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Executive summary 

Deliverable D4.2 is part of Work Package 4 (WP4) of the Tools4CAP project, which focuses on the integration and 

interoperability of new data, technologies, and digitalization for Common Agricultural Policy (CAP) monitoring and 

evaluation. The main aim is to address data gaps that hinder the effective implementation of CAP Strategic Plans 

(CAP SPs). In detail, building upon the findings of D4.1, which explored farm-level data sources, this deliverable 

extends the scope to landscape-level monitoring, incorporating advanced geospatial methods, social media 

analytics, and software interoperability protocols to improve CAP compliance and evaluation. 

The methodological approach involves a literature review, expert consultations, and analysis of various EU 

initiatives, datasets, and monitoring frameworks relevant to CAP implementation. A list of initiatives is provided, 

incorporating insights from Joint Research Centre (JRC) initiatives, Horizon 2020 (H2020) projects, and other 

European organizations (Copernicus, EEA) and relevant available data sources on multiple spatial and temporal 

levels. Those related initiatives offer data that could support the development of scalable solutions for monitoring 

agricultural practices, environmental impacts, and broader policy targets. 

As CAP monitoring requires multi-scale data, it is essential to combine farm-level, regional, and national data 

sources to ensure better aggregations. Nevertheless, this underlines existing monitoring limitations that lack 

software interoperability and standardization when data are transferred from one database or system to another 

(e.g., FADN/FSDN, IACS, LPIS). The adoption of standardized data models and interoperability frameworks, such 

as the Common European Agriculture Data Space and the EU Data Act are considered essential to address the 

challenges of harmonizing diverse data sources for efficient data integration and policy execution. 

For this reason, an innovative Landscape Monitoring Framework (LMF) is defined and proposed. This framework is 

defined in a way that integrates farm-level data with broader geospatial datasets to address interoperability 

challenges and enhance environmental and policy assessment capabilities of Managing Authorities and governance 

bodies. The proposed LMF contributes to CAP SPs by enhancing policymakers’ ability to track sustainability 

progress, support evidence-based decision-making, and refine policy interventions. It aligns with EU objectives 

under the Green Deal and Farm to Fork Strategy, ensuring more effective environmental and rural development 

policies.  

The report also highlights the potential of social media analytics as a complementary tool for assessing public 

sentiment and perception in real time. These insights can enhance traditional monitoring approaches, particularly 

for policy design and impact assessment. 

The analysis of D4.2 offers the Managing Authorities and governance bodies a solid technical basis on agridata to 

support long-term sustainability and strategic planning on policy outcomes. The LMF sets the foundation to create 

software instances of methodological scenarios in the upcoming deliverables of Tools4CAP along with functional 

components. Thus, in the next phase, efforts will centre on applying methodological guidelines and technical 

protocols on data integration in real-world case studies. 
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1. Introduction 

This deliverable is framed within Tools4CAP’s WP4 on integration and interoperability of new data, technology and 

digitalisation. The objective is to map the data gaps hindering the correct and successful implementation of the 

Common Agricultural Policy Strategic Plans (CAP SPs), and to identify innovative data sources, tools and integration 

mechanisms providing a holistic data collection approach. The ultimate goal is to provide policymakers and 

administrations with the methodological knowledge to track progress toward sustainability targets, facilitate 

compliance, and inform sound re-calibration of policy interventions to ensure delivery of required policy outcomes. 

In this deliverable, we build on and continue the analysis conducted in Task 4.1 and documented in deliverable “D4.1 

Integration of farm level data towards cap monitoring and evaluation”. Specifically, D4.1 focused on the key data 

acquisition technologies at farm level that existing monitoring and evaluation tools rely on and elaborated the 

technologies that are already employed within the agricultural sector, with potential to provide useful farm-level data 

for CSP compliance monitoring and evaluation. Also, it identified the data acquisition technologies that could fulfil 

the data needs for CSP compliance monitoring and data knowledge and stocktaking of each type of interventions 

established in the regulation. One of the major outcomes of the analysis presented in D4.1 is that the fact that data 

required for monitoring and evaluation cannot be recorded only with farm-level technologies and there is a need for 

long-term landscape monitoring and stepwise (farm/regional/national) data aggregation approaches.  

In this deliverable, we build upon those outputs towards a holistic approach that transcends individual farm 

boundaries. This effort seeks to identify and adapt relevant methodologies in an agricultural landscape monitoring 

framework leveraging the expertise of the Joint Research Centre (JRC) initiatives such as the European Union (EU) 

Soil Observatory and the JRC Rural Observatory, as well as insights from Horizon 2020 (H2020) Research and 

Innovation Actions (RIA) projects. 

Farm-level technologies, while precise, can only capture data within a narrow temporal and spatial scope. Long-

term landscape monitoring, on the other hand, provides a broader perspective that is essential for understanding 

large-scale environmental impacts, biodiversity trends, and regional agricultural productivity. This report aims at 

addressing the complementary use of local-level data sources identified in Task 4.1 with regional data repositories, 

such as Farm Accountancy Data Network / Farm Sustainability Data Network (FADN/FSDN), Integrated 

Administration and Control System (IACS), and Land Parcel Identification System (LPIS), along with other relevant 

environmental observation metrics including land use/cover change, water and soil quality, biodiversity indexes, and 

territorial data. 

Additionally, this deliverable will evaluate innovative knowledge inference and forecasting methods, such as social-

media analytics, to support the collection of evidence on social aspects, including Quality of Life, even from non-

agricultural actors. By integrating these diverse data sources and methodologies, we aim to create a comprehensive 

framework for effective landscape monitoring that supports the objectives of CAP SPs. 

This report begins with a detailed overview of the objectives (Section 2) and methodologies (Section 3) employed, 

followed by an exploration of policy needs and the definition of landscape monitoring (Section 4). It then presents 

various platforms, methodologies, and resources for landscape monitoring, including EU/JRC initiatives and 

Horizon2020 and Horizon Europe actions (Section 5). The potential role of social media analytics in the CAP is also 

examined (Section 6), along with data interoperability challenges (Section 7). Finally, the report synthesizes the 

findings and provides a discussion (Section 8) and providing conclusions gained throughout the study in form of 

bullet points (Section ¡Error! No se encuentra el origen de la referencia.). 

2. Objectives 

The primary objective of this deliverable is to develop a comprehensive landscape monitoring framework that 

integrates new data sources and technologies, enabling better monitoring, evaluation, and compliance with the 

Common Agricultural Policy (CAP) Strategic Plans (SPs), as well as compliance of the CAP SPs with common EU 

objectives. This framework will also address key data gaps and challenges, especially those hindering accurate 

monitoring and data collection efforts across diverse agricultural landscapes. 

The specific objectives are: 
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▪ To map the data requirements necessary for CAP SPs, focusing on the integration of farm-level data 

with regional, national, and external data platforms. This includes identifying initiatives, technologies, 

platforms, and repositories that can enhance data collection, particularly for environmental and social 

aspects. Furthermore, a cross-link of the identified initiatives with specific CAP interventions will 

harmonise D4.1 with D4.2 and lay the foundations for future tasks to build upon. 

▪ To explore the potential role of social media in this framework. 

▪ To develop a methodology addressing data integration and interoperability challenges, ensuring that 

diverse data sources—ranging from farm-level data to large-scale environmental monitoring systems—

can be harmonized and aggregated. Technical elements of data access privacy and data models will 

also be explored. 

▪ To propose a landscape monitoring framework definition (via mechanisms of comprehensive data 

collection approaches) that meets the long-term needs of CAP and contributes to agricultural 

sustainability, enhancing the monitoring cross-sectoral outcomes within the CAP SPs.  

▪ To provide a conceptual synthesis of the above elements.  

In the process, we will try to cast light on important areas of progress and thus contribute to orienting future 

research initiatives, especially towards more user-friendly and high-feasibility solutions for Member States eager 

to adopt existing solutions in new ways. 

3. Methodology 

The methodology of this report is structured to support the integration and interoperability of new data and 

technologies within the context of Common Agricultural Policy (CAP) monitoring. It builds upon the analysis 

conducted in Task 4.1, which carried out an extensive scientific review on the state-of-the-art technologies already 

employed in the agricultural sector, detailing the types of data each technology provides and their potential 

applications for CSP monitoring and evaluation. These outcomes were based on the findings of other Tools4CAP’s 

Work Packages (WPs) and on the outcomes of various reports, regulations and scientific papers, to highlight the 

role that new data acquisition technologies at farm level could have in the new monitoring and evaluation framework. 

The ongoing goal is to extend Performance Monitoring and Evaluation Framework (PMEF) by identifying the role of 

new data acquisition technologies at farm level, combined with other external data sources that can contribute to 

the new monitoring and evaluation framework. This approach leads to a broader framework that spans different 

spatial and temporal scales to address long-term monitoring needs. Our methodological approach is mainly based 

on literature desk review, expert opinions, and an analysis of technical capabilities, which is designed to ensure the 

framework can effectively meet the deliverable objectives. 

In detail, the first main step was to establish a clear definition of “landscape monitoring framework” within the CAP 

context. This involved integrating farm-level data with regional and national datasets, leveraging expert inputs, and 

drawing from previous work. The methodology included a comprehensive desk review of existing platforms, 

technologies, and initiatives related to agricultural monitoring. Key sources included various Joint Research Centre 

(JRC) repositories, Horizon 2020 and Horizon Europe projects, as well as external data platforms offering agri-

environmental data relevant to CAP SPs. The team used interactive sessions, including a live polling exercise 

conducted at the Tools4CAP General Assembly, to gather expert feedback on key aspects such as spatial and 

temporal focus areas for monitoring. This input helped to refine the landscape monitoring framework with experts' 

inputs. Technologies were evaluated based on their ability to provide relevant data for both compliance monitoring 

and long-term assessments under the CAP, including social media analytics. A special focus was placed on 

overcoming interoperability and harmonization challenges, and the need for multi-level data aggregation across 

farm, regional, and national scales. 
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4. Policy needs and Landscape Monitoring definition 

In this chapter we provide an analysis of the Common Agricultural Policy's (CAP) data requirements and the role of 

landscape monitoring within this context. Specifically, the integration of farm-level data with broader monitoring 

frameworks is explored as well as how these technologies can support CAP compliance and evaluation. The chapter 

also briefly reviews the current Performance Monitoring and Evaluation Framework (PMEF), to identify challenges 

and innovations. Additionally, it discusses the importance of data aggregation and interoperability between farm-

level and external data sources to address existing data gaps, setting the foundation for effective CAP 

implementation and monitoring. Finally, in Section 4.2, we describe the definition of a landscape monitoring 

framework under the Tools4CAP project including proposed characteristics and properties. 

 CAP data needs 

4.1.1. Farm level data towards CAP monitoring and evaluation 

This section summarizes the outcomes of D4.1 on integration of farm level data towards CAP monitoring and 

evaluation. The inventory of tools elaborated by D1.1 identified several technologies already utilized by Paying 

Agencies and / or Managing Authorities (MA) for CSP performance and compliance monitoring as well as for data 

stocktaking. We described these technologies and presented the type of data they provide.  

Summarizing the outcomes of D4.1, we found that data technologies collecting data at farm level (beneficiary or 

parcel), typically used for compliance monitoring, mainly gather only the necessary data for the verification of the 

beneficiaries’ compliance with the requirements of an intervention on an annual basis. Once this information is 

validated, MA elaborate an Annual Performance Report. Apart from being used for compliance monitoring, these 

data are valuable for CSP evaluation (Figure 1). As for evaluation, the information collected at farm level typically 

needs to be combined with the information stored in other administrative registries and / or external and statistical 

databases. This circumstance highlights one of the issues that need to be addressed, namely the interoperability 

between data sources. Additionally, these external data sources usually store information at larger temporal and 

geographical scale than the data collected for compliance verification. This fact underscores the importance of data 

aggregation for CSP evaluation. 

 

Figure 1: Potential role of data acquisition technologies within CAP monitoring and evaluation framework (source: own 
elaboration) 

New data acquisition technologies at farm level are integrated into the regular operations of farms very often and 

could be utilized for CSP monitoring and evaluation. This is supported by the European Court of Auditors report 

(European Court of Auditors, 2022) that states as of 2021, 13.1% of areas receiving direct payments were monitored 

through the checks by monitoring system (CbM1), with a target to cover 50% by 2024. The transition from FADN to 

FSDN also is an example that pushes changes to the direction of understanding the environmental impacts of 

agriculture better by applying a new data-driven system. This example shows that technological transformation does 

enable governments to adopt data-driven policies, improving their ability to understand and address the 

environmental impacts of agriculture. 

 

1 https://wikis.ec.europa.eu/display/GUIDANCEANDTOOLSFORCAP/Checks+by+monitoring  

https://wikis.ec.europa.eu/display/GUIDANCEANDTOOLSFORCAP/Checks+by+monitoring
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4.1.2. Legislative framework 

The Regulation EU 2115/2021 defines the type of interventions that MS should implement in their CSPs and the 

eligibility requirements under each of them. These requirements, therefore, provide insights on the type of data 

needed for CSP compliance and performance monitoring as well as for evaluation. 

The new CAP programming period brings so-called enhanced conditionality, which imposes a higher level of 

environmental ambition built upon the CAP 2014-2020 greening requirements and cross-compliance baseline. The 

practical implementation of this enhanced conditionality is that farmers receiving CAP support must adhere to EU 

standards on good agricultural and environmental conditions of land (GAEC) (Table 1), as well as statutory 

management requirements (SMRs) (Table 2). 

Table 1: Good Agricultural and Environmental Conditions (source: own elaboration) 

ABREVIATION FULL NAME 

GAEC 1 Maintenance of permanent grassland based on a ratio of permanent grassland 

GAEC 2 Protection of wetland and peatland 

GAEC 3 Ban on burning arable stubble, except for plant health reasons 

GAEC 4 Establishment of buffer strips along water courses 

GAEC 5 Tillage management, reducing the risk of soil degradation and erosion, including 

consideration of the slope gradient 

GAEC 6 Minimum soil cover to avoid bare soil in periods that are most sensitive 

GAEC 7 Crop rotation in arable land, except for crops growing under water 

GAEC 8 Minimum share of agricultural area devoted to non-productive areas or features 

GAEC 9 Ban on converting or ploughing permanent grassland designated as environmentally-

sensitive permanent grasslands in Natura 2000 sites 

 

Additionally, there are other European initiatives and strategies, such as the European Green Deal and the Farm to 

Fork and Biodiversity strategies, that influenced the design of the CAP and therefore, the design and implementation 

of CSPs. To be more specific, the Statutory Management Requirements (SMRs) consolidate the legal obligations 

regarding public health, animal welfare, and environmental protection that farmers must comply with, irrespective of 

CAP support. While SMRs enforce these legal requirements, the European Green Deal and other related strategies 

serve as unbinding strategic documents rather than legal obligations, though they still influence agricultural policy.  

Table 2: Regulations of Statutory Management Requirements (source: own elaboration) 

STATUTORY MANAGEMENT REQUIREMENTS 

Public, animal and 

plant health 

General food law (Regulation (EU) No 178/2002) 

Directive on the use of hormones (Council Directive 96/22/EC) 

Regulation on plant protection products (Regulation (EC) No 1107/2009) 

Directive to achieve a sustainable use of pesticides (Directive 2009/128/EC)  

Animal welfare Directives on the protection of calves, pigs and animals kept for farming purposes 

(Council Directive 2008/119/EC, Council Directive 2008/120/EC, Council Directive 

98/58/EC) 

Environment Directive establishing a framework for Community action in the field of water policy 

(Directive 2000/60/EC)  

Directive on the use of nitrates (Council Directive 91/676/EEC)  

Directive on the conservation of wild birds (Directive 2009/147/EC)  
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Directive on the conservation of natural habitats and of wild fauna and flora (Council 

Directive 92/43/EEC) 

 

4.1.3. CAP Monitoring data gaps 

The cross-referenced analysis of the data requirements for each type of intervention and the data provided by the 

new data-collecting technologies at farm level revealed which interventions would need additional data or 

methodologies for both compliance monitoring and evaluation of the CSPs. 

Based on the analysis conducted in D4.1, the first observation is that interventions targeting the social aspect of the 

Policy are the most challenging to assess with farm-level technologies. The nature of some interventions such as 

Cooperation (COOP2) and Knowledge exchange and dissemination of information (KNOW3) requires different 

approaches from those using direct measurements of a variable. For instance, one of the interventions that COOP 

supports are preparing and implementing LEADER programmes whose evaluation would require social network 

analysis. 

The analysis showed that all technologies rely on or need to be combined with others to fully address the data 

requirements of the intervention, either for compliance monitoring or for assessing the effect of the Policy on the 

objective that the intervention is directed at. We also encountered scenarios where certain technologies fail to 

provide reliable data. For instance, earth observation monitoring comes with various limitations as it is mainly 

applicable for medium and large-sized parcels, affected by meteorological conditions, and it is not feasible to 

precisely monitor important parameters such as soil tillage, grazing, or identifying specific crops within vegetation 

cover in permanent fields. This information is relevant for monitoring compliance of some Environmental, climate-

related and other management commitments (ENVCLIM4) interventions and Good Agricultural and Environmental 

Conditions (GAEC5) and additionally could help assess, for instance, the effect of these measures on preventing soil 

degradation or erosion. 

Another example where technology needs to be combined with other data sources is the so-called “Digital field 

book”6. This instrument is usually considered as part of an FMIS. Livestock Management Systems (animal welfare, 

herd management and pasture management) could also be considered part of an FMIS. Therefore, this type of 

system, FMIS, are potentially one of the most valuable information sources for CAP monitoring compliance and data 

stocktaking (evaluation). The interventions that might benefit from its implementation are summarized in table 10 of 

D4.1. Nevertheless, when we explored the use of FMISs as a data source for CSP monitoring and evaluation, we 

found some barriers. One of them, for instance, is that some data (cultivation practices amongst others) are manually 

imported to FMIS and therefore they might not be entirely reliable. Combining different external data sources would 

help data cross-check and mitigate this potential lack of reliability. In case of discrepancies, and when statistical 

methods are no longer effective, manual methods are the last resort to resolve them. Not only bridging data 

transmission from farm machinery to FMIS, for instance, could be an approach for mitigating this obstacle but also 

linking Earth Observation (EO) data that can accurately monitor the implementation (or not) of a specific practice. 

Another strategy to prevent this type of inconsistency is escorting the data with additional information from other 

commercial or third-party sources such as geotagged photos, environmental sensors (sensors on the field) or the 

information contained in the invoices (robotic accounting). The heterogeneity of the data collected by FMIS could be 

considered an additional impediment for data exchange. Most FMISs are not yet considering public administrative 

agencies, like Paying Agencies, as potential entities for data exchange because explicit data exchange mechanisms, 

such as those with IACS systems, have not been established. There are various efforts towards harmonization that 

are based on existing well-known approaches especially with code lists. For instance, the H2020 project NIVA7 

 

2 Cooperation (COOP) is covered under Article 77 of Regulation (EU) 2021/2115 
3 Knowledge exchange and dissemination of information (KNOW) is detailed in Article 78 of Regulation (EU) 

2021/2115 
4 Environmental, climate-related and other management commitments (ENVCLIM) are outlined in Article 70 of 

Regulation (EU) 2021/2115 
5 Good Agricultural and Environmental Conditions (GAEC) standards are outlined in Article 12 and Annex III of 

Regulation (EU) 2021/2115. 
6 An electronic platform for recording and managing various farm field data, used primarily by farmers and advisors 
7 https://www.niva4cap.eu/  

https://www.niva4cap.eu/
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proposed the use of the eCrop standard as a common data model for data exchange between FMIS and IACS. In 

other direction, Italy has implemented a pilot project assessing the methodological, technical and operational 

feasibility of data interchange between DSS/FMIS-type applications and the National FADN. The final objective of 

this project is to collect new sustainability variables required under the FSDN and the new CAP GAEC. This project 

points out some potential restrictions to consider:  

▪ security and confidentiality in data sharing 

▪ high costs of the new technology 

▪ lack of skills for the use and maintenance of the new technologies within the LAs 

▪ investment in training for both data collectors and farmers 

It is evident that new data acquisition technologies do not always provide data that could be directly used for CSP 

intervention compliance monitoring. Nevertheless, they might be valuable for assessing the effects of the Policy 

implementation (evaluation). Two examples in this regard are sensors on the field and robotic accounting. As for the 

latter, apart from its potential use for Investment Support (INVEST8), Installation Support (INSTAL9), Risk 

Management Support (RISK10) interventions compliance monitoring, the information it delivers is integrated into the 

FADN in the Netherlands. 

