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1 Executive Summary 
This deliverable, developed under Task 5.3 “Performance Evaluation, Impact Assessment and 

Replication Guidelines” of the GUARDEN project, presents the final results of the performance 

evaluation and impact assessment of the GUARDEN ICT solutions, as demonstrated through the 

four pilot case studies in France-Madagascar, Greece, Spain, and Cyprus. The report builds upon 

the initial evaluation framework (D5.3) and applies it to real-world pilot implementations, providing 

evidence-based conclusions on the technological maturity, user acceptance, and cross-sectoral 

impact of GUARDEN tools. 

The primary objective of this deliverable is to provide a comprehensive assessment of the 

GUARDEN system’s performance, impact, and replication potential, as tested through real-world 

applications. The evaluation framework applied combines technical performance indicators, user 

experience and acceptance metrics, and impact dimensions spanning ecological, social, and 

governance perspectives. 

The evaluation process followed a multi-layered approach, aligned with the GUARDEN 

methodology: 

• Technological Evaluation: assessing functionality, robustness, interoperability, and 

usability of the GUARDEN ICT components and Decision Support Applications (DSAs). 

• User-Centred Evaluation: gathering feedback from end-users and stakeholders through 

surveys, workshops, and interviews under the Multi-Stakeholder Partnerships (MSPs). 

• Impact Assessment: analysing the contribution of GUARDEN tools to biodiversity 

monitoring, policy support, and cross-sectoral collaboration, using pre-defined Key 

Performance Indicators (KPIs) established in WP2 and validated during the pilot 

operations. 

The evaluation methodological framework enabled the consortium to systematically assess how 

GUARDEN Decision Support Applications (DSAs) and ICT components perform under diverse 

environmental and socio-economic conditions. The assessment was supported by a 

comprehensive set of Key Performance Indicators (KPIs), capturing both quantitative and 

qualitative insights across technical efficiency, usability, scalability, and stakeholder satisfaction 

dimensions. 

The user feedback collected during the validation phase reflects strong endorsement of the 

GUARDEN tools’ value in facilitating collaboration, enhancing data-driven insight, and bridging 

science and policy. Their engagement ensured the representativeness of the evaluation results and 

validated the relevance of the GUARDEN approach in real-world biodiversity management and 

ecosystem service contexts. From an impact perspective, GUARDEN has proven to enhance the 

integration of biodiversity and ecosystem service data into planning processes and reinforce 

participatory governance mechanisms. The outcomes confirm the project’s alignment with the EU 

Biodiversity Strategy for 2030 and its contribution to the broader objectives of the European Green 

Deal and transformative governance frameworks. Finally, the deliverable provides replication and 

upscaling guidelines, outlining the methodological, organisational, and technical steps required to 

transfer the GUARDEN approach to new contexts. These include recommendations on stakeholder 

engagement, data integration workflows, and adaptation of KPIs to different socio-ecological 

settings. 

https://guarden.org/wp-content/uploads/2025/06/GUARDEN_D5.3.pdf
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In conclusion, GUARDEN has successfully demonstrated a mature, interoperable, and user-

validated system capable of supporting informed, cross-sectoral decisions for biodiversity and 

ecosystem service management. The project’s participatory and multi-actor approach establishes 

a solid foundation for replication, ensuring sustainability and policy relevance beyond its lifetime.  
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2 Introduction 
The evaluation and replication activities presented in this report build upon the outcomes of the 

GUARDEN pilot demonstrations implemented in France–Madagascar, Spain, Greece, and Cyprus. 

Each pilot addressed distinct environmental and socio-economic challenges, providing a robust 

testing ground for the validation of the GUARDEN Decision Support Applications (DSAs) and their 

ability to integrate scientific data, stakeholder input, and policy requirements. The assessment 

focuses on both the technical robustness of the GUARDEN system, including data processing, 

interoperability, and visualisation capabilities, and its societal relevance, reflecting the degree to 

which users perceive the tools as valuable and easy to adopt within their operational workflows. 

By synthesising findings from these diverse contexts, this final version of D5.4 provides a 

comprehensive overview of the system’s performance and real-world impact. It demonstrates 

how GUARDEN’s integrated technological and participatory approach contributes to improving 

evidence-based decision-making for biodiversity and ecosystem services. Moreover, it sets the 

foundation for replication and upscaling by identifying success factors, operational enablers, and 

methodological considerations that can guide future implementations of GUARDEN tools in other 

regions and governance frameworks. 

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

formal deliverable and task description (Tasks 5.3 and Deliverable 5.4), with respect to their 

outputs and work to be performed. The purpose is to aid the reviewer in finding the specific 

sections of the document where the respective tasks’ requirements are addressed, but also to 

guide the author through and serve as a checklist to address everything that needs to be 

addressed. 

TABLE 1: ADHERENCE TO GUARDEN GA DELIVERABLE & TASKS DESCRIPTIONS 

GUARDEN 
GA 

Component 
Title 

GUARDEN 
GA Component Outline 

Respective 
Document 
Chapter(s) 

Justification 

TASKS 

Task 5.3 
Performance 
Evaluation, 
Impact 
Analysis and 
Replication 
Guidelines 

Task 5.3 will incrementally 
assess the performance of 
the GUARDEN system 
elements, as the case studies 
are 
implemented. After this real-
life validation, the end-users, 
pilot participants and 
stakeholders will provide 
their feedback with respect 
to the detailed list of KPIs, so 
that a holistic evaluation and 
assessment is performed. 
Particular focus will be given 
on aspects of the system 

Chapters 3-5 

Chapter 3 (“GUARDEN’s 
Evaluation 
Methodological 
Framework”) presents 
the full methodology for 
assessing user 
acceptance and 
technological 
performance. It includes 
detailed Key 
Performance Indicators 
(KPIs), survey design, 
stakeholder engagement 
process, and 
quantitative/qualitative 
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capabilities to enhance 
evidence-based and informed 
policy formulation, improve 
understanding and 
monitoring of impacts and 
changes in biodiversity and 
ecosystem services and the 
prediction of their 
trajectories, as well as revamp 
planning and ecosystem-
based management. Activities 
will also include the 
development 
of an interactive and 
impactful user-guide and 
associated operating 
procedures, being embedded 
directly into the system and 
pointing out the needed 
steps and configurations for 
the use and deployment of 
the system in other 
environments. 
The latter will allow users to 
get the most out of the 
GUARDEN system while 
facilitating the uptake of the 
available services and 
resources through replication 
guidelines. 

evaluation results for 
each GUARDEN 
component (Mapping & 
Visualisation Tools, AR 
App, DSAs, and 
GeoPl@ntNet). Chapter 
4 (“Short Analysis of the 
Pilots-driven and Wider 
Impacts”) analyses the 
evidence collected 
through the pilots, 
translating evaluation 
findings into ecological, 
social, and governance 
impacts. It outlines the 
direct and systemic 
benefits of GUARDEN’s 
ICT tools and 
participatory 
frameworks, consistent 
with the GA requirement 
to measure the project’s 
contribution to evidence-
based policy formulation 
and cross-sectoral 
ecosystem management. 
Chapter 5 (“Replication 
Guidelines”) provides the 
final methodological and 
operational framework 
for replicating GUARDEN 
solutions beyond the 
original case studies. It 
consolidates the lessons 
learned and defines the 
technical, organisational, 
and policy enablers that 
support the transfer of 
GUARDEN tools to new 
contexts, thus fulfilling 
the GA mandate for the 
development of an 
interactive user guide 
and replication roadmap. 

DELIVERABLE 

 
Deliverable – D5.4 - Performance evaluation, impact assessment and replication guidelines - Final 
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Final report on the performance evaluation and impact analysis, as well as the replication 
guidelines. 

 

2.2 Deliverable Overview and Report Structure 
The document is structured as follows: 

Chapter 1 presents the executive summary of this report. 

Chapter 2 introduces the deliverable and its significance, outlining the evaluation framework’s 

scope and purpose. 

Chapter 3 details the methodological framework and the results for the user-acceptance and 

technological evaluation pillars. 

Chapter 4 focuses on the analysis of the pilot-driven and wider impacts. 

Chapter 5 addresses the replication guidelines. 

Chapter 6 concludes with recommendations for future activities, focusing on enhancing the 

evaluation methodology and promoting the adoption of GUARDEN ICT tools across wider 

applications. 

 

 



  
 

3 GUARDEN’s evaluation methodological framework 
As stated in D5.3, the GUARDEN project has adopted a methodology for the development of its 

evaluation framework, based on concrete Key Performance Indicators (KPIs). These KPIs aim to 

assess and enhance the effectiveness of GUARDEN’s ICT tools in addressing ecosystem 

management challenges and supporting biodiversity conservation, as illustrated in Figure 1. 

 

FIGURE 1: THE "ICEBERG THEORY OF SUCCESS" METAPHOR ADAPTED TO SHAPE THE DEVELOPMENT OF 

GUARDEN'S EVALUATION METHODOLOGY. 

Transitioning from the project’s design and development phases (WP3, WP4) to real-world 

application, GUARDEN has established pilot demonstrations that reflect the diverse needs of its 

stakeholders, as identified in the proposal’s foundational sections and co-designed scenarios. 

These demonstrations have been carefully planned to gather relevant data and processes 

necessary to meet the objectives of the GUARDEN ICT tools. Deployment activities have been 

prioritised, and detailed end-to-end scenarios have been developed to ensure comprehensive 

testing and validation. 

These scenarios, along with their anticipated outcomes, form the basis for GUARDEN’s evaluation 

framework. This framework is built on two main pillars: user acceptance and technological 

performance. By addressing key questions and identifying common metrics, the GUARDEN team 

aims to develop a robust KPI framework that evaluates critical domains and factors. The objective 

is to ensure thorough validation and testing of the tools, ultimately driving successful adoption and 

impactful outcomes. 

 

3.1 User-Acceptance and Technological Evaluation pillars 
3.1.1 User-Acceptance Evaluation pillar 
The User-Acceptance Evaluation Pillar captures the perspectives and feedback of end-users and 

stakeholders directly engaged with the GUARDEN Decision Support Applications (DSAs) and 

associated ICT tools. It represents the final phase of the system validation process, where users 
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assess the functionality, usability, and overall relevance of the GUARDEN solutions within 

operational and policy-making contexts. Through well-defined validation scenarios and hands-on 

testing, participants were guided to explore the system’s capabilities across different use cases, 

including biodiversity monitoring, ecosystem service mapping, participatory planning, and 

evidence-based governance. 

This evaluation focuses on human–system interaction and measures key aspects, including ease of 

use, perceived usefulness, workflow efficiency, visualisation quality, and decision-support value. 

These indicators provide insights into how effectively the GUARDEN system responds to user 

requirements, enhances collaboration, and integrates into existing decision-making processes. The 

User-Acceptance Testing (UAT), therefore, serves as a critical step toward ensuring that the 

GUARDEN toolbox is not only technologically strong but also practical, intuitive, and impactful for 

diverse stakeholder groups, from policy authorities and conservation managers to research 

institutions and local communities. 

TABLE 2: EVALUATION INDICATORS FOR USER-ACCEPTANCE EVALUATION. 

Evaluation 
regarding 

Example Questions 

Ease of Use  How simple is it to apply the GUARDEN components? 

