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Executive summary 

Tools4CAP aims to equip CAP decision-makers with appropriate tools to support more evidence-based 

policymaking. This, in turn, enhances their capacity to design next-generation CAP Strategic Plans (CSPs) and carry 

out effective monitoring of implementation performance and beneficiaries’ compliance. Deliverable D4.1 is part of 

Tools4CAP’s Work Package 4 (WP4), which focuses on the integration and interoperability of new data sources, 

technologies, and digitalisation strategies. 

The overall objective of D4.1 is to identify existing data sources and monitoring technologies within the agricultural 

sector and assess their relevance to the data needs of CSP monitoring and evaluation. Specifically, the first objective 

is to pinpoint the data acquisition technologies used at the farm level, as identified in the inventory compiled in 

Tools4CAP Deliverable 1.1. The second objective is to examine and describe technologies already in use across 

the agricultural sector that could provide valuable farm-level data for CSP compliance monitoring and evaluation. 

The third objective is to identify technologies capable of addressing data requirements associated with CSP 

compliance monitoring and the broader data knowledge needs of each intervention type defined by the CAP 

regulation. 

The methodology adopted in this deliverable build upon findings from other Tools4CAP work packages, as well as 

insights from relevant reports, EU regulations, and scientific literature. The deliverable begins by outlining the 

challenges encountered in terms of data availability and suitability for CAP monitoring and evaluation. It then 

provides a concise overview of the structure and innovations introduced by the Performance Monitoring and 

Evaluation Framework (PMEF), highlighting the potential role of new data acquisition technologies within this 

framework. 

Drawing from the inventory in Deliverable 1.1, the report identifies and describes the underlying technologies and 

systems used by Member States to design and monitor their CSPs, including how the data collected by these tools 

supports CSP monitoring. An extensive review of state-of-the-art technologies currently employed in agriculture 

outlines the types of data each technology produces and evaluates their potential contribution to CSP monitoring 

and evaluation. Finally, the report matches regulatory data requirements for each general intervention type with the 

most suitable technologies available to meet those needs. 

The findings underline the value of integrating diverse data sources—such as satellite-based Earth observation and 

digitally collected on-farm data (e.g., Digital Farm Book, machinery-generated data)—to streamline CAP monitoring 

processes. This integration supports not only compliance checks but also broader monitoring, evaluation, and 

redesign of future CSPs. Furthermore, statistical operations like those conducted under the Farm Accountancy Data 

Network (FADN) could benefit significantly from these new technologies, facilitating the shift toward the Farm 

Sustainability Data Network (FSDN). However, the report also notes that certain intervention categories—particularly 

those addressing social dimensions of the CAP—may require alternative data collection approaches beyond farm-

level technologies. 

The conclusions of this deliverable, together with the outcomes of Task 4.2 on challenges and methodologies for 

landscape-level monitoring, will inform the development of methodological guidelines and technical protocols for 

effective data integration.
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1. Introduction 

The new Common Agricultural Policy (CAP) programming period (2023-2027), governed by the Regulation EU 

2115/2021, establishes the New Delivery Model (NDM) which introduces national CAP Strategic Plans (CSP) and 

new monitoring, review and evaluation requirements. This new CAP cycle also brings an increased subsidiarity, a 

shift from a compliance-based model to a performance-oriented approach and, more responsibilities and flexibility 

for Member States (MS) for the design and monitoring of the CSPs. In view of this evolving CAP, MSs are called to 

acquire new capabilities and set up proper methodological tools to design and implement their CSPs to ensure 

increased green ambitions, SMART accountability, consistency of the intervention strategy, and external coherence 

with other policies. 

This context of a changing CAP is where the Tools4CAP project enters into play. Tools4CAP aims to provide CAP 

decision-makers with suitable tools for a more evidence-based policy making, ultimately improving capabilities to 

design next-generation CSP, and to perform monitoring tasks to review performance of implementation and 

beneficiaries’ compliance. The five specific objectives of the project are: 

1) To provide a shared knowledge base and an evaluation of methods and tools used for the design and monitoring 

of the SP. 

2) To identify and adapt innovative methods and tools for the design and monitoring of the SP, by taking stock of 

relevant and replicable solutions developed in recent and ongoing research projects and other EU initiatives. 

3) To empower end users to adopt innovative solutions for the design and monitoring of the SP, by providing them 

with methodological guidance on choosing the best solutions, their operationalisation, and associated good 

practices. 

4) To establish a replication lab supporting the practical demonstration and uptake of innovative solutions for the 

design and monitoring of the SP, by operationalising and testing methods and tools across case studies. 

5) To set up a capacity building hub to mobilise knowledge and transfer operational capabilities to end users for 

the design and monitoring of the SP, by enabling mutual learning, participation, and science-policy dialogue. 

This deliverable (D4.1) is framed within Tools4CAP’s WP4 on integration and interoperability of new data, technology 

and digitalisation. The general objective of this report is to identify the data sources and monitoring technologies that 

are already in place in the agriculture sector and link them to the data needs for CSPs monitoring and evaluation. 

The report is structured in three blocks. The first one (section 4) will review the difficulties encountered in the 

implementation of the Common Monitoring and Evaluation Framework (CMEF) during the previous CAP 

programming period (2014-2020). After this review, section 4 will present the main novelties of the new CAP 

programming period and the elements of the Performance Monitoring and Evaluation Framework (PMEF). Following, 

the structure of the interventions established in the Regulation EU 2115/2021 will be presented. The second block 

(section 5) will summarise the monitoring tools identified in the Tools4CAP’s deliverable 1.1 Inventory of methods & 

tools used by Member States1 and describe the technologies each tool is built on. Section 5 will also review the up-

to-date technologies already in place in the agriculture sector that could be utilized for CSP monitoring and 

evaluation. Finally, the third block (section 6), after identifying the data requirements for each intervention, will bring 

together both the data requirements identified and the potential technologies providing data for compliance 

monitoring and data knowledge and stocktaking. This cross-reference between data requirements and technologies 

will point out the interventions lacking adequate delivering data technologies for monitoring and evaluation. 

The findings of this deliverable along with the outcomes of task 4.2 on the challenges and approaches for landscape 

monitoring will serve to define the methodological guidelines and technical protocols on data integration.  

 

1 https://www.tools4cap.eu/publications/ 
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2. Objectives 

The first general objective of WP4 is to map the data gaps hindering the correct and successful implementation of 

the CSP, and to identify innovative data sources, tools and integration mechanisms providing a holistic data 

collection approach. To achieve this general objective, this deliverable establishes three specific objectives. The first 

objective is to identify the data acquisition technologies at farm level that the tools described in the inventory 

(Tools4CAP’s deliverable 1.1) rely on. The second objective is to explore and describe the technologies that are 

already employed within the agricultural sector, with potential to provide useful farm-level data for CSP compliance 

monitoring and evaluation. The third objective is to identify 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. 

3. Methodology 

The approach followed in this deliverable is based on the findings of other Tools4CAP’s WPs and the outcomes of 

several reports, regulations and scientific papers.  

Firstly, we will review several reports on the performance of the CMEF and summarize the difficulties encountered 

during its implementation in terms of data availability and suitability for CAP monitoring and evaluation. Then, we 

will briefly describe the structure and the novelties of the PMEF to identify the role that new data acquisition 

technologies could have in this new monitoring and evaluation framework. The Regulation EU 2115/2021 establishes 

the type of interventions that MS should implement on their CSPs. Each intervention sets the eligibility requirements 

that will give us insights on the type of data needed for compliance monitoring. We will go through the Regulation to 

identify these general requirements. 

On the other hand, new data acquisition technologies at farm level, that are integrated into the regular operations of 

farms very often, could be utilized for CSP monitoring and evaluation. An extensive scientific literature review on the 

state-of-the-art technologies already employed in the agricultural sector will present the type of data each technology 

provides and its potential use for CSP monitoring and evaluation. At the same time, Deliverable 1.1 elaborated an 

inventory of the tools used by MS for designing and monitoring their CSP. We will identify and describe the 

technologies and systems that are behind some of these tools and how the data they provide will be utilized for CSP 

monitoring. 

Finally, Once the requirements under each type of intervention are identified and the data provided by the 

technologies are described, we will bring them together to identify which technology is more suitable for compliance 

monitoring of each intervention. This matching will also reveal which interventions would need additional data or 

methodologies to be evaluated. 

4. CAP Monitoring and Performance Assessment 

4.1. Lessons learnt for Monitoring and Evaluation: From CMEF to PMEF 

The European Commission (EC) issued the “Report on the implementation of the Common Monitoring and 

Evaluation Framework and first results on the performance of the Common Agricultural Policy” (European 

Commission, 2018) in December 2018. This report assesses the performance of the CAP during 2014-2020 

programming period and evaluates the implementation of the CMEF. The report provides background information 

on the CMEF coverage before discussing the obstacles encountered during its implementation. It reflects on the set 

of indicators and the data sources utilised and illustrates their limitations. Finally, the document explains how the 

PMEF for CAP post-2020 is expected to tackle the encountered difficulties. 

One of the highlighted difficulties is that the CMEF prioritized the collection of data from existing channels to avoid 

creating additional administrative burdens for beneficiaries and MSs. The report concludes that this fact, along with 

the level of detailed data for certain indicators, “have an impact on the timing and frequency of data (indicators) 

availability”. The document states that there is an excessive number of indicators and sub-indicators, and they 

cannot be used for early monitoring because they do not deliver “an immediate impression of the achievements of 

the CAP”. For instance, the results of Eurostat's Farm Structure Survey are available 1.5 years after the reference 
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year, and soil quality data are collected at a 5-year interval. Additionally, the report points out that some indicators 

are missing and gives an example of those related to climate change.  

The last part of the report gives some insights into what is expected for the CAP’s next programming period. It 

highlights the shift of the Policy from compliance and rules towards results and performance that will give more 

flexibility to MS to decide how to meet best the common objectives. The report envisages that the NDM and the 

PMEF will set out a single set of objectives that will be evaluated multi-annually on the basis of impact indicators, 

while the follow-up of the annual policy performance will rely on the full list of result indicators and output indicators 

linking expenditure with the performance of policy implementation. 

The report concludes with an important observation: the Commission anticipates that data sharing between existing 

sources and new technologies will enhance future data availability for monitoring and evaluation purposes. 

4.2. The CAP 2023-2027 Programming Period 

Based on the findings and summaries of previous Tools4CAP’s Work Packages, other reports and regulations, this 

section brings to the front the elements of the CAP 2023-2027 programming period that could be relevant for 

identifying the most suitable technology for CSP monitoring and evaluation. 

The CAP 2023-2027 defines nine Specific Objectives (SO) covering the economic, environmental, and social 

domains, plus a horizontal objective to fostering knowledge and innovation in EU agriculture. MSs face the challenge 

of adequately contributing to different SOs based on their identified national and regional needs (and justifying their 

choices), while ensuring a holistic view of all objectives and accounting for their interplay (Tools4CAP’s deliverable 

1.2 Conceptual Framework as cited in Lampkin et al., 2020). It introduces greater flexibility for MSs for tailoring the 

CAP design to country and local needs than previous programming periods. It also introduces new roles, 

responsibilities, and duties of competent authorities at EU and MS level. Donnellan and Dillon (2021) depict Figure 

1 as showing the functioning and different levels of responsibility for the new CAP period. 

  

Figure 1.- Structure of the CAP 2023-2027 (source: MEF4CAP Deliverable 1.22) 

 

 

2 https://mef4cap.eu/storage/files/MEF4CAP_D1.2_final%20.pdf  

https://mef4cap.eu/storage/files/MEF4CAP_D1.2_final%20.pdf
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This greater flexibility is materialized through each MS creating its own CSP. One of the novelties of this new 

organization is that the CSPs must cover the interventions under both European Agricultural Guarantee Fund 

(EAGF) and European Agricultural Fund for Rural Development (EAFRD) funds. Figure 2 synthetizes the new 

structure of the CAP.  

 

Figure 2.- The Green architecture of the 2014-2020 and 2023-2027 (source: Guyomard, et al., 2023) 

The increased subsidiarity and flexibility granted to MSs came along with a shift from a compliance-based model to 

a performance-based one. MSs are responsible not only for monitoring their progress towards CAP objective 

achievement but also for ensuring that beneficiaries meet the legal requirements. Therefore, CSP monitoring 

encompasses both compliance and performance monitoring, which is materialized in the Annual Performance 

Report (APR) covering the implementation of the CSP in the previous financial year and including the realised 

outputs and expenditure.  

The shift towards a performance-based model also brings the replacement of the CMEF by the PMEF, which comes 

with fewer indicators and covers all objectives. It will help to keep track of the progress in achieving the CSPs’ targets 

by establishing new mandatory indicators. Some indicators require MSs to collect more detailed data on farming 

practices. In this regard, the regulation entitles new data acquisition technologies to ease data collection and data 

sharing, which should, at the same time, reduce the burden on farmers and administrations. 

Going into details on the PMEF, it defines a set of common indicators (context, output, result and impact indicators) 

as the basis for monitoring, evaluation, and the annual performance reporting:  

▪ Context indicators that are relevant for the intervention logic set-up and follow-up. 

▪ Output indicators that are linked to performance clearance. 

▪ Result indicators reflect whether the interventions contribute to achieving the CAP SOs and are an essential 

part of the APR, the performance review. 

▪ Impact indicators help in the multiannual evaluation of the overall policy. 

Annex I in Regulation (EU) 2115/2021 presents the links between output, result, and impact indicators with CAP 

SOs and how the latter rely on the first two metrics.  

4.3. Interventions in the CAP 2023-2027 Programming Period 

The greater subsidiarity of the CAP 2023-2027 programming period and the NDM, as it is stated in the regulation, 

“[…] should not lead to a situation in which there are 27 different national agricultural policies, thus endangering the 

common nature of the CAP and the internal market”. To this end, the Regulation establishes the types of 



 

      |  15 

interventions and the common requirements applicable to MS. Table 1 summarises the intervention types stated in 

Regulation (EU) 2021/2115.  

Table 1.- General intervention types in Regulation (EU) 2021/2115 

FORM OF 

INTERVENTION 
SUBCATEGORY TYPE OF INTERVENTION 

CODE – TYPE OF 

INTERVENTION 

Direct payments 

Decoupled 

Basic Income Support for Sustainability BISS 

Complementary Redistributive Income 

Support for Sustainability 
CRISS 

Complementary Income Support for 

Young Farmers 
CIS-YF 

Schemes for the climate, the environment 

and animal welfare 
Eco-schemes 

Coupled 
Coupled Income Support CIS 

Crop-specific payment for cotton  

Sectoral Intervention Wine  Sectoral (Wine) 

Sectoral Intervention Apiculture  Sectoral (Apiculture) 

Sectoral Intervention Other  Sectoral (Other) 

Rural Development 

Environmental, climate-related and other 

management commitments 
ENVCLIM 

Natural or other Area-specific Constraints ANC 

Area-Specific Disadvantages resulting 

from certain mandatory requirements 
ASD 

Investments, including investments in 

irrigation 
INVEST 

Setting up of young farmers and new 

farmers and rural business start-ups 
INSTAL 

Risk management tools RISK 

Cooperation COOP 

Knowledge exchange and dissemination 

of information 
KNOW 

 

Based on the general types of interventions defined by the regulation, MSs have designed the intervention logic in 

their CSP. The intervention logic establishes the link between SO, interventions, output indicators that present the 

number of units addressed by the intervention, and result indicators that established the link between an intervention 

and its purpose. MSs set the milestones and targets in terms of expected value for these result indicators. Comparing 

the realized values annually with the corresponding milestones enables assessment of progress toward the targets. 