Regarding the outcomes of D4.1, we can highlight the following key messages:   

▪ MSs will need a combination of data at different spatial and temporal levels to assess the performance 

of their CSP and to evaluate whether the Policy is achieving its objectives. 

▪ Many novel IT systems and data collection tools have been developed at farm-level in recent years and 

help farmers make better evidence-based decision. Additionally, some of these technologies provide 

valuable data not only for CSPs monitoring and evaluation but also for statistical operations (e.g. 

FADN). 

Despite the greater availability of data, there is room for improvement in terms of: 

▪ Data harmonization establishing an interconnection with new IT solutions at the farm level (FMIS, farm 

machinery, geotagged photos, environmental sensors, etc.) to collect additional environmental and 

social data, facilitating more efficient integration, processing and analysis 

▪ Interoperability between national databases and external data sources, exploiting synergies between 

them (e.g. to collect data once and use them several times, reducing administrative burden) 11 

▪ Adopting reliable methodologies for spatial and temporal data aggregation enabling evaluation at 

multiple administrative levels (e.g. to aggregate/estimate pesticide consumption in multiple NUTS levels 

of a country) 

▪ Exploring new data sources helping the assessment of the social aspects of the CAP 

▪ Developing a secure and clear regulatory data sharing framework protecting data providers rights (e.g. 

with respect to General Data Protection Regulation) 

In conclusion, we underline the necessity for a comprehensive landscape monitoring framework that integrates 

diverse data sources and methodologies in a case-by-case basis, depending on the data needs of specific 

interventions and broader strategic goals. In this section we investigated specific examples and approaches that set 

requirements and prerequisites for such a future framework with its foundations able to address key elements of 

integration and harmonization of farm-level data with regional and national datasets, utilization of the complementary 

strengths of various technologies, target approaches for monitoring CAP interventions, recognizing and mitigating 

the limitations of current technologies, ensuring data security and confidentiality, and investing in capacity building. 

 

8 Investment Support (INVEST) is outlined in Article 73 of Regulation (EU) 2021/2115 
9 Installation Support (INSTAL) is outlined in Article 74 of Regulation (EU) 2021/2115 
10 Risk Management Support (RISK) is covered under Article 76 of Regulation (EU) 2021/2115 
11 The term interoperability refers to the ability of different systems, devices, or data to work together, exchange 

information, and to be utilized effectively across platforms 
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All these elements will be considered as a guide to formulate a better landscape monitoring definition in the context 

of this project as presented in the next section. 

 Defining Landscape monitoring 

To develop a robust definition for landscape monitoring, we begin by incorporating expert knowledge. During an 

interactive session at the Tools4CAP General Assembly in February 2024 in Piraeus, Greece, the Tools4CAP 

consortium experts shared insights via real-time polling on the integration of environmental, economic, and social 

sectors into a landscape monitoring framework. The results, as shown in Figure 2, indicate that environmental and 

social sector goals are viewed as spanning both farm-level and EU-level monitoring, while economic sector goals 

are more concentrated at the farm level, potentially reflecting the importance of economic data sources deriving from 

farm level solutions such as FMIS.  

 

 

Figure 2: Poll on spatial focus of agricultural landscape monitoring across sectors (source: own elaboration) 

Furthermore, in Figure 3, the experts highlighted a strong preference for focusing on long-term environmental goals, 

while economic and social sector goals are seen as more balanced between short-term and long-term 

considerations. These findings underscore the importance of prioritizing long-term parameters and phenomena 

especially to environmental parameters when designing a landscape monitoring framework. 
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Figure 3: Poll on temporal focus of agricultural landscape monitoring, between short- and long-term relevance across 
sectors on a scale from 0-3, (source: own elaboration) 

Further to the assessment of experts' opinions, the need to make clearer the existing spatial and temporal properties 

of systems and technologies involved in data collection and in CAP monitoring framework emerged. For this reason, 

we created Figure 4, highlighting temporal and spatial relevance of CAP related tools and initiatives in two axes. We 

can immediately identify two main clusters. The cluster on the left comprises mostly traditional data collection 

methods (e.g. surveys) and updating methods (e.g. bureaucratically intensive) with usually annual or interannual 

data product frequency of update. The spatial scale can vary a lot as IACS have parcel level data (e.g. directly from 

farmer declarations), while JRC observatories can provide indicators on a regional or national level depending on 

the methods and sources (e.g. non-governmental organizations, local or national authorities can provide data on 

various level of detail, so the output product ‘caries’ assumptions based on its inputs). The cluster on the right is 

clearly comprised of mostly automated data collection (e.g. from sensors on the farm) and updating methods with 

high frequency of update (e.g. hourly, daily) mainly at parcel or farm spatial levels. 

  

Figure 4: The temporal and spatial scales of CAP related tools and initiatives (source: own elaboration) 
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From this point on, we will refer to the proposed landscape monitoring framework as LMF for simplicity. This also 

helps to avoid confusion with terms like “landscape conservation,” which focus on cultural-historical aspects, and 

“landscape features” monitoring, which involves monitoring elements (such as tree lines, hedges, ponds, stone walls, 

terraces etc.) in agricultural land. As a general guideline, LMF definition can be viewed as a theoretical guide to 

bridge identified data limitations with a high-level synthesis that will be illustrated later in this deliverable (Section 

8.2). 

To define LMF, we identified that complex phenomena such as biodiversity, water use, and soil degradation in the 

agricultural sector cannot be fully captured through in-situ or farm-level data sources alone. Instead, we propose 

links of existing farm-level technologies to include novel data processing technologies (GIS, AI and Machine 

Learning, data cubes) and methodologies (spatial interpolation, composite indexes, regression algorithms, 

quantitative modelling), with data deriving from heterogeneous data sources to achieve systematic long-term 

monitoring. The combined use of the two ‘clusters’ of Figure 4 can create additional value to monitor and evaluate 

progress towards goals (e.g. CAP indicators, Green deal goals etc.) that bind to spatial and temporal properties in 

multiple dimensions (e.g. historical and future trends, regional vs inter-regional vs national trends). Multiple data 

sources from organizations should be fed within this framework with clear and well-defined quality, frequency and 

standards to ensure consistency, reliability, and interoperability of the collected data. This will allow data collected 

once to be used multiple times in a specific context, optimizing resources and maximizing the value derived from 

each dataset. Overall, the basic elements of a future LMF contain:  

▪ Multiple spatial scales (farm – sensitive data such as exact parcel location should be “anonymized”, LAU 

region, NUTS region, National)  

▪ Multiple temporal scales (daily, seasonal, annual)  

▪ Farm level data sources (e.g. remote sensing, IOT sensors, FMIS, etc.)  

▪ Data repositories (e.g. JRC observatories, EEA datahub, etc.)  

▪ Local, regional, National, European organizations (e.g. advisory service providers, public Administration 

Agencies, National Statistical Agencies, Eurostat, etc.)  

This framework could indicate progress (including temporal and spatial elements) by comparing current farm level 

data with current and historical data deriving from external data repositories and other organizations.  

One might say that at some level CAP indicators already aim at this aspect, indeed, but it is difficult to link funding 

(and consequently specific interventions) directly and indisputably to specific tangible results and impacts on a 

specific area, in a specific period, especially in environmental parameters. To elaborate, although the actual impacts 

of policy (e.g. influencing farm/land managers' decisions) are crucial, measuring these effects and demonstrating a 

causal relationship between CAP interventions and their actual impact in respective levels is complex and not easily 

discernible. Additionally, there may be significant delays between policy implementation, farmers' responses, and 

observable environmental changes, such as reductions in soil or water pollutants that occur over extended periods. 

These time lags can make it even more challenging to directly link policy measures to environmental outcomes, 

while spatial distribution of other parameters such as weather (e.g. drought, rainfall) are driving factors that should 

be adjusted for. So, by merging in-situ data with other local and external sources and data products, we can 

significantly improve regional monitoring, addressing the spatiotemporal limitations of the CAP monitoring framework 

indicators more effectively. 

It is essential to mention that our definition of LMF includes not only internal links (collecting IoT and farm log data 

at the farm level and aggregating them at a regional level) about existing methods and technologies, but also external 

links from organizations, companies, services, initiatives, platforms that collect, process, publish, and share 

environmental, agricultural, climate, or other types of data that can be integrated and ultimately utilized towards near 

real-time (or inter-seasonal) decision-making, regional benchmarking of indicators and sustainable management 

practices. A similar example of this approach is presented in a JRC report (Czucz et al., 2022), in which certain 

features in the field are considered important for delivering environmental benefits apart from agricultural productivity 

and a variety of methods to monitor them are presented. 

Furthermore, a modular case-by-case scenario is recommended to address specific problems. As an example, a 

workflow customized for erosion is highly dependent on specific locations, whereas another one addressing 

monitoring needs of greenhouse gas emissions should be more universal. So, a higher resolution method is more 

suitable for the first, and a lower resolution method can cover the second case needs. This shows the extent to 
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which a problem/phenomenon/practice is location-specific influences the effectiveness and relevance of targets and 

tools designed to address it (Ehlers et al., 2021). 

The same is valid for the respective temporal properties such as seasonality, time lags, the presence of extreme 

irregular events and other data properties. Those can limit or allow for a variety of aggregation methods (e.g. use 

weighted averages instead of standard averaging methods, trend analyses of periodic maximums and minimums 

etc.). 

Keeping in mind all the above, there is a need for a long-term landscape monitoring and data collection framework 

with a robust governance plan to assess the effectiveness and impact of agricultural policies on the ground. 

Evidence-based outcomes of the described framework include regional aggregations of farm level data, historical 

comparisons, progress monitoring, wall-to-wall maps, composite indicators and respective seasonal and annual 

trends. 

Next, we will identify initiatives that are relevant according to the above definition and can be integrated to provide 

outcomes with additional value to CAP SPs and monitoring efforts, complementing in-situ data. 

5. Resources for LMF 

The focus of this section is on initiatives that embed methodologies for long-term monitoring, tailored to the needs 

of CAP SPs, including the existing relevant methods used by JRC (e.g. EU Soil Observatory, JRC Rural 

Observatory) and H2020 RIA projects (e.g. funded by call HORIZON-CL6-2021-COMMUNITIES-01-01). The overall 

objective is to identify methods for the stepwise integration of data sources on a differentiated scale-dependent 

approach (at local, sub-regional and regional levels). The analysis will focus on the complementary use of local level 

data sources (identified in Task 4.1) with data repositories reflecting regional parameters (e.g. FADN/FSDN, IACS, 

LPIS) and other data repositories with relevant environmental observation metrics (e.g. land use/cover change, 

water and soil quality, biodiversity index, territorial data).  

We focus on identifying existing initiatives that already demonstrate tangible outcomes which can be adopted for the 

needs of current and future long-term monitoring related to CAP needs. In addition, this chapter also presents a 

review of EU initiatives and specific Horizon 2020, and Horizon Europe projects related to LMF. Initiatives that are 

currently in development or planned for future implementation will also be included, with descriptions of their 

capabilities and how they advance existing technological and intersectoral boundaries. 

 EU initiatives related to LMF 

This section provides a review of EU/national initiatives where data collection and monitoring of agri-environmental 

parameters relevant with CAP indicators is carried out. For convenience, have categorized them per sector but this 

does not mean that an initiative listed in one sector does not contain resources and value for multiple sectors. 

Emphasis is placed on certain data products and methods that can be accessed in an automated or semi-automated 

way. In general, these readily accessible initiatives, share their data via data viewers, databases, and API 

(Application Programming Interface) calls, aligning with our definition of LMF within the context of CAP, as described 

above. 

5.1.1. Sector generic initiatives 

In this subsection, we identify initiatives that can act as external data sources in an integrated LMF, involved in 

collecting and providing the data of various types, frequency, aggregation levels. They could provide qualitative and 

quantitate data from other sectors with a broad focus that could be correlated with more specific thematic goals 

(initiatives with specific thematic goals will be presented in the respective subsections later below) in a 

complementary way regarding specific sectors (rural development, biodiversity, water use, land cover etc.). 

Initiatives that fill this description and have already been discussed in D4.1 (e.g. FADN/FSDN) have been omitted. 

DG-AGRI 

Directorate-General for Agriculture and Rural Development (DG-AGRI) is responsible for EU policies on agriculture 

and rural development. Its main goal is to support farmers and improve agricultural productivity, ensuring a stable 
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supply of affordable food, safeguarding farmers' standard of living, and promoting sustainable rural development12. 

The directorate provides various data related to agricultural performance, rural economies, and environmental 

impacts, which are essential for implementing and monitoring the Common Agricultural Policy (CAP). The Agri-food 

Data Portal13 provided by DG-AGRI offers comprehensive access to a wide range of agricultural data and statistics. 

The portal provides tools and dashboards for analysing data related to crop production, farm economics, CAP 

implementation, trade, and rural development. This resource supports evidence-based policy-making and helps 

stakeholders understand and monitor agricultural and rural trends across the EU. A new interactive tool provided is 

the Agri Sustainability Compass that is comprised of 20 key indicators for the three dimensions (social, economic 

environmental) of sustainability in agriculture14. Available data primarily consist of annual time series at the Member 

State level. 

Eurostat 

Eurostat is a Directorate-General of the European Commission Eurostat and plays a central role for the European 

strategy, publishing high-quality Europe-wide statistics and indicators in multiple levels15. Eurostat provides a broad 

range of data on issues such as land use, crop production, population, economy, environment and health. This 

information is crucial for policymakers and stakeholders to make informed decisions. It offers data on tracking the 

integration of environmental concerns into the Common Agricultural Policy (CAP) through its Agri-environmental 

indicators (AEIs). These indicators are designed to monitor the impact of agriculture on the environment and assess 

the effectiveness of policies aimed at promoting sustainability. It presents the Eurostat API16 which provides 

developers and researchers with direct access to Eurostat’s vast datasets, offering a flexible way to retrieve data. 

Through the API, users can query and receive results in machine-readable formats such as JSON and CSV, enabling 

the automation of data collection. 

Joint Research Centre (JRC) 

The Joint Research Centre (JRC) is the European Commission’s in-house science service, which supports EU 

policymaking with scientific data and research across a wide range of areas, including agriculture, environmental 

monitoring, and rural development17. JRC’s initiatives play a crucial role in CAP compliance and sustainability 

monitoring by providing independent tools and methodologies on evidence-based knowledge and science, 

supporting EU policies to positively impact society. Additionally, produced work spans across various domains such 

as climate change, forest management, and land degradation, driving the development of environmental monitoring 

systems that align with the EU's Green Deal18. These initiatives reflect JRC's commitment to integrating scientific 

expertise into practical solutions that enhance the EU's agricultural and environmental policies. 

Copernicus GHSL - Global Human Settlement Layer 

The GHSL provides multitemporal global spatial information on human settlements, including data on built-up areas, 

population density, and urbanization trends19. It is crucial for disaster risk management, urban planning, and 

monitoring the Sustainable Development Goals (SDGs). The GHSL relies on data from the Copernicus Sentinel 

satellites and offers free and open access to its datasets. 

European Environment Agency - EEA 

The European Environment Agency supports EU environmental policies by providing comprehensive data, reports, 

and analyses on various aspects of the environment, including agriculture, biodiversity, climate change, and water 

quality20. Through platforms like the EEA Data Viewer, it offers access to datasets and tools for visualizing various 

environmental metrics. These resources help policymakers, researchers and the general public to understand and 

address pressing environmental challenges. 

 

12https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/agriculture-

and-rural-development_en  
13 https://agridata.ec.europa.eu/hub/  
14 https://agridata.ec.europa.eu/extensions/compass/compass.html  
15https://ec.europa.eu/eurostat 
16 https://wikis.ec.europa.eu/display/EUROSTATHELP/API+-+Getting+started+with+statistics+API  
17 https://data.jrc.ec.europa.eu/  
18https://joint-research-centre.ec.europa.eu/jrc-science-and-knowledge-activities/earth-observation_en  
19 https://human-settlement.emergency.copernicus.eu/datasets.php 
20 https://www.eea.europa.eu/en 

https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/agriculture-and-rural-development_en
https://commission.europa.eu/about-european-commission/departments-and-executive-agencies/agriculture-and-rural-development_en
https://agridata.ec.europa.eu/hub/
https://agridata.ec.europa.eu/extensions/compass/compass.html
https://wikis.ec.europa.eu/display/EUROSTATHELP/API+-+Getting+started+with+statistics+API
https://data.jrc.ec.europa.eu/
https://joint-research-centre.ec.europa.eu/jrc-science-and-knowledge-activities/earth-observation_en
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5.1.2. Land use and landcover 

LUCAS  

Following a decision of the European Parliament, the European Statistical Office (Eurostat) in close cooperation with 

the Directorate General responsible for Agriculture and the technical support of the JRC, is organising regular, 

harmonised surveys across all Member States to gather information on land cover and land use. This survey is 

known as LUCAS (Land Use/Cover Area frame statistical Survey)21. The name reflects the methodology used to 

collect the information. Estimates of the area occupied by different land use or land cover types are computed on 

the basis of observations taken at more than 250,000 sample points throughout the EU rather than mapping the 

entire area under investigation. By repeating the survey every few years, changes to land use can be identified. 

CLMS (Copernicus Land Monitoring Service)  

This service provides geographical information on land cover and its changes, land use, ground motion, vegetation 

state, water cycle and earth surface energy variables for both Europe and the entire globe22. It provides land cover 

and land use mapping, priority area monitoring, bio-geophysical parameters, ground motion monitoring, satellite 

data, reference and validation data.  

CORINE LANDCOVER  

In the early 1980’s, the European Commission recognized the need for a comprehensive, detailed, and harmonized 

dataset on the land cover and land use of the European continent. At that time, national land cover maps were often 

inconsistent and incomparable across borders, making the prospect of monitoring the European environment at a 

continental scale all but impossible. In response, the European Commission launched the CORINE (Coordination of 

Information on the Environment) program in an effort to develop a standardized methodology for producing 

continent-scale land cover, biotope, and air quality maps23. In 1990, the first CORINE Land Cover dataset was 

produced. Since then, it has become a flagship component of the European Environment Agency’s Copernicus Land 

Monitoring Service, where it has provided essential information on European land cover/land use for over three 

decades. 

European Nature Information System (EUNIS) 

EUNIS is a comprehensive database on European habitats, species, and sites24. It supports the implementation of 

the EU’s nature conservation policies, including the Habitats and Birds Directives. EUNIS provides data for 

biodiversity monitoring, habitat protection, and the management of Natura 2000 sites25. 

EU observatory on deforestation and forest degradation  

The EU Observatory on Deforestation and Forest Degradation monitors global deforestation trends and provides 

key data to support the EU’s environmental and sustainability goals26. The observatory utilizes satellite data to 

produce comprehensive maps, such as the Global Forest Cover Map, which helps track changes in forest 

ecosystems. These insights are essential for evaluating the impact of agricultural activities on forest degradation 

and informing policies to combat deforestation. 

5.1.3. Weather and climate 

Copernicus Climate Change Service (C3S) 

C3S provides crucial climate data through its Climate Data Store (CDS), offering high-resolution, historical weather 

and climate datasets such as ERA5 and ERA5-Land reanalysis which combines model data with observations from 

across the world into a globally complete and consistent dataset27. These products offer detailed information on 

 

21 https://esdac.jrc.ec.europa.eu/projects/lucas 
22 https://land.copernicus.eu/en 
23 https://land.copernicus.eu/en/products/corine-land-cover 
24 https://eunis.eea.europa.eu/  
25 https://natura2000.eea.europa.eu/  
26 https://forest-observatory.ec.europa.eu/forest/ 
27 https://climate.copernicus.eu/  

https://esdac.jrc.ec.europa.eu/projects/lucas
https://land.copernicus.eu/en
https://land.copernicus.eu/en/products/corine-land-cover
https://eunis.eea.europa.eu/
https://natura2000.eea.europa.eu/
https://forest-observatory.ec.europa.eu/forest/
https://climate.copernicus.eu/
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surface temperature, soil moisture, and precipitation, which are vital for monitoring the effects of climate change on 

agriculture and land use. These datasets allow for better forecasting and planning to enhance agricultural resilience 

and sustainability. 

European Flood Awareness System (EFAS) 

EFAS is part of the Copernicus Emergency Management Service (CEMS), providing early warning and monitoring 

of potential flood events in Europe28. It offers real-time data and forecasts to support decision-making and disaster 

response. EFAS combines satellite data, meteorological forecasts, and hydrological models to enhance flood risk 

management across the continent.   