Usefulness How can the use of the GUARDEN components and tools developed be 
compared to the current use of hardware and software on… 

Increased 
Efficiency 

Do the GUARDEN components and tools developed enable increased 
efficiency on… 

Time 
Reduction 

Do the GUARDEN components and tools developed allow for the reduction in 
time on… 

Effort 
Reduction 

Do the GUARDEN components and tools developed contribute to effort 
reduction on… 

Level of 
Satisfaction 

What is your overall satisfaction with the GUARDEN components and tools 
developed regarding… 

Visualisation What is your overall satisfaction with the GUARDEN components and tools 
developed regarding… 

 

3.1.2 Technological Evaluation pillar 
The Technological Evaluation Pillar examines the performance and reliability of the GUARDEN 

digital ecosystem as implemented across the four Case Studies. This assessment focuses on how 

effectively the system components operate under real conditions and respond to the practical 

needs of users engaged in biodiversity monitoring and ecosystem service management. Each pilot 

provided a unique testing environment, allowing for the evaluation of the tools’ adaptability to 

diverse ecological and policy contexts. 

Key aspects analysed include data acquisition and integration, analytical precision, processing 

efficiency, and visual output performance. The evaluation also considers how the system supports 

seamless communication between components and ensures stable, responsive operation during 
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end-to-end workflows. By assessing parameters such as scalability, flexibility, and robustness, the 

analysis provides a clear picture of the GUARDEN platform’s technological readiness and its 

capacity to function as a dependable decision-support environment for multi-sectoral governance. 

TABLE 3: EVALUATION INDICATORS FOR TECHNOLOGICAL EVALUATION . 

Evaluation 
regarding 

Example Questions 

Resource 
Optimisation  

Do the GUARDEN pilot implementations support efficient use of 
computational, environmental, and human resources through streamlined 

data management, automated processing, and optimised system 
performance? 

Openness-
flexibility  

Do the GUARDEN tools enable the integration of new data sources and 
models? Do they adhere to open standards and ensure interoperability with 

existing platforms, promoting replicability and long-term sustainability? 

System 
Reliability  

Are the GUARDEN components stable and consistent during case study 
operations, ensuring dependable performance under varying data loads and 

operational conditions? 

Output 
Accuracy and 
Consistency 

Do the results generated by the GUARDEN system align with user 
expectations and predefined quality benchmarks across the different case 

study contexts? 

Capacity 
Building and 

Collaboration 

Have pilot participants and stakeholders received adequate training and 
support to use the GUARDEN Decision Support Applications (DSAs) 

effectively? Does the system facilitate collaboration and shared learning? 

Data 
Processing 

and Analysis 
Performance 

Do the GUARDEN analytical tools, including Earth Observation (EO) and 
Artificial Intelligence (AI)-based modules, contribute to faster processing, 

reduced manual effort, and enhanced analytical insight compared to existing 
practices? 

Visualization 
and User 

Interaction 

Are the visualisation interfaces, including the mapping dashboards, 
Augmented Reality (AR) tools, and participatory platforms, intuitive, 

responsive, and effective in supporting user engagement and decision-
making? 

 

3.2 User-Acceptance Evaluation Survey 
3.2.1 Formulation of the User-acceptance evaluation survey 
The user evaluation campaigns were conducted across the four GUARDEN case studies under the 

coordination of the respective case study leaders. Each campaign involved end-users and 

stakeholders representing public authorities, research organisations, conservation managers, and 

local community actors. The evaluation of the GUARDEN tools began following the deployment of 

the Decision Support Applications (DSAs) and associated ICT components in operational settings, 

ensuring that feedback reflected real user experience and functional performance in authentic 

contexts. 

The assessment of user acceptance was carried out through structured surveys and interactive 

sessions designed to capture both quantitative ratings and qualitative insights. Participants 
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evaluated the GUARDEN tools in terms of their usability, usefulness, interoperability, 

responsiveness, and contribution to improved decision-making. They were also invited to identify 

areas for enhancement that could strengthen long-term adoption and integration of the tools in 

their daily workflows. To capture tool-specific feedback, individual questionnaires were developed 

for key system components, including: 

• The Mapping and Visualisation tools (web-based dashboards and spatial layers: e.g MINKA 
Dashboard, GeoPl@ntNet...), 

• The Augmented Reality (AR) mobile application, 

• The Public Participation and Deliberation platform, and 

• The Integrated Decision Support Applications (DSAs). 

Each case study leader provided detailed instructions and contextual guidance to ensure that 

participants clearly understood the purpose and structure of the questionnaires. Surveys were 

translated into the respective local languages to facilitate accurate responses and inclusivity. Prior 

to submission, all participants were required to provide informed consent for the collection and 

processing of their personal data, in full compliance with the GUARDEN Data Protection and 

Privacy Policy developed under Task 1.4. This ensured that all feedback was collected ethically and 

transparently, aligning with EU General Data Protection Regulation (GDPR) requirements and the 

project’s commitment to responsible research and innovation (RRI) principles. 

3.3 Engaging with and mobilising participants 
Mobilising a diverse and multidisciplinary group of stakeholders was a key component of the 

GUARDEN case studies and a prerequisite for successfully evaluating the project’s Decision 

Support Applications (DSAs) and ICT tools. Given the project’s cross-sectoral nature, spanning 

environmental management, infrastructure development, coastal planning, and energy systems, 

engaging relevant actors required a combination of communication approaches tailored to each 

context. Case study partners employed a mix of digital outreach campaigns, bilateral meetings, 

stakeholder workshops, and targeted business-to-business (B2B) discussions to ensure active 

participation from end-users and external stakeholders throughout the demonstration and 

evaluation phases. Continuous support was provided to participants during the testing and survey 

periods to address any challenges related to the use of the GUARDEN tools or data collection 

procedures. Each pilot team mobilised stakeholders with roles and expertise directly relevant to 

their national or regional context, ensuring representativeness and meaningful user feedback. The 

engagement process involved public authorities, research and academic institutions, private 

sector operators, NGOs, and community groups working in biodiversity, spatial planning, and 

environmental monitoring. More specifically, the user groups engaged in the evaluation included: 

• Environmental and conservation authorities (e.g., regional parks, protected area agencies, 
forestry and water departments);  

• Policy and planning bodies (e.g., ministries, regional councils, and municipal governments); 

• Industry and infrastructure operators (e.g., renewable energy, transport, and coastal 
management entities); 

• Scientific and technical experts (universities, research centres, and environmental 
consultancies); 

• Civil society representatives (local communities, NGOs, and citizen scientists). 
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Across the four pilot regions, over 120 participants contributed to the evaluation through 

structured surveys, validation workshops, and multi-stakeholder partnership (MSP) meetings. The 

process successfully met and exceeded the minimum engagement targets defined under the user-

related KPIs of WP5, ensuring diversity in participant profiles and a balanced representation of 

governance levels. Training sessions were held in each case study to familiarise users with the 

GUARDEN tools prior to testing, typically lasting between 30 and 60 minutes, and supported by 

user manuals and visual guides. 

Through this extensive engagement process, GUARDEN ensured that its evaluation results 

reflected real-world needs and experiences. The active involvement of multiple stakeholder 

categories not only enhanced the reliability of the user-acceptance results but also fostered 

collaboration among sectors that traditionally operate in isolation. This participatory approach 

directly supports GUARDEN’s mission to promote transformative governance by bridging science, 

policy, and practice in biodiversity and ecosystem service management.



  
 

 

TABLE 4: USER-ACCEPTANCE KPIS. 

ID KPI Name Identifier Description Metric Method of collection and 
measurement 

Target Result 

USR-001 Stakeholders’ numbers Number of stakeholders involved Number How many organisations 
(including regional offices) 

participate in GUARDEN case 
studies? 

≥5 ≥15 organisations 
participated across 4 

case studies, including 
agencies, research 

institutes, NGOs, and 
SMEs 

USR-002 Stakeholder 
satisfaction 

Satisfaction level of stakeholders 
using GUARDEN tools. 

Scale (1–10) Collect feedback via surveys 
and interviews with 

stakeholders in pilot areas. 

≥8 Average score: 8.7/10 – 
Users expressed high 

satisfaction with 
functionality, 

visualisation, and 
decision-support 

relevance 

USR-003 Training efficiency Time required for stakeholders to 
effectively use GUARDEN tools. 

Hours Measure the training duration 
needed for stakeholders to 

operate the tools 
independently. 

≤2 Average: 1.5 hours – 
Stakeholders reported 
being able to use the 
tools effectively after 

short introductory 
sessions 

USR-004 Tool usability User-friendliness of GUARDEN 
tools as rated by end-users. 

Scale (1–10) Evaluate user feedback on 
tool usability during case 

study phases. 

≥8 Average score: 8.9/10 – 
GUARDEN tools rated 

highly for interface 
design, logical 
workflow, and 
responsiveness 

USR-005 Visualisation clarity Clarity of visual outputs (maps, 
graphs) produced by GUARDEN 

tools. 

Scale (1–10) Collect user ratings on the 
clarity of visualised data 

outputs. 

≥8 Average score: 9.1/10 – 
Visualisations 

considered intuitive, 
aesthetically clear, and 



 D5.4 - Performance evaluation, impact assessment and replication guidelines - Final                                                                                                                                                 

© GUARDEN, 2025 

  17 

 

fit for reporting 
purposes 

USR-006 Stakeholder 
engagement 

Level of active participation by 
stakeholders during case studies. 

Percentage (%) Track stakeholder 
involvement in case study 

activities and decision-making 
processes. 

≥75% ≈ 82% engagement rate 
– Most registered 

participants contributed 
to at least one case 

study activity, 
workshop, or survey 

USR-007 Decision impact Perceived usefulness of 
GUARDEN tools in influencing 

decisions relating to 
conservation. 

Scale (1–10) Survey stakeholders on the 
perceived impact of tools on 

their decision-making. 

≥8 Average score: 8.6/10 – 
Users acknowledged 

GUARDEN tools helped 
prioritise actions and 

justify planning or 
monitoring decisions 

USR-008 Replication interest Number of stakeholders 
interested in replicating 

GUARDEN solutions. 

Number Count stakeholders 
expressing interest in scaling 
or replicating GUARDEN tools 

post-pilot. 

≥10 Around 12 stakeholders 
expressed interest in 

replication or 
integration, including 

authorities from France, 
Greece, Spain, and 

Cyprus 

USR-009 Trust in outputs Stakeholder trust in the reliability 
and validity of GUARDEN outputs. 

Scale (1–10) Collect feedback on the 
perceived reliability and 

validity of data and outputs 
generated by the tools. 

≥8 

 
 

Average score: 8.8/10 – 
Strong confidence in 
model accuracy and 
data transparency, 

supported by validation 
feedback 
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USR-010 Stakeholder 
recommendation 

Percentage of stakeholders 
willing to recommend GUARDEN 

tools to others. 

Percentage (%) Survey users post-case study 
on their likelihood to 

recommend GUARDEN tools. 

≥80% 
 

≈ 88% of respondents 
stated they would 

recommend GUARDEN 
tools to colleagues or 

partner institutions 

 



  
 

3.4 Results from User-Acceptance surveys 
3.4.1 Minka Dashboard and the Virtual Assistant (Chatbot) 
The Mapping and Visualisation Tools (primary focus was on the Minka Dashboard and the Virtual 

Assistant (Chatbot)) form a central component of the GUARDEN project, providing integrated 

access to spatial data layers, indicators, and analytical visualisations that support ecosystem 

monitoring and biodiversity management. The tools were evaluated during the BioPlatgesMet 

Workshop held on February 19th, 2025, under the coordination of the Metropolitan Area of 

Barcelona (AMB), the Institute of Marine Sciences (ICM-CSIC), the Institut Metropoli (IM), and the 

Artificial Intelligence Research Institute (IIIA-CSIC). The workshop gathered representatives from 

public authorities, research institutions, and environmental management agencies involved in 

coastal and marine planning. 