This comparison forms the basis of the Annual Progress Report (APR). This comparison configures the APR.  

4.4. Role of New Technologies in the CAP 2023-2027 Programming Period  

Before issuing the performance clearance, the APR, the compliance of the beneficiaries with eligibility criteria under 

certain interventions (Regulation (EU) 2021/2115, Regulation (EU) No 228/2013 and Regulation (EU) No 229/2013), 

including compliance with standards for Good Agricultural and Environmental Conditions (GAEC) and Statutory 

Management Requirements (SMR), needs to be checked by MSs—Paying Agency (PA) and Managing Authority 

(MA). To this end, Member States set up, design and operate Integrated Administration and Control Systems (IACS). 
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The IACS integrates elements for identifying agricultural parcels, geo-spatial and animal-based declaration, 

identification and registration of payment entitlements, recording the identity of beneficiaries, and control and penalty. 

The IACS relies on several technologies, such as earth observation and geotagged photos (see section 5.1.1 for 

further details). Just like these new data acquisition technologies are integrated into IACS, many other technologies 

that are already used in the agriculture sector for collecting data at the farm level and could streamline the 

compliance monitoring process. 

Additionally, the detailed and timely delivery of information these technologies provide could solve the deficiencies 

encountered during the CMEF implementation. Finally, when this information is properly aggregated and adequately 

combined with other data sources, it could inform on the actual impact of the Policy. Figure 3 synthesizes the role 

of data-providing technologies at the farm level in the context of CSP’s monitoring and evaluation. 

 

 

Figure 3.- Potential role of data acquisition technologies within CAP monitoring and evaluation framework (source: own 
elaboration) 

5.  Tools and Data Sources for Monitoring and Performance 

Assessment 

This chapter starts out from the inventory of monitoring tools carried out in Tools4CAP’s deliverable 1.1. The first 

section of this chapter provides an overview of the tools identified by MSs for CSP monitoring. It also describes the 

data acquisition technologies utilized at the farm level to underpin these tools.  

The agriculture sector is already employing up-to-date technologies, providing data suitable to be integrated into the 

identified tools. In this direction, the second section presents the technologies currently implemented on farms and/or 

tested in various research projects, demonstrating their applicability. 

5.1. Review of the Inventory of Monitoring Tools 

5.1.1. Summary of the Tools identified 

The deliverable 1.1 of Tools4CAP created an inventory of the tools used by MS for CSP monitoring. This category 

of tools is broken down into three subcategories: performance monitoring, compliance monitoring and data and 

knowledge stocktaking. This section goes through these categories to identify the technologies that the tools are 

built on. 

Compliance monitoring 

CAP compliance monitoring tools encompass a range of quantitative and qualitative instruments. These tools include 

specialised systems that rely on various technologies for collecting, storing and sharing data. These systems could 

also offer processing capabilities and provide adequate information to ensure beneficiaries comply with the 

conditionality requirements and eligibility criteria set for specific CAP interventions. These tools play a crucial role in 

maintaining the integrity and efficacy of CAP interventions by ensuring that only eligible beneficiaries receive the 

entitled support and they use it in adherence to established regulations and guidelines.  
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The technologies these systems rely on facilitate the efficient and accurate monitoring of agricultural practices, 

enabling authorities to detect possible anomalies, discrepancies, and non-compliance with CAP conditions and 

requirements, which can be further investigated. By allowing the capturing of real-time, objective data such as 

geotagged photographs and satellite images, compliance monitoring tools enable a more transparent and reliable 

assessment and verification process, as well as representing a comprehensive approach which would be 

prohibitively expensive if more traditional monitoring approaches were used.  

The reduction of non-compliance risk has been managed by means of physical inspections (random spot checks) 

that are sometimes considered a source of resentment between (compliance) beneficiaries and administration. In 

this regard, monitoring tools can also incorporate risk-assessment functionalities, which help identify and evaluate 

potential risks and issues related to non-compliance. This feature aids in prioritising monitoring efforts (intelligent 

spot-checking), ensuring that resources are focused on areas and activities with higher risks of non-compliance. 

Therefore, they help minimise the need for physical inspections, leaving them only for real inconclusive cases, saving 

time and resources while ensuring rigorous oversight of beneficiaries' activities. On the other hand, in some 

instances, these tools also allow for the active participation of the farmers and beneficiaries in the monitoring 

process, further enhancing the reliability and inclusivity of compliance verification. In this regard, many MSs 

implement the option for beneficiaries to amend or complement their application with additional information, thereby 

mitigating the risk of facing penalties. 

Following these ideas, the tools inventory identified several elements under the compliance monitoring subcategory. 

Table 2 summarizes and organizes all these elements as tools, subsystems, data sources and applications. We 

deem a tool a system capable of providing data for assessing the beneficiaries’ compliance. In this regard, we 

consider the IACS, the Digital Farm Book, LAD IT system (Latvia), Classyfarm (Italy) and the IS SZIF information 

system (Czechia) to be tools. The inventory also mentions the Land Parcel Identification System (LPIS) and the 

Area Monitoring System (AMS), two essential IACS subsystems. At the same time, the AMS relies on two main data 

sources: earth observation and geo-tagged photos. These two are generic and multi-purpose data sources, and 

therefore, IT applications need to be developed to enable the actual acquisition of individual beneficiary information. 

The IT applications identified in the inventory range from mobile apps easing the acquisition of geo-tagged photos 

and their integration into the IACS (Telepac Géophotos, BiedjaCam, for instance) to sophisticated and complex 

software enabling the acquisition and processing of remote sensing images (Sen4CAP). 

Table 2.- Tools for Compliance Monitoring 

TOOL SUBSYSTEMS 
DATA 

SOURCES 
APPLICATIONS/TECHNOLOGY COUNTRY 

IACS 

GSA    

LPIS   Czechia 

AMS 

Earth 

Observation 

iSIP- IFAP-Mobile (Portugal) 

3STR - Monitoring (France) 

BiedjaCam (Malta) 

Sen4CAP (Greece) 

Czechia, 

Spain, 

Germany, 

Malta, 

Netherlands 
Geo-tagged 

photos 

iSIP- IFAP-Mobile (Portugal) 

GEOFOTOS (Spain) 

Telepac Géophotos (France) 

BiedjaCam (Malta) 

Agrisnap (Greece) 

Digital Farm Book   
Calendário de Rega (Portugal) 

SIEX (Spain) 
 

LAD IT system (Lauku 

atbalsta dienests - 

Rural support service) 

   Latvia 
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Classyfarm    Italy 

IS SZIF Information 

system 
   Czechia 

 

Following this, we briefly describe the systems for compliance monitoring, explaining the subsystems they are built 

on as well as the data sources and technologies (applications) they benefit from.  

Integrated Administration and Control System  

The IACS was adopted by the EU in 1992. It aimed to improve the efficiency with which direct payments were made 

to farmers under the CAP. The IACS manages, monitors, and controls all the CAP's areas and animal-based 

interventions while ensuring comprehensive and comparable data is available throughout the EU. 

The building blocks of the IACS are the LPIS, the Geo-Spatial Application (GSA), the AMS and a system for the 

identification and registration of animals. The IACS also needs to integrate systems for the beneficiaries’ 

identification, the identification and registration of payment entitlements, and finally, for control and penalizing to 

ensure the legality and regularity of payments. A brief description of these subsystems is provided below. 

Land Parcel Identification System  

The LPIS identifies all agricultural land parcels in EU countries. The system locates all eligible agricultural land 

contained within reference parcels to calculate their maximum eligible area. PAs use the LPIS for cross‑checking 

during the administrative control procedures, which is, at the same time, the base for the design of the on‑the‑spot 

checks (OTSC). More precisely, the LPIS is utilized to verify the requirements established under the area‑based 

interventions. Some Member States have also employed it to check some environmental rules under 

cross‑compliance or area‑related rural development schemes, such as agri‑environment and less‑favoured area 

support. 

The LPIS operates as the single Geographic Information System (GIS) for IACS, and it is based on ortho‑imagery 

(aerial or satellite photographs), which records all agricultural parcels. The system is subject to Quality control 

Assessment (QA), which guarantees its reliability. The OTSCs mentioned above are one of the means employed in 

the LPIS QA. It is based on Global Positioning System (GPS) field measurements carried out by specialized 

personnel. Nevertheless, this procedure is demanding, and the Commission has enabled a new framework called 

Controls with Remote Sensing (CwRS). This framework is built upon existing datasets that are not older than a year; 

this could be either satellite imagery collected under the CwRS program or other remote sensing datasets collected 

by Member States (JRC, 2011). 

In summary, the main data sources employed in LPIS are aerial and satellite images (remote sensing), and the 

technologies are Geographic Information Systems and Global Navigation Satellite System (GNSS), which includes 

GPS. 

Geo-Spatial Application  

The regulation (European Commission, 2021) defines geospatial application as “[…] an electronic application form 

that includes an information technology application based on a geographic information system that allows 

beneficiaries to spatially declare the agricultural parcels of the holding […]”. This system enables beneficiaries to 

delineate the areas for which they apply for support visually; when applicable, it also integrates the animal-based 

application system3. The geospatial aid application form prevents beneficiaries from making errors when declaring 

their agricultural areas. At the same time, the geo-spatial application makes administrative cross-checks more 

efficient, providing more reliable data for monitoring and evaluation purposes.  

Area Monitoring System  

The regulation (European Commission, 2021) defines the AMS as “a procedure of regular and systematic 

observation, tracking and assessment of agricultural activities and practices on agricultural areas by Copernicus 

Sentinels satellite data or other data with at least equivalent value”. Copernicus programme is the Earth Observation 

(EO) component of the European Union’s Space programme. Among others, the EO Copernicus’ service provides 

 

3https://agriculture.ec.europa.eu/common-agricultural-policy/financing-cap/assurance-and-audit/managing-
payments_en?#elements-of-the-iacs  

https://agriculture.ec.europa.eu/common-agricultural-policy/financing-cap/assurance-and-audit/managing-payments_en?#elements-of-the-iacs
https://agriculture.ec.europa.eu/common-agricultural-policy/financing-cap/assurance-and-audit/managing-payments_en?#elements-of-the-iacs
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images obtained by Sentinel satellite constellation operated by the European Space Agency (ESA). Likewise, 

geotagged photos are considered a data source with at least equivalent value to Sentinel data, supporting and 

complementing the compliance monitoring procedures. This technology, geo-tagged photos, relies on the European 

Galileo satellite navigation system and the European Geostationary Navigation Overlay Service (EGNOS), providing 

high-quality positioning, navigation and timing services. 

Apart from keeping track of the agriculture practices on the field, the AMS enable the so-called Traffic Light System 

to assess farmer applications and classify them using a colour-coding system. "Green" signifies that there is no issue 

in the application, "red" indicates rejection, and "yellow" would trigger an early warning alert, allowing beneficiaries 

to modify their applications to avoid any error and, therefore, ensure the correctness of applications. Additionally, 

The AMS, since it is an automated system, helps PAs to reduce their administrative burden 

LAD IT system (Lauku atbalsta dienests - Rural Support Service) 

The Latvian Rural Support Service developed the Electronic Application System (EAS)4 , which eases 

communication and the application process to beneficiaries while reducing errors and accelerating the decision-

making process. EAS collects beneficiaries' information, applying not only for payments to provide agricultural land 

in good condition but also for some other EU programs such as healthy food - fruits, vegetables and milk to schools, 

seasonal workers, and diesel fuel for farmers, among others. 

Farmers and beneficiaries enter the required information via the application/reporting forms in the Electronic 

Application System. The system also implements a mobile application, providing faster and simpler communication 

between the service and its clients. As a result, farmers receive information more quickly, can react promptly in 

various problem situations, and notify the service accordingly5. The system currently has 17 sub-systems with 

various business system modules and more than ten services for data exchange with external systems. The data 

warehouse can be accessed directly by 50 users, including the Rural Support Service, Ministry of Agriculture, 

Institute of Agricultural Resources and Economics, evaluators, and others, with more than 1000 different processes 

performed each day. Therefore, evaluators have information about applicants stored in other systems. 

Classyfarm6 

This system belongs to the Ministry of Health of Italy. It’s a surveillance system that monitors livestock farms and 

categorises them according to health risks. The system focuses on animal welfare, farm biosecurity, slaughterhouse 

data and antimicrobials (use and resistance).  

ClassyFarm can process a large amount of data from different sources, integrating and analysing them through 

business intelligence processes. It utilises scientifically validated coefficients to convert collected data into a 

numerical risk indicator for farms. Methodological transparency is maintained by publicly disclosing the risk 

assessment and categorisation processes. 

The tool bridges the communication gap between farmers and authorities, striving to elevate product safety and 

quality standards within the agri-food chain. 

IS SZIF Information System 

The Czech Republic has developed the IS SZIF Information System. IS SZIF serves as a central hub for the 

administration and monitoring of SP projects. It enables seamless electronic communication with project applicants 

and beneficiaries and facilitates verifying and controlling diverse data provided during various project phases. 

Integrating with other public registers such as legal persons, physical persons, and animals extends its utility for 

broader control and monitoring, supplying the PA with essential data for verifying and controlling project applicants' 

and beneficiaries' information. The system also empowers the PA to leverage these other registers for 

comprehensive control and monitoring. 

Performance monitoring  

Performance monitoring tools are integral for realising result indicators by indicating whether MSs are progressing 

towards or on track to reach the targets established in their CSP. These tools align with the Commission’s prescribed 

 

4 https://eps.lad.gov.lv/login 
5 https://www.lad.gov.lv/lv/mobila-lietotne-0 
6 https://www.classyfarm.it/ 
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methodologies around using specific data to calculate the result indicators (European Commission, 2024). These 

tools are developed to gather, analyse, and report this data regularly. They can involve gathering and synthesising 

multiple datasets to calculate result indicators across different spatial and temporal scales, ensuring alignment with 

CAP objectives.  

Performance monitoring tools employ a broad mixture of quantitative and qualitative data gathering and analysis 

techniques that often overlap with and benefit from other subcategories of tools, allowing for a multi-faceted, in-depth 

understanding of performance. In this regard, both the information collected and verified by compliance monitoring 

systems and the data managed by local and regional authorities are often integrated into centralized information 

systems. These systems can serve as platforms for electronic communication, data verification, and project 

administration, thus helping to ensure a more comprehensive and cohesive approach to monitoring.  