EUROPEAN CLIMATE AND HEALTH OBESRVATORY  

It is a platform which facilitates the access to a wide range of relevant tools, data and other resources related to 

climate change and health, with the aim to support Europe in becoming resilient to the health impacts of climate 

change29. 

5.1.4. Biodiversity 

KNOWLEDGE CENTRE FOR BIODIVERSITY  

In 2020, the Knowledge Centre for Biodiversity (KCBD) was set up in collaboration with the European Environment 

Agency. It aims to monitor and evaluate the EU's and its partners' progress in biodiversity initiatives, support 

international biodiversity-related agreements, promote collaboration between climate and biodiversity researchers, 

and aid in policy development30. The KCBD is jointly led by the Directorate-General for Environment and the Joint 

Research Centre, guided by a committee with representatives from several Commission services and the European 

Environment Agency. It is forming strong partnerships with various Commission services and an extensive network 

of research entities and collaborators. Biodiversity tools are available including among others an EU Biodiversity 

Strategy Dashboard and the KCBD's Ticketing System for policy requests (restricted to the European Commission). 

ERRIN (European Regions Research and Innovation Network)  

ERRIN brings a bottom-up place-based perspective to European research and innovation policy and funding 

programmes31. Through member-driven working groups ERRIN strengthens EU policy development via the 

promotion of a regional innovation ecosystems approach and Smart Specialisation. ERRIN builds close, informal 

relationships between member regions, EU institutions, and other partners and works as a bridge between them. It 

facilitates access to people, knowledge, and ideas and encourage members to pool resources to more effectively 

respond to these opportunities. ERRIN currently has two network-wide priorities that help focus and better coordinate 

activities. The two priorities are: further shaping and supporting members’ engagement in the EU Missions 

and widening and deepening engagement in research and innovation with the aim of achieving a more inclusive 

ecosystem approach across Europe. 

BIODIVERSA+  

Biodiversa+ is the European co-funded biodiversity partnership supporting excellent research on biodiversity with 

an impact for policy and society32. It was jointly developed by BiodivERsA and the European Commission (DG 

Research & Innovation and DG Environment) and was officially launched on 1 October 2021. Biodiversa+ is part of 

the European Biodiversity Strategy for 2030 that aims to put Europe’s biodiversity on a path to recovery by 203033. 

The Partnership aims to connect science, policy and practice for transformative change. It currently gathers 81 

research programmers and funders and environmental policy actors from 40 European and associated countries. 

IUCN 

 

28 https://emergency.copernicus.eu/ 
29 https://climate-adapt.eea.europa.eu/en/observatory 
30 https://knowledge4policy.ec.europa.eu/biodiversity_en 
31 https://errin.eu/news/knowledge-centre-biodiversity-launched 
32 https://www.biodiversa.eu/ 
33 https://environment.ec.europa.eu/strategy/biodiversity-strategy-2030_en 

https://climate-adapt.eea.europa.eu/en/observatory
https://knowledge4policy.ec.europa.eu/biodiversity_en
https://errin.eu/news/knowledge-centre-biodiversity-launched
https://www.biodiversa.eu/
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Created in 1948, IUCN is now the world’s largest and most diverse environmental network, harnessing the 

knowledge, resources and reach of our more than 1,400 Member organisations and 16,000 experts34. This diversity 

and expertise make IUCN the global authority on the status of the natural world and the measures needed to 

safeguard it. A broad membership helps incubate ideas and a trusted repository of best practices, tools and 

international standards. Also, it provides a neutral space in which governments, NGOs, scientists, businesses, local 

communities, indigenous peoples’ organizations and others can work together to solve environmental challenges 

and achieve sustainable development. Working with many partners and supporters, IUCN implements a large and 

diverse portfolio of conservation projects worldwide. These projects combine the latest science with traditional 

knowledge of local communities to work to reverse habitat loss, restore ecosystems and improve people’s well-

being. 

HIGH RESOLUTION LAYER SMALL WOODY FEATURES  

Small woody features product35, which include herbaceous features like hedgerows, shrubs, and small clusters of 

trees, are crucial components of the European terrain. As part of Copernicus land monitoring system, the data 

product can offer insight on ecological benefits such as acting as habitat oases and enhancing biodiversity in 

otherwise suboptimal environments. Small woody features can also help regulate water cycles and prevent soil 

erosion, functions that are especially important in agricultural areas where soil health is extremely important. Their 

aesthetic and cultural value is also important as elements of traditional agricultural practices and rural heritage. 

EOW (European Observatory of Wildlife)  

Scope of the EOW36 observatory is to generate and provide information and unbiased trends on population 

abundance for those developing, adopting, implementing and evaluating environmental policy in Europe and to 

provide sound, independent guidance on methods and protocols for those involved in implementing wildlife 

monitoring, in close collaboration with European Institutions. The Observatory intends to develop a network alive for 

wildlife monitoring, incorporating different stakeholders, such as regional and national administrations, game, 

protected areas and research Institutions. 

BISE (Bioversity Information system for Europe)  

BISE37 serves as the European reference gateway for accessing data, information and knowledge regarding the 

status and progress towards EU biodiversity targets. This is derived from data collected through key nature-related 

policy instruments. 

FISE (Forest Information System for Europe)  

FISE - Forest Information System for Europe38 is a forest knowledge base in support of the EU Forest Strategy.  

FISE is the entry point for sharing information with the forest community on Europe's forest environment, its state 

and development. FISE brings together data, information and knowledge gathered or derived through key forest-

related policy drivers. 

EEB (European Environmental Bureau)  

The EEB39 is the largest network of environmental citizens’ organizations in Europe. It currently consists of over 180 

member organizations in 40 countries, including a growing number of networks, and representing some 30 million 

individual members and supporters. The EEB tackles Europe’s most pressing environmental problems by agenda 

setting, monitoring, advising on and influencing the way the EU deals with these issues. These include issues such 

as climate change, biodiversity, circular economy, air, water, soil, chemical pollution, as well as policies on industry, 

energy, agriculture, product design and waste prevention among others. Activities on overarching issues as 

sustainable development, good governance, participatory democracy and the rule of law in Europe and beyond also 

take place. 

 

34 https://iucn.org/about-iucn  
35 https://land.copernicus.eu/en/products/high-resolution-layer-small-woody-features  

36 https://wildlifeobservatory.org/wildlife-monitoring/ 
37 https://biodiversity.europa.eu/natura2000/en/grasslands 
38 https://forest.eea.europa.eu/ 
39 https://eeb.org/about/ 
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5.1.5. Drought 

EDO (European Drought Observatory)  

The European drought observatory (EDO) is a service run by the European Commission’s Joint Research Centre40. 

The EDO portal contains drought information, graphs and time-series at European level. These data can be freely 

downloaded for offline analysis. EDO also provides a tool enabling the comparison between several indicators or 

the comparison between the values of a same indicator at different times. The monitoring of droughts is based on 

the analysis of a series of indicators, representing different components of the hydrological cycle (e.g. precipitation, 

soil moisture, reservoir levels, river flow, groundwater levels) or specific impacts (e.g. vegetation water stress) that 

are associated with a particular type of drought. 

ADO (Alpine Drought Observatory)  

As water scarcity is becoming a concern in the Alps and in the lowland areas that receive Alpine water, it is 

increasingly urgent for the countries of the region to define common strategies to act on this issue. To contribute to 

this process, ADO set up a drought observatory based on a combination of meteorological information and 

hydrological indices and data, including, for instance, figures on snow cover and soil moisture41. Alpine local and 

regional governments could benefit from this approach, as they improved the efficiency of their drought management 

and their ability to face related risks. 

5.1.6. Soil 

EU SOIL Observatory  

The EUSO dashboard, developed and maintained by the soil team of JRC42. It showcases the current state of soil 

degradation within the EU linking EU Soil Health Law and EU Soil Strategy for 2030. In the future, the EUSO 

dashboard may be enhanced with data from official reports on soil health submitted by Member States. 

EJP SOIL (European Join Programme)  

The overall goal of the EJP SOIL programme is to build a sustainable European integrated research system and 

develop and deploy a reference framework on climate-smart, sustainable agricultural soil management43. EJP SOIL 

goal is to improve the understanding of agricultural soil management by finding synergies in research, strengthening 

research communities and raising public awareness. EJP SOIL considers the need for effective policy solutions and 

strategic multi-actor approach allowing to initiate inter-society dialogue and implementation of best practices. 

5.1.7. Social and rural 

RURAL OBSERVARTORY  

The Rural Observatory44 supports the knowledge production and aims at improving data collection and 

dissemination related to EU rural areas. It offers relevant statistics, indicators and analyses based on data from 

multiple sources and at the most appropriate territorial granularity, covering the economic, social and environmental 

dimensions. The Observatory contributes to a better understanding of rural areas and it represents an important 

source of information for 'rural proofing', to evaluate and assess the impact of EU legislative initiatives on rural areas, 

and providing evidence for policy making in relation to rural areas development.  

The MARS Crop Yield Forecasting System  

 

40 https://drought.emergency.copernicus.eu/tumbo/edo/map/ 
41 https://www.alpine-space.eu/project/ado/ 
42 https://esdac.jrc.ec.europa.eu/esdacviewer/euso-dashboard/ 
43 https://ejpsoil.eu/  
44 https://observatory.rural-vision.europa.eu/?lng=en&ctx=RUROBS 

https://drought.emergency.copernicus.eu/tumbo/edo/map/
https://www.alpine-space.eu/project/ado/
https://esdac.jrc.ec.europa.eu/esdacviewer/euso-dashboard/
https://ejpsoil.eu/
https://observatory.rural-vision.europa.eu/?lng=en&ctx=RUROBS
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Monitoring Agricultural ResourceS (MARS), is an independent, timely, scientific and traceable crop yield forecast for 

the EU Member States and EU neighbouring countries, and it considers the main arable crops in Europe (12 crops)45. 

This information is utilised by the Commission services for the following main purposes:  

▪ Input for the crop balance sheets 

▪ Input for the Early Estimate System of Eurostat 

▪ Assessment of climatic conditions and potential impacts of particular weather events in Member States 

(e.g. droughts, heat waves) 

▪ Monitoring of crop conditions and forecasting in third countries 

The ICT based system tailored to support yield forecasting and based on four pillars: agro-meteorology, crop growth 

modelling, remote sensing, agricultural statistics. The MARS Crop Yield Forecasting System foresees a team of 

analysts and project management at JRC, in house IT support and outsourced model infrastructure and technical 

routine work. The activities are covered by the European Regulation 1306/2013 and financed by the EC. 

FLINT (Farm Level Indicators for New Topics in Policy Evaluation)  

The EU funded FLINT project can be considered an important building block in providing insight into how FADN can 

move towards FSDN by showing the feasibility of collecting farm level sustainability data and illustrating the added 

value of these data in several policy evaluation cases46  FLINT, which pre-dates the F2F Strategy, provided a new 

set of farm-level indicators that can be used by policy makers with respect to various aspects of the farming sector.  

FLINT developed a data-infrastructure needed by the agro-food sector and policy makers to provide up to date 

information on farm level indicators on sustainability and other relevant new issues. 

SENS4CAP (Sentinel for Common Agriculture Policy)  

The Sentinels for Common Agricultural Policy - Sen4CAP project aims at providing to the European and national 

stakeholders of the CAP validated algorithms, products, workflows and best practices for agriculture monitoring 

relevant for the management of the CAP47. The project will pay particular attention to provide evidence on how 

Sentinel derived information can support the modernization and simplification of the CAP in the post 2020 timeframe. 

The overall approach proposed for the Sen4CAP project is completely user-oriented to ensure responding very 

concrete user needs and requirements. 

FAST (Farm Sustainability Tool for Nutrients)  

The FaST Tool aims at closing the digital gap by simplifying access to satellite data for all users48. The post-2020 

CAP aims at solving this heterogeneity by providing a decision-support system to all European farmers to better 

comply with applicable environmental regulation and improve their overall farm management. This system is the 

Farm Sustainability Tool (FaST), a free and open-source digital tool available both as a mobile application and as a 

web-based solution aimed at reaching all farmers across the European Union. 

5.1.8. Greenhouse gas emissions 

Copernicus Atmosphere Monitoring Service (CAMS) 

CAMS delivers data on air quality, greenhouse gas emissions, and solar radiation49. It supports environmental 

monitoring, policymaking, and research by providing reliable and up-to-date information on the composition of the 

atmosphere. CAMS is integral to assessing the impact of air pollution on health and climate, helping to meet EU 

environmental targets. 

ICOS (Integrated Carbon Observation System)  

 

45 https://agri4cast.jrc.ec.europa.eu/DataPortal    
46 https://www.flint-fp7.eu/  
47 http://esa-sen4cap.org/  
48 https://fastplatform.eu/about 
49 http://atmosphere.copernicus.eu/ 

https://agri4cast.jrc.ec.europa.eu/DataPortal
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The Integrated Carbon Observation System, ICOS provides standardised and open data from close to 180 

measurement stations across 16 European countries50. The stations observe greenhouse gas concentrations in the 

atmosphere as well as carbon fluxes between the atmosphere, the land surface and the oceans. Thus, ICOS is 

rooted in three domains: Atmosphere, Ecosystem and Ocean. 

EDGAR (Emissions Database for Global Atmospheric Research)  

EDGAR is a multipurpose, independent, global database of anthropogenic emissions of greenhouse gases and air 

pollution on Earth51. EDGAR provides independent emission estimates compared to what reported by European 

Member States or by Parties under the United Nations Framework Convention on Climate Change (UNFCCC), using 

international statistics and a consistent IPCC methodology. EDGAR provides both emissions as national totals and 

gridmaps at 0.1 x 0.1 degree resolution at global level, with yearly, monthly and up to hourly data52. 

IMEO (International Methane Emissions Observatory)  

The International Methane Emissions Observatory (IMEO) was launched at the G20 Summit, on the eve of 

the COP26 UN climate conference in Glasgow53. IMEO will bring global reporting on methane emissions to an 

entirely different level, ensuring public transparency on anthropogenic methane emissions. IMEO will initially focus 

on methane emissions from the fossil fuel sector, and then expand to other major emitting sectors like agriculture 

and waste.  

EEA greenhouse gases — data viewer  

The data viewer on greenhouse gas emissions and removals, sent by countries to UNFCCC and the EU Greenhouse 

Gas Monitoring Mechanism (EU Member States) provides insights into the levels and trends of greenhouse gas 

emissions across Europe54. This way it helps track progress towards emission reduction targets, contributing to the 

broader EU objectives of climate action and environmental sustainability. 

5.1.9. Livestock welfare 

WOHA (The World Organisation for Animal Health)  

The World Organisation for Animal Health (WOAH) provides Terrestrial and Aquatic Animal Health Codes standards 

for the improvement of animal health and welfare and veterinary public health worldwide, including through standards 

for safe international trade in terrestrial and aquatic animals and their products55. The manuals provide a 

standardised approach to the diagnosis of the diseases listed in the Terrestrial and Aquatic Codes. 

EURCAW (European Union Reference Centre for Animal Welfare for Poultry And Other Small Farmed 

Animals)  

EURCAW-Poultry-SFA was created in February 2020, in the context of the regulation 2017/625 about official 

controls (art. 95) to support the European Commission and member states in the applications of legislation regarding 

poultry and other small, farmed animals' welfare56. The consortium between ANSES (France), IRTA (Spain), ANIVET 

(Denmark), and IZSLER (Italy) was designated as the European Union Reference Centre for Animal Welfare for 

Poultry and other small farmed animals (EURCAW-Poultry-SFA, COMMISSION IMPLEMENTING DECISION (EU) 

2019/1685 of 4 October 2019)57. The main objective of the Centre is to support the European Commission and the 

Member States in the implementation of welfare legislation for poultry and other small-farmed animals in farms, 

during transportation and slaughtering. The center works for the European Commission, Member State Competent 

Authorities (CAs), and their Supporting Bodies (SBs), providing science, training, and communication. EURCAW-

 

50 https://www.icos-cp.eu/ 
51 https://edgar.jrc.ec.europa.eu/ 
52 https://edgar.jrc.ec.europa.eu/methodology 
53 https://ec.europa.eu/commission/presscorner/detail/es/ip_21_5636 
54 https://www.eea.europa.eu/data-and-maps/data/data-viewers/greenhouse-gases-viewer 
55 https://www.woah.org/en/what-we-do/standards/codes-and-manuals/  
56https://www.eurcaw-poultry-sfa.eu/en/minisite/sfawc/welcome-european-reference-centre-animal-welfare-poultry-

and-other-small-farmed  
57 https://eur-lex.europa.eu/eli/reg_impl/2019/1685/oj  
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Poultry-SFA will contribute to the dissemination of best practices, as well as carrying out scientific studies, 

and disseminating research and information on technical innovations. 

AHAW (EFSA Panel on Animal Health and Welfare)  

The Panel on Animal Health and Welfare (AHAW) provides scientific advice on all aspects of animal diseases and 

animal welfare (EFSA Panel on Animal Health and Welfare, 2020). Its work chiefly concerns food producing animals, 

including fish. AHAW Panel Members are scientists from across Europe with expertise in: 

▪ Risk assessment, quantitative risk assessment, modelling 

▪ Microbiology and pathology (applied to infectious diseases of food-producing animals, including aquatic 

animals) 

▪ Epidemiology 

▪ Animal welfare 

▪ Animal production (husbandry, housing and management, animal transport and stunning and killing of 

animals) 

5.1.10. Water 

Water framework data centres 

Water Framework Directive (WFD) and Marine Strategy Framework Directive (MSFD) Data Centres provide data 

and tools to support the implementation of the WFD and MSFD, which aim to protect and improve water quality 

across Europe58,59. The data centres offer information on water bodies, ecological and chemical status, and 

pressures affecting water systems, essential for achieving the intended environmental objectives.  

WISE (Freshwater Information System for Europe)  

WISE-Freshwater provides information and data on the state of Europe’s rivers, lakes, groundwaters, on the 

pressures affecting them, on the measures and actions taken to protect and conserve the aquatic environment60. 

The WISE’s country profile pages aim to showcase selected environmental data, reported by Countries, under 

different European legal instruments contributing to the protection of freshwaters or national laws, implementing 

these policies. Statistics at Country level, usually calculated under the coordination of the EEA.WISE can also see 

which areas of potentially significant flood risk (shown with orange colour) have been identified by each Member 

State. Member States define what constitutes a potentially significant flood risk depending on their 

circumstances and flood risk management approaches.  

WATER EUROPE 

Water Europe61 aims to make sure that everyone involved with water - from businesses to researchers, and 

governments join hands, in Europe and beyond to come up with better and locally adapted solutions for the water 

challenges. Investing in innovative solutions and circular practices puts Europe at the forefront of the water industry 

worldwide. This strategic focus not only promotes water security but also enhances Europe's competitive edge, 

ensuring its water-related sectors lead on a global scale. Water Europe is all about using fresh ideas and research 

to solve big water issues like droughts, floods, and pollution, and the compounding effects of climate change. By 

embracing innovation, Europe can smartly manage water resources, demonstrating the benefits of sustainable 

practices for everyone on the planet. 

5.1.11. Carbon credit and sustainability 

As suggested by the board of the 3rd advisory meeting of Tools4CAP project on 07 June 2024, a potential external 

data source for an inclusive LMF could include initiatives related to carbon credit programs, lifecycle sustainability 

assessments, and self-assessment platforms. Though relatively new, with numeral startups operating in the sector, 

 

58 https://environment.ec.europa.eu/topics/water/water-framework-directive_en 
59https://research-and-innovation.ec.europa.eu/research-area/environment/oceans-and-seas/eu-marine-strategy-

framework-directive_en 
60 https://water.europa.eu/freshwater 
61 https://watereurope.eu/about-us/ 

https://water.europa.eu/freshwater
https://watereurope.eu/about-us/


 

      |  28 

these initiatives are growing rapidly, with major international organizations promoting them, so we do highlight their 

potential for the near future.  

Carbon credit programmes 

A carbon credit represents one ton of CO2 equivalent that has either been prevented from being emitted or removed 

from the atmosphere. It can be sold by the entity responsible for the reduction or removal to another company looking 

to offset its emissions (Braconi, 2023). Organizations that sell carbon credits from agricultural projects could provide 

valuable data on carbon sequestration, emissions reductions, and sustainable farming practices even at a level that 

ensure data protection legislation. Various global programs for certifying carbon credits, including credits from 

agriculture and land use projects exist, as the carbon credit market has seen significant expansion over the last 

decade62. Τhe value of voluntary carbon markets reached a record $2.1 billion in 2021, marking an almost 300% 

increase compared to the previous year (Ecosystem Marketplace, 2023).  