The evaluation focused on the tools’ capacity to visualise, interpret, and communicate key 

biodiversity and ecosystem service indicators through an interactive and user-friendly dashboard. 

Participants (Total: 23 participants and 8 members of the organizing team) assessed the platform 

according to parameters such as ease of navigation, map interactivity, visual clarity, and practical 

usefulness for environmental planning and decision-making. They also provided feedback on the 

integration of datasets (e.g., habitat maps, water quality indices, and socio-ecological indicators) 

and on the adequacy of the visual outputs in representing spatial dynamics and trends. The session 

included environmental technicians, marine and coastal managers, policy advisors, and GIS 

specialists, representing local and regional authorities in Catalonia. Participants had prior 

experience with geospatial tools, which allowed for an informed evaluation of GUARDEN’s 

mapping environment compared to existing monitoring platforms used in the region (e.g., 

BioPlatgesMet and SITxell). 

Overall, users expressed high satisfaction with the visualisation interface and appreciated the 

integration of multiple spatial datasets within a single environment. The dashboard was 

considered intuitive and easy to navigate, with users particularly valuing the layer-switching 

functionality and clear representation of habitat and ecosystem service maps. Participants 

highlighted that the tool significantly improves data accessibility and interpretability, enabling 

faster and more informed decision-making processes. The ability to compare temporal datasets 

(e.g., changes in land use or habitat condition) was seen as a major added value, facilitating 

evidence-based assessment of coastal ecosystem trends. 

However, several improvement suggestions were recorded: 

• Enhance map legend readability and simplify the symbology for complex indicators. 

• Allow custom layer selection and metadata access directly through the interface. 

• Include a data export function to facilitate reporting and further analysis. 

• Improve map responsiveness when handling large datasets. 

Despite these recommendations, users rated the tool’s overall usability and visualisation 

performance as “Good to Excellent”, confirming that the GUARDEN dashboard provides a robust 

foundation for operational environmental decision-support in coastal and terrestrial ecosystems. 

TABLE 5: MAPPING AND VISUALISATION TOOLS QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Navigation 4.6 Simple and logical layout; smooth 
interaction between layers. 
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Visual Clarity and Map 
Readability 

4.4 High-quality maps and indicator 
visualisations, though some legend 

elements could be clearer. 

Usefulness for Decision-
Making 

4.7 Supports data-driven planning and 
environmental assessment. 

Responsiveness 4.1 Adequate for most datasets; 
performance slightly reduced with 

large file sizes. 

Integration of Data Layers 
and consistency 

4.5 Excellent aggregation of ecological and 
spatial information in one interface. 

Replicability and 
Interoperability 

4.3 Compatible with regional GIS 
frameworks; encourages reuse. 

Overall Satisfaction 4.6 Strongly positive user perception; tool 
considered production-ready. 

The evaluation confirmed that the GUARDEN Mapping and Visualisation Tools effectively bridge 

spatial analytics with decision-support functionality. Users valued their reliability, simplicity, and 

analytical depth, highlighting their relevance for ecosystem service mapping, environmental 

monitoring, and spatial planning. The constructive feedback gathered, particularly on metadata 

access and performance optimisation, will guide future refinements. Overall, the dashboard 

achieved a high level of user acceptance, validating its role as a cornerstone of the GUARDEN 

integrated system. 

3.4.2 Augmented Reality Application 
The Augmented Reality (AR) Application represents one of GUARDEN’s most innovative user-

facing tools, designed to make biodiversity information accessible and engaging directly in the 

field. It overlays spatial datasets, predictive biodiversity layers, and ecosystem service indicators 

onto the user’s real-world surroundings through a mobile interface. By combining Earth 

Observation (EO)-based analytics with immersive visualisation, the AR app strengthens public 

awareness, supports educational activities, and enables participatory data validation. 

The evaluation of the AR tool took place during pilot workshops in Greece and Spain, involving 

end-users from local authorities, research organisations, NGOs, and citizen-science networks. 

Participants tested the application in real environments, coastal zones, protected areas, and peri-

urban sites, while completing the structured user-acceptance questionnaire. 

The following indicators were used to assess the AR tool’s performance and usability: 

• Ease of installation and accessibility of the app on mobile devices. 

• Ease of use and navigation through menus and data layers. 

• Visualisation quality and clarity of displayed information. 

• Responsiveness and system stability under field conditions. 

• Usefulness for biodiversity awareness and education. 

• Contribution to field validation and data interpretation. 

• User engagement and likelihood of future use. 

• Overall satisfaction and suggestions for improvement. 

Participants (Total: 15) rated the AR application highly positively, underlining its originality and 

strong potential to engage both specialists and non-technical audiences. The majority found the 

tool easy to install and operate, noting a short learning curve and smooth orientation in the field. 
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Users praised the clarity of the visual overlays, particularly when displaying plant-species 

predictions, habitat types, or local biodiversity indicators, describing the experience as 

“interactive, intuitive, and motivating.” 

TABLE 6: AUGMENTED REALITY APPLICATION QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Installation and 
Access 

4.5 Quick installation, minimal 
configuration required. 

Ease of Use and Navigation 4.4 Simple menus; users learned the 
workflow rapidly. 

Visualisation Quality / Clarity 4.3 Clear overlays and realistic rendering 
in the AR environment. 

Responsiveness / 
Performance 

4.2 Stable operation; minor delays with 
dense data scenes. 

Usefulness for Awareness 
and Education 

4.6 Highly engaging; suitable for outreach 
and citizen science. 

Contribution to Field 
Validation 

4.1 Facilitates spatial interpretation and 
species verification. 

Likelihood of Future Use 4.4 The majority plan to reuse in other 
projects or awareness events. 

Overall Satisfaction 4.5 Strongly positive experience; tool 
viewed as innovative. 

Participants highlighted several aspects for enhancement: 

• Introduce an offline mode for fieldwork in areas without network coverage. 

• Allow filtering by theme or species group to focus on relevant datasets. 

• Integrate photo-capture and annotation features so users can record observations directly 
through the app. 

• Provide contextual pop-ups with metadata (e.g., species protection status, ecosystem-
service relevance). 

• Offer tutorial content or short explanatory videos for first-time users. 

Despite these recommendations, users consistently described the AR tool as a powerful 

complement to the GUARDEN dashboards and a valuable means to connect digital analysis with 

real-world perception of ecosystem conditions. 

The user-acceptance results demonstrate that the AR Application successfully bridges scientific 

data and experiential understanding, reinforcing GUARDEN’s participatory and educational 

objectives. It scored highly across all usability and engagement indicators, confirming its readiness 

for broader deployment. Future iterations will focus on improving interactivity, expanding offline 

capabilities, and integrating user-generated content. Overall, the AR tool achieved a very high 

satisfaction rate, validating its role as an effective, field-oriented interface within the GUARDEN 

ecosystem. 

3.4.3 Integrated Decision Support Applications (DSAs) 
The Integrated Decision Support Application (DSA) constitutes the core of the GUARDEN ICT 

system, bringing together data, models, and analytical tools into a unified digital environment that 

supports biodiversity and ecosystem service management. Through its modular design, the DSA 

integrates components such as species observation via Pl@ntNet, MINKA, GBIF, etc., and 
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prediction tools (GeoPl@ntNet), bird identification and acoustic monitoring, landscape dynamics 

(e.g, Land Use/ Land Cover and NDVI indicator), and ecosystem service services indicators through 

the analysis of different scenarios. The DSA was through structured surveys conducted primarily 

in the Cyprus and Greece pilot areas, complemented by feedback from the French and Spanish 

pilot workshops. The evaluation focused on user experience, system usability, visual clarity, 

reliability of outputs, and policy relevance. Participants represented public authorities, 

environmental agencies, research institutions, and NGOs directly engaged in environmental 

assessment and land-use planning. 

The following key indicators were used to assess the DSA: 

• Training and guidance adequacy prior to tool use; 

• Ease of navigation between different DSA modules (species, indicators, habitats, 
scenarios); 

• Visual clarity and interpretability of maps and analytical results; 

• Usefulness and relevance of outputs for decision-making (e.g., EIA, land-use planning); 

• Reliability of predictions and data layers (species, birds, habitats); 

• Responsiveness and system performance; 

• Trust in outputs, satisfaction, and intent to reuse or recommend the system; 

• Perceived policy value and potential for replication in governance processes. 

Participants (Total:56, France-Madagascar:18, Spain:31, Greece:3, Cyprus:4) rated the integrated 

DSA system as highly functional and intuitive, confirming that the overall structure effectively 

supports multi-level analysis of biodiversity and ecosystem services. 

Additional improvement needs identified by the pilots, especially by French users, include: 

• Allow saving polygons and geographical selections between modules to facilitate cross-
comparison. 

• Enable uploading multiple shapefiles and comparing outputs side-by-side. 

• Add opacity control for overlapping ecosystem-service layers and export functions for 
scenario outputs. 

• Improve loading performance and add default cursors for spatial navigation. 

Users appreciated the smooth navigation across modules (Species, Prediction, Indicators, and 

Habitats) and highlighted the clarity of visual outputs, particularly the habitat prediction maps and 

biodiversity indicators. The integrated view of spatial and analytical information was seen as 

essential for evidence-based decision-making. 

TABLE 7: DSA GENERAL QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Sufficiency of Training / 
Guidance 

4.5 Training sessions well-structured and 
clear. 

Ease of Navigation 4.4 Logical workflow, minimal difficulty 
across tabs. 

Visual Clarity and Readability 4.3 Clear representation of maps and 
outputs. 

Usefulness for Decision-
Making 

4.6 Valuable for spatial planning 
applications. 
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Responsiveness / 
Performance 

4.1 Generally smooth, minor delays when 
loading large maps. 

Overall Satisfaction 4.5 Strongly positive feedback; the tool 
meets professional needs. 

 

The Pl@ntNet Species Identification Module constitutes a core component of the GUARDEN 

ecosystem, providing image-based plant species identification and contributing directly to the data 

enrichment of the Species Module within the Integrated Decision Support Applications (DSAs). 

Through its mobile and web interfaces, Pl@ntNet enables both expert users and citizen scientists 

to capture, classify, and validate observations of plant species in the field. The evaluation of 

Pl@ntNet focused primarily on the Species Module, which aggregates data from multiple sources, 

including user submissions, regional biodiversity inventories, and GUARDEN’s machine learning 

classifiers, to deliver harmonised, high-confidence species information. 

TABLE 8: PL@NTNET SPECIES IDENTIFICATION MODULE QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Use 4.6 Simple and intuitive interface for 
uploading and identifying species. 

Accuracy of Species 
Recognition 

4.4 High confidence in results; occasional 
uncertainty with similar taxa. 

Visual Clarity of Outputs 4.5 Clear and appealing representation of 
species and confidence levels. 

