management of the beaches and the implementation 

of dunes’ restoration programmes. The general objective of the case study is to promote the 

conservation and sustainable management of beach and dune ecosystems by enhancing the 

understanding of their biodiversity, monitoring changes, and evaluating the impacts of current and 

future coastal management strategies. 
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6.3.1 Co-production of the conceptual model 

For the Spanish case study area, the framework examines the balance between biodiversity 

conservation, ES, and coastal infrastructure development, particularly in relation to tourism and 

urban growth along the coast. Key external factors, such as large-scale policy strategies, local 

management decisions, and climate change, affect biophysical attributes, including the presence 

of ornamental and invasive plants, beach paths, and urban and coastal facilities. These biophysical 

elements subsequently influence ecosystem processes, such as dunescape integrity, seascape 

quality, and waste production, which are crucial for maintaining coastal protection, water quality, 

and recreational value. The societal benefits arising from these ecosystem processes encompass 

environmental awareness, human well-being, cultural and natural heritage value, and coastal 

tourism. For instance, maintaining dunescape integrity and high seascape quality enhances coastal 

protection and provides aesthetic and recreational benefits, thereby supporting local tourism and 

cultural heritage value. This conceptual model highlights the interconnected nature of 

environmental management, tourism, and societal well-being, underscoring the importance of 

integrated policy and planning strategies to balance ecological health with economic and social 

benefits. 

 

 

Figure 6.12 - The conceptual model of the socio-ecological system in the Spanish case study area. 

 

6.4 The Cypriot Case Study 

The main aim of this Case Study is to support informed decision-making for the implementation of 

Vasilikos Area Spatial Master Plan (VASMP). The implementation of VASMP, which foresees the 

expansion of the industrial activities of the energy centre and the creation of new infrastructure 

to ensure this, is expected to have a negative impact on ecosystems (both terrestrial and marine), 

biodiversity and the environment (e.g., air quality, chemical and water pollution). All activities 
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foreseen in the VASMP are for the benefit of the society and are important for the economy 

without meaning that they have a zero-carbon footprint or a positive impact on human health, 

climate change, water/air quality and more. That’s why it is important to take into consideration 

the impact on biodiversity and ES before the Plan is implemented. 

 

6.4.1 Co-production of the conceptual model 

In the Cypriot case study area, this framework addresses the interplay between biodiversity 

conservation, ES, and energy infrastructure development, with a particular focus on industrial 

growth and energy production. Influenced by external factors such as large-scale policy strategies, 

local management decisions, climate change, and the energy market, key biophysical attributes, 

like protected area status, local habitats, and migratory bird feeding areas, experience direct 

impacts. These attributes then shape ecosystem processes, including ecosystem integrity, 

aesthetic quality, and air quality, which are essential for recreational value, seascape quality, and 

water quality. The societal benefits derived from these ecosystem processes encompass coastal 

tourism, human health, and economic well-being. For example, high ecosystem integrity and 

seascape quality enhance opportunities for nature-based recreation and tourism, benefiting local 

economies. However, the presence of industrial areas and the expansion of energy infrastructure 

can adversely impact air and water quality, underscoring the need to weigh environmental health 

against industrial and energy-related developments. This model highlights the interconnectedness 

of environmental management, energy expansion, and societal welfare, reinforcing the 

importance of holistic policy and planning to achieve ecological sustainability while supporting 

economic and social goals. 