Performance monitoring tools deliver key information for the evaluation of ongoing or completed projects and also 

help identify potential gaps, issues, and areas for improvement. They play a crucial role in continuously enhancing 

agricultural policies and practices, that is, in policy evaluation. This data comprises the essential information to 

compute the metrics of the compulsory indicators that set up the APR. These tools also present these indicators in 

a dashboard environment that eases the interpretation of the data. 

Table 2.- Tool and type of tool identified in the inventory. 

TOOL COUNTRY TYPE 

Surveys Czechia Survey/interview 

New Monitoring System AGEA (DATA Platform) Italy Administrative database  

Regional Management Systems - collect applications 

(aid and payment) for other interventions. 

Italy 

  

Administrative database 

Project Closure Database Malta Administrative database 

RD Investment Data Malta 

  

Administrative database 

Dataplan France Administrative database 

In-depth Interviews Austria Survey/interview 

Statistical and environmental data analysis Austria Survey/interview 

Configuration tool Netherlands Administrative database 

  

Most countries implement administrative systems to collect, store and manage information at the beneficiary level 

on intervention expenditures of ongoing and closed projects, regardless of whether these are funded by either EAGF 

or EAFRD. These systems mainly deliver the necessary information for computing PMEF’s output and result 

indicators, which are an essential part of the APR. Regionalized countries like Italy usually implement this system at 

regional and national levels. Some countries use dashboards (e.g., The Netherlands) to compute and present these 

indicators, while others (e.g., Malta) adapt the previous programming period systems to the new CSP requirements 

and use spreadsheet formats to gather the necessary information.  

In other directions, Czechia and Austria implement interviews and surveys as a tool to collect the information. 

Czechia's survey focuses on SO 9 and Cross-Cutting Objective (CCO) while the interviews and statistical analyses 

that Austria performs address all SOs. 

Data and Knowledge stocktaking 

Monitoring and data collection tools for data and knowledge stocktaking facilitate the collection, storage and 

management of data and information necessary for evaluation, informing policy choices. These tools can generate 

data to construct various indicators, such as impact, context, and result indicators, which provide a more nuanced 

and comprehensive perspective on policy effects, playing a pivotal role in assessing and further informing policy 

strategies. They also provide the qualitative and quantitative data needed to compile annual performance reports 

and ensure farmers' compliance checks. These monitoring and data collection tools complement other policy 
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analysis and policy choice supporting tools, providing essential data and insights. The Farm Accountancy Data 

Network (FADN), which will develop into the Farm Sustainability Data Network (FSDN), represents a common tool 

that exists at the EU level. Besides, there are specific MS-level initiatives, but they often suffer from a lack of 

international comparability that can be achieved through FADN/FSDN.  IACS is a further standard system across 

the EU that can be a source of data. 

5.1.2. Data Acquisition Technologies Integrated in the Tools 

There are many technologies under the AMS. One of the data sources that the AMS integrates is satellite imagery 

(remote sensing data in general). Geotagged photos are another technology employed by the AMS. 

Apart from the technologies involved in the AMS, the inventory identifies some other useful applications for 

monitoring purposes. Some of them have already been implemented in certain MS. We describe the bases of each 

of them.  

Remote Sensing 

Description  
Remote sensing is the acquiring of information from a distance. This acquisition can be done via remote sensors on 

satellites and aircraft that detect, and record reflected or emitted energy. Remote sensors capture the 

electromagnetic energy from the earth's surface in several wavelengths. 7Sensors can either use the sun as a source 

of illumination or provide their own illumination source, measuring energy reflected back. Passive sensors use 

natural energy from the sun, while active sensors provide their own energy source. Remote sensors are 

characterized depending on their: 

▪ Radiometric resolution: the amount of information in each digital image pixel. The higher the radiometric 

resolution, the better the discrimination between energy differences is. 

▪ Spatial resolution: the area of earth’s surface that each pixel in the image represents. 

▪ Temporal resolution: the time it takes for a satellite to complete an orbit and revisit the same observation 

area. 

▪ Spectral resolution: the capability of a sensor to differentiate electromagnetic spectrum wavelengths. 

The EU launched its own satellites (Sentinels) under the Copernicus programme in 2015. They provide freely 

available satellite imagery to all entities. This fact had a great impact on CAP monitoring as Copernicus Sentinels 

have been systematically delivering optical (Sentinel-2, multispectral) and radar imagery (Sentinel-1) of high quality 

and spatial resolution enabling the development of new automated applications for agricultural monitoring (Kalatzis, 

et al., 2020). Each satellite provides different but complementary information on agricultural activity: 

▪ Sentinel-1 carries an active sensor, a synthetic-aperture radar (SAR) instrument, which operates in the C-

band frequency. It captures high-resolution images providing information about surface deformation, 

subsidence, and changes in vegetation with a revisit time of 6 days. 

▪ Sentinel-2 carries a passive sensor that includes 13 spectral bands ranging from visible to infrared parts of 

the electromagnetic spectrum. This spectral band configuration allows for detailed monitoring of vegetation 

health, land use, and environmental changes. Additionally, it is used in agriculture monitoring for Crop type 

classification, yield estimation, and health assessment. 

Apart from Sentinel constellation data, there are other options, such as PlanetScope. The PlanetScope satellite is a 

high-resolution imagery constellation comprising hundreds of Dove and SuperDove cubesats (10x10x30 

centimetres). The revisit time of this constellation is one day, and it captures images in eight bands, from blue to 

near-infrared, with 3 meters of spatial resolution. In conclusion, this product improves spatial and temporal resolution 

compared to sentinel-2 data despite reducing radiometric resolution and quality.  

Apart from the upcoming deployment of Sentinel-2 Next-Generation, new constellations are expected to enhance 

resolution and revisit period and provide PlanetScope like data. 

Data types and usage in agricultural monitoring 

 

7 https://www.earthdata.nasa.gov/learn/backgrounders/remote-sensing 
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Satellite images have been used within the CAP context since 1992 to control some are-based subsides through 

the photo interpretation of these data. Since 2018, the full potential of satellite images has been exploited for area-

based aid control with the so-called Checks by Monitoring (CbM) system. This approach takes advantage of the 

spatial and spectral resolution of the satellite images (mainly Sentinels 1 and 2) to characterise the crops' 

development on the eligible plots. Additionally, the implementation of Machine Learning algorithms that combine 

satellite information with the information provided by the farmers enables the creation of added-value products such 

as:  

▪ Crop type classification, using Sentinel image time-series and farmers declarations to automatically predict 

the different crop types.  

▪ Parcel homogeneity detection, using Sentinel image time-series to automatically detect inter-field conditions 

and possible multi-crop parcel or illegible areas. 

▪ Agricultural activity detection (e.g. tillage, mowing, harvest), using Sentinel image time-series to monitor 

certain agricultural activities on individual parcels. 

▪ Field boundaries, using Sentinel image time-series and growing patterns agricultural field to delineate and 

trace field boundaries and monitoring field parcels to clarify illegible features. 

Finally, it is worth noting that remote sensing data can be used to quantify the impact of exceptional climate or 

environmental events such as droughts, wildfires, plagues, or floods. 

Geotagged Photos 

Description 

A geotagged photo is an image that includes embedded geographical information indicating the specific location 

where the photo was taken. The coordinates (at least latitude and longitude) of the location are stored in the 

Exchangeable Image File (EXIF) part of the picture file. This information can be retrieved from the GNSS antenna, 

that almost all devices (cameras, smartphones, tablets) are currently equipped with and written automatically into 

the file. Apart from the geographical information, the EXIF file can record the time and date of the photo capture, the 

orientation of the camera at the time of photo capture, basic information on the device and inbuilt camera, the 

elevation and the qualitative indication of the position that is, the Dilution Of Precision (DOP) of GNSS signal. 

Nevertheless, a couple of aspects need to be considered when using this technology— accuracy of the geotagging 

and data security. 

As for the geotagging accuracy, the geolocation capabilities in smartphones are based on combining the information 

coming from GNSS observations, cellular tower information and, if the case, WIFI information. They also could benefit 

from the Assisted Global Positioning System (A-GSP), which acquires satellite information from existing servers 

(e.g., mobile network towers and bases). Nevertheless, the precision remains at the level of several meters. This 

issue can be solved by data filtering and computation techniques like the one implemented in the EGNSS4CAP 

project. Additionally, since January 2024, the European Union Agency for Space Programme (EUSPA) has provided 

the Galileo High Accuracy Service (HAS), which “offers real-time improved user positioning performances down to a 

decimetre level (in nominal conditions and based on a user PPP processing algorithm)“.  

The security of the data recorded in the geotagged photo needs to be ensured at two levels: checking the potential 

manipulation of the file and verifying the integrity of the GNSS signal. The former can be addressed by entering 

pieces of encrypted code into the photo, which are to be cross-checked by the administration, while the latter can be 

controlled by “watermarking photos with coded location, date and time or cross-checking the GNSS position with the 

location estimated based on the nearby Wi-Fi and Cell Phone Towers”. Regarding the authenticity of GNSS 

information, “EUSPA, together with the European Commission, is currently testing the Galileo Open Service – 

Navigation Message Authentication (OSNMA). This forthcoming service is an authentication mechanism that allows 

Open Service users to verify the authenticity of GNSS information, making sure that the data they receive is indeed 

from Galileo and has not been modified in any way.”    

Data types and usage in agricultural monitoring  

The Regulation established that “geotagged photos should be considered as data with at least equivalent value for 

the purpose of the area monitoring system”. Therefore, Member States (PAs) need to integrate, in their IACS, geo-

tagged photos which are suitable to be used for several procedures: 
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▪ Document Rapid Field Visit (RFV) 

▪ Provide parcel information to update the LPIS 

▪ Evidence elements not monitorable with satellite imagery  

▪ Provide ground truth for quality assessment or training of machine learning processes  

▪ Follow-up selected inconclusively monitored parcels. 

To this end, several PAs have developed their own solutions with different capabilities. These capabilities would 

include facilitating communication between the administration and farmers, precise navigation to designated points, 

selective photo capture within proximity of the destination, restriction of capture to specific vertical and horizontal 

angles, seamless interoperability with open standards databases such as IACS, compatibility with Farm Management 

Information Systems, and the visualization of IACS information. 

Digital Farm Book and SIEX 

The Digital Farm Book is one of the tools identified in the inventory. In Spain, the use of the Digital Farm Book will 

be compulsory for some typologies of farms starting September 20248. The Digital Farm Book is part of a more 

ambitious legislation aimed at regulating the CAP management system and other related matters, the Regional 

Register of Agricultural Holdings (REA, in Spanish), and the Digital Agricultural Operation Record i.e. Digital Farm 

Book (CUE, in Spanish). It also aims at facilitating the monitoring of farmers and livestock breeders’ practices. 

Additionally, competent authorities may use these data for statistical purposes or compliance with other regulatory 

obligations. This definition configures the Agrarian Holding Information System (SIEX, in Spanish), whose main 

objectives are: 

▪ Efficient Management of the CAP, following the NDM system of indicators and compliance and monitoring 

of the green deal’s “farm to fork” and biodiversity strategies 

▪ Simplify farm management for the farmer and livestock farmer, allowing them to reuse all the available 

information to manage their business. 

▪ Analysis of information for guiding policies 

The system integrates databases and registries managed by either Regional or National entities. Table 3 

summarizes the most relevant data sources integrated by SIEX. 

Table 3.- Summary of the registries and databases integrated within SIEX 

COMPONENT REGISTRY/DATABASE 

Regional • Regional Register of Agricultural Holdings (REA)  

• Digital Agricultural Operation Record (CUE) 

National • Spanish Agrarian Guarantee Fund databases, amongst others: 

o Aids databases 

o LPIS 

o Operational Programs management 

• National Administrative registries, amongst others: 

o Animal Traceability System (SITRAN) 

o General Agricultural Production Registry (REGEPA) 

o Single Application Registry for the Common Agricultural Policy 

(RSU) 

 

8 Royal Decree 1052/2022 of 27th of December 
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o Data related to the Program of Specific Options for Remote and 

Insular Areas (POSEI) 

o Electronic Registry of Transactions and Operations with 

Phytosanitary Products (RETO) 

o Phytosanitary Products Registry (ASPAFITOS) 

o Official Registry of Producers and Operators (ROPO) 

o Central Computer System for the Control of Veterinary Antibiotic 

Prescriptions (PRESVET) 

o Unified Information System for the Dairy Sector on mandatory 

declarations by first buyers and producers of cow, sheep, and goat 

milk and dairy products. 

o Application on characterization and registration of agricultural 

machinery (REGMAQ) 

o General Registry of Organic Production Operators (REGOE) 

o Data related to policies subscribed within the framework of 

Combined Agricultural Insurance Plans (SGSSA) 

o Data related to protected spaces: Natural Heritage and Biodiversity 

o General Registry of Best Available Techniques on Farms and 

support for the calculation, monitoring, and notification of emissions 

in livestock farming (ECOGAN) 

 

The regulation aims to reach the interoperability of components, promoting, at the same time, the digital exchange 

of information between components and farmers, ensuring their access to their data. In this regard, the Regulation 

envisages sharing the data contained in SIEX in an aggregated format and establishes the legal constraints and 

rules to do so. 

One key aspect of SIEX is its relevant role to the regional component: REA and CUE. We briefly describe the REA, 

and we’ll go into details about the CUE. 

Regional Register of Agricultural Holdings (REA) 

The REA is a regional registry that gathers general information about all regional agricultural holdings, including 

information related to agriculture production units. This information is collected and managed by each Spanish 

Region. REA also integrates existing information stored in other regional registries, such as information related to 

agriculture's primary production safety, the wine and vineyard sector, agriculture holdings under shared ownership, 

and the catalogue of priority agriculture holdings. Moreover, this registry, REA, brings together the information at the 

farm level related to the CSP interventions, such as the information on direct payments, the single application of the 

IACS, basic income support entitlements for sustainability, enhanced conditionality and social conditionality, on 

certain annual payments for rural development, and on the Specific Options Program for Remote and Insular Areas 

(POSEI). The regulation establishes that the information in REA must be updated at least once every four months. 

The regulation states that farmers’ interaction with the REA must be electronic. In turn, the administrations must 

provide the necessary IT systems for farmers to freely fulfil the information communication requirements. Finally, the 

Royal Decree legally enables the exchange of information with CUE: “The REA will provide services that allow the 

owner or their representatives to automatically download the information contained in the system so that it can be 

used as a reference when forming the different functional units of the farm in the CUE.” 

Digital Farm Book (CUE) 

The second regional component defined in the regulation is the CUE. Farmers must enter the information related to: 
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▪ General information of the crop in each parcel. This information comes from the REA; it is automatically 

integrated into the CUE and includes the GSA. The general information about the crop also includes the 

start and end dates of cultivation, utilization and agricultural activities. 

▪ Records of pesticide treatments. In this case, the pesticide treatment needs to be prescribed by certificated 

advisors and performed on the field by personnel with adequate training. Farmers must record the treatment 

into the CUE within a month after the date of application, identifying, at the same time, the machinery and 

equipment used for the treatment. The CUE take advantage of SIEX’s connection with other related 

registries, such as Electronic Registry of Transactions and Operations with Phytosanitary Products (RETO), 

Phytosanitary Products Registry (ASPAFITOS) and Official Registry of Producers and Operators (ROPO) 

easing this way, the recording task. 