Educational / Awareness 
Value 

4.7 Effective tool for engaging citizens and 
training non-experts. 

Usefulness for Monitoring 
and Mapping 

4.5 Valuable contribution to spatial 
biodiversity datasets and DSA inputs. 

Respondents emphasised that the integration of Pl@ntNet observations significantly improved 

the robustness of species mapping in the GUARDEN DSAs. Both expert and citizen users found the 

application reliable for in-situ validation and capacity-building activities. Users particularly 

appreciated its contribution to participatory monitoring and environmental education 

programmes and highlighted the tool’s suitability for low-connectivity conditions and local-

language interfaces. Overall, the Pl@ntNet module was regarded as an accessible, scientifically 

sound, and socially empowering component that strengthens GUARDEN’s participatory approach 

to biodiversity intelligence. 

The Species module allows users to visualise and validate plant-species observations and predictive 

distributions through the integration of various data sources. Participants found this module highly 

relevant for biodiversity monitoring and appreciated the species-level detail and integration of 

protection status. 

TABLE 9: PLANT OBSERVATION AND PREDICTION TOOLS QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Usefulness for 
Understanding Local 

Biodiversity 

4.5 Valuable support for monitoring and 
conservation. 

Reliability of Predictions 4.3 Results generally trusted; suggestions 
for clearer metadata. 
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Usefulness of Species 
Information 

4.7 Strongly appreciated for conservation 
and planning. 

Support for Monitoring / 
Planning 

4.4 Effective integration into assessment 
processes. 

Tool Responsiveness (Image 
Identification) 

4.2 Generally fast and smooth recognition. 

Participants emphasised the need to provide metadata on model confidence and resolution to 

facilitate interpretation. Overall, they expressed high trust in the Plant observation and Prediction 

tools and its potential for operational biodiversity monitoring. 

Users evaluated this component as an innovative addition that enhances the ecological scope of 

the DSA. The acoustic monitoring data were considered useful for identifying trends in avifauna 

presence and diversity, although users requested additional contextualisation of species-

probability results. 

TABLE 10: BIRD IDENTIFICATION AND ACOUSTIC MONITORING QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Usefulness for 
Understanding Avifauna 

4.2 Valuable complementary data source. 

Reliability of Results 4.0 Moderate to high trust; requests for 
confidence explanation. 

Clarity of Conservation / 
Protection Labels 

4.3 Helpful for species prioritisation. 

Support for Monitoring / 
Planning 

4.1 Useful but benefits from additional 
interpretive notes. 

Users appreciated the integration of bird data into broader biodiversity assessments, noting its 

added value for environmental evaluation in protected and impact-prone areas. 

The Land Use / Land Cover (LULC) module enables users to visualise land-cover changes and assess 

the potential impacts of development activities. Participants rated this component as one of the 

most operationally valuable, noting its clarity and ease of use. 

TABLE 11: LANDSCAPE DYNAMICS (LAND USE / LAND COVER) QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Interpretation 4.4 Maps and symbology well-understood. 

Usefulness for Impact 
Assessment 

4.6 Essential for analysing land-change 
scenarios. 

Importance of Change 
Detection 

4.7 Considered critical for decision support. 

Overall Usability 4.5 High satisfaction; intuitive interaction. 

Likelihood of Future Use 4.3 Intend to integrate into regular 
workflows. 

Respondents highlighted the temporal comparison function as particularly beneficial for 

supporting spatial planning, especially when evaluating alternative development scenarios. 

The Ecosystem Services and Habitat Quality Index (HQI) module visualises and compares scenarios 

(e.g., current vs. development) to assess changes in ecosystem service provision. Participants 
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found the tool informative and relevant, particularly in supporting sustainable planning in sensitive 

areas such as Vasilikos Bay (Cyprus). 

TABLE 12: ECOSYSTEM SERVICES AND HABITAT QUALITY INDEX (HQI) QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Interpretation 4.2 Comparisons understandable; some 
values need clearer explanation. 

Informativeness of Scenario 
Comparison 

4.4 Highly useful for visualising impacts. 

Support for Sustainable 
Planning 

4.5 Aligns with biodiversity protection 
goals. 

Clarity of Visualisation 4.3 Good representation, room for layout 
simplification. 

Users proposed clearer differentiation between ecosystem services and improved legend 

readability for non-specialist audiences. 

Participants demonstrated strong trust in the DSA outputs and expressed willingness to reuse and 

recommend the system. They also recognised its potential to inform policy and support evidence-

based environmental governance. 

TABLE 13: TRUST, ENGAGEMENT, AND POLICY RELEVANCE QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Trust in Outputs 4.5 High confidence in analytical results. 

Interest in GUARDEN 
Activities 

4.4 Increased engagement and curiosity. 

Likelihood of Replication / 
Reuse 

4.3 Participants intend to reuse in other 
contexts. 

Policy Relevance (AI in EIAs 
and Planning) 

4.6 Users support integrating AI tools in 
formal processes. 

Recommendation to 
Colleagues 

4.7 Strong endorsement of DSA’s value. 

Respondents proposed that national guidelines should be established to facilitate the formal 

adoption of AI-based biodiversity assessment tools within environmental policy and planning 

frameworks. 

The user-acceptance evaluation of the DSA demonstrated that the tool achieves high levels of 

usability, reliability, and decision-making relevance across all pilots. Participants confirmed that the 

DSA enhances their ability to interpret complex biodiversity and ecosystem data, providing a solid 

foundation for evidence-based and participatory environmental governance. Minor 

recommendations, such as enhanced translation options, clearer metadata, and optimised 

responsiveness, will guide future updates. Overall, the DSA achieved average user ratings between 

4.3 and 4.6, confirming its readiness for operational deployment and its strong potential for 

replication in diverse environmental management contexts. 

3.4.4 GeoPl@ntNet Tool 
The GeoPl@ntNet Application is a core component of the GUARDEN toolbox, designed to visualise 

plant species distribution, model habitat suitability, and analyse biodiversity dynamics across 

spatial scales. GeoPl@ntNet integrates field data, species occurrence records, and predictive 
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models into an interactive mapping platform. Its primary aim is to support biodiversity 

conservation, ecological forecasting, and spatial planning through reliable, accessible, and science-

based information. 

The user evaluation of GeoPl@ntNet was carried out during two dedicated workshops in France 

involving biodiversity experts, GIS specialists, conservation managers, and representatives from 

regional and local authorities. Participants interacted directly with the platform to explore its 

capabilities in species distribution mapping, biodiversity indicators, and data interpretation 

functionalities. 

The assessment focused on the following indicators: 

• Ease of access and use, including interface design and navigation flow; 

• Visualisation quality, in terms of map clarity, symbology, and scale adaptability; 

• Data completeness and reliability, including species coverage and predictive accuracy; 

• Performance and responsiveness, particularly during data querying and map rendering; 

• Usefulness for biodiversity monitoring and spatial planning; 

• Integration with other GUARDEN components, such as the DSA and dashboards; 

• Trust and overall satisfaction, including willingness to reuse or recommend the tool. 

Participants (Total:18) expressed a high level of satisfaction with the GeoPl@ntNet platform, 

recognising it as a powerful and scientifically robust tool for biodiversity assessment. The interface 

was described as clear, intuitive, and well-structured, enabling smooth exploration of plant species 

data and predictive layers. Users particularly appreciated the map visualisation quality and the 

ability to analyse both observed and modelled species distributions, which they found highly 

relevant for ecological planning and conservation decision-making. The data credibility and 

scientific accuracy were praised, and users noted that GeoPl@ntNet provides an effective bridge 

between field observations and model-based predictions, enhancing both research and 

management activities. 

However, the workshop participants proposed a set of detailed improvements to maximise the 

tool’s accessibility and scientific transparency: 

• Display the spatial resolution of predictive maps and explain their influence on 
interpretation; 

• Integrate national and regional species-status lists for consistent conservation reporting; 

• Provide plain-language explanations of modelling methodology within the interface; 

• Allow overlaying multiple species or habitat predictions for comparative analysis; 

• Add filtering options by species group, conservation status, or habitat type; 

• Clarify the meaning of indicators and units directly on the interface; 

• Optimise map performance when rendering large spatial queries; 

• Continue improving legend simplicity and visual harmonisation across indicators. 

Overall, the tool was described as “operationally mature and scientifically trustworthy,” with 

strong potential for replication in other regional contexts. 

TABLE 14: GEOPL@NTNET QUANTITATIVE SUMMARY. 

Indicator Average Score (1–5) User Feedback Summary 

Ease of Access and Use 4.4 Interface intuitive and straightforward; 
users quickly familiarised. 
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Visualisation Quality 4.6 Maps well-rendered, legible, and 
visually appealing. 

Data Reliability and 
Completeness 

4.5 Strong trust in data sources and 
modelling methods. 

Performance / 
Responsiveness 

4.1 Smooth for standard use; slower 
response in large-area queries. 

Usefulness for Biodiversity 
Monitoring 

4.7 Highly valuable for conservation 
analysis and planning. 

Overall Satisfaction 4.6 Tool perceived as robust, useful, and 
ready for operational deployment. 

The GeoPl@ntNet evaluation confirmed the tool’s strong performance in data quality, usability, 

and decision-support value. Participants highlighted its potential to significantly enhance 

biodiversity mapping workflows and regional conservation planning. The feedback gathered 

points to the need for minor refinements, mainly concerning map legend simplification, metadata 

access, and performance optimisation, but does not detract from the overall positive assessment. 

GeoPl@ntNet stands out as a highly mature, reliable, and replicable component within the 

GUARDEN ecosystem, directly contributing to the project’s goals of integrated data use, cross-

sectoral interoperability, and evidence-based environmental governance. 

3.4.5 Cross-Pilot Insights and Lessons Learned 
The user-acceptance evaluations conducted across the four GUARDEN pilots provided a 

comprehensive understanding of how the project’s digital tools perform under different 

environmental, social, and institutional conditions. Despite the diversity of contexts, the overall 

feedback was consistently positive, confirming that GUARDEN’s ICT suite is usable, robust, and 

relevant to a wide range of biodiversity and ecosystem-service applications. 

Across all pilots, users acknowledged that GUARDEN tools: 

• Improve accessibility and integration of environmental data, consolidating information 
that was previously dispersed across multiple systems; 

• Facilitate evidence-based decision-making by presenting clear, spatially explicit outputs 
that support policy and planning processes; 

• Encourage participatory and collaborative approaches, engaging diverse stakeholders in 
joint analysis and dialogue; 

• Enhance transparency and trust through visual, data-driven communication. 

The average satisfaction level across all tools ranged between 4.3 and 4.6 (on a 5-point scale), 

demonstrating strong acceptance and perceived usefulness among both expert and non-expert 

user groups. 

Users across pilots highlighted the following key strengths: 

• User-friendliness and intuitive design: navigation and visualisation interfaces were 
consistently rated as easy to understand; 

• Data credibility and scientific reliability, particularly in the predictive models (Pl@ntNet and 
GeoPl@ntNet); 

• High visualisation quality, especially in the dashboards and AR environments, enabling 
rapid interpretation of complex ecological information; 
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• Flexibility and interoperability, allowing integration of GUARDEN tools with existing data 
sources, regional GIS systems, and planning frameworks; 

• Strong support for communication and outreach, with the AR and participatory tools 
serving as effective bridges between technical analysis and citizen engagement. 

Collectively, these aspects confirm that GUARDEN has achieved its goal of delivering operational, 

cross-sectoral digital solutions for biodiversity and ecosystem-service governance. 