 

 

Figure 6.13: The conceptual model of the socio-ecological system in the Cypriot case study area. 
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6.4.2 Data overview 

Based on the characteristics and local needs of the Cyprus case study, we mapped the habitat 

quality, using the InVEST® Habitat Quality model, which combines information on land use/land 

cover (LULC) and threats to biodiversity. The majority of the data refer to the capacity of the 

landscape to support biodiversity, biodiversity data, and existing infrastructures regarded as 

potential pressures or threats to biodiversity. These data are mainly acquired from European or 

national institutes while the data related to existing pressures or threats, were defined by the local 

stakeholders. 
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Table 6.7 - Overview of datasets used in the ES mapping process in the Cypriot case study area. 
Category Data Description Data type Scale Data source 

Biodiversity Habitat and Species 

(Article 17, 92/43/EEC 

and Article 12, 

2009/147/EC) 

The habitat and species (including birds) which are monitored 

under Habitat and Bird Directives (92/43/EEC and 2009/147/EC) 

Raster European European Environmental Agency 

https://www.eea.europa.eu/en/analysis/maps-and-charts 

Biodiversity Protected areas 

(Natura 2000) 

Network of protected areas covering Europe's most valuable 

and threatened species and habitats. 

Vector European National open data portal 

https://www.data.gov.cy/el/dataset/diktyo-natura2000 

Biodiversity Other Effective 

Conservation Measures 

Areas (OECMs) 

Suitable areas for potential OECMs establishment Vector European HUA (WP3-T3.6 output) 

Landscape Land use/cover Division of the community territory according to land use in 

hydrography, roads, road separators and urban blocks. 

Vector European 

and Local 

1. Corine land use 

https://land.copernicus.eu/en/products/corine-land-

cover/clc2018 

2. DRAXIS (WP3-T3.4 output) 

Landscape Soil erosion by water 

(RUSLE2015) 

A detailed assessment of soil erosion by water for the EU. Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-

rusle2015 

Agriculture/ Food Land degradation (LD) A large set of geospatial data including twelve LD processes 

(water erosion, wind erosion, soil organic carbon loss, soil 

salinization, soil acidification, soil compaction, soil nutrient 

imbalances, soil pollution via pesticides, soil pollution via heavy 

metals, vegetation degradation, groundwater decline, aridity), 

which are highly representative for agricultural productivity 

Raster European Joint Research Centre (JRC), European Soil Data Centre (ESDAC) 

https://esdac.jrc.ec.europa.eu/themes/land-degradation 

Infrastructure Road network Current road infrastructure Vector/ 

Polyline 

Global OpenStreetMap (OSM, 2021) 

Pressures/ 

Threats 

Location of existing 

pressures and threats 

Other pressures and threats distributed in the case study and 

indicated by local stakeholders 

Vector Local Stakeholders' workshop organized within T3.5 activities. 

Future scenarios Future visions on the 

development of 

Vasilikos Area Spatial 

Master Plan 

Potential management interventions in relation to the further 

development of the Vassilkos industrial area. This information 

was based on stakeholders' knowledge for the study area. 

Vector/ 

Polyline 

National Stakeholders' workshop organized within T3.5 activities. 

 

https://www.eea.europa.eu/en/analysis/maps-and-charts
https://www.eea.europa.eu/en/analysis/maps-and-charts
https://www.eea.europa.eu/en/analysis/maps-and-charts
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://catalogue.picto-occitanie.fr/geonetwork/srv/fre/catalog.search#/metadata/ba7dc64a-6f68-413f-8326-64411d256044
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/content/soil-erosion-water-rusle2015
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
https://esdac.jrc.ec.europa.eu/themes/land-degradation
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6.4.3 Defining future scenarios of human pressures  

During the second stakeholder workshop, experts and stakeholders from various sectors 

participated in online surveys to identify existing and future pressures and threats to Biodiversity 

beyond those recorded in the Habitat and Bird Directive datasets. This exercise considered all 

potential development plans within the Vassilikos industrial area. Local stakeholders assessed the 

potential magnitude of each pressure and threat and their impact on specific land use covers. The 

survey responses were then processed into a format compatible with the InVEST® software, 

enabling the estimation of an overall value for each pressure and threat in terms of the magnitude 

and impact on the area’s habitat quality. 