▪ Crop nutrients balance. This part of the CUE addresses the requirements of the Regulation (Article 15 4(g)) 

on the use of a Farm Sustainability Tool for Nutrients (FaST). This tool is defined in the Regulation as “any 

digital application that provides at least: 

o A balance of the main nutrients at the field scale 

o The legal requirements for nutrients 

o Soil data, based on available information and analyses 

o Data from IACS relevant for nutrient management.” 

Regarding the use of a digital application, the feasibility of having a FaST in Europe was studied by DG 

AGRI in collaboration with Copernicus and Galileo units of DG DEFIS, DG ENV, DG CLIMA and DG JRC. 

The study was finished in February 2019 and presented the required architecture of this tool and a prototype 

web application for the use of farmers and potentially other stakeholders (farm advisors, farmers’ 

collectives). The FaST guarantees digital support for farmers in managing their farms and complying with 

regulations related to nutrient management and sustainability objectives. It delivers a core service that 

accomplishes the minimal functionality established in regulation. 

 

Figure 4.- Concept of the Farm Sustainability Platform (source: https://fastplatform.eu/) 

https://fastplatform.eu/
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The European Commission decided to officially develop and implement the tool in January 2020 with the 

engagement of four PAs (one in Italy, Estonia and two in Spain). This first implementation phase lasted 12 

months and focused on developing a FaST tool for these participating Member States. The Commission 

used lessons learned from this first phase to analyse scaling-up scenarios and selected five more Member 

States (Wallonia (Belgium), Bulgaria, Greece, Romania and Slovakia) to participate in a second phase, 

which started in June 2021. The output of these implementation phases was a platform integrating all the 

necessary components to deploy and run a FaST tool. The platform is modular and can be tailored to the 

specificities of the participating Member States. Going into details, the FaST platform is composed of a 

common web and mobile application a cloud infrastructure that orchestrates both services (common and 

custom) and data. Two types of roles for operating the tool are envisaged, users and platform operators. As 

for the users, three kinds are considered: 

▪ Farmers and advisors who use the farmer’s application to access their farm data, communicate, and receive 

agronomic advice. 

▪ PAs that use the Administration Portal to manage the FaST platform. 

▪ External service providers offering new subscription-based services integrated with FaST data. 

▪ Due to the design of the tool, operating the platform requires expertise in three main areas— cloud 

resources, container orchestration and microservices management (app and services).  

 

Figure 5.- View of the FaST administration portal9 and fertilization plan on a mobile app10 

▪ Information related to activities under other sectorial regulation. 

Although REA and CUE are administrative records, SIEX publishes the necessary information for private companies 

to develop their own Digital Farm Book applications, enhancing the collaboration between the public and private 

sectors. This collaborative approach enables farmers to use either IT systems developed by the administration or 

any other system of their choice that complies with the established minimum requirements. In turn, the administration 

will develop the necessary interfaces and services for these systems to exchange information with the administrative 

databases. Moreover, standardized communication protocols will be developed to ease this information exchange. 

In this regard, the National Ministry of Agriculture, the Regional Ministries of Agriculture, public companies and 

entities collaborate with the private sector in a mixed working group to agree, define and develop all these protocols. 

All the documentation derived from this collaboration is publicly available in the National Ministry of Agriculture11  

5.2. State of the Art Technologies implemented in the Agriculture Sector 

This section reviews state-of-the-art technologies already in place in the agriculture sector but not considered in any 

of the tools (systems) identified in the D.1.1 inventory for monitoring. Some of the technologies we present here have 

 

9 https://gitlab.com/fastplatform/core/-/blob/master/services/web/backend/docs/src/index.md  
10 https://gitlab.com/fastplatform/docs/-/blob/master/quickstart/app-quickstart-es-es.pdf  
11 https://www.fega.gob.es/en/content/siex 

https://gitlab.com/fastplatform/core/-/blob/master/services/web/backend/docs/src/index.md
https://gitlab.com/fastplatform/docs/-/blob/master/quickstart/app-quickstart-es-es.pdf
https://www.fega.gob.es/en/content/siex
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been explored in other research projects as demonstrative examples and have already developed into an essential 

part of the daily workflow of farms. The following categorisation of these technologies is based on a combination of 

their usage, functions, and purpose in the agricultural sector rather than formal literature definitions and 

classifications, as these technologies often complement or support each other in various workflows. 

Field Sensors / ΙoΤ 

Description 

Several sensor types are employed in the agricultural sector to gather data via environmental monitoring (Navarro 

et al. 2020). Typically, these sensors are mounted or linked to weather stations, essential components of smart 

farming systems and positioned throughout the fields or areas of interest. Various field sensors are placed in the 

field or the farm, allowing for the detection, tracking, and recording of parameters. Usually, these sensors are part 

of a Farm Management Information System (FMIS) that helps analyse the collected data to make informed decisions 

regarding crop management, irrigation scheduling, pest and disease control, and optimising inputs like fertilizers and 

pesticides. 

A smart farming system's implementation consists of three main stages based on wireless sensor network 

technology. First, data is gathered using agricultural field-deployed sensors, which are then cleaned and stored. 

Lastly, it performs predictive processing using sophisticated data processing techniques like artificial intelligence 

(Dahane et al., 2020). Numerous state-of-the-art evaluations have thoroughly examined the effectiveness of in situ 

sensor technologies, which can monitor the circumstances around the regions that are placed (Brewster et al., 2017) 

(Rayhana et al., 2021). The following is a sample list of the primary types of sensors that are used in the field: 

▪ Soil moisture sensor (Hatanaka et al., 2015) 

▪ Soil salinity/conductivity sensor (Visconti et al., 2016) 

▪ pH sensor 

▪ Atmospheric temperature, humidity and barometric pressure sensors (Cao-Hoang et al., 2017) 

▪ Wind direction and wind speed sensor (Cao-Hoang et al., 2017) 

▪ Rainfall detection sensor (Cao-Hoang et al., 2017) 

▪ Light intensity sensor 

▪ Solar radiation meter (Mungai et al., 1997) 

▪ Camera sensors12 

▪ Ultra violet, multispectral sensor (Krueger A., 2014) 

▪ Leaf moisture (that detects small amounts of water or ice on leaf)13 

▪ Leaf/canopy temperature & humidity 

▪ Evapotranspiration monitoring stations (Pelosi, et al., 2020) 

▪ Liquid Level sensors (Consales et al., 2018) 

▪ Temperature and gas monitoring of silo/granary (Maier, et al., 2010) 

▪ Gas (e.g. CO2, Ammonia, Oxygen) monitoring sensors 

Data and monitored variables 

A general categorization of sensors regarding their derived variables and relevant data consists of the following: 

▪ Weather sensors that monitor various atmospheric conditions crucial for agricultural decision-making. They 

collect data variables used for monitoring atmospheric temperature, humidity, barometric pressure, wind 

direction, wind speed, precipitation, solar radiation, and evapotranspiration. 

 

12 https://metos.at/cropview/  
13 https://www.campbellsci.com/lws 

https://metos.at/cropview/
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▪ Soil sensors monitor that measure soil conditions via variables regarding: soil moisture, salinity, 

conductivity, temperature, and pH levels. This information helps in optimizing irrigation and fertilization 

during the growing season. 

▪ Plant sensors that can track leaf or canopy temperature, humidity, and leaf wetness. Their focus is on 

assessing crops' health and various condition metrics, such as the evapotranspiration rate. 

▪ Cameras, ultraviolet, and multispectral sensors are used to identify crop types, monitor phenological growth 

stages, estimate yields, determine yield maturity, and detect insect populations and pest infestations. 

▪ Silo/granary/tank sensors are critical for monitoring liquid levels, temperature, gases emitted in silos, and 

overall silo level. This ensures the quality and safety of stored products in terms of their optimal conditions 

during storage or transport. 

▪ Gas Sensors that detect and measure levels of various gases like CO2, ammonia, oxygen, and pesticides 

in the environment. This monitoring is vital for plant health data acquisition and compliance with safety 

standards. 

Devices and sensors are typically components of larger precision farming systems, or FMIS, and offer the required 

data for data-driven decision-making that will direct advisors and farmers to manage and apply efficient agricultural 

methods. The spatial and temporal resolution of physical measurements has significantly increased in recent years 

because of sensing technologies. This has made it possible to measure many aspects of agricultural production in a 

low-cost, automated manner that was previously only possible to measure in limited ways, for instance, at specific 

times by a human observer conducting a field visit (Leslie et al., 2017). 

Edge computing enables real-time, in-situ processing capabilities for sensors. Various product levels and 

intermediate outputs can be exported through automated workflows without first transmitting complex and often 

‘heavy’ raw data files over a network to a data processing facility. The two major ecosystems of telecommunication 

are the cellular/mobile Internet of Things (IoT) which corresponds to the use of mobile networks for transferring data 

(e.g. 2G, 3G, 4G, 5G) and the Low-Power Wide Area Networks (LPWAN) tailored to accommodate IoT devices, with 

the advantage of consuming minimal power and extensive coverage (Liya & Arjun, 2020). Sensor and IoT 

technologies usually running on 3G and 4G cellular networks (even GPRS in more remote areas) enable the 

continuous monitoring of crops and livestock. Wireless data transmission protocols like ZigBee, WiFi, SigFox, and 

LoRaWAN are frequently used to gather real-time data for monitoring applications derived from IoT sensors, with 

their scope spanning from cultivation to harvest activities and processes (Mowla et al., 2023).  

Arising terrestrial network connectivity challenges regarding IoT communication will be met in the near future with 

innovative solutions offered by LEO Satellite IoT connectivity14. This technology directly transmits data from field 

sensors to the end user with a sensor-to-satellite connectivity link across a wide range of diverse or remote 

environments. It enables low-cost, global IoT connectivity accessible and will allow upcoming applications such as 

agriculture machinery fleet management (Palattella et al., 2019). 

Big data 

Description 

The term “Big data” is not confined to a universally accepted definition. It encompasses the terms of analytics, 

insights, and automated decision-making processes, often occurring in real-time, especially when massive data 

generated from devices/sensors is collected and categorized (in a structured or unstructured way) (Misra et al., 

2020). It is strictly linked to methods and techniques such as Machine Learning (ML), Artificial Intelligence (AI), data 

mining, cloud computing and various analytic algorithms, including social media analytics. These applications offer 

significant benefits to organizations, such as making informed decisions, predicting market trends, enhancing 

customer experience, and optimizing operations. Big Data also intersects significantly with other technological 

domains and practices, such as IoT for data collection, blockchain technology for ensuring data safety, and edge 

computing, which processes data closer to its source to reduce latency and bandwidth use. 

Applications in the agricultural sector 

 

14 https://wyldnetworks.com/blog/revolutionising-australian-agriculture-with-leo-satellite-iot-connectivity  

https://wyldnetworks.com/blog/revolutionising-australian-agriculture-with-leo-satellite-iot-connectivity
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In the agricultural sector, big data is derived from field sensors, food processing/manufacturing, supply chains, 

traceability flows, or consumers. Typical data attributes include the diverse and heterogeneous nature, its often 

unstructured format, and a high level of redundancy (Ahmed et al., 2019). 

Big data analytics and methods are behind predictive insights in farming operations, real-time operational decisions, 

and redesigning business processes for game-changing business models (Wolfert et al., 2017). 

In the recent past, the technological developments on IoT sensors and satellite remote sensing towards smart 

farming and precision agriculture have significantly enabled the big data analytics. For example, Copernicus satellite 

data meet the definition of big data. Consequently, European Commission’s approach of ‘Checks by Monitoring’ (and 

consequently the Area Monitoring System15) that is based on Copernicus data promotes an automated monitoring 

method of the CAP in the Member States. 

Additionally, the EU Commission is trying to address various data gaps by including the use of big data since it holds 

large databases for CAP design monitoring and evaluation. Big data techniques offer the potential to significantly 

enhance capabilities of early identification of trends and provide quicker feedback for Better Regulation and evidence-

based policymaking and transition from data spreadsheets to a more holistic approach. Through the analysis, the 

demonstration of results to stakeholders are also enabled in a more automated, standardised, accessible and 

interpretable way than other traditional methods. 

Based on the special report of the European Court of Auditors (European Court of Auditors, 2022), several barriers 

to substantially utilizing big data and advanced analytics for CAP policy analysis by the Commission and Member 

States, include:  

▪ Inconsistencies in data quality standards or requirements across various sources 

▪ Confidentiality regulations restricting access to farm-level data 

▪ Challenges in data availability and issues with data not being standardized or in a compatible format 

▪ Shortage of data literacy among staff and a lack of personnel with the necessary qualifications 

Furthermore, the expansion of digital technologies in the agricultural and food sectors, such as cloud computing, IoT, 

and big data analytics, introduces new vulnerabilities and the risk of unauthorized access and exploitation regarding 

data ownership, privacy, and cybersecurity fields16. Other current technical challenges related to big data 

implementation from all the EU PAs, include: 

▪ The rapid ongoing advancements of Artificial Intelligence frameworks that efficiently process and analyze 

the enormous volume of data 

▪ The need for significant modifications to existing IT systems to accommodate large-scale data and complex 

computational algorithms 

▪ Ensuring the availability of Very High Resolution (VHR) imagery to effectively manage and monitor small 

land parcels 

The main direction of current agricultural tools is to make greater use of big data systems' advantages to address 

production-related and sustainability-related problems on hard to balance challenges such as resource management, 

climate change adaptation, and the optimization of the supply chain. 

GPS/GNSS 

Description 

The global advancement of various satellite navigation systems has opened up numerous possibilities for their 

application in the agricultural sector in the last few years. GNSS encompasses a network of satellites that provide 

localization services, enabling the determination of a user receiver's position within a global coordinate system. It 

provides its users with accurate, real-time, worldwide position and velocity information in three dimensions (Kaplan 

 

15 https://joint-research-centre.ec.europa.eu/system/files/2019-04/17-ams_dgagri.pdf  
16https://www.capgemini.com/consulting-nl/wp-content/uploads/sites/33/2017/08/02-

029.16_agrifood_pov_consulting_web.pdf 

 

https://joint-research-centre.ec.europa.eu/system/files/2019-04/17-ams_dgagri.pdf
https://www.capgemini.com/consulting-nl/wp-content/uploads/sites/33/2017/08/02-029.16_agrifood_pov_consulting_web.pdf
https://www.capgemini.com/consulting-nl/wp-content/uploads/sites/33/2017/08/02-029.16_agrifood_pov_consulting_web.pdf
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& Hegarty, 2017). This technology has emerged as the most frequently used positioning system for implementing 

precision agriculture technologies, offering enhanced accuracy and efficiency in farming operations and various 

Agricultural Policy implementation, monitoring and evaluation tools. The most used systems currently utilised by 

millions of devices are the GPS (USA), GLONASS (Russia), Galileo (EU) , BeiDou-2 (China), QZSS (Japan).  