A similar European example backed by European law, but with a broader focus, is the EU Emissions Trading System 

(EU ETS)63. It is presented as a key tool for reducing greenhouse gas emissions in various sectors such as 

transportation, maritime, manufacturing etc. It operates on a "cap and trade" principle, setting a limit (cap) on the 

total emissions allowed from certain sectors. Companies receive or buy emission allowances, and those that reduce 

their emissions can sell excess allowances to others. The cap is gradually reduced over time, making the system a 

market-driven approach to achieving emission reductions and promoting investments in low-carbon technologies. 

Self-assessment sustainability tools 

Farm or farmer focused self-assessment tools for sustainability could also provide data to estimate specific indicators 

and trends. For example, the sustainable agriculture initiative platform that provides a farm sustainability assessment 

tool for different commodities including sustainable cattle production.64 In a similar way, lifecycle assessments that 

analyse the environmental impacts of agricultural products across their entire lifecycle which could offer a difficult to 

acquire knowledge on various aspects. Relevant initiatives include: 

▪ The Cool Farm Tool, an online greenhouse gas calculator for farms65 

▪ Agri-Footprint, a life cycle assessment database focused on the agri-food industry66 

 Horizon2020 and Horizon Europe actions related to LMF  

In this section, we focus into EU-funded projects under Horizon2020 and Horizon Europe that offer relevant 

outcomes that can complement an LMF. These initiatives are at the forefront of integrating diverse data sources, 

innovative methodologies, and digital tools to enhance understanding of rural and agricultural geographies. In detail, 

these projects aim to develop new indicators, platforms, repositories and methods that support more precise, data-

driven decision-making, especially towards sustainable development and resilience in rural areas across Europe. 

Every initiative is described by its official project name, start date, end date, description, project outcomes relevant 

to LMF (for instance tools, platforms, repositories, methods etc.) and relevant data sources utilized. that could be  

5.2.1. Granular 

Project name 

GRANULAR (Giving Rural Actors Novel Data and Re-Usable Tools to Lead Public Action in Rural Areas) 

Start date 

1 October 2022 

 

62 An example is the American Carbon Registry (https://acrcarbon.org/), the world’s first private voluntary carbon 

crediting program that supports organizations in meeting carbon reduction goals 
63 https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en  
64 https://saiplatform.org/fsa/  
65 https://coolfarm.org/  
66 https://simapro.com/products/agri-footprint-database/  
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End date 

30 September 2026 

Project description  

GRANULAR is a four-year interdisciplinary and transnational project funded by the European Union’s Horizon 

Europe program67. The project aims to generate innovative datasets, tools, and methods to better understand the 

complexities of rural areas. By integrating diverse data sources such as remote sensing, crowd-sourced data, and 

institutional statistics, GRANULAR seeks to provide insights into the unique characteristics and diverse dynamics of 

rural regions. A key outcome is the development of a "Rural Compass" to help stakeholders design tailored, place-

based policies that promote sustainable territorial development. The project also emphasizes multi-stakeholder 

engagement through its Living Labs and replication labs across Europe. 

Project outcomes related to LMF 

The project will deliver several tools and methodologies aimed at improving existing or create new indicators that 

promote innovation and better future rural policies. The project will develop a digital platform, essentially an open 

access repository, that consolidates various data sources and provides advanced analytics and visualization tools 

for understanding rural dynamics. This platform will support rural-proofing of policies by offering granular data on 

categories that reflect the diverse characteristics of EU rural areas. Additionally, the project will create novel 

indicators to assess resilience, quality of life, and socio-economic attractiveness, aligning with the EU’s Long-Term 

Vision for Rural Areas. These outcomes will facilitate more informed decision-making and policy implementation in 

rural development. 

Relevant data sources  

 
▪ Remote sensing data 

▪ Crowd-sourced data 

▪ Mobile phone data 

▪ Web scraping for real estate and food system trends 

▪ Eurostat data 

▪ Social media and online platform data for mobility and tourism analysis 

5.2.2. Rustik  

Project name 

RUSTIK (Rural Sustainability Transitions through Integrated Knowledge) 

Start date 

1 September 2022 

End date 
31 August 2026 

Project description 

RUSTIK aims to foster sustainability transitions in rural areas by developing integrated knowledge and methods to 

understand the diverse dynamics of these regions68. The project focuses on three key transitions: socio-economic, 

environmental, and digital. Through a combination of top-down and bottom-up approaches, RUSTIK utilizes data 

from various sources to create the RUSTIK Information System, a core analytical interface. This system connects a 

central EU platform with regional systems, ensuring data comparability across regions while also addressing specific 

local challenges through Living Labs. RUSTIK ultimately seeks to support rural development policies that are 

sensitive to the unique conditions of different rural areas, promoting their sustainability and resilience. 

 

67 https://www.ruralgranular.eu/ 
68 https://rustik-he.eu/ 
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Project outcomes related to LMF 

The project is expected to deliver methodologies and the RUSTIK Information System, which facilitates the 

integration of diverse datasets, enabling detailed and accurate answers to place-based questions. This system is 

designed to improve data-driven decision-making by providing tools for comprehensive analysis and visualization. 

Additionally, RUSTIK will contribute to the development of indicators that align with the EU’s CAP objectives, 

particularly in terms of monitoring socio-economic resilience, environmental sustainability, and the impact of 

digitalization on rural landscapes. These outcomes will support the creation of more effective and tailored rural 

policies. 

Relevant data sources 

▪ Eurostat data 

▪ Copernicus Land Monitoring Service (CLMS) 

▪ European Environment Agency (EEA) 

▪ Joint Research Centre (JRC) 

▪ Crowd-sourced data 

▪ Remote sensing data 

▪ Public Participation GIS (PPGIS) data 

5.2.3. SoilWise  

Project name 

An open access knowledge and data repository to safeguard soils (SoilWise)69 

Start date 

1 September 2023 

End date 

31 August 2027 

Project description 

SoilWise aims to create an integrated, actionable repository for soil data in Europe, making the information Findable, 

Accessible, Interoperable, and Reusable (FAIR). The project focuses on harmonizing and enhancing access to soil 

data to support decision-making and policy development, with a long-term goal of achieving healthier soils across 

the EU by 2050. 

Project outcomes related to LMF 

The overall objective of SoilWise project is to make existing and new knowledge and data on soils easily findable, 

accessible, interoperable and reusable in a long-term knowledge and data repository powered by strategies for soil 

data and knowledge collection, processing, visualisation and exploitation. The main goal is to build an open 

operational repository that may be extended with the additional desired functionality, accelerated by AI and ML 

techniques with co-designing efforts of multi-stakeholder involvement. 

Relevant data sources 

▪ Local, national, and EU-level soil data 

▪ Existing soil datasets and knowledge repositories from ZENODO, INSPIRE GeoPortal, BonaRes as 

well as Cordis. In later iterations SoilWise aims to also include other projects and portals, such as 

national or thematic portals 

▪ Contributions from stakeholders including land managers, policymakers, and researchers 

 

69 https://soilwise-he.eu/  
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5.2.4. Polirural  

Project name 

PoliRural (Future Oriented Collaborative Policy Development for Rural Areas and People) 

Start date 

1 June 2019 

End Date 

30 September 2022 

Project description 

PoliRural was a Horizon 2020 project aimed at addressing the depopulation and decline of Europe's rural areas by 

making them more attractive for both current residents and potential newcomers70. The project utilized a foresight-

based approach that integrated modern ICT tools, policy simulations, and stakeholder engagement to co-design 

rural development strategies. By focusing on the challenges faced by rural areas, PoliRural aimed to develop 

evidence-based, future-oriented policy measures that align with local visions. The project was implemented in 12 

pilot regions across Europe, where its innovative toolbox was applied to test, refine, and enhance strategies for 

improving rural attractiveness and sustainability. 

Project outcomes related to LMF 

PoliRural can significantly enhance CAP monitoring by providing a foresight-driven policy co-design framework, that 

incorporates advanced tools like system dynamics modelling and text mining. These tools enabled policymakers to 

evaluate the impact of current policies and forecast the effects of potential new measures on rural landscapes. 

Additionally, the project's outcomes included strategies for rural revitalization that align with CAP goals, particularly 

in enhancing rural resilience, promoting sustainable agriculture, and reversing depopulation trends. 

Relevant data sources 

▪ Regional and local demographic data 

▪ Environmental and land use data 

▪ Policy impact assessments 

▪ Stakeholder feedback from pilot regions 

5.2.5. Polirural+   

Project name 

PoliRuralPlus (Fostering Sustainable, Balanced, Equitable, Place-based, and Inclusive Development of Rural-Urban 

Communities) 

Start date 

1 January 2024 

End Date 

31 December 2026 

Project description 

PoliRuralPlus builds upon the success of the original PoliRural project, expanding its scope to encompass both rural 

and urban areas71. The project focuses on promoting sustainable and equitable development through enhanced 

governance, policy integration, and the use of advanced digital tools like AI, GIS, and IoT. PoliRuralPlus aims to 

enhance the quality of life in both rural and urban regions by fostering closer interconnections, supporting innovation 

 

70 https://polirural.eu/ 
71 https://www.poliruralplus.eu/ 
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ecosystems, and implementing foresight-based regional strategies. The project includes nine pilot regions, 

continuing and expanding the work initiated by PoliRural. 

Project outcomes related to LMF 

PoliRuralPlus aims to support CAP objectives by developing integrated urban-rural strategies that leverage data-

driven decision-making and cross-disciplinary collaboration. These strategies will help enhance rural-urban linkages, 

improve environmental sustainability, and support the EU Green Deal's farm-to-fork strategy. Furthermore, 

PoliRuralPlus will contribute to more effective monitoring, by developing indicators and tools that reflect the 

interconnected nature of rural and urban processes, thereby assisting policy monitoring activities in a more 

comprehensive and effective manner. 

Relevant data sources 

▪ Foresight and planning data from regional pilots 

▪ AI-enhanced environmental and socio-economic datasets 

▪ Urban-rural connectivity and mobility data 

▪ European data infrastructures like EOSC, Copernicus, and Eurostat 

 

5.2.6. Quantifarm’s policy monitoring tool 

Project name 

QuantiFarm 

Start date 

1 July 2022 

End date 

31 December 2025 

Project description 

The QuantiFarm project focuses on the deployment and evaluation of digital agricultural technology systems 

(DATSs) under real-life conditions on commercial farms across Europe. The project aims to create a comprehensive 

assessment framework for evaluating the costs, benefits, and sustainability impacts of various DATs and will develop 

a digital toolkit for farmers, advisors, and policymakers, incorporating various tools. It involves testing and assessing 

DATs in real production conditions across a network of 30 test cases in 20 countries. Additionally, the project includes 

the establishment of a Digital Innovation Academy (DIA) to train advisors on innovative digital technologies and 

services.  

Project outcomes related to LMF 

QuantiFarm’s ambition related LMF is to integrate EO data with data collected from Digital Agricultural Technologies 

(DATs) used in Test Cases (TCs) in the field72. These DATs, serve as in-situ data sources that provide evidence for 

monitoring sustainability indicators. Data from digital farm logs, machinery logs, and IoT sensors will offer insights 

previously unavailable. This method enables the near real-time extraction of agricultural statistics at farm, regional, 

and national levels, greatly enhancing existing methodologies that rely on annual surveys (e.g. FADN). Expected 

project outcomes are to enhance awareness and informed decision-making by demonstrating the costs, benefits, 

and sustainability impacts of DATs, essentially promoting their adoption through events, training, and assessment 

result dissemination. The project will strengthen advisory services by establishing the QuantiFarm Digital Innovation 

Academy (DIA) and provide evidence-based policy recommendations to support sustainable agricultural practices 

and digital innovation adoption. 

 
To achieve those, three main outcomes will be developed:  

 

72 https://quantifarm.eu/ 
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▪ The QuantiFarm Toolkit which is a comprehensive set of tools to support farmers, advisors, and 

policymakers related to DATs performance. 

▪ The Policy Monitoring Tool which integrates data from multiple sources to provide real-time agricultural 

statistics and support policy monitoring and implementation. 

▪ The QuantiFarm Digital Innovation Academy (DIA) platform to train advisors and disseminate best 

practices and innovative advisory services. 

Of the three, the main relevant outcome withing the scope of the current deliverable of the Tools4CAP project is the 

Policy Monitoring Tool that integrates EO data with in-situ data sources to support independent monitoring and 

evaluation of the impact of DATs at LAU or commune level and to help policymakers at various levels to effectively 

monitor progress towards policy measures. 

Relevant data sources 

The tool will be able to integrate and harmonise data from the following sources to address QuantiFarm’s objectives 

on independent monitoring: 

▪ Digital/online questionnaires for collecting manually added data 

▪ In-situ farm-level data sources (Farm calendar data, IoT sensor data) 

▪ EO data products and open datasets derived from organizations such as JRC, statistical authorities, 

the Agri-food Data Portal, Eurostat, EEA, ESA, FADN) 

5.2.7. MAMBO project  

Project name 

Modern Approaches to the Monitoring of BiOdiversity (MAMBO) 

Start date 

September 2022 

End date 

September 2026 

Project description 

The MAMBO project aims to develop, test, and implement advanced tools for monitoring the conservation status 

and ecological requirements of protected species and their habitats73. The project involves ten partner institutions 

from eight countries to utilize cutting-edge technologies such as artificial intelligence, remote sensing, computer 

vision, and deep learning to enhance biodiversity monitoring, with a goal to address knowledge gaps in biodiversity 

data crucial for informing EU policy and relevant conservation efforts. Seven demonstration sites will showcase the 

effectiveness and added value of its technologies with a broader aim to contribute to the EU Biodiversity Strategy 

for 2030. 

Project outcomes related to LMF 

The project focuses on the development, evaluation and integration of automated monitoring tools (image and sound 

recognition AI solutions) for species and their habitat conditions by creating high spatial resolution regional habitat 

maps and site-specific habitat condition metrics. Real-time data collection and analysis is enabled via using various 

sensor technologies, deep learning, and remote sensing data. A significant expected outcome is to enhance the 

cost-efficiency and scalability of biodiversity monitoring methods. Additionally, improved data pipelines and 

ecological modelling will support policy-making and conservation strategies. Collaboration with land managers, 

policy makers, and citizens to co-design and implement effective monitoring solutions is an aspect that local 

knowledge is a fundamental component, addressing real and on the ground needs that allow for upscaling. 

 

 

73 https://www.mambo-project.eu/ 
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Relevant data sources 

 
▪ Satellite remote sensing data 

▪ Airborne laser scanning surveys (LiDAR point clouds) 

▪ Digital sensors deployed at project pilot demonstration sites 

▪ Citizen science contributions 

▪ ML computing workflows for processing and analyzing data 

5.2.8. PREPSOIL project 

Project name 

PREPSOIL (Preparing for the ‘Soil Deal for Europe’ Mission)  

Start date 

01 July 2022 

End date 

30 June 2025 

Project description 

PREPSOIL facilitates the deployment of "A Soil Deal for Europe" mission across European regions, by helping key 

players to reduce soil degradation, while increasing soil awareness and soil literacy74. The project will support the 

implementation of the Soil Mission by creating awareness and knowledge on soil needs among stakeholders in 

regions across Europe while widening the understanding of Living Labs as a vehicle for engaging stakeholders in 

soil improvements in different land use types (agriculture, forestry, urban, etc.). 

PREPSOIL will create understanding of how different approaches to soil monitoring may support the transition to 

sustainable land use, it will engage with soil ambassadors and collect information on soil education by establishing 

a one-stop-shop for soil literacy, communication and engagement as a state-of-the-art web platform 

The mission will pioneer, showcase and accelerate the transition to healthy soils through ambitious actions in 100 

living labs and lighthouse farms within territorial settings. This will be combined with an ambitious transdisciplinary 

R&I programme, a robust, harmonised soil monitoring framework and increased soil literacy and communication to 

engage with citizens. 

Project outcomes related to LMF 

Knowledge Hub, a multi-language online library that provides access to numerous resources including best 

practices, policy recommendations, experiments, video materials and publications focused on different aspects of 

soil health in Europe. In the Knowledge Hub, you can find educational and scientific resources produced by 

European projects & organizations, EU institutions and Academia addressing the most pressing challenges for our 

soils. 

Relevant data sources 

▪ Satellite-based Earth Observation data 

▪ Soil needs assessments from 20 European regions 

▪ Citizen science initiatives 

▪ National and regional soil monitoring programs 

▪ Online Knowledge Hub aggregating educational and scientific materials 

 

 

74 https://prepsoil.eu/ 
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5.2.9. ESA WORLDSOILS 

Project name 

WORLDSOILS 

Start date 

September 2020 

End date 

April 2024 

Project description 

WORLDSOILS is an application project funded by the European Space Agency (ESA) developed within the EO 

Science for Society slice of the 5th Earth Observation Envelope Programme75. Its aims to develop a pre-operational 

Soil Monitoring System to provide yearly estimations of Soil Organic Carbon (SOC) at global scale, exploiting space-

based EO data leveraging large soil data archives and modelling techniques to improve the spatial resolution and 

accuracy of SOC map. 

Project outcomes related to LMF 

SOC prediction modular system based on regional soil models over various land covers (forest, cropland, grassland), 

capable of producing the following SOC maps, derived from EO and in situ measurements 

Relevant data sources 

▪ European topsoil SOC content 

▪ SOC pixel based uncertainty 

▪ Regional topsoil SOC content 

▪ SOC pixel based uncertainty 

5.2.10. AI4SOILS 

Project name 

AI4SoilHealth: Accelerating collection and use of soil health information using AI technology to support the Soil Deal 

for Europe and EU Soil Observatory76 

Start date 

01 January 2023 

End date 

31 December 2026 

Project description 

The objective of AI4SoilHealth is to co-design, create and maintain an open access European-wide digital 

infrastructure, compiled using state-of-the-art Artificial Intelligence (AI) methods combined with new and deep soil 

health understanding and measures. The AI-based data infrastructure functions as a Digital Twin to the real-World 

biophysical system, forming a Soil Digital Twin. This can be used for assessing and continuously monitoring Soil 

Health metrics by land use and/or management parcel, supporting the Commission’s objective of transitioning 

towards healthy soils by 2030.   

Project outcomes related to LMF 

▪ Coherent Soil Health Index methodology 

 

75 https://world-soils.com/ 
76 https://ai4soilhealth.eu/ 
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▪ Rapid Soil Health Assessment Toolbox 

▪ AI4SoilHealth Data Cube for Europe 

▪ Soil-Health-Soil-Degradation-Monitor 

▪ AI4SoilHealth API and Mobile phone App 

▪ Produced high-resolution pan-European datasets will be distributed under an Open Data license, 

allowing easy access by development communities.  

▪ AI4SoilHealth will provide an effective Soil Health Index certification system to support landowners and 

policy makers under the new Green Deal for Europe. 

Relevant data sources 

▪ Soil assessment data products available in relevant scientific publications77 

5.2.11. MRV4SOIL 

Project name 

Monitoring, Reporting, and Verification of Soil Organic Carbon and Greenhouse Gas Balance (https://mrv4soc.eu/) 

Start date 

1 June 2023 

End date 

31 May 2026 

Project description 

MRV4SOC aims to account for changes in as many Carbon pools as possible, estimate Green House Gases (GHG) 

and full Carbon budgets, couple Carbon and Nitrogen cycles, quantify Soil Organic Carbon (SOC) accumulation, 

and assess the results of traditional management practices and Carbon farming78. The consortium is investigating 

methodologies that account for the full GHG and C budget meeting the QU.A.L.ITY criteria (QUantification, 

Additionality and baselines, Long-term storage, and sustanabilITY). The results of this project will contribute to 

building a Monitoring, Reporting, and Verification framework for the EU land sector. 

Project outcomes related to LMF 

The project uses state-of-the-art technologies, including spectrometry, satellites, and drones to acquire reliable data 

on carbon sequestration and greenhouse gas emissions linked to land use. The acquired in-situ and remote sensing 

data will be used to develop geostatistical and process-based models in 14 demo sites covering 9 land use/ land 

cover classes. 

Relevant data sources 

Reliable models based on high-quality in situ and remote sensing data to build for a better understanding of carbon 

fluxes in soils. 