 

6.5 An EU-based assessment 

Within the EU wide assessment, we prioritised the ES that were highlighted as important at the 

case study level. Taking stock of the existing work done within the Mapping and Assessment of 

Ecosystem Services (MAES) context (Maes et al., 2020 [35]), we used the JRC’s available data to 

assess spatial co-occurrence of ES within the EU Member States. This analysis allowed us to identify 

the locations in which the landscape can offer plural benefits to human society (ES), but social 

needs to enhance their supply could lead to potential trade-offs among them, which can in turn 

lead to policy conflicts. This analysis will serve as a basis for the work presented in Deliverable 3.7, 

in which the role of these spatial clusters of ES, will be analysed jointly with the EU Green Deal 

policy objectives and help identify locations in which increased management attention needs to be 

paid.  

In the figures below, we showcase an example of the input and output spatial data, among two 

ES, namely crop provision and nature-based tourism (Figure 6.14). These ES could be supplied by 

adjacent or in some cases, identical areas, a fact that might lead to management challenges. Spatial 

overlay is used as a means to identify location of potential simultaneous supply of these ES, which 

could contribute to the well-being of the same or even different beneficiaries. The major challenge 

in such analysis is the mismatch between the areas of supply for each ES, which in this case is the 

NUTS 3 administrative boundary for nature-based tourism, but in a high resolution for crop 

provision. For the policy analysis (D3.7) we are comparing these outputs with the outputs 

produced at the case study level for all ES.  

Figure 6.15 showcases the example of the spatial overlap of ES supply between these two ES. It is 

worth mentioning that the potential areas of conflict are extensive and that all case studies we 

look at seem to have critical spaces which require management attention in terms of the supply of 

these bundles of ES. The outcomes of this analysis will be analysed together with the results of the 

detailed analyses carried out at each case study, to address the challenges of scalability in the 

implementation of the EU Green Deal in Deliverable 3.7.  

 

 

https://www.zotero.org/google-docs/?GYdqGa
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Figure 6.14 - Maps of crop provision (left) and nature-based tourism (right) in Europe (source: Maes, 2020 [35]). In the circles on the right of each map, 

the values of each ES for the GUARDEN case study sites are indicated. 
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Figure 6.15 - Spatial co-occurrence of crop provision and nature-based tourism in Europe. In the 
circles at the right of the figure, the outcome of the analysis for each of the GUARDEN case study 
sites is indicated.  
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7 Key observations across scales 

This chapter provides key observations of the findings from the implementation of the GUARDEN 

integrated approach for mapping the future trajectories of biodiversity and ES, across multiple 

socio-ecological contexts. Based on the outcomes to date this section highlights commonalities, 

challenges, and opportunities in integrating ES when attempting to implement the EGD objectives 

into local decision-making. The chapter further aims to distil key information and generate data to 

feed the GUARDEN framework towards bridging the science-policy gap and fostering sustainable 

development while minimizing trade-offs across scales and sectors. Finally, it reflects on the role 

of stakeholder engagement, scenario modelling, and policy alignment in ensuring the practical 

uptake of ES assessments, providing a basis for refining and scaling the approach in future 

applications. 

All case studies align with the overarching goals of the EGD, emphasizing the need to balance 

biodiversity conservation, ES maintenance, and economic development. The French case study 

primarily focuses on transportation infrastructure expansion and its impact on biodiversity, 

illustrating the trade-offs between economic growth and environmental sustainability. In contrast, 

the Malagasy case study addresses biodiversity and ES conservation in tropical ecosystems, while 

emphasising on challenges such as deforestation, agricultural expansion, and the dependence of 

local livelihoods on natural resources. This case study underscores the importance of aligning 

conservation objectives with sustainable economic development, particularly when it comes to the 

development of transportation infrastructure in biodiversity-rich areas. The Greek case study 

explores the implications of renewable energy infrastructure development, particularly wind 

farms, in protected areas, raising critical concerns about biodiversity and habitat preservation. The 

Spanish case study highlights the complexities of coastal ecosystem management in metropolitan 

areas, balancing the restoration of degraded habitats with the demands of coastal socio-economic 

development. The Cypriot case study, on the other hand, focuses on industrial development in an 

energy infrastructure context, emphasizing the tension between economic progress and achieving 

zero-pollution goals. 