Application in the agricultural sector 

Applications in precision agriculture that usually utilize GNSS technology include yield monitoring, compaction profile 

sensing, site-specific fumigant application for tree planting, Real-Time Kinematic (RTK) GPS-based plant mapping, 

precise weed management systems, robotic applications, variable rate application, Unmanned Aerial Vehicle (UAV) 

mapping, fertilizer placement (Pérez-Ruiz & Upadhyaya, 2012). 

GPS and GNSS technologies are utilized in both small and large-scale agricultural operations, across various types 

of crops and applications and also within the components of FMIS such as georeferenced data recorded during the 

use of machinery or relevant recordings at the farmers' calendar. IoT sensors and interconnected devices usually 

collect location information and other metadata. A GIS can access the available data in a standardized way by 

location and information type, offering visualization capabilities of current agricultural landscapes and the ability to 

plan strategically for future farming tasks. 

With typical errors of less than 2 cm, RTK systems comprise more sophisticated equipment and an extra antenna 

receiver in a stable, known position.  This technology can provide the most accurate solution for GNSS commercial 

applications in agriculture and various sectors (Guo et al., 2018). On this line, the International Association of 

Geodesy (IAG)17 Reference Frame Sub-Commission for Europe (EUREF)18 provides a service enabling this type of 

correction. Moreover, some national, regional and local authorities offer RTK services. This level of precision is 

necessary for precision guidance and allows for treating specific small locations, such as a plant-specific operation. 

For this reason, real-time kinematic GPS (RTK-GPS) is used in high-precision agricultural tasks such as mechanical 

intra-row weed control, thinning of crop plants, precise planting or autonomous navigation within tight rows. Those 

applications require high precision data (often centimetre-level accuracy), maximizing the effectiveness of targeted 

agricultural interventions.  

To perform controls on fund aids allocated under the CAP, all EU Member State administrations need Information 

and Communication Technology (ICT) and GIS instruments that are fundamental elements of the LPIS and heavily 

rely on the technology of GNSS. Other key usages in agricultural monitoring framework applications include:  

▪ Orthophotos creation is the output product of aerial photographs corrected for lens distortion, camera tilt, 

and topographical relief. These products are used for farm planning, monitoring, and management 

purposes. 

▪ Large-Scale agricultural land mapping enables precise measurement and visualization of farm boundaries, 

crop areas, crop types and management zones. This information is essential for resource allocation, 

optimizing agricultural operations and regional monitoring. 

▪ Parcel measurements are vital for land registration, boundary delineation, and determining exact area for 

planting, irrigation, and applying fertilizers and pesticides.  

▪ Geotagged photos are derived from mobile applications since they supplement the overall data collection 

process (e.g., inputs to an LPIS system) and have been relevant for collecting in-situ data for monitoring 

and evaluation of the CAP in recent years. Also, they can provide the farmer with precise coordinates and 

azimuth directly with additional functionalities such as measuring the distance and size of land. 

 Livestock Management Systems 

 Description 

In large-scale livestock management, the majority of animals are raised in close quarters on a routine that ensures 

they move easily through a highly automated processing system, preventing disease outbreaks and identifying 

distressed animals. Information and Communication Technology use in livestock management can be categorized 

into three main areas: breeding/genetic enhancement, animal well-being, and herd management. While the latter 

 

17 https://www.iag-aig.org/ 
18 http://www.euref.eu/euref_abouteuref.html 
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two primarily employ digital and multiple sensor technologies, genetic improvement relies on data analysis. However, 

there is a convergence of these areas, particularly in utilising animal sensors to identify traits that can be genetically 

passed down. An example of this is the use of progesterone-tracking devices in the dairy sector. These devices 

assist in regulating reproductive cycles and contribute to the assessment of genetic qualities by providing detailed 

individual animal data. (Guang-Min et al., 2017). 

 Data types and usage in agricultural monitoring 

Genomics 

As the integration of genomic technology and ICT-driven breeding initiatives are evolving, opportunities for 

improvements at the animal traits and ‘performance’ characteristics are possible. Present genetic evaluation methods 

utilize only a limited portion of the genome but as sequencing technology becomes more affordable and accessible, 

it enables the faster detection of causal mutations. The application of machine learning to analyze national genomic 

databases, such as Ireland's ICBF (Shalloo et al., 2018), is also under exploration. Genetic markers across a broader 

range of performance metrics are also researched (Bo et al., 2018). Another study that was recently conducted was 

the “Genomic Management Tools to Optimize Resilience and Efficiency,” known as GenTORE, a Horizon 2020 

project were novel genomic selection and management tools were created (Guang-Min et al., 2017). Recently efforts 

have been made to preserve the genetic diversity of local breeds by improving their genetic potential to deal with the 

concerning fact that few specialized and highly productive (e.g. cattle) breeds dominate the commercial sector 

(LADYKA et al., 2023). 

Animal welfare 

Monitoring animal health and welfare has been enabled via sensor and digital technologies and gained increased 

commercial penetration (Knight C. H., 2020). These sensors get attached to animals and/or their surrounding 

environment, track their movement, gait, and eating habits, providing early alerts for conditions like lameness or 

stress. These devices are typically nano-electric or mechanical, integrated into either specialized low-power 

agricultural networks (Neethirajan S., 2017) or existing cellular networks. There's a growing trend towards edge 

analytics to minimize network dependency, along with research into ambient energy utilization for these systems a 

concept often referred to as the 'internet of farms'. These wearable technologies utilize positional sensors and triaxial 

accelerometers. For instance, rumen sensors, which are ingested by the animal, transmit information about stomach 

conditions through a network (Bo, et al., 2018). Examples of these wearable technologies include the MooMonitor+ 

(discussed by Knight C. H., 2020) and SmatBow (mentioned by Neethirajan S., 2017), which track individual 

ruminant activities and feed data into animal welfare decision support systems. These devices are mostly used in 

the dairy sector and are applicable in both grazing and indoor environments. Additionally, devices measuring jaw 

movements are employed to monitor feeding behaviour, whether in pasture or indoor settings (Ray P. , 2017). 

Herd management 

Livestock management software digitizes traditional record-keeping, storing information such as age and breeding 

history with the integration of ICT that ranges from basic web software to sophisticated robotic dairy systems.  These 

systems are often integrated with pasture management tools covering the needs of advanced applications, 

particularly in feed and milking management, especially for intensive farming systems for cattle, pigs, and poultry. 

Equipment is employed at the housing level, with sensors regulating environmental factors like temperature, 

humidity, and lighting. Monitoring atmospheric conditions is crucial in these settings for both animal and farmer 

welfare, detecting gases like carbon dioxide and ammonia (Rodenburg J., 2017). Newer technologies in these 

environments include video-based machine vision systems that monitor cattle behaviour (Herlin et al., 2021), and 

acoustic monitoring, such as detecting coughs in pig farms to prevent disease spread. Robotic milking systems, now 

commonplace globally, function through the integration of ICT across various farm operations (Rodenburg, 2017). In 

this context, Radio Frequency Identification (RFID) technology ear tags are frequently used for cattle identification, 

especially in grazing setups. Digital herd management also intersects with precision paddock management through 

virtual fencing. This technology uses GPS-equipped collars to control grazing areas, eliminating the need for physical 

fences. Typically, only the leaders of a herd wear these collars. The technology is more prevalent in places like 

Australia and the U.S. than in the EU (Herlin et al., 2021).  

Additionally, the use of drones for herd management, such as guiding livestock or locating stray animals, is an 

emerging trend. A key challenge in the growth of precision livestock systems is the lack of interoperable data 

standards (Bahlo et al., 2019). These technologies hold significant promise for livestock farming, providing valuable 

data for CAP monitoring and evaluation. They can offer insights into animal numbers, types, behaviours, and the 

inputs and outputs of farming operations. 
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Pasture Management 

By regulating the intensity and timing of grazing to prevent overgrazing, undergrazing, and to ensure the sustainable 

growth of pasture plants, various digital applications of pasture management have been developed. Record-keeping, 

strategic planning, precise grass measurement, effective nutrient demands estimation on the grassland farm are 

usually offered by paddock management software. Application recommendations for organic and inorganic nutrients 

on farms are provided by nutrient management planning software, which estimates nutrient loads and advises based 

on best practices and, in some situations, forecasted weather (Hedley, 2015). 

Also, farmers utilize new technologies to automate data collection, such as automated plate meter technology that 

feeds grass biomass data directly to smartphone applications, and the use of in-situ sensors permanently installed 

on the farm to measure grass levels, soil conditions and other parameters that supply an FMIS with data. Currently, 

the majority of commercial technologies (e.g. Farmnote)19 are concentrated on biomass and cover, yet there is 

ongoing development in sensors and methodologies for both direct and remote assessment of fodder quality, 

including attributes like protein content.  

The adoption of remote sensing technologies in grassland management is increasing, yet the integration of precision 

agriculture in grassland systems significantly lags behind that in tillage, (Lowenberg‑DeBoer et al., 2019). 

Development is ongoing for approaches using multispectral or synthetic aperture data (Sentinel-1 SAR data can 

overcome optical sensors limitations such as clouds and can offer ”texture” information on interest areas), with these 

data also being utilized in drone-based measurements of grassland biomass, alongside the development of new 

applications. 

To summarize, the data from various technology categories includes satellite (that estimate green cover, relative 

performance, biomass, growth rate, harvest yield, sward composition, feed on offer, pasture condition), handheld 

(that estimate biomass, growth rate, crude protein, sward height), smartphone (that estimate biomass, sward 

composition and weed identification), UAV (that estimate biomass, growth rate, cover, intra-field variability, weed 

detection), in field sensors (that estimate biomass, soil moisture, weather records), and on-machine (that estimate 

silage yield, Variable Rate Technology application, soil properties). 

Agricultural Machinery 

Description 

The recent years farming equipment has evolved significantly, incorporating advanced features for data gathering, 

processing, and telemetry. Over the last decade, telemetry has become a commonly used tool in agriculture, enabling 

the collection of data from the machine's Electronic Control Unit (ECU) via CAN-Bus electronics. This technology 

provides insights into machine usage, drawing time-dependent profiles and current status, and plays a crucial role 

in operational and maintenance decision-making, including predictive maintenance strategies. Basic decisions, such 

as tracking location and date, are vital for overseeing agricultural activities. Telemetry, when combined with precision 

agriculture, aids in merging data with specific crop details following the ISO 11783 (ISOBUS)20 standards. 

Data types and usage in agricultural monitoring   

ISOBUS includes various standards for facilitating communication between tractors and implements, with the Task 

Controller being a key element for field-specific and crop-specific data management. The Agricultural Industry 

Electronics Foundation categorizes task controllers into three levels: basic, section control, and GEO. The Basic 

Task Controller (TC-BAS) focuses on documenting aggregate values relevant to the work performed, with data 

exchange between the farm management system and Task Controller using the ISO-XML format. It simplifies the 

import and export of job documentation to and from the task controller. The Geo-based Task Controller (TC-GEO) 

offers additional features for acquiring and planning location-based data, such as application maps. The Section 

Control Task Controller (TC-SC) enables automatic section switching in equipment like sprayers, seed drills, or 

fertilizer spreaders, based on GNSS positioning and desired overlap levels. TC-BAS is a primary method for 

automatically collecting detailed crop data at the parcel level. It efficiently gathers information required for field books, 

automating the data collection process from machinery, and is considered a straightforward and focused source for 

such data. 

 

19 https://www.farmote.com/  
20 https://www.iso.org/standard/57556.html  

https://www.farmote.com/
https://www.iso.org/standard/57556.html


 

      |  33 

To conclude, the ISO 11783 (ISOBUS) standard has emerged as a leading framework for documenting agricultural 

machinery operations and widely adopted by key entities that drive the industry (e.g. Agricultural Industry Electronics 

Foundation, John Deere). Its significant presence in recent times has facilitated the creation of tools that enhance 

the compatibility of machinery-related data with other FMIS records21. This advancement means that ISOBUS's data 

can supplement traditional farm record-keeping, offering corroborative evidence. For instance, manual entries of 

pesticide or fertilizer use in a farm log can be complemented by the corresponding ISOBUS data from the used 

equipment. Nevertheless, ISOBUS's benefits are most apparent with sophisticated agricultural machinery, which 

might not be prevalent in smaller, less technologically advanced farms, particularly in Southeast Europe.  

Different types and categories of data of agricultural machinery that can contribute to CAP monitoring are related to:  

▪ Agricultural land data such as geodata and logs recorded during agricultural machinery operation 

▪ Financial data such as fuel consumption recordings and production costs  

▪ Agricultural input data such as type of fertilisers, pesticides applied  

▪ Agricultural practices data such as activity logs, quantity of chemical applications, frequency of applications 

etc. 

Among the technologies incorporated under the term precision agriculture and characterize the majority of machinery 

operations is the Variable Rate Technology (VRT). It automates site-specific management and adjusts farm inputs 

such as the usage of water, fertilizer, pesticides, herbicides to increase crop yield and control them accordingly at 

different rates across a field (Bhakta, I., Phadikar, S., & Majumder, 2019). Relevant methods of this technology 

include variable rate seeding (VRS) (Šarauskis et al., 2022), variable rate spraying (VRS), variable rate fertilization 

(VRF), variable rate irrigation (VRI). In the majority of those advanced sensors, GNSS, and mapping software is 

used to estimate field variability and execute precise applications in different managements zones. Multivariate 

approaches of defining the management zones include properties such as, historical yield, soil and crop 

characteristics, topography, slope, weather, intra-seasonal growth rate, pest detection etc. (Nawar et al., 2017). The 

goal is to minimize wasted resources and pollution, reduce costs, and to support a healthier environment by lowering 

the application rates of inputs (such as fuel, chemicals etc.) used compared to other traditional practices. Since it is 

crucial for improving farm productivity and minimizing inputs, this technology straight away promotes sustainable 

development goals regarding the quality of life and environment, in accordance with the Green Deal and the Farm 

to Fork strategy goals. 

Robotic Accounting 

Description 

The development of farm management information systems can trace its roots back to two key areas: agricultural 

accounting and farm field books. About a hundred years ago, agricultural accounting became mandatory in the 

Netherlands for tax purposes, leading to the formation of cooperative farm accounting services, which also offered 

comparative analyses. These data were used in the mid-20th century for understanding the impact of agricultural 

mechanization. In the 1960s, the European Union incentivized farmers with subsidies to maintain detailed financial 

records. From the 1980s, these records began to include quantitative data, enabling the calculation of environmental 

metrics such as pesticide, antibiotic usage, and nitrogen excess, (Poppe, 1992). The Netherlands briefly 

implemented the MINAS system, mandating mineral accounts to regulate nitrate and phosphate levels, (Breembroek 

et al., 1996). This integration with fiscal records enhanced the verifiability of the accounts, ensuring expenses like 

feed were accurately reported due to their impact on nutrient inputs and tax calculations. Meanwhile, farmers kept 

physical field books for record-keeping, noting details about animal treatments and crop management. These evolved 

into digital farm management information systems, although their adoption was initially slow due to the intensive 

manual input required.  