 Future initiatives 

In this section, we focus on future initiatives that are set to transform environmental management in the upcoming 

years. Advancements in satellite technology and interconnected digital platforms will provide enhanced capabilities 

for monitoring, track, manage and predict agricultural and environmental phenomena in real-time with a more holistic 

multisectoral approach. As an example of the size of the changes, by 2030, the number of satellites in space will 

increase significantly as new satellite market forecast anticipates 1,700 satellites to be launched on average per 

year by 2030 (Euroconsult “Satellites to be Built & Launched” report Dec. 2021). Regarding the Copernicus program, 

 

77 https://ai4soilhealth.eu/scientific-publications/ 
78 https://mrv4soc.eu/  
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six new satellite missions (Copernicus Expansion Missions) are prepared to expand the current capabilities of the 

Copernicus space component, see Figure 379.  

5.3.1. CHIME satellite mission 

The Copernicus Hyperspectral Imaging Mission (CHIME) is a part of the six new missions aimed at broadening the 

current range of Sentinel missions. Hyperspectral imaging (HSI) is a process used to obtain high spectral resolution 

imagery by dividing light into many narrow, contiguous spectral bands across the electromagnetic (EM) spectrum, 

typically between visible and infrared wavelengths80 (Figure 5). While Sentinel-2 multispectral images capture 

information in 12 spectral bands ranging from 20 nm to 2190 nm wavelength, CHIME hyperspectral imager captures 

images in over 200 bands over a wavelength range of 400 nm - 2500 nm in the Visible (VIS), Near Infrared (NIR), 

and Short-Wave Infrared (SWIR) spectrum at a spectral bandwidth less than 10 nm. The HSI imager is able to 

measure at a ground resolution of 30 m for a swath width of 130 km with high radiometric accuracy for Level-1B 

data. Its contiguous spectral coverage permits the creation of spectral signatures with no wavelength omission which 

provides detailed information into the object’s physical properties and chemical composition. The CHIME mission 

aims to cover the needs for applications related to sustainable agriculture and food security, as well as raw materials 

exploration and management, as primary drivers. Additionally, CHIME products have been acknowledged for their 

relevance in other areas such as biodiversity, forestry, coastal/inland waters, and cryosphere monitoring by the 

respective user communities. 

 

Figure 5: HSI principles diagram (source: https://www.eoportal.org/other-space-activities/hyperspectral-imaging, Lincoln 
Laboratory Journal, 4) 

 

In addition, CHIME data will also significantly contribute to a wide range of scientific research activities that support 

the development and quality of downstream applications (Figure 6). CHIME mission will be composed by two 

identical satellites (CHIME-A and CHIME-B) flying separately by 180 degrees, in a sun-synchronous orbit at an 

 

79 https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Copernicus_Sentinel_Expansion_missions  
80 https://sentiwiki.copernicus.eu/web/chime   
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average altitude of 632 km. CHIME-A working launch date is in 2028 while CHIME-B is planned to be launched in 

2030 with both satellites having a design life of eight years. 

 

 

Figure 6: CHIME High Priority Prototype Products (source: ESA81) 

5.3.2. Radar Observing System for Europe in L-band (ROSE-L) 

The ROSE-L is an earth observing synthetic aperture radar (SAR) Copernicus expanding mission that aims to 

support existing Copernicus C-band SAR systems (Sentinel-1)82. The SAR is a type of active data collection where 

a sensor produces its own energy and then records the amount of that energy reflected after interacting with the 

Earth (Figure 7).  

 

Figure 7: A radar pulse is transmitted from the antenna to the ground and then radar pulse is scattered by the ground 
targets back to the antenna. (source: https://crisp.nus.edu.sg/~research/tutorial/mw.htm)  

ROSE-L will be a high-resolution, multi-purpose and all-weather imager with a spatial resolution of 5 - 10 m and a 

revisit time of three or six days, depending on its operating mode. It will be able to generate volumetric soil moisture 

products as well as geospatial maps of sea ice development, at a resolution of 20 m. It will also enhance imaging 

capabilities in areas of heavy vegetation coverage where its longer wavelength L-band is able to penetrate the 

canopy. ROSE-L is planned to operate in a sun-synchronous orbit of 693 km and will be launched in 2028. 

The mission aims to monitor geohazards, observe and track land use, agriculture and forestry, provide high 

resolution soil moisture data, and monitor the Artic and cryosphere. It will provide important data on soil moisture, 

 

81 https://hyperspectral2022.esa.int/iframe-agenda/files/presentation-101.pdf  
82 https://sentiwiki.copernicus.eu/web/rose-l  
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precision farming, food security, forest biomass and changes to land use. In addition, the mission will monitor polar 

ice sheets and ice caps, sea ice extent, and snow cover. ROSE-L SAR will fill observation gaps in the current 

Copernicus satellite constellation and will provide enhanced continuity for diverse operational services, supporting 

the down-stream commercial and institutional users. 

5.3.3. Destination Earth Radar observing system for land surface temperature 

monitoring (LSTM) 

The optical instrument of LSTM, Land Surface Temperature Radiometer, will acquire high spatio-temporal resolution 

observations of all land and coastal areas with high radiometric accuracy. LSTM will carry a thermal infrared (TIR) 

instrument that will provide three Very Near Infrared bands, from 0.490 μm to 0.945 μm, two Short Wave Infrared 

(SWIR) bands, from 1.380 μm to 1.610 μm and five Thermal Infrared (TIR) spectral bands from 8.600 μm to 12.000 

μm. The instrument will have a spatial resolution of 50 m with 670 Km swath, making observations covering a wide 

temperature range, from approximately -20°C to 30°C with a precision of 0.3°C. The satellite will have a revisit time 

of two days (two satellites, LSTM-A and LSTM-B) and will operate at 670 Km. LSTM-A is planned for launch in 2028 

while LSTM-B in 2030. The expected lifecycle is 7.5 years.  

The mission’s direct applications for agriculture are to monitor evapotranspiration rates by capturing the variability 

of Land Surface Temperature (LST), as well as map and monitor soil composition. These capabilities will help 

improve sustainable agricultural productivity at field-scale, predict droughts and address land degradation. 

5.3.4. Destination Earth 

The DestinE (Destination Earth) platform83 is an ambitious European initiative designed to create a digital twin of the 

Earth. The DestinE Platform will provide users, applications and service providers with direct access to the data and 

functionalities provided by the other two DestinE components, the Digital Twin Engine and the Data Lake. High-

precision, real-time simulations and predictive models of natural phenomena and human activities will support 

sustainable development and environmental management. By integrating diverse data sources, including geospatial 

and observational data, the platform will offer advanced visualization tools and decision-support capabilities for a 

wide range of users, from policymakers to researchers to:  

▪ Perform highly accurate, interactive and dynamic simulations earth systems, informed by various 

observational datasets (e.g. allowing to focus on thematic domains of societal relevance such as the 

regional impacts of climate change, natural hazards, marine ecosystems, urban spaces etc.)  

▪ Improve prediction capabilities to maximize impact (e.g. to protect biodiversity, manage water, 

renewable energy and food resources, and mitigate disaster risks in a changing world) 

▪ Support EU policy-making and implementation (e.g. to assess the impact of existing environmental 

policies and legislative measures and support future evidence based policy-making) 

▪ Exploit the potential of distributed and high-performance computing (HPC) and data handling at 

extreme scale (e.g. through an interactive platform that will host complex digital twins and 

comprehensive toolkits to develop and operate analytics-based models, with full access to vast 

amounts of diverse data) 

Platforms and tools offered can support SPs to track in a consistent spatial and temporal scale the progress towards 

the GD targets, including Farm-to-Fork, Biodiversity, Soil and Forest strategies and Climate Action. 

6. Potential role of social media analytics in CAP 

This section examines social media analytics as a data acquisition technology for CSP monitoring. The term social 

media refers to online platforms and applications that enable users to create, share, and engage with content in real-

time. These platforms enable communication and interaction among individuals and communities, for the exchange 

 

83 https://platform.destine.eu/ 
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of information, ideas, and opinions on a global scale via virtual networks (Obar & Wildman, 2015). As farmers 

increasingly rely on smartphones, smart devices, and applications, integrating modern technologies into their daily 

routines, they generate valuable data while gaining added value. By utilizing specialized tools, software, and 

methodologies, these user-created electronic data can be analysed to extract (mainly qualitative) insights, offering 

a deeper understanding of trends, patterns, sentiments and overall farmer behaviours, that are essential for effective 

policymaking and strategy development in the agricultural sector in regional national or even EU level. Possible 

advantages could arise include reduced administrative burden through the use of existing data sources, flexible and 

timely data collection, independence from traditional agricultural indicators, and the ability to provide early-stage 

monitoring of Common Agricultural Policy achievements. Relevant innovative knowledge inference/forecasting 

methods will also be evaluated (e.g. social-media analytics) supporting the collection of evidence on social aspects. 

 Social media in the agricultural sector  

Despite their growing popularity across various industries, social media platforms have not yet been widely used in 

the agricultural sector. However, the existing limited literature suggests that trends are emerging among farmers 

and agribusinesses to adopt these platforms (Stanley, 2013). In this case, the value of social media for the 

agricultural industry lies in the value of social capital. It brings farmers, industry, and consumers closer together so 

that there is more transparency, trust, and authenticity in the supply chain. Enhanced social capital frequently leads 

to indirect financial benefits yet measuring this impact poses challenges.  More specifically, as presented below, 

there are four key areas in which social media can be of value for the agricultural sector. This categorization can 

offer a useful starting point in future attempts to integrate new social media indicators or variables in agricultural 

monitoring as specific assumptions can be derived depending on the category of usage: 

1. Networking (Farmer-Farmer) via social media platform allows to: 

▪ Reduce social isolation for farmers. 

▪ Enable farmers & agribusinesses to meet and network with other farmers, agribusinesses and 

consumers domestically and globally. 

▪ Enable interaction directly with people of influence. 

▪ Provide a wealth of knowledge and ideas from a range of sources. 

Examples of this are the AgChat84 model (Twitter online discussion group), which is widely used in USA, UK, 

Australia and Ireland, and FollowFarmer85 which is used in USA, India, Brazil, Mexico and Philippines are great 

concepts for facilitating discussions of industry issues between farmers and agrobusinesses. 

2. Industry knowledge, Extension & Marketing (Farmer – Agricultural Industry) 

▪ Marketing using social media platforms can enable agribusinesses to connect with a growing farming 

demographic online by providing content that is of value. 

▪ Lobbying on social media brings together a collective voice to bring about action and change by 

interacting with people of influence and power directly. Facilitating large groups of people and 

discussion around an issue of importance is made easier using these platforms.  

The UK #sosdairy campaign example in which Twitter was used to coordinate protest efforts and spread the 

message to the public about what farmers were getting paid (Mills et al., 2019). This shows that knowledge transfer 

of agricultural related issues reaches a wider audience via social media tools. 

3. Consumer engagement (Farmer/Industry – Consumer) 

▪ Connecting and engaging with consumers is crucial as they increasingly rely on social media platforms 

for purchasing decisions.  

▪ Empowers farmers to engage in and contribute to conversations about critical issues in farming, 

fostering a connection with consumers. The ability to address and participate in discussions on topics 

 

84 https://agchat.org/  
85 https://x.com/FollowFarmer  
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such as animal welfare, genetic modification, and environmental concerns is a form of engagement that 

directly involves both the agricultural industry (farmers) and consumers. 

▪ Allows farmers and the agricultural industry to better understand the consumer needs and viewpoints. 

▪ Helps build trust by being transparent and authentic. 

4. Crisis communication  

▪ Essential for real-time, two-way communication during crises, social media provides a platform for 

transparent and immediate, sincere interaction. 

▪ The Fonterra Botulism Case 2013 highlights the vital role of social and transparent information 

dissemination to maintain public trust (Beckford, 2013). 

Existing literature provides more specific cases where digital platforms have been used to assess real-world 

problems and phenomena in the agricultural sector. For example, Zipper (2017) presents a case study on the use 

of Twitter within the agricultural domain in the United States, demonstrated the potential for mapping the planting 

progress of commodity crops, specifically corn and soybeans at the state level. The results showed a noteworthy 

level of accuracy when compared to traditional survey-based methods, with mean absolute differences of less than 

10% for most state-crop combinations.  

This case study indicates that social media can serve as a viable, complementary tool for agricultural monitoring. 

But the broader application of social media in agriculture can be drawn from its use in other disciplines. For example, 

social media has been applied in species distribution and biodiversity assessments (Stafford et al., 2010; Barve, 

2014; Daume, 2016; ElQadi et al., 2017), providing data on the spread and behaviour of various species. Similarly, 

it has been used in animal behaviour studies (Dylewski et al., 2017), which offers real-time observations of wildlife 

activities. Social media platforms have also been instrumental in mapping hazards such as wildfires (Wang et al., 

2016) and earthquakes (Earle et al., 2012; Crooks et al., 2013), allowing for rapid large-scale reporting. Furthermore, 

some studies have demonstrated the effectiveness of these platforms for tracking water levels and quality (Michelsen 

et al., 2016; Giuliani et al., 2016). Additionally, social media has been used to understand public perception of 

environmental changes, such as tree mortality (Fellenor et al., 2017), highlighting its role in capturing public 

awareness and concerns about environmental shifts. 

Zipper (2017) emphasizes that social media should not replace traditional survey-based methods at this time. 

Instead, it can complement expert-collected information by providing additional context, especially early-stage 

monitoring insights. This statement does align with research by Crooks et al. (2013), Daume et al. (2014) and ElQadi 

et al. (2017). Therefore, we suggest that to some extent social media holds significant potential for agricultural 

monitoring, offering new ways to gather real-time, both large-scale and locally targeted data, while in most cases it 

is advised to be used to complement more traditional methods and not as the only source of information. 

 Existing tools for assessing public reaction, perception and sentiment via 

social media analytics 

A variety of tools and platforms have been developed to assess public reaction, perception, and sentiment through 

social media analytics. The available tools range from open-source solutions to commercial software and other 

specialized research platforms. This section presents five categories with indicative tools that have the potential to 

be used in a complementary way to assess public opinion on agricultural policies, environmental practices, and rural 

development efforts. 

Open-Source Tools 

 

Open-source tools provide accessible options for researchers and policymakers. A prime example is Google 

Trends86, which offers valuable insights enabling analysis of trending keywords, temporal patterns, and geographical 

preferences. Its visualizations of search trends, along with strategic recommendations based on emerging patterns, 

can be effectively useful in the agricultural sector. This tool enables proactive decision-making, allowing stakeholders 

to align strategies and meet evolving consumer demands. 

 

86 https://trends.google.com/trends/ 
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A well-suited application of Google's analytics capabilities can be seen in the Google COVID-19 Community Mobility 

Reports87. This resource demonstrates how open-source tools can provide comprehensive results in analysing 

societal trends, which could be adapted for rural development strategies even outside from the agricultural sector 

and in cases of extreme events such as a pandemic. 

Commercial Tools 

 

Commercial software options offer more sophisticated analysis capabilities. Examples include: 

▪ Selenium: Useful for web scraping and automation in data collection88. 

▪ Citibeats Signals: Specializes in real-time social intelligence89. 

▪ IBM Watson: Uses natural language processing capabilities for sentiment analysis of discussions and 

categorization of content themes. Integrating sentiment insights, content categorization summaries, 

and key keyword analyses from Watson enriches understanding of public perceptions and prevalent 

topics in various sectors90. 

Research Tools 

 

Specialized research platforms cater to specific needs in agricultural and rural development contexts: 

▪ Climate Security Dialogues: Focuses on climate-related discussions in agriculture91. 

▪ Polirural tool: Analyses rural development trends and sentiments92. 

Large Language Models 

 

Emerging AI technologies are also being explored for their potential in analysing social media data, with the most 

indicative representatives to be: 

▪ ChatGPT93 

▪ Microsoft Copilot94 

▪ Anthropic's Claude95 

These advanced language models or their open-source alternatives (e.g. LLaMA 2, OpenLM and others96) offer 

promising capabilities for processing and interpreting large volumes of social media content, potentially providing 

deeper explanations into public sentiment and policy reception. A real case example is that they can engage in 

dialogues with farmers about specific issues, such as pest management, by interpreting relevant symptoms and 

context described in posts or comments (De Clercq et al., 2024). This capability has already led to the creation of 

mainly experimental products that use chatbots mimicking agronomists or crop scientists, offering farmers 

immediate, personalized advice (Zhang et al., 2023). 

Sentiment Analysis Techniques 

 

Across these various tools, several specific techniques are employed for sentiment analysis: 

▪ Speech-to-text transcription converts audio content from videos into text for analysis. 

 

87 https://www.google.com/covid19/mobility/ 
88 https://www.selenium.dev/ 
89 https://www.citibeats.com/citibeats-signals 
90 https://www.ibm.com/watson  
91 https://cso.cgiar.org/#/GlobalTools 
92 https://semex.io/social/polarity-score 
93 https://openai.com/index/chatgpt/  
94 https://copilot.microsoft.com/  
95 https://www.anthropic.com/claude  
96 https://github.com/eugeneyan/open-llms  
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▪ In caption overlay analysis, videos are broken into frame-by-frame image formats, and any text 

appearing in these frames is recognized and extracted. 

▪ Text analysis from comments pipeline recognizes hashtags, emojis, and other common social media 

colloquialisms to gauge sentiment and keyword trends. 

These methods could allow researchers and policymakers to gain valuable, real-time feedback on targeted public 

reception (even from non-agri actors) and impact of relevant CAP interventions. 

 Discussion on Integrating social media analytics in CAP monitoring 

The literature review and the examples presented in Sections 6.1 and 6.2 suggests that integrating social media 

analytics in CAP related monitoring activities is not straightforward. In our view, to maximize the impact, adoption of 

technological means by rural communities should increase while the integration of social media analytics in CAP 

monitoring should prioritize transparency. This involves not only documenting results post-implementation but also 

openly sharing the assumptions, processes, models, and data used during the monitoring activities beforehand to 

interest groups. For example, by creating ‘target groups’ e.g. local stakeholders, farmers, advisors, policymakers, 

and communities, a multilevel "regionalized" feeling regarding an intervention (e.g. an eco-scheme) can link its 

adoption metric to a spatial and temporal sentiment. One key challenge is managing data quality from numerous 

sources, which can be difficult to control. Moreover, representativeness is a concern, as social media usage varies 

across demographic groups, potentially excluding important groups of rural communities, such as the elderly. 

Additionally, local and national perceptions could skew results when analysed at broader spatial or temporal scales.  

In order to provide further evidence, we refer to the interactive session held at the Tools4CAP project General 

Assembly in February 2024 in Piraeus, Greece. In this session, the consortium experts provided insights into 

strategies for integrating social media analytics into CAP monitoring. Their contributions, collected through real-time 

polling, emphasize the importance of social media in an agricultural LMF and provide interesting views on how they 

rank specific elements mentioned earlier in this chapter.  More specifically, Figure 8 highlights that experts generally 

agree, to some extent, with the statement that social indicators are underrepresented in CAP Strategic Plan (SP) 

monitoring. This indicates a clear need to enhance the monitoring framework to better capture social dimensions, 

making the present chapter particularly relevant to the analysis carried out in WP4. 

 

Figure 8: Expert inputs on statements. Scale is from 1 (totally agree) to 5 (strongly disagree). (source: own elaboration) 
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Furthermore, experts ranked the importance of different social media key value categories (Figure 9) mentioned in 

Section 6.1 with respect to the agricultural sector. The results highlight the importance of networking (farmer to 

farmer) as a way of direct communication and knowledge sharing among farmers, reducing social isolation and 

promoting peer learning. The second element that is mentioned is Industry Knowledge, Extension, & Marketing 

(Farmer-Agricultural Industry), followed by Consumer engagement, and lastly crisis communication management. 

 

Figure 9: Experts ranking on social media categories (source: own elaboration) 

When asked to rank strategies for public awareness and communicating CAP success stories (Figure 10), the results 

reflect the growing influence of social media collaborations in shaping public perceptions, as engaging influencers 

with large followings to promote CAP-related content and sustainability practices, has been voted as the most 

effective strategy. Traditional media partnerships and interactive webinars that allow direct line of communication 

with stakeholders and the public follow next. Interestingly, the “traditional” updates on social media (e.g. facebook) 

and interactive polls and surveys follow last. 