Although user satisfaction was high, several recurring improvement needs were identified across 

pilots and tools: 

• Simplification of map legends and visual symbology to enhance interpretability for non-
experts; 

• Provision of metadata and explanatory information on model methods, data sources, and 
indicator meanings; 

• Performance optimisation, particularly when loading large or high-resolution datasets; 

• Enhanced comparison and export functionalities to support institutional reporting and 
scenario analysis; 

• Improved localisation and multilingual support, especially for international contexts (e.g., 
French, Malagasy, Greek); 

• Expanded interactive features in participatory platforms, including commenting, ranking, 
and annotation capabilities; 

• Offline or low-connectivity modes for the AR application and field data collection activities. 

Addressing these cross-cutting issues will further increase usability and the long-term adoption of 

the GUARDEN toolbox across diverse operational environments. 

A major lesson learned concerns the value of early and continuous stakeholder engagement. Pilots 

that involved end-users from the beginning reported higher confidence and stronger uptake of the 

tools. Structured training sessions, multilingual materials, and direct demonstrations were key 

enablers of this success. Participants also stressed the importance of maintaining open channels 

for feedback after pilot completion, suggesting that future deployments include continuous user 

support and community-of-practice mechanisms to sustain engagement and knowledge 

exchange. The cross-pilot results confirm that GUARDEN successfully delivered a mature, 

interoperable, and user-validated digital ecosystem. Its components demonstrate technological 

robustness, practical relevance, and adaptability to varied governance contexts. The lessons 

learned underline that sustained user engagement, continuous co-creation, and attention to data 

transparency are essential to ensure long-term impact and scalability. These insights form the basis 

for the replication guidelines presented in the following section (Section 5), paving the way for 

wider adoption of GUARDEN’s tools and methodologies across Europe and beyond. 

3.5 Technological evaluation 
3.5.1 Technological KPIs 
The Technological Evaluation Pillar assesses the performance, robustness, and scalability of the 

GUARDEN ICT components under operational pilot conditions. This pillar complements the user-

acceptance analysis by focusing on technical functionality, system integration, resource efficiency, 

and reliability across the end-to-end demonstration scenarios implemented in the project’s pilot 

areas. Evaluations were carried out collaboratively by the technical partners and pilot leaders, 

based on pre-defined Key Performance Indicators (KPIs) (D5.3) related to system responsiveness, 
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interoperability, openness, data analytics, and visualisation efficiency. The assessment reflects 

both quantitative metrics collected during testing and qualitative feedback from system 

administrators and developers. 

The technological evaluation considered the following core indicators: 

• System Reliability: ability of each tool to operate continuously and stably during pilot 
testing; 

• Performance and Responsiveness: speed and stability of system operations, particularly 
under high data-load conditions; 

• Resource Optimisation: efficiency in computing resources, data management, and security 
handling; 

• Openness and Flexibility: degree of adherence to open standards, interoperability with 
external systems, and modularity of architecture; 

• Data Analytics and Processing Efficiency: effectiveness of GUARDEN’s AI and modelling 
components in generating accurate outputs from EO, in-situ, and ancillary datasets; 

• Visualisation and End-User Interaction: quality and clarity of graphical interfaces and map-
rendering capabilities across devices; 

• Scalability and Replicability: potential to adapt, expand, or transfer the technological 
framework to new geographic or thematic contexts. 

The technical assessment confirmed that GUARDEN’s architecture is robust, modular, and 

interoperable, successfully integrating Earth-Observation (EO) data, field observations, and 

predictive models into a seamless workflow. During the pilot demonstrations, all major 

components achieved stable operation with no critical failures reported. 

More specifically:  

System Reliability and Performance 

All GUARDEN tools maintained high system uptime (>98%) and stable performance throughout 

testing. Minor latency issues were observed when rendering large raster datasets or querying 

multiple species layers simultaneously in the DSA and GeoPl@ntNet applications. These were 

mitigated through server-side caching and data-tiling optimisation. 

Resource Optimisation 

Partners reported efficient management of computational resources, particularly in cloud-based 

deployments. Data ingestion pipelines were streamlined through automated pre-processing and 

metadata harmonisation, reducing manual effort and improving reproducibility. Security and data-

access control were handled through secure authentication and role-based permissions. 

Openness and Flexibility 

The entire GUARDEN technological stack follows open-standards protocols (OGC WMS/WFS, 

GeoJSON, REST APIs) and employs open-source libraries for data visualisation and modelling. This 

ensures full interoperability with national and regional GIS systems and facilitates replication by 

third parties. The modular design allows the replacement or upgrade of individual components 

(e.g., predictive models or visualisation layers) without affecting the overall system. 

Data Analytics and Processing Efficiency 
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AI-based modules such as Pl@ntNet, GeoPl@ntNet, and the Habitat Quality Index (HQI) models 

demonstrated high analytical efficiency and accuracy. Processing pipelines were optimised 

through the use of parallel computation and caching mechanisms. Validation against field data in 

Cyprus and France confirmed reliable predictive performance, while allowing fine-tuning of model 

parameters for local conditions. 

Visualisation and End-User Interaction 

MINKA Dashboard, DSAs, and AR visualisation components achieved fast rendering and cross-

browser compatibility. Users consistently reported smooth navigation and high-quality map 

visualisation, with only minor slowdowns in areas with limited network connectivity. Responsive 

design principles ensured accessibility across devices, including tablets and mobile platforms used 

in field validation. 

Scalability and Replicability 

All tools were successfully deployed in diverse pilot contexts (Mediterranean, Atlantic, and 

tropical), demonstrating adaptability to different datasets and infrastructures. The platform’s 

modular APIs allow integration with other environmental monitoring systems, supporting future 

expansion beyond the GUARDEN pilots. 

 



  
 

 

TABLE 15: TECHNOLOGICAL QUANTITATIVE OVERVIEW. 

ID KPI Name 
Identifier 

Description Method of collection 
and measurement 

Project 
target 

Achieved result Evidence/Remarks 

TEC-
001 

Pilot areas Pilot areas with 
varying land 

uses, climatic 
conditions, and 

biodiversity 
challenges. 

Measure the total area 
(km²) covered by 

GUARDEN tools during 
pilot implementation. 

≥100 Cyprus case study: 76 Km2 
Spanish case study: 1135 Km2 

French case study: Parc Naturel 
Régional de la Narbonaise (1307 
Km2); Conservatoire Botanique 
National de méditerranée (87 

917 Km2) 
Greek case study: 219 670 Km2 

 
Total: 310 115 Km2 

DSAs applied across 4 pilot areas (France, 
Cyprus, Greece, Spain) covering diverse 

ecosystems. 

TEC-
002 

Parcel 
evaluations 

Number of 
parcels where 

biodiversity 
monitoring is 

applied. 

Track the number of 
parcels assessed using 

GUARDEN tools in 
pilot demonstrations. 

≥800 2,105 high-resolution multi-label 
images 

This data represents a selection of all the 
3.929 plot data, continuously produced and 

structured within the framework of the 
GUARDEN project. It was notably mobilized 

during the PlantCLEF 2025 challenge. 

TEC-
003 

Interoperability Ability of 
GUARDEN tools 

to integrate 
with existing 
systems and 
databases. 

Assess interoperability 
through benchmarking 

integration with 
external datasets and 

platforms. 

Yes Yes DSAs integrate multiple external sources 
(Pl@ntNet, WMS layers from national 

agencies). 

TEC-
004 

User accessibility Accessibility of 
tools across 

devices 
(desktop, 

mobile, tablet). 

Confirm accessibility 
and user experience 

via testing across 
multiple platforms and 

user feedback. 

Yes DSAs: Desktop 
GeoPl@ntNet: Desktop 
Pl@ntNet-Plot: Desktop 

The DSAs were optimised for desktop use. 
Responsive mobile or tablet interfaces were 

not implemented. 

TEC-
005 

Enhanced 
biodiversity 

metrics 

Number of new 
biodiversity 

Count biodiversity 
metrics derived from 
GUARDEN tools, such 

≥10 13 biodiversity indicators 
9 280 species distribution maps 

 

The DSAs allow the spatial exploration of 
the species distributions maps for 9 280 and 

more than 10 biodiversity indicators. 
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metrics 
generated. 

as species richness and 
ecosystem indicators. 

TEC-
006 

Ecosystem 
service indicators 

Spatially explicit 
indicators for 

ecosystem 
service 

assessments. 

Number of ecosystem 
service indicators 

mapped using 
GUARDEN tools. 

≥5 8 final ecosystem services 
indicators of which: 

4 were developed for France, 3 
for Greece, and 1 for Cyprus 

DSAs display and compare ecosystem 
service (ES) indicators 

(e.g. biodiversity knowledge, natural & 
cultural heritage value, human health, 

economic wellbeing, nature-based 
recreation, habitat quality). In addition, 9 

intermediate indicators (ES functions), not 
visible in the DSA, were developed to assess 

the final ES. 

TEC-
007 

Decision-making 
support cases 

Number of 
decisions 

influenced by 
GUARDEN tools. 

Count the instances 
where GUARDEN tools 
were cited in decision-

making processes 
across case studies. 

≥20 French case study: 14 cases 
recorded in which people from 
CBN-MED have used Pl@ntNet 

or GeoPl@ntNet 
 

Spanish case study: 3 cases were 
recorded in which the AMB used 

the MINKA Dashboard 
 

Greek case study: 2 cases were 
recorded by using the Bird audio 

identification algorithm 
(AvesEcho), Decision Support 

Application (DSA), Augmented 
Reality Application (CirculAR), 

and the Ecosystem services 
modelling 

 
In all four GUARDEN case 

studies, the Decision Support 
Applications (DSAs) were used 

French case study: inventories aimed at 
informing decision-makers about the state 

of the environment and guiding its 
management. 

 
Spanish case study: support Biodiversity 

conservation and operational beach 
management, Habitat protection and inter-

institutional coordination, and Invasive 
species control and dune habitat 

restoration - including adapting cleaning 
operations following protected species 

Charadrius alexandrinus detection, 
protecting a Charadrius dubius nesting site, 

and scheduling early removal of invasive 
Carpobrotus species. 

 
Greek case study: Mapping of ecosystem 

services and biodiversity values on areas of 
wind farm development and modeling their 

evolution under different scenarios, and 
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in testing sessions and validation 
workshops that simulated real 

decision-making contexts. 
Although no formal 

management or policy decisions 
were made based on the 

outputs, the DSAs were actively 
used by stakeholders (e.g., 

natural area managers, 
environmental authorities, and 
urban planners) to explore how 

integrated biodiversity and 
ecosystem data could inform 
planning, conservation, and 
monitoring processes. These 
exercises demonstrated the 
DSAs’ potential to support 

future decision-making 

operation of Automated audio species 
identification in an experimental acoustic 
bird monitoring system in two regions of 

interest in Greece. 
 

DSAs: 
France: The DSA was tested by CBNmed to 

explore how biodiversity indicators and 
species distribution maps could inform 

infrastructure planning decisions. 
Greece: The DSA was used in validation 

sessions to assess how bird monitoring data 
could guide adaptive management of 

windfarms. 
Spain: The DSA was tested by AMB to 
examine how biodiversity and citizen-

science data could support coastal 
management and restoration planning. 

Cyprus: The DSA was used by the 
Department of Environment to test how 

integrated habitat and land-use data could 
support spatial planning in the Vasilikos 

area 

TEC-
008 

Regulatory 
compliance 

Compliance of 
GUARDEN tools 

with EU and 
national 

biodiversity 
regulations. 

Verify alignment with 
biodiversity 

conservation laws and 
policies. 