Stakeholder engagement played an important role across the case studies particularly in defining 

the relevant ES tailoring the ES models to local needs. In the French and Greek case studies, 

structured stakeholder workshops facilitated the creation of comprehensive BBN models, 

ensuring that the approach was informed by diverse perspectives and local management needs 

and priorities. For the Spanish, Cypriot, and Malagasy case studies we tailored the approach to fit 

the local context and used models that allowed us to mitigate the lower levels of stakeholder 

involvement. For instance, in all these cases, we used the Habitat Quality model developed by 

InVest® which allowed for stakeholder and expert input to be collected through online surveys, 

ensuring a higher participation. Still, the BBN models proved to be a robust tool for assessing 

current and future ES trajectories, with the French and Greek case study demonstrating the most 

comprehensive application of the GUARDEN integrated approach, including full stakeholder 

validation. For the other case studies, while initial outputs, such as conceptual models and future 

scenarios, were developed, full modelling and validation processes are still pending as part of 

ongoing WP5 activities. 

In terms of the future scenarios, across the French and Greek case studies, the Business-As-Usual 

(BAU) scenario consistently demonstrated significant ecosystem degradation and reduced ES 
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values, reinforcing the urgency of transformative approaches. In contrast, the conservation-

focused scenario in France and the green economy scenario in Greece showed the potential to 

minimize trade-offs and enhance synergies among ES and sectors.  

Common challenges identified across the case studies include data availability, stakeholder 

coordination and engagement, and aligning ES assessments with complex and often conflicting 

policy objectives. The mismatch between the scale of data among the EU level maps, demonstrates 

the complication in horizontally implementing wide-scale policies into local contexts. For example, 

in the case of the French case study area, the EU-level maps showcase a spatial overlap of crop 

provision and nature-based tourism, while at the local level, nutritional value and nature recreation 

show a potential trade-off relationship. Despite these challenges, the GUARDEN approach 

highlights significant opportunities to leverage ES models to bridge the science-policy gap, 

tailoring outputs to actionable recommendations, and fostering stakeholder collaboration for the 

practical application of ES assessments. 

The key observations highlight the versatility of the GUARDEN integrated approach in addressing 

diverse socio-ecological challenges across scales and sectors. They also emphasize the importance 

of context-specific adaptations and the need for further validation to ensure the practical uptake 

of ES assessments in decision-making processes. These findings provide valuable insights into how 

complex policy agendas, such as the EU Green Deal, can be implemented across varying 

environmental and socio-economic contexts to enhance synergies and minimize trade-offs 

between society and nature. 
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8 Conclusions 

This deliverable has successfully demonstrated the application of the GUARDEN integrated 

approach for modelling and mapping ES across multiple socio-ecological contexts, including the 

French, Greek, Spanish, Cypriot, and Malagasy case studies. The outputs contribute significantly to 

the overall project goals by showcasing how ES data can be generated, using high resolution data, 

stakeholder and expert input as a means to better integrate biodiversity knowledge into decision-

making to support the implementation of policy agendas such as the EGD objectives. Through task 

3.5, we highlighted the versatility of the GUARDEN integrated approach in addressing complex, 

cross-sectoral challenges by tailoring its outputs to diverse policy contexts. The developed ES 

models and outputs can provide actionable insights that inform infrastructure planning, 

biodiversity conservation, ES maintenance, and sustainable land management. This is particularly 

evident in the French and Greek case studies, where stakeholders expressed interest in using the 

outputs for real-world decision-making. Furthermore, the ability to identify synergies and minimize 

trade-offs has potential applications in policy alignment and sectoral planning, offering a valuable 

tool for government agencies and private sector stakeholders.  