 

Figure 10: Experts ranking strategies for public awareness and communicating CAP success stories and goals (source: 
own elaboration) 

The key strategies for monitoring and evaluating CAP SPs via social media, as ranked by the experts (Figure 11), 

include sentiment analysis on specific topics as the top method, followed by conducting follow-up polls and surveys 

to measure effectiveness. The importance of the amount of likes and shares ranks third, and lastly, collaboration 

with social media analytics experts is the fourth most preferred strategy. 
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Figure 11: Experts ranking strategies for monitoring and evaluating CAP SPs via social media (source: own elaboration) 

In conclusion, social media analytics could offer valuable insights, effectively complementing indicators, but require 

a clear social, spatial, temporal, and technological framework. Pairing social media analytics with specific CAP rural 

indicators can help qualitatively verify existing phenomena affecting these indicators. This approach aligns with the 

current digital transition but the diverse socio-economic nature, making it a controversial method for enhancing the 

monitoring capabilities of CAP-related activities as a stand-alone method. 

7. Data interoperability in agro-environmental sector 

Common data models and semantic interoperability mechanisms enables the sharing of heterogeneous datasets in 

the agricultural and other sectors. As presented from the previous analysis, a wide range of diverse data sources 

and technological components span from the field level sensors through to national systems (e.g. LPIS) and 

European databases (e.g. Eurostat). Exchange and integration of data across those sensors, platforms, systems 

and subsystems, is essential to break the interoperability barriers, so stakeholders can utilize a wide array of 

datasets from satellite imagery to ground-based sensor data, to aggregated indicators. In this section we will analyse 

data interoperability and ways to effectively complement use of diverse data sources in the agricultural sector in EU 

always considering the CAP monitoring and evaluation needs. 

In Deliverable D4.1, as well as in earlier sections of this report, a large number of currently under-exploited data 

sources that demonstrate significant potential for assisting CAP SP implementation are presented. These data 

sources are mainly related with digital agricultural technologies and/or integrated solutions such as satellite 

technologies and remote sensing, farm management information systems, farm machinery, robotics, unmanned 

vehicles, livestock and pasture management. All these technologies aim to assist and optimise every day farming 

practices but on the same time generate datasets that may act as ground truth evidence of applied practices.  A 

significant barrier towards the further exploitation of these data sources is that are part of proprietary commercial 

solutions and hence heterogeneous technical approaches are implemented. This affects the way that data can be 

accessed/retrieved but also the way that datasets are formatted and modelled.  

As analysed by Brewster et al. (2023), this is an expected result given that the highest priority for such solutions e.g. 

IoT based agricultural systems, is to be able to operate with limited storage, computational, networking and energy 

resources in harsh rural environments. Scarcity of resources combined with security and system administration 

related requirements are forcing engineers to apply custom, simple and practical solutions, tailored to the needs of 

each application domain, having as first priority the sound operation of the services. This situation leads to a 

technological phenomenon of platforms and proprietary systems that are mainly isolated and act as “vertical silos”. 

These silos impede the creation of cross-domain, cross-platform and cross-organisational services due to their lack 

of interoperability and openness. The lack of interoperability is not a barrier only for agricultural policy monitoring 

and implementation but for the expansion of digital agricultural solutions adoption in general.  
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Kalatzis et al. (2021) also emphasize that the need for data sharing across the agri-food systems supply chains has 

never been greater. With the digitisation of farm practices and decision support systems (FMIS), data needs to be 

shared not just vertically up and down the supply chain but also horizontally e.g. between comparable farmers 

needing to share data benchmarking or productivity comparisons. Current reality is that data, if exchanged at all, is 

shared in multiple formats and through various modalities (including manually handing over a USB key). Current 

systems and proposed architectures assume one-to-one interoperability between systems and at most allow for one 

actor to have access to all data (Figure 12).  

 

Figure 12: Exchange of data among non-interoperable systems (source: Kalatzis et al., 2020)  

 

There have been various efforts for defining a methodology to address the interoperability challenge in digital 

solutions. A widely accepted classification focusing on Information Systems is specified and illustrated in Figure 13 

and identifies the following four levels (Serrano et al., 2015):  

▪ Technical Interoperability: It is usually associated with communication protocols and the infrastructure 

needed for those protocols to operate. 

▪ Syntactic Interoperability: It is usually associated with data formats and encodings, e.g. XML, JSON and 

RDF. 

▪ Semantic Interoperability: It is associated with a common understanding of the underlying meaning of the 

exchanged content (information). 

▪ Organizational Interoperability: It is associated with the ability of organizations to effectively communicate 

and transfer information even across different information systems, infrastructures or geographic regions 

and cultures. 

 

Figure 13: Representation of different levels of interoperability (source: Serrano et al., 2015) 
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If all three core types of interoperability are achieved then “organisational interoperability” may be possible, where 

organisations can collaborate at a data level effectively. A key approach for achieving technical, syntactic and 

semantic interoperability is through the use of widely accepted and utilised data modelling and exchanging 

mechanism which follow some form of standardisation. At an abstract level dominant use of standards will make the 

need for one-to-one data exchange mechanisms obsolete supporting the realisation of a more homogenised 

approach as illustrated in Figure 14. 

 

Figure 14: Standards based interoperability (source: Kalatzis et al., 2020)  

 Interoperability issues in existing data sources for CAP implementation 

With regard to agricultural policy monitoring, interoperability is a fundamental issue especially given the need of CAP 

2023-2027 in expanding the data sources for monitoring and planning purposes. As analysed in a 2021 ECA report 

(European Court of Auditors, 2022), even within the previous CAP realisation the problems with the unavailability of 

appropriate data sources and the heterogeneity in available data formats were evident.  The report identifies the 

following main data barriers by stages of data gathering and processing: 

▪ Data not being collected: for example, on farming inputs (e.g. the quantity of chemical and non-chemical 

pesticide applied, the quantity of mineral/organic fertiliser applied and to which crop), and farming practices 

with an environmental impact  

▪ Data not being accessible: farm-level information is owned, managed and stored in Member States’ local 

Integrated Administration and Control System (IACS) to which the Commission has limited access 

▪ Excessive aggregation: the Commission receives mostly aggregated data from the Member States, thus 

limiting the extent to which it can extract value from them  

▪ Restrictions on combining data sources, e.g. due to the lack of interoperable identifiers and data formats. 

More specifically, a core limitation on evaluating the environmental objectives of CAP is that no comprehensive data 

were available on the quantities of fertilisers and pesticides used in the EU on agricultural land. Since 2021, data on 

the quantities of pesticides used on agricultural land have been available, but for less than half of the Member States. 

The Commission and evaluators have used FADN data on spending on fertilisers and plant protection products per 

hectare as a proxy. In addition, there is limited availability on publicly available EU statistics on plant protection 

products relate to the amounts (kg) of active substances contained in plant protection products sold. Statistics 

compiled on the agricultural use of plant protection products under current EU legislation are not comparable, and 

Eurostat has not yet been able to publish EU-wide usage statistics (European Court of Auditors, 2022). 

Regarding data collected by IACS there is an inherent problem with data interoperability also due to fact that different 

technologies in the respective information systems. During the 2014-2020 CAP in most of the cases IACS consisted 

of a number of digital and interconnected databases, in particular: 

▪ A system for identifying agricultural plots in a national level, known as the land parcel identification 

system (European Court of Auditors, 2016) 

▪ A system allowing farmers to indicate graphically the agricultural areas for which they are applying for 

aid (the geospatial aid application, or GSAA) 

▪ A system to record the identity of each beneficiary who submits an aid application or a payment claim. 
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▪ An integrated control system to check aid applications, based on computerised cross-checks and 

physical on-farm controls. 

Member States are using different technical solutions for implementing the core functional modules of the IACS. A 

lack of standardisation, different data owners (i.e. not always the same type of authority), and independent IT 

developments create fragmentation, make it difficult to compare data, and limit how data can be shared or re-used.  

According to the (European Court of Auditors, 2022) report, the Commission has limited access to the different 

Member State (national or regional) systems, which include detailed data on farms and businesses. The 

decentralised approach of IACS limits further integration and crosslinking of these data sources with other 

Commission data sources, mainly because of: 

(i) compatibility problems (different technical solutions) and a lack of interoperability between data 

systems 

(ii) confidentiality rules not allowing farm data to be linked from various data sources (e.g. IACS and 

the FADN) and 

low granularity of other databases, i.e. data with an insufficient level of detail, and a lack of common identifiers to 

match IACS data 

 Standardisation efforts towards semantic and syntactic interoperability 

The need for the definition of common, and if possible standardised, syntactic and semantic information models, 

along with the appropriate technological tools (e.g. data translators) that will act as interoperability enablers on 

existing-already in use- legacy systems has been identified as a necessary step towards a more harmonised agro-

environmental data-driven ecosystem (Brewster et al., 2017).  

Information modelling approaches, tailored to the agricultural domain, are still somewhat fragmented, while 

standardisation efforts do not yet have enough visibility. However, there are significant efforts towards the realisation 

of agri-related data flows following the FAIR (Findable, Accessible, Interoperable, and Reusable) principles97. 

Towards the same goal, standardisation bodies (ETSI98), technical alliances (e.g. Open Geospatial Consortium OGC 

- Agriculture Domain Working Group99, AIOTI-Working Group on Smart Farming and Food Security100) and private 

standard organisations (e.g. GS1101 and AgGateway102) are all contributing on agri-data modelling harmonisation 

efforts.  

Towards the same scope, the “Infrastructure for Spatial Information in the European Community” (INSPIRE) directive 

aims at creating a spatial data infrastructure for EU environmental policies and policies or activities that may have 

an impact on the environment103. In particular, the INSPIRE Directive imposes some requirements on public bodies 

which produce, receive, manage or update spatial datasets that cover all of the land and marine areas over which 

the State has to create such EU-related spatial data infrastructure. Aiming to resolve the harmonisation barriers of 

LPIS and GSA datasets maintained by national/regional IACS, a JRC technical report (Martirano and Toth, 2023) 

proposes an INSPIRE compliant data modelling and translation mechanism. As it is analysed in the report, the 

proposed data interoperability mechanism resolves the issue of data modelling heterogeneity and on the same time 

preserves IACS specific semantics. In addition, it offers the advantage of supporting the relevance of IACS spatial 

datasets to INSPIRE. Technical guidance and initial results from preliminary tests are provided and as it is stated in 

the report next steps include the sharing of these results with DG AGRI, the Paying Agencies (PA) and further testing 

by means of voluntary pilots. The feedback collected will lead to a revision of the technical guidance and the 

publication of the final version.  

 

97 https://www.go-fair.org/fair-principles/  
98 https://www.etsi.org/  
99 https://www.ogc.org/about-ogc/committees/dwg/agriculture-domain-working-group-2/  
100 https://aioti.eu/about-us/our-groups/agriculture/  
101 https://www.gs1.org/  
102 https://aggateway.org/  
103 https://knowledge-base.inspire.ec.europa.eu/index_en  

https://www.go-fair.org/fair-principles/
https://www.etsi.org/
https://www.ogc.org/about-ogc/committees/dwg/agriculture-domain-working-group-2/
https://aioti.eu/about-us/our-groups/agriculture/
https://www.gs1.org/
https://aggateway.org/
https://knowledge-base.inspire.ec.europa.eu/index_en
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However, the provided harmonisation mechanisms are particularly focusing in cross-IACS data sharing and not 

addressing the field level data collection challenge through the integration of innovative sources e.g. agricultural 

technologies. Establishing a harmonised approach on formulating datasets recorded/generated by various 

technologies with common semantics is a crucial aspect prior to their exploitation for the needs of new CAP 

monitoring and evaluation needs. 

Recently, the report “D2.1 Landscape of agri-food ICT technologies within EU” (Mef4CAP D2.1, 2021) presents an 

extensive analysis of ongoing data interoperability efforts relevant to the agri-food domain. The presented efforts are 

considered very important towards the process of semantic interoperability among ICT systems utilised to facilitate 

everyday agriculture activities. In this context, one of the most interesting and complete data modelling approaches 

was specified by the H2020 DEMETER project104. This projected was funded under the H2020 topic “DT-ICT-08-

2019 - Agricultural digital integration platforms” aiming to specifically address the issue of agricultural data 

interoperability by specifying a suit of data models and data management mechanisms. The core outcome of the 

project is a data model/ontology called Agricultural Information Model (AIM). AIM has been designed following a 

layered and modular approach, and it is released as a suite of (OWL105 Semantic Web Standards106) ontologies 

along with the corresponding JSON-LD contexts107. It should be noted that the availability of AIM in JSON-LD format 

is a developer friendly approach which increases the potential for further adoption by the various proprietary digital 

agriculture solutions. AIM has been implemented in line with best practices, reusing existing standards and well-

scoped dominant models as much as possible and establishing alignments between them to enable their 

interoperability and the integration of existing data. This is an important feature as AIM is not introduced as a new 

data model (ontology) that attempts to prevail against the existing ontologies, but it acts as an umbrella framework 

supporting the modular and combined reuse of existing standards. AIM, currently under the process of becoming 

part of the agriculture working group, is scalable and can be easily extended in order to address additional needs 

and incorporate new concepts, maintaining its consistency and compliance108.  The full AIM agri-food profile is 

already available109. As a final note the AIM ontology is currently reused and extended by various H2020 and HE 

projects (Divine110,ScaleAgData111 and OpenAgri112) 

A similar design concept was followed by the H2020-Ploutos project113. Among others, the project developed the 

“Ploutos Common Semantic Model114” (PCSM) which is largely based on existing standards and ontologies relevant 

to the agrifood domain115. The PCSM is a candidate extension for SAREF4AGRI116 information model which is an 

ETSI standard addressing the Smart Agriculture and Food Chain domain. As a final note the AIM and PCSM are 

reused in a combined manner within the Horizon Europe OpenAgri project.  

 Standardisation efforts towards dataspaces 

The previous section focused on the ongoing efforts on harmonising data formats ensuring a common understanding 

for datasets. These datasets need also to be shared in a controlled manner. Toward this scope, there are significant 

efforts towards the harmonisation and regulation of the respective data sharing mechanisms. 

 

104 https://h2020-demeter.eu/  
105 https://www.w3.org/2001/sw/wiki/OWL  
106 https://www.w3.org/2001/sw/wiki/Main_Page  
107 https://json-ld.org/  
108https://www.ogc.org/press-release/ogc-forms-new-agriculture-information-model-standards-working-group/  
109 https://w3id.org/demeter/agri  
110 https://divine-project.eu/  
111 https://scaleagdata.eu/en  
112 https://horizon-openagri.eu/  
113 https://ploutos-h2020.eu/  
114 https://gitlab.com/Ploutos-project/ploutos-common-semantic-model  
115https://ploutos-h2020.eu/wp-content/uploads/2022/11/Ploutos_D4.2-Data-interoperability-for-the-agri-food-

sector_v1.0_2021-06-11.pdf  
116 https://saref.etsi.org/saref4agri/v1.1.2/  

https://h2020-demeter.eu/
https://www.w3.org/2001/sw/wiki/OWL
https://www.w3.org/2001/sw/wiki/Main_Page
https://json-ld.org/
https://www.ogc.org/press-release/ogc-forms-new-agriculture-information-model-standards-working-group/
https://w3id.org/demeter/agri
https://divine-project.eu/
https://scaleagdata.eu/en
https://horizon-openagri.eu/
https://ploutos-h2020.eu/
https://gitlab.com/Ploutos-project/ploutos-common-semantic-model
https://ploutos-h2020.eu/wp-content/uploads/2022/11/Ploutos_D4.2-Data-interoperability-for-the-agri-food-sector_v1.0_2021-06-11.pdf
https://ploutos-h2020.eu/wp-content/uploads/2022/11/Ploutos_D4.2-Data-interoperability-for-the-agri-food-sector_v1.0_2021-06-11.pdf
https://saref.etsi.org/saref4agri/v1.1.2/
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Figure 15: Envisioned Common European Data Spaces including Agriculture (source: https://www.openaire.eu/open-

science-europe-overview) 

Currently, in the EU but also on a global level there is a thriving community of experts from different disciplines 

(farmers, farmers associations, data scientists, regulatory bodies, legal experts, information security officers) that 

aim to set up the basic rules and mechanism that will allow fair and responsible agricultural data sharing. In this 

context, the Commission has proposed a Regulation on European data governance as part of its data strategy. 

Among the key objectives of the regulation is to empower users to stay in control of their data and encourage the 

creation of common European data spaces in crucial sectors. These sectors include health, the environment, energy, 

agriculture, mobility, finance, manufacturing, public administration, and skills (Figure 15).  

Moving a step forward the Data Governance Act (DGA) aims to facilitate data sharing by regulating new entities 

known as data intermediaries and promoting data sharing for altruistic reasons117. The DGA covers both personal 

and non-personal data, with the General Data Protection Regulation (GDPR118) applying whenever personal data is 

involved. In the same context the Data Act entered into force in January 2024 having as “the main objective is to 

make Europe a leader in the data economy by harnessing the potential of the ever-increasing amount of industrial 

data, in order to benefit the European economy and society”119. As it is illustrated in Figure 16 the data act is based 

on six pillars considering the use of technical standards and interoperability as fundamental requirements for all 

major information systems (commercial or public). The regulation stipulates that operators of data spaces must meet 

certain essential requirements to facilitate the interoperability of data and data exchange mechanisms. In particular, 

it requires that descriptions of the data, use restrictions, licenses, access methods, including APIs, and other 

information be made available to enable the recipient to find, access and use the data. 

 

117 https://digital-strategy.ec.europa.eu/en/policies/data-governance-act-explained  
118 https://commission.europa.eu/law/law-topic/data-protection_en  
119https://digital-strategy.ec.europa.eu/en/news/european-data-act-enters-force-putting-place-new-rules-fair-and-

innovative-data-economy  

https://www.openaire.eu/open-science-europe-overview
https://www.openaire.eu/open-science-europe-overview
https://digital-strategy.ec.europa.eu/en/policies/data-governance-act-explained
https://commission.europa.eu/law/law-topic/data-protection_en
https://digital-strategy.ec.europa.eu/en/news/european-data-act-enters-force-putting-place-new-rules-fair-and-innovative-data-economy
https://digital-strategy.ec.europa.eu/en/news/european-data-act-enters-force-putting-place-new-rules-fair-and-innovative-data-economy
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Figure 16: The six pillars of the Data Act (source: https://www.dawex.com/en/news/in-the-spotlight-european-
parliaments-pivotal-vote-on-the-data-act) 

 

Focusing particularly in Agricultural domain the recently completed HE Agridataspaces  CSA specified the technical 

requirements and blueprints for a European Data Space for Agriculture that will facilitates data exchange, processing 

and analysis in a secured, trusted, transparent and responsible manner120. Next step is the actual implementation 

and operation of the actual technical infrastructure for the “Common European Agriculture Data Space” which will 

be funded by DIGITAL-2024-CLOUD-DATA-AI-06-AGRISPACE121 that it also provides:  

▪ Data governance documentation, comprising a set of rules of legislative, administrative and contractual 

nature, that determine the rights to access, process, use and share data in a trustworthy and transparent 

manner. 

▪ Provision of access to High Value Data Sets relevant for the EU Agricultural domain122. 

▪ Data-space specific Code of conduct and contract template relevant to the data space. 

▪ Guidance/training documentation for the stakeholders willing to join the data space. 

 Discussion on agri-data interoperability towards CAP implementation 

It can be concluded that data interoperability problems must be addressed in a combined manner for both agri-food 

ICT solutions and for the needs of CAP monitoring/implementation. For example, the “Common European 

Agriculture Data Space” should be feasible to be utilised for collecting farm level data that are necessary for 

implementing the CAP. Additionally, a confounding fact is that there are multiple/parallel data standardisation 

mechanisms and semantics for the agriculture, environment and food application domain, but an executive decision 

by EC is expected to move things forward.  

 

 

120 https://agridataspace-csa.eu/  
121https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/digital-2024-

cloud-data-ai-06-agrispace?openForSubmission=false&programmePeriod=2021%20-

%202027&frameworkProgramme=43152860&pageNumber=2  
122 https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32023R0138  

https://agridataspace-csa.eu/
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/digital-2024-cloud-data-ai-06-agrispace?openForSubmission=false&programmePeriod=2021%20-%202027&frameworkProgramme=43152860&pageNumber=2
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/digital-2024-cloud-data-ai-06-agrispace?openForSubmission=false&programmePeriod=2021%20-%202027&frameworkProgramme=43152860&pageNumber=2
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/digital-2024-cloud-data-ai-06-agrispace?openForSubmission=false&programmePeriod=2021%20-%202027&frameworkProgramme=43152860&pageNumber=2
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32023R0138


 

      |  52 

The results from H2002 and HE programs on data sharing and data interoperability are not yet integrated (at least 

not in a great extend) with commercial agriculture ICT systems. On the same time, key commercial agritech firms 

tend to provide their own proprietary mechanisms for collecting and sharing generated datasets123,124. There is a 

need for the EU provided data standardization and interoperability mechanisms to further be integrated with the 

commercial systems. 