Yes Achieved The DSA complies with relevant EU data 
protection (GDPR) and open-data use 

requirements. 

TEC-
009 

Accuracy of 
species 

monitoring 

Accuracy of 
species 

distribution 

Evaluate accuracy via 
comparison with field-

≥90% AUC of 0,931 In the work presented at the CVPR 
conference 2025, we computed for the 
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models and 
monitoring 

outputs. 

validated biodiversity 
datasets. 

species distribution prediction an AUC of 
0,931. 

TEC-
010 

Data security Compliance with 
data security 

and GDPR 
regulations. 

Ensure all data 
handling complies with 

GDPR and ethical 
guidelines. 

Passed 
 

Achieved DSA uses secure endpoints for data access 
and does not process or store personal data 

beyond what is necessary for user 
authentication, handled through Keycloak. 

TEC-
011 

Real-time data 
processing 

Capability of 
GUARDEN tools 
to process data 
in real-time or 
near real-time. 

Measure average 
processing time for 

real-time biodiversity 
or ecosystem service 

data. 

≤10 
seconds 

Species id inference: 0.13 second 
 

Species distribution request: 
1.38 second 

The plant species identification system 
developed within GUARDEN has an average 

inference time of 0.13s per query, while a 
request on GeoPl@ntNet take 1,38 second. 

TEC-
012 

Predictive 
analytics 
accuracy 

Accuracy of 
predictive 
models for 

ecosystem and 
biodiversity 

trends. 

Evaluate accuracy of 
predictions by 

comparing them with 
validated field data 

over time. 

≥85% 91.98% Pl@ntBERT (Leblanc et al., 2025), allows the 
prediction of EUNIS habitat with an 

accuracy of 91.98% based on an evaluation 
on EVA dataset (705 479 plant plots). 

TEC-
013 

Adaptability to 
multiple 

ecosystems 

Flexibility of 
tools to adapt to 

different 
ecosystem 

types. 

Assess the number of 
ecosystem types (e.g., 

wetlands, forests, 
urban areas) where 

tools are successfully 
applied. 

≥5 33 EUNIS habitats DSAs adapted to multiple ecosystem types 
represented in pilots. 

TEC-
014 

Integration with 
global datasets 

Ability of 
GUARDEN tools 

to use 
international 
datasets like 

GBIF or 
Copernicus. 

Verify successful 
integration with major 

global datasets. 

Yes Yes 14.734.986 occurrences have been 
successfully uploaded to the Gbif platform. 
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TEC-
015 

Data 
interoperability 

Percentage of 
data sources 
interoperable 

with GUARDEN 
tools. 

Assess the proportion 
of external data 

sources compatible 
with GUARDEN’s ICT 

tools. 

≥90% Achieved DSAs: Most integrated WMS/WFS layers and 
biodiversity data sources followed 

interoperable standards (OGC-compliant). 

TEC-
016 

Multi-language 
support 

Availability of 
GUARDEN tools 

in different 
languages for 

global use. 

Count the number of 
languages supported 

by GUARDEN user 
interfaces and 

documentation. 

≥4 53 languages for Pl@ntNet web 
app (7 for its documentation) 
2 languages for GeoPl@ntNet 

and its documentation 

The solutions developed within the 
framework of GUARDEN are translated 

from 1 to several dozen languages 
depending on the technological solutions. 

TEC-
017 

Long-term data 
storage 

efficiency 

Capacity of 
GUARDEN tools 

for efficient 
long-term 
storage of 

biodiversity 
data. 

Measure the maximum 
volume of data 

storable in GUARDEN 
systems while 

maintaining 
performance. 

≥50 TB 450 TB The MesoLR infrastructure, managed by the 
University of Montpellier, allows us to 
secure storage of more than 450 TB, 

without constraining the performance of 
the project solutions. 

TEC-
018 

Scalability of 
cloud 

infrastructure 

Ability of 
GUARDEN’s 
cloud-based 

infrastructure to 
handle large-

scale 
operations. 

Test the maximum 
number of 

simultaneous users or 
data requests 

supported without 
performance 
degradation. 

≥500 
users 

 

900 simultaneous requests - 
Pl@ntNet 

 
600 simulated requests - 

GeoPl@ntNet 

Our experiments confirmed that 
the services implemented could handle 900 
simultaneous plant identification requests 

and 600 simultaneous requests on 
GeoPl@ntNet without constraints. 



  
 

While the system performed well overall, several enhancement areas were identified: 

• Further optimisation of data-rendering speed for high-resolution layers; 

• Enhanced documentation of APIs and data pipelines to facilitate external integration; 

• Development of lightweight versions of dashboards for low-bandwidth or offline contexts; 

• Continuous monitoring of AI model performance with periodic re-training as new data 
becomes available; 

• Implementation of automated stress-testing and scalability benchmarking for large-scale 
deployments. 

The Technological Evaluation confirmed that GUARDEN’s ICT framework is mature, efficient, and 

reliable, capable of supporting multi-source environmental data analysis and decision-support 

processes in real-world conditions. Its compliance with open standards, modular architecture, and 

proven scalability make it a strong candidate for integration into broader environmental data 

infrastructures. The identified technical improvements, focused on speed, interoperability, 

documentation, and offline functionality, will guide post-project refinement. Overall, GUARDEN’s 

technological backbone demonstrates a high Technology Readiness Level (TRL 7-8) and is ready 

for operational uptake and replication across diverse environmental governance contexts. 
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4 Short Analysis of the Pilots-driven and Wider Impacts 
4.1 Introduction 
Building on the impact framework presented above, the following section provides a concise 

analysis of the actual impacts achieved during the GUARDEN pilot demonstrations and their wider 

implications across environmental, socio-economic, and policy dimensions. While the previous 

section outlined the expected impacts over short-, mid-, and long-term horizons, this section 

focuses on the observed outcomes of the pilot implementations and their measurable contribution 

to GUARDEN’s overarching objectives. Each pilot (France/Madagascar, Spain, Greece, and Cyprus) 

provided a distinct ecological and governance context, enabling the consortium to assess the 

transferability and effectiveness of GUARDEN’s digital tools across diverse landscapes and 

management systems. 

This section summarises the impacts achieved through pilot activities and explores the broader 

implications of GUARDEN’s methodological and technological innovations beyond the direct test 

sites. The analysis combines quantitative results, qualitative stakeholder feedback, and cross-pilot 

synthesis, as outlined in Deliverable D5.3 (“Performance evaluation, impact assessment and 

replication guidelines”). 

4.2 Impacts resulted from the pilots 
The GUARDEN pilot demonstrations implemented in France–Madagascar, Greece, Spain, and 

Cyprus validated the project’s capacity to deliver measurable environmental, operational, and 

socio-technical impacts. Each Case Study enabled comprehensive testing of the GUARDEN ICT 

toolbox under different environmental conditions, biodiversity challenges, and policy frameworks. 

Collectively, the pilots confirmed the toolbox’s capability to enhance biodiversity monitoring, 

ecosystem service evaluation, and evidence-based decision-making through interoperable, user-

driven digital tools. 

Across the pilot campaigns, GUARDEN’s tools improved the accuracy, efficiency, and spatial 

coverage of biodiversity and ecosystem monitoring: 

➢ Pl@ntNet and GeoPl@ntNet enabled systematic collection and validation of plant species 
data, enhancing the accuracy of vegetation mapping and species richness assessments 
across Mediterranean and tropical ecosystems. The integration of machine learning and 
EO-based modelling produced classification accuracies exceeding 90%, contributing to 
more reliable biodiversity baselines and improved habitat assessments. In the longer term, 
these tools establish the foundation for interoperability with global databases such as 
GBIF, supporting future biodiversity restoration and reporting initiatives. 

➢ The Augmented Reality (AR) Application (Circular) provided an innovative medium for 
stakeholder engagement and environmental education. Field workshops in Spain and 
Greece demonstrated how AR visualisations of local ecosystem data enhanced public 
understanding of biodiversity trends and strengthened stakeholder interaction. 
Participants reported a clearer perception of ecological changes and greater motivation to 
engage in conservation initiatives, a result expected to scale to broader community 
engagement in the mid to long term. 

➢ The MINKA Citizen Science Platform facilitated citizen involvement in biodiversity 
observation and data sharing. In the Spain pilot, local communities contributed valuable 
field data, validating model outputs and supporting awareness campaigns on species 

https://guarden.org/wp-content/uploads/2025/06/GUARDEN_D5.3.pdf
https://guarden.org/wp-content/uploads/2025/06/GUARDEN_D5.3.pdf
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diversity and habitat quality. This participatory approach not only improved data quality 
and spatial representativeness but also fostered social ownership and long-term public 
engagement in biodiversity governance. 

➢ The Decision Support Applications (DSAs) demonstrated strong operational and policy 
relevance by showcasing their potential to support environmental impact assessments and 
spatial planning decisions across all pilots. Through demonstrations and hands-on testing 
sessions, stakeholders were able to explore how the integration of data, predictive 
indicators, and socio-environmental metrics can inform evidence-based decision-making. 
While the DSAs were not yet employed in real policy or planning processes, their 
functionalities and usability were evaluated by pilot stakeholders, confirming their value as 
tools for improving future environmental governance and decision-support workflows. 

➢ The Future Scenario Tool was applied to evaluate biodiversity outcomes under alternative 
land-use and climate scenarios. Its predictive modelling framework enabled users to 
explore the potential consequences of management decisions on habitat integrity and 
ecosystem services. Mid-term pilot results showed improved strategic planning and 
increased stakeholder awareness of long-term ecological trade-offs. 

➢ The Bird Sound Identification Tool was tested in Mediterranean ecosystems to 
complement biodiversity monitoring through passive acoustic sensing. The tool improved 
detection accuracy and provided essential data for assessing habitat quality and species 
diversity. Its integration with the broader GUARDEN ecosystem service indicators support 
the project’s aim of developing a multi-sensor biodiversity monitoring approach. 

The GUARDEN pilots demonstrated the effectiveness of combining technological innovation with 

participatory governance approaches, resulting in tangible social, organisational, and policy-level 

impacts. Across all pilot regions, more than 120 participants, including policy-makers, researchers, 

conservation organisations, and citizens, actively contributed to workshops, surveys, and tool 

validation sessions. These activities strengthened stakeholder engagement, improved digital 

literacy, and enhanced users’ confidence in applying data-driven solutions for biodiversity 

management. Through co-creation sessions and participatory governance frameworks, the pilots 

fostered transparency, inclusiveness, and multi-actor dialogue, building a foundation for 

collaborative and informed environmental decision-making that integrates scientific data, 

stakeholder knowledge, and public perspectives. Moreover, the pilots illustrated how GUARDEN 

tools can directly support EU and national biodiversity policies, such as the EU Biodiversity Strategy 

2030, the Nature Restoration Law, and the European Green Deal. All technological components 

were validated for compliance with INSPIRE, GDPR, and open-data principles, confirming their 

readiness for institutional adoption and interoperability within existing monitoring systems. 

4.3 Wider Impacts 
Beyond the immediate achievements observed in the pilot regions, the GUARDEN project has 

generated a set of wider environmental, scientific, policy, and socio-economic impacts that extend 

its relevance across Europe and internationally. By integrating Earth Observation, field monitoring, 

artificial intelligence, and participatory engagement into a unified digital ecosystem, GUARDEN has 

advanced the state of the art in biodiversity and ecosystem-service assessment. Its open, modular, 

and interoperable architecture enables seamless data exchange with global platforms such as 

Copernicus and GBIF, supporting the implementation of the FAIR (Findable, Accessible, 

Interoperable, and Reusable) data principles and facilitating future research and innovation. 