Data types and usage in agricultural monitoring   

Over time, they have become more integral for day-to-day management than traditional accounting systems. Their 

popularity has increased recently, driven by various supply chain information systems related to traceability, food 

 

21https://www.cema-agri.org/images/publications/position-papers/CEMA_PT3_-_2017_01_20_-_AEF-
AgGateway_collaboration_web.pdf  

https://www.cema-agri.org/images/publications/position-papers/CEMA_PT3_-_2017_01_20_-_AEF-AgGateway_collaboration_web.pdf
https://www.cema-agri.org/images/publications/position-papers/CEMA_PT3_-_2017_01_20_-_AEF-AgGateway_collaboration_web.pdf


 

      |  34 

safety standards like GlobalGap22, and sustainability initiatives. Modern systems are also closely linked with 

mandatory animal registrations and compliance with CAP subsidies, which demand precise field data and accounting 

records. In recent years, digital formats like PDFs have begun to complement or even replace traditional paper 

invoices. Digital provider organizations that automate the invoicing needs of clients are responsible for generating 

thousands of invoices in EU. This transition allows the automatic categorization of invoices via machine-readable 

formats and through technologies like Optical Character Recognition (OCR) but others lack this capability, 

complicating the automation of data extraction. Additionally, rather than being directly sent to or stored for the farmer, 

these documents often require retrieval from various company websites. This necessitates navigating through 

password-protected websites to find and gather the needed documents, transforming what should be a 

straightforward task into a tedious search for relevant information, increasing manual workload. If data are not fully 

digitalised that is a labour-intensive task and consequently prone to errors. Farmers, their advisors and their 

accountants usually share this burden and do it themselves (often using accounting software and relevant 

extensions). Some digitalise their paper invoices with a smart phone and send them in a pdf or jpeg format to their 

accountant, but the poor quality usually negatively affects the quality of OCR techniques. 

In response to the diverse array of e-Invoice formats utilized throughout the EU, member states along with the 

European Commission have agreed to adopt a European Standard for e-Invoicing (Directive 2014/55/EU) into their 

national legislation and adhere to the European standard. The aim is to simplify the current complexity and reduce 

the financial burden on businesses and public bodies23 and to establish a standard rather than a unified European 

e-Invoicing infrastructure.  

Financial information exchange platforms include data categories regarding farm (legal status, VAT, etc), farmer 

profiles (name, address, income, etc), parcel information (farm type, legal titles, etc), inventory and building 

information (materials, equipment, buildings, chemicals stored, etc), purchase and sales data (UBL / paper invoices, 

self-created bills, dispatch notes, etc), bank data (payments, credit, etc), production and operating data (use and 

consumption of inputs, activity logs, etc), accountancy data (balance sheets, loans, net worth, cash flow, margins, 

sustainability report, income, taxes, depreciation, etc).  

Farm Management Information systems  

 Description 

Various elements and technologies of the agriculture ecosystem presented in this chapter are often components of 

an FMIS. Therefore, we will allocate a portion of this section to explain their significance and how they integrate 

diverse data and records in an interoperable way.  

FMIS is a subset of the category of Decision Support Systems (DSS). The goal is to provide farmers with data and 

analysis to make better decisions, as the FMIS is a computer-based system that collects and manages data related 

to farm operations, such as crop selection, planting schedules, irrigation, and financial management. Agricultural 

Farm Management Information Systems have progressed significantly since their inception in the 1970s as basic 

record-keeping and operational planning tools. As detailed by Fountas et al. (2015), these systems have become 

intricate and advanced, aiding in decision-making and production management. Aim of these systems is to assist 

farmers in a variety of activities, including operational planning and execution to evaluating completed fieldwork 

(Burlacu et al., 2014), essentially gathering and analyzing data to generate useful information for managerial 

decision-making in a digital way (Boehlje & Eidman, 1984).  

 

Key elements of an effective FMIS include design tailored to farmers, intuitive user interfaces, automated data 

handling, incorporation of expert knowledge and user preferences, and standard data communication, all provided 

at a cost accessible to farmers (Murakami, et al., 2007). To enhance these systems, various management structures, 

database networks, and software designs have been suggested by researchers, ultimately increasing system 

complexity towards web-based platforms and apps for smartphones and tablets. Advancements like the Internet of 

Things and Cloud Computing progress pushed this evolution further and acted as a key enabler towards the 

integration of more robotics and artificial intelligence in agriculture (Wolfert et al., 2017). This ties into the Big Data 

concept, where large data volumes of diverse nature are gathered, analyzed, and utilized for decision-making, 

 

22https://www.tuv-nord.com/in/en/blog/blog-details/article/global-good-agricultural-practices-global-gap-
certification/#:~:text=Global%20GAP%20certification%20which%20is,etc%20to%20name%20a%20few.  
23 https://ec.europa.eu/growth/single-market/public-procurement/digital/einvoicing_en  

https://www.tuv-nord.com/in/en/blog/blog-details/article/global-good-agricultural-practices-global-gap-certification/#:~:text=Global%20GAP%20certification%20which%20is,etc%20to%20name%20a%20few
https://www.tuv-nord.com/in/en/blog/blog-details/article/global-good-agricultural-practices-global-gap-certification/#:~:text=Global%20GAP%20certification%20which%20is,etc%20to%20name%20a%20few
https://ec.europa.eu/growth/single-market/public-procurement/digital/einvoicing_en
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offering predictive insights, driving immediate operational decisions, and transforming business processes for 

innovative business models. 

 Data types and usage in agricultural monitoring    

The objectives of FMISs include minimizing production expenses, adhering to agricultural norms, and ensuring the 

quality and safety of products, thereby aiding farmers in making optimal decisions (Fountas et al., 2015). These 

software solutions for farm management facilitate automated data collection and processing, monitoring, planning, 

decision-making, record-keeping, and overall farm operation management (Köksal & Tekinerdogan, 2019). Data 

from diverse sources such as sensors and technologies mentioned in the previous chapters are used along with 

various manual user inputs. 

Their basic usage workflows are integrating features such as tracking crop yields, financial gains and losses, 

scheduling farm tasks, forecasting weather, monitoring soil nutrients, and mapping fields. More advanced functions 

involve automated management of accounting, inventory, and labour contracts for farms and agricultural businesses. 

FMISs are often used to document all implemented farming practices, such as pesticide and fertilizer application, 

irrigation, mowing, and ploughing. It's important to note that the documentation of certain inputs like pesticides is 

legally required (Directive 2009/128/EC), making FMISs a convenient tool for consolidating all pertinent records in 

one location. Additionally, FMISs offer export features for logs, which are useful in various audits, including those for 

organic practices and Good Agricultural Practices. Consequently, recent advancements are transforming them from 

basic tools for data management into sophisticated systems capable of real-time management of agricultural 

machinery fleets and providing customized decision support functionalities (Fountas et al., 2015). It is worth to 

mention that standardization of FMIS in Europe usually revolves around the ISOBUS standard but has not extended 

to the integration of components of the FMIS workflow that are not tractors and typical machinery24. This is mainly 

due to the fact systems are designed to be interoperable within the system, using formats that are closely coupled 

with the suppliers' machinery interface, with incentives for collaboration and data sharing to be weak. 

5.3. The FADN as Data Source and Its Transition to FSDN 

The FADN is currently developing into the FSDN which means that more and new data are required. Recently, some 

research projects have explored the implementation of data acquisition technologies to collect these new data. The 

third section of this chapter gives an overall view of these technologies and the type of information they provide. 

The European FADN provides detailed financial, economic and structural information at farm level on more than 

80,000 farms in Europe. The information in the FADN has been broadly used to quantify the impact of the CAP in 

the European agriculture sector. The need of assessing the environmental impact of the agriculture requires FADN 

to evolve and gather different data from the ones it usually has collected. Therefore, the FADN is developing into 

the Farm Sustainability Data Network (FSDN). 

5.3.1. Description of the FADN 

The FADN is an instrument for evaluating the income of agricultural holdings and the impacts of the Common 

Agricultural Policy. It is an integrated system for collecting data from a representative sample of farm units on an 

annual basis. It covers the whole range of farm activities in a given country, as well as some non-agricultural activities 

like agro-tourism, forestry, etc. All information collected is strictly confidential and should only be dispensable to the 

DG Agriculture of the European Union. A management committee guides the FADN. The committee is known as the 

FADN Committee and consists of representatives of the Liaison Agencies of the Member States. The legislation 

establishing FADN is Council Regulation 79/65/EEC of 15 June 1965. This legislation has since been modified and 

expanded. 

The EU’s FADN provides annually key data and information that allows assessing and evaluating the economic and 

financial performance of all EU farms, representing a population of about 5 million farms in the EU, covering 

approximately 90% of the total Utilised Agricultural Area (UAA) and accounting for about 90% of the total agricultural 

production. With the Integrated Farm Statistics (IFS) Survey data, the FADN dataset is statistically representative at 

 

24 Farm Data Management, Sharing and Services for Agriculture Development Online Course (2019), Lesson 4.4 
Interoperability of Farm Data - Farm Data Management MOOC. Available at: https://aims.gitbook.io/farm-data-
mooc/unit-4-exposing-data/untitled-2 (Accessed: 12 February 2024). 
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region, Member State, type of farming and at economic size levels. Farmers participate in the FADN survey on 

voluntary basis and are not directly rewarded financially. 

In order to provide a harmonised set of data, a unified FADN farm survey (called the ‘FADN Farm Return’25) is set 

at the EU level together with all Member States. Then, the Member States collect data according to the agreed Farm 

Return’s instructions. However, the method of data collection has been left open to the Member States. As a result, 

at present, there is no common EU data collection system, a variety of data collection methods exists and the costs 

of collecting FADN data vary.  

As already evidenced, the FADN is based on a legal basis, which clearly defines the objectives, as well as the way 

of its operation. According to Regulation 79/65/EEC and all its amendments the main objectives of the FADN are 

the following:  

▪ The collection of accountancy information from farm units concerning the income level. 

▪ The modulation of subsidies level provided under the Common Agricultural Policy. 

▪ The analysis of possible impacts of the applied Agricultural Policy (e.g. CAP 1992, Agenda 2000, Maastricht, 

Interim CAP Reform 2003, etc.).  

▪ The formulation of new or the revision of the existing Agricultural Policy. 

The Transition from FADN to FSDN  

Since 1965 the FADN has been a unique source of farm level accountancy data and represents, at EU level, a well-

established network that the European Commission intends to develop further and to convert into the FSDN. The 

FSDN will, in addition to economic data, collect data on farmers’ environmental and social practices, in line with the 

Common Agricultural Policy objectives, the Farm to Fork and Biodiversity Strategies. It will allow to provide a more 

complete picture of the EU farms.  

The idea of using the FADN to collect sustainability variables is not new. It has already been attempted in the FLINT 

research project where several institutions from different Member States studied and provided lists of possible 

environmental and social variables at farm level. With such knowledge and experience, certain Member States 

decided to extend their national FADN systems and at present they gather additional farm level environmental and 

social sustainability information and data. 

In fact, the need to collect more information has increased significantly in over the years, both at national and 

community level, to partially respond to the needs of evaluation of agricultural policies and partly to information 

questions coming from the world of research and the business consultancy system. The opportunity to insert new 

variables and the intrinsic characteristics of the survey, in particular the annual frequency and the company level of 

data collection, pushed the European Commission to launch, as part of the Farm to Fork strategy of the new Green 

Deal, a reform initiative of the survey which should allow to cover the new areas of corporate sustainability. In 

particular, without prejudice to its characteristic as a tool for detecting economic facts, the FSDN, which will replace 

the FADN even in the name, will collect more information on the environmental and social sustainability of farms. 

The objectives to which the FSDN will have to respond are therefore much more extensive and ambitious than the 

current FADN and more in line with future information needs, capable of accompanying the European agri-food 

systems towards greater sustainability and social equity and highlight the multiple functions performed by farms 

beyond the simple production of food. 

The conversion process was officially launched on May 20th, 2020, with the Commission’s publication of the 

document “Analysis of links between CAP Reform and Green Deal”26. The evaluation of the feasibility of the proposal, 

both at community and individual Member State level, was assigned to the IPM2/FSDN27 project (launched in 

January 2022) which analyzed several aspects regarding conversion.  

The final steps of the roadmap foresee the presentation of the results of the pilot project (presentation held on 15th 

September 2023), the amendment of the basic regulation by Parliament and the Council, the publication of the first 

 

25 Article 9 and annex VIII of the Commission Implementing Regulation (EU) 2015/220 
26 https://agriculture.ec.europa.eu/system/files/2020-05/analysis-of-links-between-cap-and-green-deal_en_0.pdf 
27 https://etendering.ted.europa.eu/cft/cft-display.html?cftId=8795 
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drafts of the delegated and executive acts. On the beginning of 2024 the delegated and implementing regulations 

should also be approved. 

The official start of the new FSDN survey is expected in 2026 with the collection of the reported data to the accounting 

year 2025. It is hoped that the results of the survey can be used to evaluate the interventions planned for the 2023-

2027 CAP and the achievement of the targets set in the common monitoring and evaluation framework. 

5.3.2. Data requirements for the FSDN 

How many and which variables will be collected with the FSDN is a topic of discussion both within the working groups 

of the Agriculture Directorate of the European Commission, both within the project IPM2/FSDN pilot ended in 

November 2023. The technical and methodological basis of reference is represented by some projects funded by 

the European Commission (MEF4CAP, SEN4CAP, NIVA, DIANA, MIDSTEP, UNISECO, SUPREMA, DIONE, 

OpenIACS, FaST, SureFarm), but from the results of the project FLINT.  

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 cases.  

FLINT, which pre-dates the Farm to Fork 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. The provision of comprehensive and comparable 

information which matches the data requirements in terms of sustainability indicators would allow policy makers to 

make more informed and evidence-based judgements on the impact of policies that are often multidimensional 

and/or conflicting, and that may involve both jointness and trade-offs. 

In the FLINT project, completed in 2017, around 150 new variables were presented. These variables were 

constructed around 30 themes, of which 14 environmental, 7 social and 9 of the economic components (see figure 

below). Some of these have been considered in the IPM2/FSDN pilot project while others will be reformulated on 

basis of new needs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The FLINT is a very important foundation to cover data needs related to sustainability topics. However new data 

needs have emerged with the new CAP, Farm to Fork Strategy. The extent to which data identified in FLINT map 

on to the indicators needed to evaluate current policies will need to be assessed. Agricultural policies are widening 

the scope to contribute to environmental objectives, the Paris climate agreement and the Sustainable Development 

Goals (SDGs). Furthermore, Member States develop their national strategic plans with more attention to the regional 

Figure 6.- Indicators proposed in FLINT project (Source: Vrolijk, H. and Poppe, K., 2021) 
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implementation of the CAP. Broadening of scope will increase the number of indicators required for monitoring and 

evaluation. 