The BBN modelling approach has proven effective in combining scientific evidence and 

stakeholder inputs to generate context-specific ES assessments. The visualizations of ES 

distribution and trade-offs enable decision-makers to better understand the impacts of various 

development scenarios, directly supporting informed, sustainable planning. Stakeholder 

workshops and validation processes, particularly in the French and Greek case studies, 

demonstrated the practical relevance of the outputs. Stakeholders acknowledged the value of 

integrating ES models into planning processes, reinforcing the real-world applicability of 

GUARDEN’s innovative tools. It is worth quoting one of the stakeholders who participated in all 

three rounds of French workshops: “Thank you for this experience! We are here, because the 

GUARDEN approach is interesting, creative and, who knows, maybe it can change things!”.  

Several best practices were identified during the undertaking of this deliverable. One of many is 

the active and iterative stakeholder involvement which proved to be critical for ensuring the 

relevance, trustworthiness, and practical uptake of ES outputs. Additionally, tailoring ES 

assessments to local, regional, and national policy frameworks was essential for enhancing their 

applicability and impact. The cross-scale comparison with the EU-wide maps, is indicative of how 

critical the scale of analysis is, for the decision-making process. Finally, incorporating multiple 

future scenarios allows decision-makers to visualize alternatives of their choices, and to explore 

trade-offs and synergies among ES and sectors in a more spatially explicit manner. 

Despite these successes, there are areas for improvement. Strengthening stakeholder 

involvement is still challenging, mostly due to the complexity of the ES terminology, as proven by 

the discussion with stakeholders. In addition, expanding access to high-quality, region-specific 

data, especially in data-limited contexts like Madagascar, can further improve model relevance and 

applicability. Looking ahead, future work should focus on scaling the GUARDEN approach to 

additional socio-ecological contexts, refining the methodology to address diverse environmental 

and policy challenges. Building the capacity of local stakeholders and decision-makers to use 

GUARDEN tools will empower end-users and ensure the sustainability of the project’s impact. 

Establishing partnerships with policymakers and businesses to institutionalize the use of ES models 

in planning processes will further ensure the long-term adoption of GUARDEN innovations. Finally, 
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developing robust mechanisms for monitoring the real-world application of ES outputs will provide 

valuable insights for iterative improvements. 
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10 Appendices 

Appendix A. Initial system maps based on expert knowledge 

 

Figure A1: Initial socio-ecological system map based on expert knowledge for the French case stud. 
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Figure A2: Initial socio-ecological system map based on expert knowledge for the Malagasy case 
study. 

 

 

Figure A3: Initial socio-ecological system map based on expert knowledge for the Greek case study. 

 

 

Figure A4: Initial socio-ecological system map based on expert knowledge for the Spanish case 
study. 
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Figure A5: Initial socio-ecological system map based on expert knowledge for the Cypriot case 
study. 
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Appendix Β. Workshop I materials 

 

 
Figure B1: Miro board used for the 1st workshop in the French case study area. 
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Figure B2: Miro board used for the 1st workshop in the Greek case study area. 
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Appendix C. Online surveys and questionnaires used for the population of the CPTs 

Table C1 - List of question and statements given in the online surveys for the French case study. Scoring values represent the different stakeholder 

groups. 

In the Narbonnaise Regional 
Natural Park (PNRN)... 

Dans le Parc naturel régional de la 
Narbonnaise (PNRN)... Score_AA Score_JT Score_NS Score_PLL 

Importance 
(average) Probability 

Ecosystem integrity is increasing with higher 
species richness 

L'intégrité des écosystèmes augmente avec 
une plus grande richesse en espèces. 3 2 3 1 2,25 75,00 

Knowledge on biodiversity is high in areas 
with high richness of species and good 
accessibility from the road network 

La connaissance de la biodiversité est élevée 
dans les zones avec une forte richesse 
d'espèces et un bon accès au réseau routier. 3 2 0 1 1,5 50,00 