8. Synthesis 

In this section an overview of the selected initiatives mentioned in Section 5 that align with our definition of LMF is 

presented. Moreover, the assessment of these initiatives, focusing on their categorization and the role in agricultural 

monitoring, establishes a clear connection to the discussion on how they align with existing CAP interventions 

(Section 8.1). Secondly, a high-level conceptual illustration of LMF elements and their interconnections is provided, 

summarising all the elements of this deliverable and guiding future research and comprehensive long-term CAP 

monitoring efforts, towards a high feasibility solution (Section 8.2). Lastly, Section 8.3 explores important aspects 

and implications that may not be immediately apparent such as farmer perceptions on sharing their data. 

 Analysis of selected initiatives and link with CAP interventions 

A link between identified farm-level technologies and the associated interventions has been established (Section 

6.1, Deliverable D.4.1). This involved constructing tables to evaluate each technology's ability to provide sufficient 

data for both compliance monitoring and data stocktaking. This cross-evaluation ensured that the technologies are 

aligned with specific CAP interventions, laying the foundations for future tools and actions to build upon. 

Following this approach, we created an overview table of selected initiatives available in ANNEX (Table 5) and 

linking them to relevant interventions. The table summarizes and organizes basic initiative characteristics for easier 

further evaluation. The goal of this key deliverable output is to serve as a basis for developing future monitoring 

systems aligned with the LMF definition presented in Section 4.2. 

The overview table is structured to provide an assessment of various initiatives which are categorized based on their 

main role(s), such as being a data provider, monitoring network, EU-funded project, etc. Analytical descriptions of 

the initiative categories are available in Table 3.  

Table 3: Table of initiative categories and their explanation (source: own elaboration) 

Initiative 

Category 

Description 

Data 

Provider 

Refers to initiatives that supply raw or processed data to external users on various topics. 

Service Tools or platforms that offer users access to data and insights through interfaces like dashboards, 

visualization tools enabling interaction (in an automated or semi-automated way) with data  

Monitoring 

Network 

An initiative designed to observe and track specific parameters over time, gathering continuous 

data on phenomena such as droughts, soil health, or wildlife trends. 

EU funded 

project 

Projects funded by the European Union to address specific research or operational goals, sharing 

data or offering solutions. 

Repository Centralized databases or platforms that store large collections of data, often including contributions 

from multiple stakeholders, and provide access to research outputs and datasets. 

Network Initiatives comprised of collaborative groups of organizations that bring together multiple entities 

of various types and levels to work toward shared objectives. 

Research 

Network 

A specific type of network that focuses on the collaboration of research institutions or experts. 

 

123https://www.deere.com/en/technology-products/precision-ag-technology/data-management/in-field-data-sharing/  
124 https://www.cropx.nl/en/products/farmlook/  

https://www.deere.com/en/technology-products/precision-ag-technology/data-management/in-field-data-sharing/
https://www.cropx.nl/en/products/farmlook/
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Data Viewer Tools that enable users to visually explore datasets through maps, graphs, or tables, providing 

easy access to real-time or historical data. 

Partnership Collaborative agreements between various stakeholders to pool resources, expertise, and data. 

Advisory 

Body 

An organization or panel that provides expert advice and recommendations on specific issues, 

often influencing policy or decision-making processes. 

Research 

Program 

Long-term research initiatives or frameworks designed to study specific topics and generate new 

knowledge, data, or insights that can inform policies or actions. 

Advisory 

Panel 

A group of experts that provides scientific or technical advice on specific subjects, helping to shape 

policy or research initiatives. 

Advocacy Organizations or networks focused on promoting specific causes or policies, often through 

campaigns, awareness efforts, communication and engagement with policymakers. 

Standard 

Provider 

Organizations responsible for establishing and disseminating standards or best practices in 

specific areas. 

Tool Decision-support systems or digital tools that provide users with actionable insights or help them 

perform specific tasks on farms. 

 

Moreover, for each initiative, the table identifies the related data products, such as soil or climate data, followed by 

a brief description of these products and their significance. The data product categorization helps classify the focus 

areas, such as policy advice, climate change, biodiversity, land cover, etc.  Analytical descriptions of the data product 

categories are available in Table 4. 

Table 4: Table of the data products categories and their explanation (source: own elaboration) 

Data Product 

Category 

Description 

Policy Advice Data and insights provided to support policymaking, often related to compliance, performance, 

or strategic planning across various sectors. 

Climate Change Data focused on meteorological and climatic variables at various levels. 

Soil Data related to soil health, including degradation, fertility, erosion, supporting sustainable 

agricultural practices and environmental management. 

Biodiversity Data on species, ecosystems, and habitat diversity, used to monitor and manage conservation 

efforts and biodiversity protection initiatives. 

Environmental 

Management 

Data supporting the sustainable management of natural resources, pollution control, and 

environmental policies, contributing to ecosystem preservation. 

Greenhouse 

Gas Emissions 

Data on the emission of greenhouse gases from various sectors, contributing to climate 

change mitigation strategies and compliance with international agreements. 

Rural 

Development 

Data focused on the development of rural areas, including socioeconomic factors, population, 

and infrastructure. 

Water Data on water resources, including availability, quality, and usage, often used for managing 

agricultural irrigation and environmental conservation. 

Land Cover Data on land use and cover types, such as forests, agriculture, or urban areas, helping to 

monitor changes in land use and land cover. 

Animal Health 

and Welfare 

Data related to the health and welfare of livestock and other animals, often used to ensure 

compliance with veterinary and welfare standards. 

Farm 

Performance 

Data measuring the productivity and sustainability of farms, including metrics like yield, 

resource use, and economic performance. 
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Agriculture Data on agricultural practices, productivity, and trends, supporting decision-making for 

farmers, policymakers, and agricultural organizations. 

Innovation Data products that focus on new technologies and approaches in various sectors, supporting 

advancements in agriculture, sustainability, and industry practices. 

Air Pollution Data on emissions and air quality, helping to monitor and mitigate air pollution's environmental 

and health impacts. 

Forest Data on forest ecosystems, and management practices. 

Health Data focused on public health, often in relation to environmental factors like air or water quality, 

supporting health policies and interventions. 

Policy Data offering insights into policy development, implementation, and effects, often used in 

governance and compliance. 

 

Finally, the table links each initiative to relevant interventions, such as GAEC requirements, eco-schemes, etc., and 

highlighting the value of their data and methods to CAP monitoring via a broader LMF. This is of importance not only 

to a practical implementation of the LMF by any party, but also to any framework that aims to utilize multiple external 

data sources to address specific environmental, agricultural, rural and policy monitoring efforts related to CAP in the 

long term. 

Below we assess the frequency of occurrence of selected categories of the overview table and draw useful results 

on initiative focus areas, potential gaps or opportunities. While the analysis below primarily serves as a qualitative 

measure, as the list of selected initiatives (Table 5) is not exhaustive, it nonetheless provides a direction for 

understanding the broader context of these initiatives and their alignment with sector-specific needs. 

 

Figure 17: Key word count in column “Initiative category” of the overview table of selected initiatives in ANNEX (source: 
own elaboration) 

As shown in Figure 17, the most prevalent initiative category is "Data Provider" (32), which underscores the 

significant supply of raw information or data products from various sources, such as satellite imagery, land cover 

maps, and climate data. This trend is largely driven by advancements in remote sensing technologies, open data 

policies, and increasing demand for transparency in environmental monitoring. The high frequency of "Services" 

(15) and "Monitoring Networks" (11) highlights the operational side of initiatives that aim to publicly share and provide 

data in a consistent, and at some level, standardized manner. This is driven by the need for real-time decision-

making, the growing importance of data-driven policy frameworks, and the push for open and accessible platforms. 

From a technical perspective, this indicates a relatively high ‘readiness level’ for integrating diverse external data 

sources into a cohesive platform through the implementation of interoperability mechanisms. These mechanisms 

are crucial in responding to the demand for seamless integration across different datasets and systems, enabling 

better coordination in monitoring and assessment activities across sectors. 
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Figure 18: Key word count in column “Data product category” of the overview table of selected initiatives in ANNEX 
(source: own elaboration) 

As depicted in Figure 18, in terms of data products, Policy Advice (23) is the leading category, signifying the 

importance of these initiatives in shaping policies but also indicates that steps towards data-driven decision-making 

have been made. Next, data products related to Climate Change (9), Soil (8), and Biodiversity (7) and others are 

critical for addressing the specialized sector-specific needs posed for example by sustainable agriculture, rural 

environmental protection, animal welfare, water needs etc. 

The lower counts in Farm Performance (3) and Agriculture (2) categories suggest that there are a few initiatives that 

aim at a large scale on farm productivity and agricultural performance. This is an indication of a gap, and 

consequently, of the need to integrate, on-farm technological solutions and technologies that have this monitoring 

capacity, jointly with external initiatives that have sector specific data products and monitoring capabilities on larger 

temporal and spatial resolution levels. 

 

 

Figure 19: Key word count in column “Related interventions” of the overview table of selected initiatives in ANNEX 
(source: own elaboration) 

Regarding linked CAP interventions with initiatives (Figure 19), the most frequently referenced intervention is KNOW 

as 39 out of 43 initiatives of the overview table are related to, followed closely by ENVCLIM (36) and Eco-schemes 



 

      |  56 

(34). This shows that future monitoring efforts are likely to be the most beneficial when linked with initiatives that 

offer data on subjects such as knowledge-sharing, environmental and climate measures, and eco-friendly 

agricultural practices. The strong presence of RISK (33) interventions highlights the attention given to managing 

agricultural and environmental risks, especially in response to climate change and natural disasters. The detailed 

breakdown of GAEC requirements reveals significant attention to environmental and agricultural standards, with 

GAEC6 and GAEC5 leading. It is important to mention that the LMF not only allows for specific aspects such as soil 

conditions, biodiversity, and water practices of agricultural land but integrates them in an interoperable way to 

produce additional value for stakeholders.  

 A conceptual synthesis illustration 

The synthesis of the deliverable's resources can be summarized by the high-level conceptual illustration of the LMF 

presented in Figure 20. It is the stepping stone to develop specific use cases and define more detailed technical 

requirements and methodological examples in the upcoming Task 4.3 of the present project and essentially help 

transition from a conceptual understanding to detailed technical methodology. 

 

Figure 20: A high-level conceptual illustration of the proposed LMF (source: own elaboration) 

Links between identified elements of the proposed framework are analysed next, providing guidance on interpreting 

the architecture. 

Input sources on the left of the Figure 20 are comprised of existing farm-level technologies such as sensors, drones, 

and farm management systems, which gather real-time data at the farm level as described in D4.1. Also, existing 

systems such as IACS, LPIS, and FSDN, are included, which provide structured data on farm management and land 

use. In this case, the need for a bridge is visible, between the data acquisition technologies already in place on farms 

and these administrative and statistical databases to enable automatic communication of the collected data. 

Complementary to the above, heterogeneous data sources/data repositories are used that derive from initiatives 

such as the JRC observatories, which store diverse types of environmental, economic, and agricultural data from 

multiple sources. 

For all input sources, and as described in Chapter 7, a data translator is used to standardize or convert the data into 

a format that can be processed and shared through an interoperable API. This ensures that data from different 

sources, with varying formats and structures, can be integrated and utilized in a consistent manner.  

Once the data is translated and accessible, it undergoes processing using advanced technologies and methods that 

include GIS (Geographic Information Systems), AI (Artificial Intelligence), ML (Machine Learning), and data cubes 

for organizing large datasets for analysis. Methods such as spatial interpolation, the creation of composite indexes, 
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regression algorithms, modelling, and time series analysis to interpret the data and derive meaningful insights are 

necessary to most of the cases.  

Methodological exceptions in the workflow can happen if the in-situ measurements are limited or not representative, 

as this poses a challenge to ensure that the obtained sample accurately represents the regional characteristics. 

Calculating (absolute or relative) grouped (depending on query) in-situ variable values (e.g. kg per hectare) and 

projecting them to regional level requires assumptions of regional characteristics. For this reason, we propose 

regional characteristics (such as land use, area covered with specific crops, etc.) wherever possible to be estimated 

via EO with classification techniques or provided via relevant census data from external data sources. To reduce 

computational burden wherever feasible, API webservices usually offer the ability to send automated requests and 

perform on-cloud statistical and aggregation calculations. 

The processed data leads to a variety of outputs that can be used for agricultural monitoring, decision-making, and 

compliance with CAP goals or other long term strategic targets set by the legislation as the Green deal. Visualization 

of the calculated data can be performed on the dashboard using maps, graphs, and charts. Interactive elements on 

those outputs (such as mouse hover interactions) allow policy makers to easily interpret and analyse the data. 

Automated reports with the relevant graphic information statistics, summary tables, charts and comparable past data 

can be exported providing insights into key indicators of agricultural performance at the regional and national levels, 

ultimately allowing policy makers to assess the information towards strategic decision making. Furthermore, provides 

advanced data analysis functionalities (e.g. interactive charts, corresponding data views and geostatistical 

aggregations). 

Among others, basic outputs are recommended to include: 

▪ Regional aggregations  

▪ Regional benchmarking to comparing performance across different regions 

▪ Historical comparisons 

▪ Progress monitoring of agricultural and environmental targets 

▪ Indicator trends 

▪ Composite indicators 

▪ Wall-to-wall maps providing visual representations of the outcomes 

 Discussion on synthesis 

The synthesis described above highlights the strong potential of an LMF for assessing the effects of CAP 

implementation. However, it should not be associated with efforts by managing authorities to detect anomalies, 

discrepancies, or non-compliance with CAP requirements, as this could lead to misinterpretations. One of the key 

challenges is ensuring clear communication between high-level stakeholders (e.g., regional policymakers) and low-

level stakeholders (e.g., farmers), as differing perspectives may arise. It is crucial that all parties understand the 

framework is not designed to impose penalties but rather to support long-term sustainability and strategic planning. 

This concern has been raised before (European Court of Auditors, 2022), as farmers often show reluctance to share 

their data due to fears of misuse for other purposes, ambiguity around the concept of 'personal data,' and a 

resistance to adopt digital technologies. 

A practical way to address this issue is to involve farmers and beneficiaries (e.g. local organizations) actively in the 

process. For instance, having them provide geotagged photos of high nature value landscape features near their 

fields can enhance both the reliability and inclusiveness of the data verification process. This methodological 

approach not only encourages participation but also ensures the integration of in-situ data with regional data 

products from external sources, offering opportunities for cross-referencing and validation. 

To summarize, we can gather basic characteristics and considerations of the synthesis into four broad categories: 

1. Technology / Data Integration 

▪ Integrates multisectoral and diverse data sources 
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▪ Combining different technologies and data sources should help data cross-check and mitigate potential 

lack of reliability 

▪ It should facilitate methods and interoperability mechanisms to exchange data and perform 

aggregations between components 

▪ Allows for updates, modifications, and retrospective analysis as new data sources become available 

and as needs evolve over time 

▪ Efforts towards data standardization by initiatives and involved organizations must be made to allow for 

efficient and long-term integration   

2. Geospatial considerations 

▪ Has a geospatial component that refers to multi-level regional units (e.g. LAU, NUTS3, NUTS2, etc.) 

▪ Granularity of the data should be linked with the scale of the phenomenon or specific intervention of 

interest 

▪ Difficulty to interpret local processes (e.g. a local phenomenon that covers a LAU region) on a large 

scale (e.g. the statistical impact the specific phenomenon had at a NUTS2 level) 

▪ External adverse events (local and global) should play a role in the interpretation of results (e.g. local 

water usage can be affected by drought events)  

3. Knowledge and context considerations 

▪ Local advisors, cooperatives, and policy experts should provide knowledge and context 

▪ Interpretation of regional metrics must include historical trends, thresholds, and comparisons with other 

regions (e.g. neighbours with similar characteristics) when assessing progress 

▪ Social aspects are more subjective and difficult to integrate and interpret than environmental or 

economic aspects 

▪ Social media analytics could be used but as a complementary method and not as a standalone method 

4. Other considerations 

▪ Could be used as a regional compliance progress monitoring tool towards legislation goals that expands 

even outside the agricultural sector 

▪ Farmer conditionality is not recommended to be directly linked with a system based on the LMF 

definition  

9. Conclusions 

This section summarizes the key lessons and insights gained throughout the study in form of bullet points. 

▪ There is a need for comprehensive data integration in multiple spatial and temporal levels to meet the 

specific data needs of different CAP interventions and strategic goals 

▪ There is a difficulty to directly link interventions to tangible environmental outcomes due to time lags 

and complex cause-effect relationships of agricultural phenomena and practices 

▪ The LMF definition utilizes in-situ and external data sources which can improve the tracking of some 

these effects over time. It enables regional benchmarking, and the aggregation of farm-level data for 

consistent monitoring of agricultural and environmental progress over policy goals  

▪ Independent data sources can also enable accuracy metrics derived from cross-referencing and 

validation of data. Although, validation methods must not be used as a tool for enforcing penalties or 

identifying non-compliance, as this could reduce trust from the farmer side 
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▪ The varying nature of data needs and agricultural phenomena (e.g., irrigation, yields, pesticides, 

practices, weather events) requires a modular case-by-case scenario, which promotes future software 

modularity, scalability, and easy adaptation across different countries 

▪ There are already available related initiatives offering data that could support the development of 

scalable solutions for monitoring agricultural practices, environmental impacts, and broader policy 

targets. 

▪ The link between identified initiatives and CAP interventions presented (Table 5), can orient future 

monitoring tools design efforts to align with specific CAP goals 

▪ Social media analytics has the potential to serve as a complement to traditional agricultural monitoring 

methods. Although, it is advised to not be used as the only source of information and to have well 

established assumptions when used. 

▪ The technical adoption of standardized data models and frameworks, such as the "Common European 

Agriculture Data Space," could create more efficient data exchange, processing, and analysis 

workflows between authorities and other organizations 

▪ Integrating these mechanisms with proprietary systems used by commercial agritech firms can ensure 

broader adoption and data sharing across the sector 

▪ The high-level LMF conceptual illustration presented (Figure 20), sets the foundation to create software 

instances of methodological scenarios in T4.3, along with functional components specifications and 

architecture diagrams 

References 

Barve, V. (2014). Discovering and developing primary biodiversity data from social networking sites: A novel 

approach. Ecological Informatics, 24, 194–199. https://doi.org/10.1016/j.ecoinf.2014.08.008 

Beckford, G. (2013, August 14). Fonterra's milk products chief resigns after botulism scare. Reuters. Retrieved 

from https://www.reuters.com/article/us-fonterra-romano-idUSBRE97D04C20130814 

Braconi, L. (2023, December 8). Who buys carbon credits and why: An overview. eAgronom. Retrieved from 

https://blog.eagronom.com/who-buys-carbon-credits-and-why-an-overview 

Brewster, C., Kalatzis, N., Nouwt, B., Kruiger, H., & Verhoosel, J. (2023). Data sharing in agricultural supply 

chains: Using semantics to enable sustainable food systems. Semantic Web, 1–31. https://doi.org/10.3233/sw-

233287 

Crooks, A., Croitoru, A., Stefanidis, A., & Radzikowski, J. (2013). #Earthquake: Twitter as a distributed sensor 

system. Transactions in GIS, 17(1), 124–147. https://doi.org/10.1111/j.1467-9671.2012.01359.x 

Czucz, B., Baruth, B., Terres, J., Gallego Pinilla, F., Hagyo, A., Angileri, V., Nocita, M., Perez-Soba Aguilar, M., 

Koeble, R., & Paracchini, M. (2022). Classification and quantification of landscape features in agricultural land 

across the EU (EUR 30997 EN). Luxembourg: Publications Office of the European Union. 

https://doi.org/10.2760/59418, JRC128297 

Daume, S. (2016). Mining Twitter to monitor invasive alien species: An analytical framework and sample 

information topologies. Ecological Informatics, 31, 70–82. https://doi.org/10.1016/j.ecoinf.2015.11.014 

De Clercq, D., Nehring, E., Mayne, H., & Mahdi, A. (2024). Large language models can help boost food 

production, but be mindful of their risks. arXiv. Retrieved from https://arxiv.org/pdf/2403.15475v1 

Dylewski, Ł., Mikula, P., Tryjanowski, P., Morelli, F., & Yosef, R. (2017). Social media and scientific research are 

complementary: YouTube and shrikes as a case study. Scientific Reports, 104(5–6), 48. 

https://doi.org/10.1007/s00114-017-1470-8 

Earle, P. S., Bowden, D. C., & Guy, M. (2012). Twitter earthquake detection: Earthquake monitoring in a social 

world. Annals of Geophysics, 54(6). https://doi.org/10.4401/ag-5364 



 

      |  60 

Ecosystem Marketplace. (2023, November). 2023 state of the voluntary carbon markets report. Forest Trends. 