Nowadays there are around 80 new variables under discussion, relating to 9 environmental themes, divided into 

sub-themes, made up in turn of around 40 variables, ranging from animal welfare to production biological. There are 

4 themes of the social component, also divided into sub-themes, made up of 45 new variables, new information 

ranging from conditions in the workplace to the professional development of employees. 

Some variables should be collected at farm level, others at crop level or farm; some concern all companies while 

other variables are aimed at specific company types. Finally, some data could be collected every two or three years. 

The probabilities that all or most of the new variables proposed and discussed can be shared, approved and included 

in the executive documents of the future FSDN depends mostly on the outcomes of the project pilot which, as 

previously mentioned, will have to analyze the opinions put forward in terms of feasibility by the individual liaison 

agencies, by the national survey networks and by the stakeholders consulted. 

From the first discussions, it rises that the most problematic aspects for the new FSDN are linked to (i) the degree 

of availability of information on agricultural companies; (ii) the level of difficulty in data collection; (iii) the possibility 

of acquiring new information from databases online held by public bodies; (iv) the use of geospatial data; (v) access 

to management systems in use on agricultural companies; (vi) the presence of any constraints deriving from the 

regulations on data protection; (vii) the frequency of data collection; (viii) the extent of the costs of implementation 

that the new system requires; (ix) the impact on the detection network and on organizational structure of the LA; (x) 

the level of farmer loyalty. Compared to the latter point, the need to improve the relationship with farmers has been 

highlighted on several occasions, make them more aware of the importance of data produced by the FSDN. 

5.3.3. Gaps on Interoperability Between Administrative and Statistical Data Bases 

What is interoperability: “Interoperability refers to the basic ability of different computerised products or systems to 

readily connect and exchange information with one another, in either implementation or access, without restriction. 

For two or more systems to be interoperable, they must be able to exchange, interpret, and present shared data in 

a way that is understood by the other.” 

The interoperability with institutional IT systems managed by an authority or a public body with any other institutional 

or non-institutional external sources seems to be rare in the Member States. A recent survey conducted by the 

project IPM2/FSDN pilot demonstrated that, just five Member States said that they have interoperability with other 

institutional IT systems, while only three Member States reported to have interoperability with non-institutional 

external sources. However, it can be highlighted that the survey gathered input regarding interlinks with external 

sources and in this case, 19 Member States reported that such interlinks are in place.  

6. Monitoring and Performance Assessment and Data Acquisition 

Technologies 

6.1. Data Requirements for Monitoring Interventions  

Description of the interventions 

This section will link each of the interventions listed in Section 4.3 to the CAP’s SOs they aim at and later, it will 

identify the type of data each intervention would need to check the eligibility conditions they establish.  

As for linking interventions to SOs, we rely on both the Catalogue of CAP interventions dashboard28 deployed by the 

EC and the report “Mapping and analysis of CAP strategic plans–Assessment of joint efforts for 2023-2027” 

(European Commission, 2023). While the first one presents the number of interventions pointing each SO according 

to the 28 CSPs, the second establishes these links based on expert judgment. Table 4 presents a summary of these 

 

28 https://agridata.ec.europa.eu/extensions/DashboardCapPlan/catalogue_interventions.html# 
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links. The numbers represent the number of interventions addressing each SO according to the dashboard, and the 

crosses depict whether the intervention is referred to in the analytical framework for the SO in the report. 

Table 4.- Links between intervention and SO. 

TYPE OF 

INTERVENTION 

SO1 SO2 SO3 SO4 SO5 SO6 SO7 SO8 SO9 CCO 

BISS 
X 

36 

— 

1 
    

— 

1 

— 

1 
  

CRISS 
X 

26 
      

— 

1 
  

CIS-YF 
X 

23 

— 

1 
    

— 

25 

— 

7 
  

Eco-schemes 
X 

85 
 

X 

— 

X 

118 

X 

137 

X 

112 

— 

1 
 

X 

38 
 

CIS 
X 

204 

X 

108 
 

X 

6 

— 

9 

X 

6 

— 

— 
 

— 

10 

— 

— 

Sectoral  
X 

174 

X 

382 

X 

514 

X 

125 

X 

113 

X 

124 

— 

4 

X 

18 

— 

128 

X 

121 

ENVCLIM 
— 

3 
 

— 

2 

X 

190 

X 

201 

X 

273 

— 

1 

— 

9 

X 

107 

— 

1 

ANC 
X 

45 
  

— 

15 

— 

1 

X 

36 
 

— 

15 
  

ASD 
X 

27 
  

— 

10 

— 

9 

X 

25 
 

— 

2 

— 

1 

— 

1 

INVEST 
X 

39 

X 

163 

— 

34 

X 

186 

X 

136 

X 

95 

X 

36 

X 

131 

X 

56 

X 

32 

INSTAL 
— 

3 

— 

5 

— 

2 
 

— 

1 
 

X 

43 

X 

21 

— 

1 

— 

3 

RISK 
X 

26 

— 

1 

— 

1 
   

— 

2 
 

— 

1 

— 

1 

COOP 
X 

7 

X 

30 

X 

67 

X 

22 

X 

23 

X 

24 

X 

21 

X 

64 

X 

38 

X 

52 

KNOW 
X 

11 

X 

22 

X 

14 

X 

22 

X 

23 

X 

26 

X 

26 

X 

14 

X 

20 

X 

73 

 

After identifying the links between intervention and SO, the general objectives of each intervention and the type of 

data it would need for monitoring purposes are described. 

Basic Income Support for Sustainability (BISS) 

This area-based intervention aimed at providing basic income support in the form of an annual decoupled payment 

per beneficiaries’ eligible hectare. In this case, MS decide to differentiate the amount of the basic income support 

per hectare amongst different groups of territories faced with similar socio-economic or agronomic conditions.  

In this case, after the compulsory administrative check on the eligibility condition of farmers (active farmer), the 

eligibility conditions of the parcel need to be verified by mean of some technologies. 

This intervention is linked to SO1(36 interventions), SO2(1 intervention), SO8(1 intervention). 
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Payment for Small Farmers  

MSs can implement the Payment for Small Farmers intervention as a simplified income support intervention. This 

intervention can be implemented on a voluntary basis, in the form of an identical lump sum for all farmers, or a 

payment per hectare. The PSF replaces all other forms of income support payment, including BISS, CRISS, Eco-

schemes, CIS-YF, and CIS29. Additionally, this payment does not exempt farmers from conditionality controls. If an 

area-based payment is chosen, the technologies to check compliance can be the same as those used for the BISS. 

This intervention is linked to SO1(23), SO2(1), SO7(25), SO8(7). 

Complementary Redistributive Income Support for Sustainability (CRISS) 

The main objective of CRISS payments is to promote a more balanced distribution of income support to small and 

medium-sized farms. This intervention should ensure fairness by redistributing income support from larger to smaller 

or medium-sized farms, which are more likely to be affected by economies of scale (the larger the farm, the lower 

the unit cost, and typically the higher the income per worker). This intervention is substantiated as an annual 

decoupled payment per eligible hectare to farmers entitled under the BISS. Since this intervention is tightly linked to 

BISS, the type of checks remains the same as for that intervention, and therefore, the technologies used to check 

compliance will be the same. 

This intervention is linked to SO1. 

Complementary income support for young farmers (CIS-YF) 

This intervention is aimed at providing enhanced income support to young farmers who are newly set up for the first 

time and who are entitled to BISS. CIS-YF is a voluntary aid in form of annual payment per eligible hectare or annual 

lump sum. As in the case of BISS, the CIS-YF requires a previous administrative check on whether the applicant is 

compliance with the definition of young farmer stated in the Regulation (EU) 2021/2115. Since the payment is linked 

to BISS and therefore area-based, the technologies to verify compliance are the same as those used for BISS. 

This intervention is linked to SO1(26) and SO8(1). 

Eco-schemes 

This intervention is aimed at supporting farmers who adopt practices minimising the negative impact of agriculture 

on the environment and climate and go beyond the enhanced conditionality. Eco-schemes support practices such 

as organic farming, agro-ecological practices, precision farming, agro-forestry or carbon farming, as well as animal 

welfare improvements. The support for this intervention could be in the form of annual payment for all eligible 

hectares covered by the commitments or for the livestock units.  

In January 2021, the EC issued a list of potential agricultural practices that Eco-schemes could support30. Based on 

this list, the technologies to explore should provide data at farm level on crop type identification, vegetation coverage, 

agricultural practices, animal location, animal behaviour detection, landscape feature identification, fertilizers use, 

water consumption and nutrient balance. 

This intervention is linked to SO1(85), SO3, SO4(118), SO5(137), SO6(112), SO7(1) and SO9(38) 

Coupled income support (CIS) 

This intervention aims at supporting specific agricultural sectors or sub-sectors facing important difficulties where, 

otherwise, the alternative could be abandonment of production, which in turn may affect other parts of the supply 

chain, or associated markets, and potentially increase unemployment in already economically depressed rural 

regions. CIS may only be granted to the sectors and productions, or specific types of farming established in 

Regulation (EU) 2021/2115. The payments granted under CIS may be paid by hectare or for eligible animals (bovine, 

sheep and goats). As for the latter, the animals need to be adequately identified and registered (Regulation (EU) 

2016/429) to be considered eligible. 

 

29https://agriculture.ec.europa.eu/common-agricultural-policy/income-support/additional-schemes/payments-
small-farmers_en  

30https://agriculture.ec.europa.eu/document/download/2445d833-7a35-4974-8ecb-
ee7d5a0332e6_en?filename=factsheet-agri-practices-under-ecoscheme_en.pdf 

https://agriculture.ec.europa.eu/common-agricultural-policy/income-support/additional-schemes/payments-small-farmers_en
https://agriculture.ec.europa.eu/common-agricultural-policy/income-support/additional-schemes/payments-small-farmers_en
https://agriculture.ec.europa.eu/document/download/2445d833-7a35-4974-8ecb-ee7d5a0332e6_en?filename=factsheet-agri-practices-under-ecoscheme_en.pdf
https://agriculture.ec.europa.eu/document/download/2445d833-7a35-4974-8ecb-ee7d5a0332e6_en?filename=factsheet-agri-practices-under-ecoscheme_en.pdf
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In view of the above-mentioned general requirements for CIS, the technologies at the farm level need to provide 

data in several general aspects: crop type identification, crop location, agricultural practices identification and animal 

identification and register.   

This intervention is linked to SO1(204), SO2(108), SO4(6), SO5(9), SO6(6) and SO9(10) 

Sectoral Interventions 

These interventions are aimed at improving the position of farmers in the food chain and increase the value added 

of agricultural products and this is done by supporting producer cooperation and participation in producer 

organisations. This general type encompasses interventions in: 

▪ fruit and vegetables sector, 

▪ apiculture products sector 

▪ wine sector  

▪ hops sector 

▪ olive oil and table olives sector 

▪ other sectors set out in Article 1(2), points (a) to (h), (k), (m), (o) to (t) and (w), of Regulation (EU) No 

1308/2013 and sectors covering products listed in Annex VI to Regulation (EU) 2021/2115. 

The general name of sectoral interventions encompasses different types of interventions for each sector. One of the 

main characteristics of some of them is that the payment is granted to producer organizations and not directly to the 

farmers (Fruit and Vegetables and hops sector, for instance). These interventions support a wide variety of aspects: 

investments in tangible and intangible assets, advisory services and technical assistance, training and exchanging 

of best practices, organic or integrated production, promotion, communication, marketing, implementation of quality 

schemes, implementation of traceability and certification systems and actions to mitigate and to adapt to climate 

change.  

Given the objectives and the wide range of supported interventions under this general type, we consider that the 

most suitable interventions benefiting from farm-level technologies are those related to investments in tangible 

assets. More precisely, the technologies to explore should inform on two aspects: first, whether the assets subject 

to investment are in place, and second, the actual effect of the investment. 

These interventions are linked to SO1(174), SO2(382), SO3(514), SO4(125), SO5(113), SO6(273), SO7(1), SO8(9), 

SO9(128) and CCO(121) 

Environmental, climate-related and other management commitments (ENVCLIM) 

This intervention supports management commitments that go beyond the SMR and GAEC requirements, the 

relevant minimum requirements for the use of fertiliser and plant protection products or for animal welfare, the 

maintenance of the agricultural area as defined in the regulation and are different from Eco-scheme commitments.  

The EC’s intervention catalogue dashboard31 lists 390 different ENVCLIM interventions throughout the entire EU. 

Despite there is a wide variety of interventions across the EU, in the report titled “Approved 28 CAP Strategic Plans 

(2023-2027). Summary overview for 27 Member States. Facts and figures” issued by the EC, presents a summary 

of the thematic coverage of the ENVCLIM interventions based on Member states’ CSP. MSs also programmed in 

their CSP ENVCLIM interventions supporting genetic resources in agriculture and forestry. 

 

31 https://agridata.ec.europa.eu/extensions/DashboardCapPlan/catalogue_interventions.html#  

 

https://agridata.ec.europa.eu/extensions/DashboardCapPlan/catalogue_interventions.html
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Figure 7.- CSPs according to thematic coverage of agri-environment-climate commitments (source: European 
Commission, 2023) 

Based on the thematic coverage, the technologies to explore should provide data at the farm level on crop type 

identification, vegetation coverage, agricultural practices, animal location, animal behaviour detection, landscape 

feature identification, fertilizers use, water consumption, nutrients balance and genomics. 

These interventions are linked to SO1(3), SO3(2), SO4(190), SO5(201), SO6(273), SO7(1), SO8(9), SO9(107) and 

CCO(1). 

Natural or other area-specific constraints (ANC) 

This intervention aims at compensating farmers total or partially for disadvantages to which the agricultural 

production is exposed due to natural or other specific constraints in their area of activity (European Commission, 

2023). It takes the form of an annual payment per hectare in such areas. Such compensation primarily contributes 

to ensure a fair income and allow farmers to continue agricultural land management to prevent land abandonment. 

This payment is only granted to active farmers. The regulation defines three typologies of areas: 

▪ Mountain areas, which are designated due to their altitude or the steepness of their slopes. 

▪ Areas facing significant natural constraints, which are based on eight biophysical criteria, as well as a 

process known as ‘fine-tuning’. 

▪ Other areas affected by specific constraints, which are limited to 10% of the EU country's total area and are 

defined by the EU country itself. 

In view of this, two eligibility conditions need to be checked: first, the status of the potential beneficiary as an active 

farmer, and secondly, that the declared plots are within the area declared with natural or other area-specific 

constraints. 

In this case, the technologies to explore should help verify the second requirement. 

These interventions are linked to SO1(45), SO4(15), SO5(1), SO6(36) and SO8(15) 

Area-specific disadvantages resulting from certain mandatory requirements (ASD) 

This intervention aims to compensate beneficiaries facing area-specific disadvantages imposed by requirements 

resulting from implementing Natura 2000 agricultural and forest areas, other delimited nature areas with 

environmental restrictions, and agricultural areas included in river basin management plans. This intervention is 

subtantiated in form of annual payments per hectare. 