High species richness generates high natural 
heritage values 

Une richesse en espèces élevée génère de 
grandes valeurs patrimoniales naturelles. 3 2 3 3 2,75 91,67 

High species richness generates high cultural 
and natural heritage values 

Une richesse en espèces élevée génère de 
grandes valeurs patrimoniales culturelles et 
naturelles. 3 2 3 3 2,75 91,67 

The expansion of the railway improves 
accessibility 

L'expansion du chemin de fer améliore 
l'accessibilité de la société. 3 2 3 3 2,75 91,67 

The expansion of the railway improves 
accessibility to biodiversity rich areas 

L'expansion du chemin de fer améliore 
l'accessibilité aux zones riches en 
biodiversité. 2 1 1 3 1,75 58,33 

More accessible areas have higher natural 
heritage value 

Les zones plus accessibles ont une plus 
grande valeur de patrimoine naturel. 3 1 1 3 2 66,67 

Railway expansion deteriorates the water 
quality in the area 

L'expansion du réseau ferroviaire dégrade la 
qualité de l'eau dans la région. 3 0 1 3 1,75 58,33 

Water is deteriorating the railway condition 
in the area 

La mer dégrade l'état du réseau ferroviaire 
dans la région. 2 3 0 3 2 66,67 

Accessibility is increasing recreational value 
in the area 

L'accessibilité augmente la valeur récréative 
de la région. 3 2 3 3 2,75 91,67 

Water quality is increasing recreational value 
in the area 

La qualité de l'eau augmente la valeur 
récréative de la région. 3 3 3 2 2,75 91,67 
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In the Narbonnaise Regional 
Natural Park (PNRN)... 

Dans le Parc naturel régional de la 
Narbonnaise (PNRN)... Score_AA Score_JT Score_NS Score_PLL 

Importance 
(average) Probability 

Ecological integrity improves environmental 
quality 

L'intégrité écologique améliore la qualité 
environnementale. 3 3 2 3 2,75 91,67 

Environmental quality influences human 
health 

La qualité de l'environnement influence la 
santé humaine. 3 3 3 3 3 100,00 

Possibility for recreation influences human 
health (physical) 

La possibilité d'activités récréatives influence 
la santé humaine (physique). 2 3 2 2 2,25 75,00 

Possibility for recreation influences human 
health (mental) 

La possibilité d'activités récréatives influence 
la santé humaine (psychologique). 2 3 2 2 2,25 75,00 

Good water quality positively influences 
agricultural production 

Une bonne qualité de l'eau influence 
positivement la production agricole. 2 3 3 2 2,5 83,33 

Agricultural production positively influences 
economic well being 

La production agricole influence 
positivement le bien-être économique. 2 1 3 1 1,75 58,33 

Urbanization leads to railway expansion 
L'urbanisation conduit à l'expansion du 
réseau ferroviaire. 2 1 3 1 1,75 58,33 

Ecological integrity improves security in case 
of natural disasters in the area 

L'intégrité écologique améliore la sécurité en 
cas de catastrophes naturelles dans la 
région. 3 2 1 2 2 66,67 

The expansion of the railway offers more 
economic benefits (e.g trade in agriculture) 
at the local scale 

L'expansion du chemin de fer offre plus 
d'avantages économiques (par exemple, le 
commerce dans le contexte agricole) à 
l'échelle locale. 2 1 2 2 1,75 58,33 

The expansion of the railway offers more 
economic benefits (e.g trade in agriculture) 
at the regional scale 

L'expansion du chemin de fer offre plus 
d'avantages économiques (par exemple, le 
commerce dans le contexte agricole) à 
l'échelle régionale. 2 1 3 2 2 66,67 

The expansion of the railway offers more 
economic benefits (e.g. trade in agriculture) 
at the national scale 

L'expansion du chemin de fer offre plus 
d'avantages économiques (par exemple, le 
commerce dans le contexte agricole) à 
l'échelle globale. 3 2 3 2 2,5 83,33 
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