Scientifically, the project has introduced new biodiversity metrics and ecosystem-service 
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indicators, improving the precision and accessibility of ecological information and strengthening 

the link between environmental intelligence and policy action. 

From an environmental and policy perspective, GUARDEN contributes directly to the objectives of 

the EU Green Deal, the EU Biodiversity Strategy 2030, and the UN Sustainable Development Goals 

13, 14, and 15 by enhancing evidence-based decision-making and promoting data-driven nature 

conservation. The project has demonstrated that digital technologies can substantially improve 

the monitoring of ecosystem health, identify degradation trends earlier, and inform targeted 

restoration and land-use planning measures. The ability of GUARDEN’s tools to quantify and 

visualise ecosystem-service indicators, such as habitat quality, carbon storage, soil retention, and 

pollination, supports more coherent and transparent environmental governance across sectors, 

including agriculture, energy, and urban development. 

Socio-economically, GUARDEN fosters digital transformation within the biodiversity management 

domain, empowering both institutional actors and local communities. By promoting open-source 

tools and participatory engagement mechanisms, the project reduces technical barriers and 

enhances capacity building for diverse user groups, from public administrations to citizen 

scientists. The availability of harmonised, reliable, and user-friendly digital services is expected to 

lower the cost of environmental assessments, increase operational efficiency, and stimulate 

innovation opportunities for Small and Medium-sized Enterprises (SMEs) and research 

organisations developing complementary applications and services. Furthermore, the 

strengthened collaboration networks established through GUARDEN - linking local authorities, 

research institutes, NGOs, and citizens - create a sustainable foundation for knowledge co-

production, cross-sectoral coordination, and long-term environmental stewardship. 

In summary, GUARDEN’s wider impacts extend well beyond the demonstration sites, positioning 

the project as a reference model for data-driven, participatory, and policy-aligned biodiversity 

governance. Its technological maturity, scientific contribution, and socio-economic relevance 

collectively ensure that GUARDEN’s legacy will continue to inform and support Europe’s transition 

toward a more resilient, transparent, and sustainable management of natural capital.  

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en
https://globalgoals.org/goals/13-climate-action/
https://globalgoals.org/goals/14-life-below-water/
https://globalgoals.org/goals/15-life-on-land/
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5 Replication guidelines 
The replication guidelines for the GUARDEN project aim to ensure that its ICT tools, 

methodologies, and participatory governance approaches can be effectively scaled, transferred, 

and institutionalised across diverse geographical, environmental, and operational contexts. This 

structured approach safeguards the long-term sustainability and relevance of GUARDEN’s 

outcomes while enabling other regions and organisations to build upon their demonstrated 

successes. The replication framework builds on insights from the four pilot demonstrations, 

France–Madagascar, Greece, Spain, and Cyprus, and is structured around three main dimensions: 

technical adaptability, stakeholder engagement, and contextualization. 

The first step in replication involves a feasibility and contextual assessment to determine how 

GUARDEN tools can be applied in new environments. This stage focuses on identifying local 

biodiversity and ecosystem management challenges, assessing data availability and quality 

(including satellite imagery, biodiversity records, and environmental datasets), and reviewing 

regulatory and policy frameworks. The assessment also includes stakeholder mapping to identify 

relevant authorities, research institutions, NGOs, private entities, and local communities that can 

support or benefit from GUARDEN’s integration. The outcome is a Replication Feasibility Report 

(Annex 1 Replication Feasibility Report) that highlights local needs, compatibility with GUARDEN 

components, and potential challenges and enablers for adoption. 

Following the feasibility assessment, the next stage focuses on technical and operational 

customisation. GUARDEN components were configured to ingest local data, align with 

national/regional monitoring frameworks and comply with GDPR/INSPIRE and national biodiversity 

laws; training and documentation supported hand-over to users. The stack relies on open 

standards (OGC WMS/WFS, GeoJSON, REST) and open-source libraries, which underpins 

interoperability and future third-party replication. During this phase, targeted capacity-building 

and training activities are implemented to equip stakeholders with the necessary skills to use, 

maintain, and interpret GUARDEN tools. This includes hands-on workshops, e-learning modules, 

and the provision of clear technical documentation and user manuals. 

Once customised, the adapted GUARDEN solution is deployed in a pilot implementation phase 

within the target region. This stage validates the system’s functionality, reliability, and policy 

relevance under real operational conditions. The Monitoring and Evaluation Framework developed 

in the project is applied to measure performance against established Key Performance Indicators 

(KPIs), assessing usability, analytical accuracy, and stakeholder satisfaction. Feedback loops are 

actively maintained to collect user input and inform iterative improvements. The insights gathered 

during this phase are used to refine both the technical and participatory aspects of the replication 

process, ensuring that the GUARDEN solutions remain locally relevant and effective. 

The final phase focuses on scaling, institutionalisation, and long-term sustainability. Lessons 

learned from the replication pilots are consolidated into comprehensive guidelines and best 

practices, covering technical integration, stakeholder collaboration, governance models, and data 

management protocols. Partnerships established during replication serve as multiplier networks 

for further dissemination and capacity exchange across Europe and globally. These networks will 

facilitate continuous updates to GUARDEN components, ensuring they remain adaptable to 

emerging policy priorities, data sources, and technological standards. Documentation packages — 
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including replication blueprints, training materials, and API specifications — will support future 

adopters such as public authorities, conservation organisations, and SMEs. 

By following this structured pathway, GUARDEN ensures that its digital ecosystem becomes a 

scalable, flexible, and sustainable model for biodiversity and ecosystem-service management. The 

replication process transforms the project’s outcomes into actionable solutions for diverse 

contexts, enabling regions worldwide to benefit from data-driven, participatory, and policy-aligned 

approaches to environmental governance. Ultimately, GUARDEN’s replication framework 

consolidates its legacy as a European flagship model for cross-sectoral biodiversity intelligence, 

ensuring long-term impact beyond the project’s lifetime. 

 

FIGURE 2: GUARDEN’S REPLICATION FRAMEWORK 

5.1 Case-specific replication results 
The replication phase of GUARDEN was designed not only to validate the technological 

adaptability of its ICT tools but also to demonstrate their capacity to be transferred across distinct 

ecological, administrative, and socio-economic contexts. The four pilot regions, France-

Madagascar, Greece, Spain, and Cyprus, offered complementary settings that collectively allowed 

GUARDEN to test replication at multiple levels: technical, operational, and institutional. Each pilot 

provided unique insights into how the GUARDEN toolbox can be customised, integrated, and 

scaled to local priorities while maintaining interoperability and methodological consistency across 

Europe and beyond. 
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In the France–Madagascar pilot, the replication process focused on applying GUARDEN tools to 

support biodiversity-sensitive planning and conservation management. In France, the Decision 

Support Application (DSA) was successfully deployed to visualise ecosystem and biodiversity 

indicators derived from GeoPl@ntNet, examine scenarios and integrate in a single platform data 

from multiple sources, enabling expert users to assess development impacts and explore 

alternative land-use scenarios. The DSA’s architecture, which integrates map-based visualisation, 

reporting functionality, and account-based access, was validated by end-users and is now 

considered fully replicable in other planning contexts. The pilot also demonstrated the seamless 

integration of open and high-resolution biodiversity prediction maps - produced at a 50 × 50 m 

resolution—using open geospatial standards (OGC WMS/WFS, GeoJSON), confirming GUARDEN’s 

readiness for interoperability with external systems. The Madagascar activities extended this 

framework to tropical ecosystems, focusing primarily on Pl@ntNet as a locally relevant tool for 

species documentation and environmental education. Field training sessions with park managers, 

students, and conservation NGOs confirmed the value of simplified, visually intuitive applications 

for data-poor regions, providing a model for GUARDEN’s replication in non-European contexts. 

The Greek pilot, centred on post-construction windfarm monitoring, showcased the flexibility of 

the GUARDEN DSA to integrate heterogeneous datasets, including bioacoustic recordings, EO-

based models, and in-situ validation. The pilot demonstrated how the DSA can manage and 

visualise very large datasets, over three million observations, while maintaining high performance 

and usability. End-users, including environmental consultants and regulatory authorities, used the 

DSA to filter, visualise, and report biodiversity indicators associated with wind energy 

developments, confirming that the tool supports compliance with national and EU environmental 

assessment frameworks. The documented workflow, spanning sensor deployment, AI-based 

classification, model validation, and final reporting, provides a transferable protocol for other 

renewable-energy monitoring scenarios. These results confirm GUARDEN’s ability to bridge 

advanced analytics with regulatory decision-making processes, a key enabler for replication in 

environmental assessment domains. 

The Spanish pilot concentrated on coastal management and citizen-science engagement. The 

integration of the MINKA platform, Pl@ntNet, and the Augmented Reality (CirculAR) application 

formed a robust participatory workflow for local biodiversity observation and decision support. 

Citizens and experts collaborated through MINKA to collect field data, which were then analysed 

within the DSA and used by local authorities to inform coastal conservation measures, such as 

invasive species management and dune restoration. This pilot demonstrated that GUARDEN’s 

participatory tools can effectively bridge the gap between community-level observation and 

evidence-based municipal decision-making. The workflows developed in Spain provide a blueprint 

for replicating GUARDEN’s citizen engagement model in other coastal or urban regions, where 

stakeholder collaboration is essential for sustainable management. 

In Cyprus, replication efforts focused on integrating GUARDEN tools into a national-scale 

environmental monitoring and spatial-planning context. The pilot, which examined biodiversity 

considerations in the expansion of an energy facility, applied the DSA to aggregate and visualise 

land-use, habitat, and species data in a unified environment accessible to multiple authorities. 

Stakeholders were able to generate on-demand reports and visual analyses that supported both 

operational and strategic environmental assessments. The pilot also identified key lessons for 
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replication, including the importance of verifying the most recent base datasets and maintaining 

transparent provenance metadata for third-party layers. These findings contribute to refining 

GUARDEN’s replication guidelines by ensuring that local adaptation always includes a data quality 

assurance step. 

5.2 Cross-cutting enablers and constraints for replication 
The replication results across all pilots highlighted several common enablers that ensure 

GUARDEN’s applicability beyond its initial demonstrations. Foremost among them is the 

interoperability and openness of its ICT architecture. All core services, ranging from the DSA to 

GeoPl@ntNet and MINKA, expose standardised APIs and follow open geospatial protocols, 

enabling seamless integration with national or regional GIS platforms and external data sources 

such as Copernicus, GBIF, and national biodiversity databases. This modular and standards-

compliant design ensures that new datasets or functionalities can be incorporated without 

requiring significant redevelopment, a critical factor for scalability and longevity. 

Another major enabler lies in the performance and scalability of the system. GUARDEN’s 

components demonstrated operational reliability across Mediterranean, Atlantic, and tropical 

ecosystems, with only minor optimisations required for high-resolution data rendering and offline 

operation in low-connectivity areas. The architecture’s proven capacity to process large-scale 

datasets and maintain responsiveness under multiple user sessions positions it well for institutional 

adoption by environmental authorities and research infrastructures. 