Retrieved from https://www.ecosystemmarketplace.com/publications/state-of-the-voluntary-carbon-market-report-

2023/ 

EFSA Panel on Animal Health and Welfare. (2020). Welfare of cattle at slaughter. EFSA Journal, 18(11), 6275. 

https://doi.org/10.2903/j.efsa.2020.6275 

ElQadi, M. M., Dorin, A., Dyer, A., Burd, M., Bukovac, Z., & Shrestha, M. (2017). Mapping species distributions 

with social media geo-tagged images: Case studies of bees and flowering plants in Australia. Ecological 

Informatics, 39, 23–31. https://doi.org/10.1016/j.ecoinf.2017.02.006 

Euroconsult. (2021, December). Satellites to be built & launched report. Retrieved from https://www.euroconsult-

ec.com/press-release/new-satellite-market-forecast-anticipates-1700-satellites-to-be-launched-on-average-per-

year-by-2030-as-new-entrants-and-incumbents-increase-their-investment-in-space/ 

European Commission. (2021). Regulation (EU) 2021/2116 of the European Parliament and of the Council of 2 

December 2021 on the financing, management and monitoring of the common agricultural policy and repealing. 

Official Journal of the European Union. 

European Court of Auditors. (2016). The Land Parcel Identification System – A useful tool to determine the 

eligibility of agricultural land – but its management could be further improved (Special Report No. 25/2016). 

Publications Office of the European Union. https://data.europa.eu/doi/10.2865/39118 

European Court of Auditors. (2022). Using Big Data in Common Agricultural Policy (CAP) - Unrealised potential of 

big data for policy evaluations (Special Report No. 16/2022). Publications Office of the European Union. Retrieved 

from https://www.eca.europa.eu/en/publications/SR22_16 

Fellenor, J., Barnett, J., Potter, C., Urquhart, J., Mumford, J. D., & Quine, C. P. (2017). The social amplification of 

risk on Twitter: The case of ash dieback disease in the United Kingdom. Journal of Risk Research, 20(12), 1430–

1449. https://doi.org/10.1080/13669877.2017.1281339 

JRC. (2011). LPIS quality inspection: EU requirements and methodology. Luxembourg: Office for Official 

Publications of the European Communities. Retrieved from https://cmapspublic3.ihmc.us/rid=1MW1WKXFS-

1XYC88P-15GS/LPIS_QualityInspections_EURequirements.pdf 

Kalatzis, N., Brewster, C., Verhoosel, J., Nouwt, B., Kruiger, H., & Gkavrou, M. (2020). D4.5: Final agri-food data-

sharing reference architecture. Ploutos Project. Retrieved from https://ploutos-h2020.eu/wp-

content/uploads/2024/04/Ploutos_D4.5-Final-agri-food-data-sharing-reference-architecture_final.pdf 

Kalatzis, N., Brewster, C., Verhoosel, J., Nouwt, B., Kruiger, H., & Gkavrou, M. (2021). D4.4: Initial agri-food data-

sharing reference architecture. Ploutos project. Retrieved from https://ploutos-h2020.eu/wp-

content/uploads/2021/09/Ploutos_D4.4-Initial-agri-food-data-sharing-reference-architecture.pdf 

Martirano, G., & Toth, K. (2023). Technical guidelines on IACS spatial data sharing – Part 2: Interoperability. 

Publications Office of the European Union. https://doi.org/10.2760/646422, JRC132427 

Mef4CAP. (2021, July 27). D2.1 Landscape of agri-food ICT technologies within EU (Deliverable D2.1). Retrieved 

from 

https://mef4cap.eu/storage/files/MEF4CAP_D21_Landscape%20of%20agri_food%20ICT%20technologies%20wit

hin%20EU_v2.4%20_final_.pdf 

Mills, J., Reed, M., Skaalsveen, K., & Ingram, J. (2019). The use of Twitter for knowledge exchange on sustainable 

soil management. Soil Use and Management, 35, 195–203. https://doi.org/10.1111/sum.12485 

Obar, J. A., & Wildman, S. (2015). Social media definition and the governance challenge: An introduction to the 

special issue. Telecommunications Policy, 39(9), 745–750. https://doi.org/10.2139/ssrn.2647377 

Serrano, M., Barnaghi, P., Carrez, F., Cousin, P., Vermesan, O., & Friess, P. (2015, March). IoT semantic 

interoperability: Research challenges, best practices, recommendations and next steps. European Research 

Cluster on the Internet of Things Technical Report. Retrieved from http://www.internet-of-things-

research.eu/pdf/IERC_Position_Paper_IoT_Semantic_Interoperability_Final.pdf (accessed on January 15, 2024). 

Stafford, R., A.G. Hart, L. Collins, C.L. Kirkhope, R.L. Williams, S.G. Rees, et al. (2010). Eu-social science: The 

role of internet social networks in the collection of bee biodiversity data. PLoS One, 5(12), e14381. 

doi:10.1371/journal.pone.0014381 



 

      |  61 

Stanley, S. (2013). Harnessing social media in agriculture. NZ Nuffield Scholar: Executive Summary. Retrieved 

from https://ruralleaders.co.nz/harnessing-social-media-in-agriculture-sophie-stanley/ (accessed on June 1, 2024). 

Wang, Z., Ye, X., & Tsou, M.H. (2016). Spatial, temporal, and content analysis of Twitter for wildfire hazards. 

Natural Hazards, 83(1), 523–540. https://doi.org/10.1007/s11069-016-2329-6 

Zhang, M., Li, X., Du, Y., Rao, Z., Chen, S., Wang, W., Chen, X., Huang, D., & Wang, S. (2023). A multimodal 

large language model for forestry in pest and disease recognition. Research Square. 

https://doi.org/10.21203/rs.3.rs-3444472/v1 

Zipper, S.C. (2018). Agricultural research using social media data. Agronomy Journal, 110, 349–358. 

https://doi.org/10.2134/agronj2017.08.0495 

  



 

      |  62 

Annex 

Table 5: Overview table of selected initiatives relevant to LMF 

Initiative name 
Initiative 
categorization 

Related Data 
Products Description 

Data Product 
Categorization  Related interventions 

ADO (Alpine Drought 
Observatory)  

Monitoring Network, 
Data Provider 

Meteorological information, 
hydrological indices, snow cover and 
soil moisture data  

Water, Climate 
Change  

Eco-schemes, ENVCLIM, ANC, RISK, 
KNOW, GAEC5, GAEC 6 

AHAW (EFSA Panel on 
Animal Health and 
Welfare) 

Advisory Panel, 
Research Network 

Scientific advice on animal diseases 
and welfare 

Animal Health 
and Welfare 

CIS, ENVCLIM, RISK, COOP, KNOW 

AI4SoilHealth 
EU funded project, 
Data Provider, 
Repository 

Soil products and publications 
described at: 
https://ai4soilhealth.eu/scientific-
publications/ 

Soil, Policy 
Advice 

Eco-schemes, CIS, ENVCLIM, ANC, 
INVEST, RISK, KNOW, GAEC1-GAEC 
9 

An open access 
knowledge and data 
repository to safeguard 
soils (SoilWise) 

EU funded project, 
Repository, Data 
Provider 

Local, national, and EU-level soil 
data. Existing soil research and 
knowledge repositories. Contributions 
from stakeholders including land 
managers, policymakers, and 
researchers. 

Soil, Policy 
Advice 

Eco-schemes, CIS, ENVCLIM, ANC, 
INVEST, RISK, KNOW, GAEC1-GAEC 
9 

BIODIVERSA+  Partnership, Service 
Research on biodiversity related to 
EU Biodiversity Strategy for 2030  

Biodiversity, 
Policy Advice  

Eco-schemes, ENVCLIM,  RISK, 
KNOW, GAEC1-GAEC 9 

BISE (Biodiversity 
Information System for 
Europe)  

Data Provider, Service 
Biodiversity data and information, EU 
biodiversity targets  

Biodiversity, 
Policy Advice  

Eco-schemes, ENVCLIM,  RISK, 
KNOW, GAEC1-GAEC 9 

CLMS (Copernicus Land 
Monitoring Service) 

Service, Data Provider 

Land cover and land use maps, 
vegetation state data, water cycle 
data, ground motion data, satellite 
data 

Land Cover, 
Environmental 
Management 

CRISS, Eco-schemes, CIS, Sectoral 
interventions, ENVCLIM,  ANC, ASD, 
RISK, KNOW, GAEC1-GAEC 9 
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CORINE LANDCOVER 
Data Provider, 
Monitoring Network 

Land cover, biotope, and air quality 
maps 

Land Cover, 
Environmental 
Management 

CRISS, Eco-schemes, CIS, Sectoral 
interventions, ENVCLIM,  ANC, ASD, 
RISK, KNOW, GAEC1-GAEC 9 

Destination Earth  Service, Data Provider 
High-precision simulations, predictive 
models, advanced visualization tools, 
Digital Twin Engine, Data Lake  

Climate 
Change, 
Environmental 
Management, 
Policy Advice  

Eco-schemes, ENVCLIM, ANC, COOP, 
RISK, KNOW, GAEC6, GAEC 8 

EDGAR (Emissions 
Database for Global 
Atmospheric Research) 

Data Provider, Data 
Viewer 

Emission estimates, grid maps of 
emissions data 

Greenhouse 
Gas Emissions, 
Air Pollution 

Eco-schemes, RISK, COOP 

EDO (European Drought 
Observatory)  

Monitoring Network, 
Data Provider 

Drought information, hydrological 
cycle data, monitoring tools  

Water, Climate 
Change  

Eco-schemes, ENVCLIM, ANC, RISK, 
KNOW, GAEC5, GAEC 6 

EEA greenhouse gases 
data viewer 

Data Viewer, Service 
Greenhouse gas emissions and 
removals data viewer 

Greenhouse 
Gas Emissions, 
Climate Change 

Eco-schemes, RISK, COOP 

EEB (European 
Environmental Bureau)  

Network, Advocacy 
Environmental policy advice, 
monitoring, advocacy  

Environmental 
Management, 
Policy Advice  

ENVCLIM, ANC, RISK, COOP, KNOW, 
GAEC1-GAEC9 

EJP SOIL (European 
Joint Programme)  

Research Program, 
Data Provider 

Climate-smart agricultural soil 
management data, research 
frameworks  

Soil, Policy 
Advice  

Eco-schemes, ENVCLIM, ANC, RISK, 
KNOW, GAEC5, GAEC 6 

EOW (European 
Observatory of Wildlife)  

Monitoring Network, 
Service 

Wildlife population trends, monitoring 
protocols  

Biodiversity, 
Policy Advice  

Eco-schemes, ENVCLIM, ANC, RISK, 
KNOW, GAEC9 

ERRIN (European 
Regions Research and 
Innovation Network)  

Partnership, Network 
Regional innovation ecosystems, 
Smart Specialisation strategies  

Policy Advice, 
Innovation  

ENVCLIM,  RISK, KNOW 

EU SOIL Observatory  
Monitoring Network, 
Data Provider 

Soil degradation data, soil health 
reports  

Soil, Policy 
Advice  

Eco-schemes, ENVCLIM, ANC, RISK, 
KNOW, GAEC5, GAEC 6 
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EURCAW (European 
Union Reference Centre 
for Animal Welfare for 
Poultry And Other Small 
Farmed Animals) 

Research Network, 
Advisory Body 

Scientific studies on animal welfare, 
best practices dissemination, 
research on technical innovations 

Animal Health 
and Welfare 

CIS, ENVCLIM, RISK, COOP, KNOW 

EUROPEAN CLIMATE 
AND HEALTH 
OBSERVATORY  

Data Provider, Service 
Tools, data, resources on climate 
change and health  

Climate 
Change, 
Health  

ENVCLIM, ANC, RISK, COOP, KNOW, 
GAEC1-GAEC9 

FAST (Farm 
Sustainability Tool for 
Nutrients)  

Tool, Data Provider 
Decision-support system, satellite 
data access  

Farm 
Performance, 
Policy Advice  

CRISS, Eco-schemes, CIS, Sectoral 
interventions, ENVCLIM,  ANC, ASD, 
RISK, KNOW, GAEC1-GAEC 9 

FISE (Forest Information 
System for Europe)  

Data Provider, Service 
Forest environment data, EU Forest 
Strategy information  

Forest, Policy 
Advice  

Eco-schemes, ENVCLIM, RISK, 
KNOW, GAEC 9 

FLINT (Farm Level 
Indicators for New Topics 
in Policy Evaluation)  

Data Provider, 
Research Program 

Farm-level sustainability indicators, 
agro-food sector data  

Farm 
Performance, 
Policy Advice  

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM,  ANC, 
ASD, INVEST, COOP, RISK, KNOW, 
GAEC1-GAEC 9 

GRANULAR (Giving 
Rural Actors Novel Data 
and Re-Usable Tools to 
Lead Public Action in 
Rural Areas) 

EU Funded Project, 
Data Provider, 
Repository 

GRANULAR Digital Platform, 
repository, indicators on rural areas 

Rural 
Development, 
Policy Advice 

BISS, CRISS, Eco-schemes, CIS, 
ENVCLIM, KNOW, GAEC1-GAEC9 

HIGH RESOLUTION 
LAYER SMALL WOODY 
FEATURES  

Data Provider 
High-resolution maps of small woody 
features, ecological benefits data  

Biodiversity, 
Soil, Water  

CRISS, Eco-schemes, CIS, Sectoral 
interventions, ENVCLIM,  ANC, ASD, 
RISK, KNOW, GAEC1-GAEC 9 

ICOS (Integrated Carbon 
Observation System) 

Monitoring Network, 
Data Provider 

Standardized and open data on 
greenhouse gas concentrations, 
carbon fluxes data 

Greenhouse 
Gas Emissions, 
Climate Change 

Eco-schemes, RISK, COOP 
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IMEO (International 
Methane Emissions 
Observatory) 

Monitoring Network, 
Data Provider 

Global methane emissions data, 
sector-specific emissions data 

Greenhouse 
Gas Emissions, 
Climate Change 

Eco-schemes, RISK, COOP 

IUCN (International Union 
for Conservation of 
Nature) 

Network, Service 
Conservation projects, habitat 
restoration, ecosystem improvement  

Biodiversity, 
Environmental 
Management  

ENVCLIM, ANC, RISK, COOP, KNOW, 
GAEC1-GAEC9 

KNOWLEDGE CENTRE 
FOR BIODIVERSITY  

Service, Data Provider 
EU Biodiversity Strategy Dashboard, 
KCBD's Ticketing System for policy 
requests  

Biodiversity, 
Policy Advice  

ENVCLIM, ANC, RISK, COOP, KNOW, 
GAEC1-GAEC9 

LUCAS  Data Provider, Service 
Land cover and land use surveys, 
statistical data  

Land Cover, 
Policy  

Eco-schemes,ENVCLIM,GAEC,SMR 

Modern Approaches to 
the Monitoring of 
BiOdiversity (MAMBO) 

EU funded project, 
Service, Network 

Satellite remote sensing data. 
Airborne laser scanning surveys 
(LiDAR point clouds). Digital sensors 
deployed at project pilot 
demonstration sites. Citizen science 
contributions. ML computing 
workflows for processing and 
analyzing data. 

Biodiversity, 
Land Cover, 
Policy Advice 

ENVCLIM, ANC, RISK, COOP, KNOW, 
GAEC1-GAEC9 

MRV4SOIL 
EU funded project, 
Data Provider, Service 

Reliable models based on high-
quality in situ and remote sensing 
data to build for a better 
understanding of carbon fluxes in 
soils. 

Greenhouse 
Gas Emissions, 
Soil 

Eco-schemes,ENVCLIM,GAEC,SMR 

PoliRural (Future 
Oriented Collaborative 
Policy Development for 
Rural Areas and People) 

EU Funded Project, 
Data Provider 

A foresight-driven policy co-design 
framework, using tools like system 
dynamics modeling, text mining, and 
stakeholder engagement to generate 
data on rural development, resilience, 
and policy impact assessments. 

Rural 
Development, 
Policy Advice 

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM,  ANC, 
ASD, INVEST, COOP, RISK, KNOW, 
GAEC1-GAEC 9 
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PoliRuralPlus (Fostering 
Sustainable, Balanced, 
Equitable, Place-based, 
and Inclusive 
Development of Rural-
Urban Communities) 

EU Funded Project, 
Data Provider, 
Repository 

Expands PoliRural with data from AI, 
GIS, and IoT 

Rural 
Development, 
Policy Advice 

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM, 
INVEST, COOP, KNOW, GAEC1-
GAEC9 

PREPSOIL (Preparing for 
the ‘Soil Deal for Europe’ 
Mission) 

EU Funded Project, 
Data Provider, 
Repository, Monitoring 
Network 

Integrating satellite-based EO, citizen 
science, and traditional soil 
monitoring. It creates an open-access 
Knowledge Hub and a mobile app for 
real-time soil observations. 

Soil, Policy 
Advice 

Eco-schemes,ENVCLIM,GAEC,SMR 

QuantiFarm 
EU funded project, 
Service, Data Provider 

Digital/online questionnaires for 
collecting manually added data. In-
situ farm-level data sources (Farm 
calendar data, IoT sensor data). EO 
data products and open datasets 
derived from organizations such as 
JRC, statistical authorities, the Agri-
food Data Portal, Eurostat, EEA, 
ESA, FADN). 

Farm 
Performance, 
Policy Advice 

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM,  ANC, 
ASD, INSTAL, INVEST, COOP, RISK, 
KNOW, GAEC1-GAEC 9 

RURAL 
OBSERVATORY  

Data Provider, 
Monitoring Network 

Rural area statistics, indicators, 
analyses  

Rural 
Development, 
Policy Advice  

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM,   
ASD, INVEST, COOP, KNOW, GAEC1-
GAEC 9 

RUSTIK (Rural 
Sustainability Transitions 
through Integrated 
Knowledge) 

EU Funded Project, 
Data Provider, 
Monitoring Network 

The RUSTIK Information System. 
Connects to a central EU platform 
with regional systems (Living Labs). 
Rural area statistics, indicators. 

Rural 
Development, 
Policy Advice  

BISS, CRISS, Eco-schemes, CIS, 
Sectoral interventions, ENVCLIM, 
INVEST, COOP, KNOW, GAEC1-
GAEC9 

SENS4CAP (Sentinel for 
Common Agriculture 
Policy)  

Service, Data Provider 
Algorithms, products, workflows for 
agriculture monitoring  

Agriculture, 
Policy Advice  

BISS,Eco-
schemes,CIS,ENVCLIM,GAEC,SMR 
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The MARS Crop Yield 
Forecasting System  

Monitoring Network, 
Data Provider 

Crop yield forecasts, agro-
meteorology, crop growth modelling, 
remote sensing, agricultural statistics  

Agriculture, 
Climate 
Change  

CIS, RISK, KNOW, GAEC1-GAEC 9 

WATER EUROPE 
Partnership, Research 
Network 

Innovative water solutions, circular 
water practices, research on water 
challenges 

Water, Climate 
Change, 
Innovation 

Eco-schemes,RISK, KNOW, GAEC2 

WISE (Freshwater 
Information System for 
Europe) 

Data Provider, Data 
Viewer 

Data on the state of rivers, lakes, 
groundwaters, environmental 
pressures, measures for aquatic 
environment protection 

Water, 
Environmental 
Management 

Eco-schemes,RISK, KNOW, GAEC2 

WOAH (The World 
Organisation for Animal 
Health) 

Standard Provider, 
Advisory Body 

Standards for animal health and 
welfare, veterinary public health 
standards, disease diagnosis 
manuals 

Animal Health 
and Welfare 

CIS, ENVCLIM, RISK, COOP, KNOW 

WORLDSOILS 
EU funded project, 
Data Provider, 
Repository 

European topsoil SOC content. SOC 
pixel based uncertainty. Regional 
topsoil SOC content. SOC pixel 
based uncertainty. 

Soil, 
Greenhouse 
Gas Emissions 

Eco-schemes,ENVCLIM,GAEC,SMR 

 

 

 

 

 

 