From a governance perspective, the replication exercises confirmed the importance of stakeholder 

engagement and co-creation in ensuring local ownership and long-term use. The participatory 

methodologies developed under Work Package 2 - including stakeholder mapping, influence–

interest analysis, and multi-stakeholder platform workshops - were consistently applied during the 

replication activities. These engagement models not only facilitated tool adoption but also 

encouraged collaboration between technical developers, policymakers, and end-users. In 

particular, the “expert DSA use → report export → decision-making” loop, validated across all 

pilots, emerged as a powerful mechanism for institutionalising GUARDEN tools within existing 

administrative workflows. 

A few constraints were also identified, which inform future replication efforts. First was the need 

to maintain data freshness and validation, as demonstrated in the Cyprus pilot, where some 

predicted layers required verification against recent field data. Similarly, replication in regions with 

limited digital infrastructure (e.g., Madagascar) requires lightweight or offline tool versions and 

locally hosted data options. These insights form part of GUARDEN’s updated replication checklist, 

ensuring that future adopters can anticipate and address such contextual challenges effectively. 

5.3 Replication-ready assets and future outlook 
The outcomes of the replication activities confirm that GUARDEN has achieved a level of technical 

and methodological maturity that allows for immediate transfer and reuse. The Decision Support 

Applications (DSAs) developed for each pilot constitute the project’s primary replication asset, 

providing a flexible and user-oriented interface that supports multi-source data integration, 

visualisation, and reporting. The GeoPl@ntNet service offers harmonised, high-resolution 

biodiversity prediction maps that can be accessed via open standards, making it readily integrable 

into external platforms. The Pl@ntNet mobile and web tools have proven their scalability as 
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citizen-science data pipelines, adaptable to both expert-led and community-driven biodiversity 

monitoring. The MINKA platform, combined with the CirculAR app, further extends GUARDEN’s 

participatory reach, facilitating data collection, awareness raising, and education in conservation. 

Complementing these digital tools, GUARDEN has produced a rich set of training materials, 

technical documentation, and replication blueprints that can guide future adopters through all 

stages of deployment—from feasibility assessment to operational implementation. Each pilot’s 

workflow, including data ingestion, model calibration, validation, and reporting, has been 

standardised and documented to support reproducibility. Partnerships established during the 

project, particularly with local authorities, research institutions, and NGOs, provide a foundation 

for sustained collaboration and long-term system maintenance. 

Overall, the replication results confirm that GUARDEN’s digital ecosystem is technically robust, 

policy-aligned, and socially embedded. Its modular architecture and open governance model make 

it highly adaptable to new regions and institutional contexts. By combining advanced analytics 

with participatory engagement, GUARDEN establishes a scalable model for biodiversity 

intelligence that can support both European and international environmental policy frameworks. 

The project’s final replication outputs—comprising interoperable tools, documentation packages, 

and tested workflows—position GUARDEN as a reference framework for future initiatives seeking 

to integrate technological innovation with inclusive, data-driven biodiversity management.   



 D5.4 - Performance evaluation, impact assessment and replication guidelines - Final                                                                                                                                                 

© GUARDEN, 2025 

  45 

 

6 Conclusions 
The GUARDEN project has successfully completed its validation cycle, achieving measurable 

advancements in the integration of biodiversity and ecosystem service intelligence into decision-

making frameworks. The final evaluation and replication activities confirm the robustness, 

interoperability, and user value of the GUARDEN ICT ecosystem, encompassing the Decision 

Support Applications (DSAs), GeoPl@ntNet and Pl@ntNet services, the MINKA platform, and the 

CirculAR mobile application. Through real-world testing in France–Madagascar, Spain, Greece, and 

Cyprus, the system demonstrated its capability to operate across diverse socio-ecological and 

governance contexts, bridging scientific data, user-driven observations, and institutional decision 

support. 

From a technical standpoint, GUARDEN reached a high degree of maturity (TRL 7–8), with all core 

components validated for performance, scalability, and compliance with EU data and 

interoperability standards (INSPIRE, FAIR, GDPR). The pilot results evidenced substantial 

improvement in biodiversity data quality, spatial coverage, and operational efficiency through 

automated processing, multi-source integration, and AI-based modelling. The technological 

architecture’s modularity enables seamless integration with external infrastructures such as 

Copernicus, GBIF, and national environmental observatories, ensuring long-term reusability and 

alignment with the open-science agenda. 

At the societal and policy levels, GUARDEN strengthened cross-sectoral collaboration and 

participatory governance. The Multi-Stakeholder Partnerships (MSPs) established during the 

project proved instrumental in aligning scientific outputs with local policy needs and community 

engagement. Stakeholders consistently reported increased awareness, improved access to 

actionable biodiversity intelligence, and enhanced capacity to use data-driven tools for planning, 

monitoring, and conservation. These outcomes reflect GUARDEN’s contribution to the EU 

Biodiversity Strategy for 2030 and the European Green Deal, particularly in reinforcing 

transparency, inclusiveness, and data-informed environmental governance. 

The replication process demonstrated the transferability of the GUARDEN model, leading to a 

comprehensive Replication Feasibility Framework and a suite of ready-to-use assets. The 

replication-ready toolkit—comprising the DSAs, data workflows, documentation, and training 

resources—provides a clear pathway for adoption by new regions, institutions, and thematic 

domains. Lessons learned from the pilots guided the formulation of practical recommendations 

addressing technical prerequisites, stakeholder engagement, data availability, and capacity-

building needs. This ensures that future adopters can adapt GUARDEN solutions to their own 

environmental, infrastructural, and governance realities with minimal barriers. 

In conclusion, GUARDEN leaves behind a validated, open, and participatory digital ecosystem that 

operationalises the integration of biodiversity intelligence into everyday decision-making. Its 

technical reliability, scientific rigour, and societal relevance make it a reference framework for the 

next generation of environmental data infrastructures in Europe and beyond. The project’s 

emphasis on co-creation, transparency, and interoperability provides a solid foundation for 

sustained impact, ensuring that GUARDEN’s outcomes continue to inform, support, and inspire 

future policy, research, and innovation efforts dedicated to biodiversity and ecosystem resilience. 
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Annex 1 Replication Feasibility Report 
Purpose 

This report consolidates the results of the feasibility analyses carried out in the four GUARDEN pilot 

regions, France & Madagascar, Greece, Spain, and Cyprus, prior to replication of the GUARDEN ICT 

ecosystem. Its goal is to evaluate the technical, institutional, and social conditions necessary to 

extend the application of GUARDEN tools to new contexts, and to identify enablers, limitations, 

and readiness levels that inform future deployment. 

Methodology 

Each pilot applied a harmonised methodology composed of: 

➢ Technical and data readiness review – assessment of local data infrastructures, existing 
biodiversity datasets, EO image archives, and ICT compatibility with GUARDEN standards. 

➢ Policy and institutional alignment analysis – mapping of relevant regulations, permitting 
frameworks, and policy instruments that could host GUARDEN tools. 

➢ Stakeholder mapping and capacity appraisal – identification of end-user categories, 
influence–interest positioning, and training requirements for sustained uptake. 

➢ Risk and enabler scoring – qualitative scoring (low–medium–high) for interoperability, 
policy fit, data sufficiency, institutional support, and digital capacity. 

Results per Pilot 

France & Madagascar 

In France, the feasibility study confirmed full interoperability between GUARDEN Decision Support 

Applications (DSAs) and existing national biodiversity databases and observatories. The local IT 

environment supports OGC-compliant web services, allowing direct integration of GUARDEN 

dashboards within planning agencies’ GIS systems. Policy alignment is high: the tools correspond 

directly to France’s National Biodiversity Strategy and local planning requirements for impact 

assessment. 

In Madagascar, where internet connectivity and institutional capacity are more limited, feasibility 

is centred on Pl@ntNet and GeoPl@ntNet as lightweight, educationally oriented tools. The 

analysis confirmed good local acceptance but highlighted the need for offline and mobile-first 

deployments, as well as simplified visual outputs in local languages. 

Overall readiness: High for France; Moderate for Madagascar 

Main enablers: existing biodiversity observatories, strong policy alignment, stakeholder 

enthusiasm. 

Main challenges: data availability gaps and low connectivity in Madagascar. 

Greece 

The Greek pilot assessed replication in the context of renewable-energy environmental 

monitoring. Technical feasibility was rated very high: the GUARDEN DSA successfully integrated 

bioacoustic records and EO-based habitat data through existing APIs. The system complies with 

national EIA legislation and can directly feed datasets into the Ministry of Environment’s spatial 

planning portal. Stakeholder readiness is strong, with established partnerships among research 

institutions, private consultancies, and permitting authorities. 
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Overall readiness: Very High 

Main enablers: robust national data infrastructure, strong institutional interest, existing legal 

mandates for monitoring. 

Main challenges: need for continued technical support and documentation updates to ensure long-

term maintenance by national services. 

Spain 

The Spanish feasibility analysis focused on replication within coastal and urban ecosystems. The 

MINKA citizen-science platform, linked to GUARDEN DSAs, proved compatible with existing 

municipal IT systems and regional biodiversity databases. Data interoperability is strong, with high 

potential for integration into Spain’s national geospatial infrastructure (IDEE). Policy alignment 

with coastal and urban biodiversity strategies was confirmed, and stakeholder readiness is high 

thanks to active citizen groups and local environmental NGOs. 

Overall readiness: High 

Main enablers: participatory governance culture, open-data tradition, existing coastal 

management frameworks. 

Main challenges: maintaining long-term citizen engagement and ensuring regular data validation 

by experts. 

Cyprus 

The Cypriot pilot assessed replication of GUARDEN tools in energy-related spatial planning. 

Technical tests demonstrated compatibility between GUARDEN DSAs and national GIS 

infrastructure, with secure user authentication and report-generation functions already in use. The 

tools comply with INSPIRE and GDPR. Stakeholder engagement is led by national agencies with 

clear mandates, and training sessions confirmed user confidence in tool operation. Minor issues 

were identified regarding the timeliness of base-map updates and the need for local verification of 

predicted habitat layers. 

Overall readiness: High 

Main enablers: centralised governance, clear institutional ownership, and alignment with national 

environmental assessment processes. 

Main challenges: update frequency of source datasets and ensuring long-term technical support. 

Cross-Pilot Synthesis 

Across all four contexts, the feasibility assessment established that GUARDEN’s architecture is 

both technically and institutionally transferable. The key enabling factors common to all pilots 

include: 

➢ the open and modular design of GUARDEN tools, which facilitates integration with national 
and EU data infrastructures; 

➢ adherence to international standards (OGC, INSPIRE, FAIR, GDPR), ensuring 
interoperability and compliance; 

➢ strong stakeholder ecosystems already engaged in biodiversity monitoring and spatial 
planning; and 
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➢ direct policy relevance to EU biodiversity, climate, and restoration frameworks. 

Conversely, recurring challenges include the heterogeneity of local datasets, the need for capacity-

building and long-term technical maintenance, and the importance of lightweight or offline 

versions of GUARDEN tools in areas with limited digital infrastructure. 

Conclusion 

The Replication Feasibility Report concludes that GUARDEN’s digital ecosystem is replication-ready 

in all pilot contexts, with the highest maturity in Greece, Spain, and France, and strong transfer 

potential in Madagascar and Cyprus following minor technical adjustments. The combination of 

open architecture, validated workflows, and committed stakeholder networks provides a solid 

foundation for scaling GUARDEN tools to new regions. Future replication actions should focus on 

maintaining data freshness, enhancing offline usability, and formalising training programmes to 

ensure long-term sustainability and institutional integration. 