In view of these eligibility conditions, the technologies to explore should provide information on the location of the 

parcel as well as the activity perform to keep on with agricultural activity (Regulation (EU) 2021/2115, Article 4). 
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This intervention is linked to SO1(27), SO4(10), SO5(9), SO6(25), SO8(2), SO9(1) and CCO(1). 

Investments (INVEST) 

This intervention aims to support investments for introduccing new technologies and scalling up and moderninsing 

farmers operations. These investments include on-farm productive investments (supporting technological 

advancement and productivity in agriculture) and off-farm productive investments (supporting processing, marketing 

and/or development of agricultural products), as well as productive and non-productive investments. 

Such investments may concern, inter alia, infrastructures related to the development, modernisation or adaptation 

to climate change of agriculture and forestry, including access to farm and forest land, land consolidation and 

improvement, agro-forestry practices and the supply and saving of energy and water. It may also cover investments 

in the restoration of agricultural or forestry potential following natural disasters, adverse climatic events or 

catastrophic events, including fires, storms, floods, pests and diseases and animal welfare. 

We include the investments in irrigation in this section. This type of investments aims to offer potential water savings 

in both new and existing irrigated areas. This intervention could support investments in improving energy efficiency, 

in the creation of a reservoir, or in the use of reclaimed water as long as they do not affect a body of groundwater or 

surface water. All these investments need to align with the corresponding river basin management plan. 

In view of these general eligibility conditions, the technologies to explore need to provide information on two aspects: 

first, on verifying the actual installation of the asset subject of investment and secondly, on the real effect of 

implementing such an investment. 

These interventions are linked to SO1(39), SO2(163), SO3(34), SO4(186), SO5(136), SO6(95), SO7(36), SO8(151), 

SO9(56), CCO(32). 

Setting-up of young farmers and new farmers and rural business start-up (INSTAL) 

This intervention is aimed at supporting the start-up of rural businesses linked to agriculture or forestry including the 

setting up of new farmers, or farm household income diversification into non-agricultural activities and non-

agricultural activities in rural areas related to the community-led local development strategies. 

The potential beneficiaries, apart from having to fulfil the conditions established in the CSP, must provide a business 

plan compliant with the conditions set in it. 

In this case, it is unclear which kind of technology could provide information on the general eligibility conditions 

established in this intervention. 

This intervention is mainly linked to SO1(3), SO2(5), SO3(2), SO5(1), SO7(43), SO8(21), SO9(1), CCO(3) 

Risk management (RISK) 

The objective of this intervention is to promote risk management tools which help active farmers manage production 

and income risks related to their agricultural activity that are outside their control. 

In this case, the technologies to explore should help verify that the losses incurred by the farmer exceed a threshold 

of at least 20 % of the average annual production or income of the farmer in the preceding three-year period, or a 

three-year average based on the preceding five-year period excluding the highest and lowest entry. 

This intervention is linked to SO1(26), SO2(1), SO3(1), SO7(2), SO9(1) and CCO(1) 

Cooperation (COOP) 

The objective of this intervention is to support the establishment and implementation of cooperation between at least 

two entities with a view to: 

▪ Prepare and implement the projects of the European Innovation Partnership (EIP) operational groups.  

▪ Prepare and implement LEADER.  

▪ Promote and support quality schemes recognised by the Union or by the Member States and their use by 

farmers. 

▪ Support producer groups, producer organisations or interbranch organisations. 

▪ Prepare and implement smart-village strategies, as determined by Member States. 
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▪ Support other forms of cooperation.  

Due to the nature of this intervention, it is challenging to identify the type of data that new technologies should 

provide to assess both the compliance and the impact of the implemented measures. Nevertheless, the intervention 

also considers supporting some investments that are aligned with those established for INVEST interventions. 

Therefore, the technologies to explore should pursue the same objectives.   

This intervention is linked to all SOs: SO1(7), SO2(30), SO3(67), SO4(22), SO5(23), SO6(24), SO7(21), SO8(64), 

SO9(38), CCO(52) 

Knowledge exchange and dissemination of information (KNOW) 

The main objective of this intervention is to promote innovation, training, advice, and other forms of knowledge 

exchange and dissemination of information, including the drawing up and updating of plans and studies with the aim 

of knowledge exchange and dissemination of information. The integration of farm advisors within the Agricultural 

Knowledge and Innovation Systems (AKIS) is key for this intervention to deliver an effective offer of training and 

skill-building activities whose scope encompasses: 

▪ Training for advisors, farmers, foresters and other stakeholders.  

▪ Capacity building and mobility for advisors to go and learn abroad. 

▪ Farmer discussion groups (peer-to-peer learning).  

▪ Back-offices for advisors to collect and share thematic, up-do-date knowledge including the latest science. 

Like COOP intervention, the nature of KNOW intervention makes it challenging to identify the type of data that new 

technologies should provide to assess both the compliance and the impact of the implemented measures. 

This intervention is linked to all SOs: SO1(11), SO2(22), SO3(14), SO4(23), SO5(26), SO6(26), SO7(26), SO8(14), 

SO9(20), CCO(73) 

6.1.1. Good Agricultural and Environmental Conditions  

One of the novelties of the new programming period is the enhanced conditionality, which includes a higher level of 

environmental ambition built upon the CAP 2014-2020 greening requirements baseline. With the implementation of 

the new CAP 2023-2027, farmers receiving CAP support must adhere to EU standards on good agricultural and 

environmental conditions of land, GAEC. 

Table 5.- Good Agricultural and Environmental Conditions 

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 
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In view of this list of requirements, the technologies to explore should provide data at the farm level on crop type 

identification, land cover identification, vegetation coverage, detection of agricultural practices events, landscape 

feature identification, land use, and land use change. 

6.1.2. Statutory Management Requirements 

Although the SMRs are related to CAP enhanced conditionality, respecting these requirements is compulsory for all 

farmers, regardless of whether they receive CAP support or not. 

Table 6.- Regulations of Statutory Management Requirements 

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)  

Directive on the conservation of natural habitats and of wild fauna and flora (Council Directive 

92/43/EEC) 

 

From the list of requirements, we consider that the technologies to explore should provide data at farm level on crop 

type identification, vegetation coverage, agricultural practices, pesticides use, animal location, animal behaviour 

detection, antimicrobial use, biodiversity, nutrient balance, water consumption and nutrients balance. 

6.1. Potential of the Technologies for Monitoring Interventions 

This section brings together the interventions described in the previous section and the technologies identified in 

section 5.2. It aims to assess the suitability of each farm-level technology in providing data for both compliance 

monitoring and data stocktaking. To this end, we create a set of tables, one for each technology. These tables 

present the type of information each technology provides and evaluate weather this information is adequate for both 

compliance and data knowledge and stocktaking for each type of intervention. The capability of the technology for 

checking the beneficiary’s compliance with both GAEC and SMR is also assessed. SMR are related to other EU 

Policies concerning public, animal and plants health, animal welfare and environment and they are compulsory for 

all farmers in the EU, regardless of whether or not they receive CAP support. The impact of implementing such 

regulations needs to be assessed in a wider scope than the CAP. Therefore, as for SMR, we focus only on the 

capability of the technology to provide data to check compliance with these requirements. 
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Figure 8.- Role of data acquisition technologies in CSPs monitoring. 

The tables also present the type of data acquisition of the technology, which indicates whether the technology 

gathers on-farm or off-farm data. Figure 9 shows each one's challenge. On-farm data acquisition delivers localized 

data that, when used out of the farm, highlights the data sharing challenges such as privacy and ownership, among 

others. On the other hand, the accessibility and the lack of standard data models become challenges when off-farm 

data are needed within the farm. These issues will be addressed in task 4.2. 

 

Figure 9.- Implications of on-farm and off-farm data. (Maru, et al., 2018) 

Some technologies rely on other to deliver the precise information for checking the compliance with the eligibility 

conditions. The tables also depict the relationship with these other technologies. In this regard, we believe that 

GNSS and Big Data (including machine learning algorithms) are essential to other technologies. For instance, GNSS 

is the foundation of geotagged photos, while Big Data (ML algorithms) is essential for deriving added-value products 

from remote sensing images. On the other hand, farm management information systems could encompass some of 

the technologies described individually, such as robotic accounting, digital farm books, herd management 

information systems, and machinery data. 
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Table 7.- Assessment of LPIS/GSA 

TECHNOLOGY: LPIS/GSA ACQUISITION: 

Off-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Beneficiaries' 

Parcels 

• Remote 

sensing 

• GIS 

SMR Yes — 

GAEC Yes Yes 

BISS Yes Yes 

CRISS Yes Yes 

CIS-YF Yes Yes 

Eco-schemes Yes Yes 

CIS Yes Yes 

Sectoral No No 

ENVCLIM Yes Yes 

ANC Yes No 

ASD Yes No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

LPIS/GSA inform on the eligibility of the parcel for obtaining aid. BISS, CRISS, CIS-YF, CIS, ANC, ASD and Eco-

schemes benefit from this data source for compliance checking. Since these are are-based aids, LPIS/GSA help to 

quantify the impact of aid in the farm. Additionally, this data source provides with geographical information that could 

be useful for contrafactual analyses. ENVCLIM could also benefit from this data source since “Alternatively, MS could 

also document the presence of LF as alphanumerical attributes linked to the ‘normal’ polygons in their LPIS/GSAA 

systems” (Czúcz et al., 2022) 
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Table 8.- Assessment of Remote Sensing 

TECHNOLOGY: 

 REMOTE SENSING 

ACQUISITION:  

Off-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Land cover 

• Vegetation/crop 

type 

• Vegetation 

Development 

• Agricultural 

practices 

• Irrigation 

events 

• Drought, 

wildfires, 

plagues, floods 

effects 

• LPIS/GSA 

• Big data: 

cloud 

computing, 

ML, AI 

SMR Yes — 

GAEC Yes Yes 

BISS Yes Yes 

CRISS Yes Yes 

CIS-YF Yes Yes 

Eco-schemes Yes Yes 

CIS Yes Yes 

Sectoral Yes No 

ENVCLIM Yes Yes 

ANC No No 

ASD No No 

INVEST Yes No 

INSTAL Yes No 

RISK No No 

COOP No No 

KNOW No No 

 

BISS, CRISS, CIS-YF, CIS, Eco-schemes, ANC and ASD benefit from remote sensing data, when they are 

combined with LPIS/GSA, for both compliance verification and data knowledge and stocktaking. As for SECTORAL 

and INVEST interventions, remote sensing can be used for checking whether the investment is in place, for instance 

“replanting of orchards or olive groves where that is necessary following mandatory grubbing up for health or 

phytosanitary reasons on the instruction of the Member State competent authority or to adapt to climate change” or 

“the restoration of agricultural or forestry potential following natural disasters has been carried out” or investments 

in irrigation systems. 
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Table 9.- Assessment of Geotagged photos 

TECHNOLOGY: 

 GEOTAGGED PHOTO 

ACQUISITION:  

Off-farm/On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Vegetation 

coverage 

• Crop type 

• Agricultural 

practice 

• Investment 

probe 

• GNSS 

• Big Data: 

ML, AI 

SMR Yes — 

GAEC Yes No 

BISS Yes No 

CRISS Yes No 

CIS-YF Yes No 

Eco-schemes Yes Yes 

CIS Yes No 

Sectoral Yes No 

ENVCLIM Yes Yes 

ANC Yes No 

ASD Yes No 

INVEST Yes No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

This technology can be utilized for compliance monitoring of BISS, CRISS, CIS-YF, CIS, PYF, ANC, ASD, Eco-

schemes, and some interventions under ENVCLIM. Certain interventions under both Eco-schemes and ENVCLIM 

are aimed at keeping biodiversity in agricultural landscape. In this direction, geotagged photos combined with ML 

algorithms could inform on the different vegetation types depicted in them. Geotagged photos could also serve as 

evidence of the actual implementation of the asset subject to investment support. Nevertheless, regarding the latter 

use, clear regulation on the characteristics of the geotagged photos should be formulated. 
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Table 10.- Assessment of Digital Farm Book 

TECHNOLOGY: 

 Digital Farm Book 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Agricultural 

practices 

• Nutrient 

balance 

• Pesticide 

use 

• Crop type 

• Production 

• LPIS/GSA SMR Yes — 

GAEC Yes Yes 

BISS Yes Yes 

CRISS Yes Yes 

CIS-YF Yes Yes 

Eco-schemes Yes No 

CIS Yes Yes 

Sectoral No No 

ENVCLIM Yes No 

ANC Yes No 

ASD Yes No 

INVEST No No 

INSTAL No No 

RISK Yes No 

COOP No No 

KNOW No No 

 

The Digital Farm Book combined with LPIS/GSA could offer information for compliance on BISS, CRISS, CIS-YF, 

Eco-schemes, CIS, ENVCLIM, ANC, and ASD. However, concerning Eco-schemes and ENVCLIM interventions, it 

is unclear how the information stored in the digital farm book could help evaluate the actual impact of implementing 

such interventions on the environment without considering sound research on the correlation between specific crop 

cultivation or the performance of certain agricultural practices and the expected environmental effects. One of the 

variables that the Digital Farm Book stores is crop yield. Historical records of this value could serve as evidence of 

the losses produced by factors beyond farmers’ control, which is a requirement for risk management intervention. 

  



 

      |  51 

Table 11.- Assessment of Field Sensors/IoT 

TECHNOLOGY: 

 Field Sensors/IoT 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Soil properties 

• Weather 

• Crop type 

• Plant health 

and status 

• Food safety  

• Pest 

infestation 

  

• FMIS 

• Big Data: 

inputs for 

ML, AI 

algorithms 

SMR Yes — 

GAEC Yes Yes 

BISS No No 

CRISS No No 

CIS-YF No No 

Eco-schemes No Yes 

CIS No No 

Sectoral No No 

ENVCLIM No Yes 

ANC No No 

ASD No No 

INVEST No Yes 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

The information provided by this technology could be valuable for checking compliance with some SMR, such as 

general food law, animal welfare regulations, and regulations related to water management. Even though this 

technology can inform about crop types, we believe that to be useful for compliance monitoring of many 

interventions, there needs to be a clear link with LPIS/GSA. However, this technology provides valuable information 

for the impact assessment of certain interventions, primarily those related to environmental objectives—Eco-

schemes, ENVCLIM (e.g. - water quality), and some interventions under INVEST (e.g. - water-saving irrigation 

investments). 
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Table 12.- Assessment of Livestock Management Systems: Genomics 

TECHNOLOGY: 

 Livestock Management Systems 

(Genomics) 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Genomics 

• Genetic 

diversity 

• Animal traits 

• Animal 

performance 

• Big Data: 

ML, AI 

SMR No — 

GAEC No — 

BISS No No 

CRISS No No 

CIS-YF No No 

Eco-schemes No No 

CIS No No 

Sectoral No No 

ENVCLIM No No 

ANC No No 

ASD No No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 
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Table 13.- Assessment of Livestock Management Systems: Animal welfare 

TECHNOLOGY: 

 Livestock Management Systems 

(Animal welfare) 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Animal 

behaviour 

• Eating 

habits 

• Animal 

production 

• Illness 

detection 

• IoT 

• GNSS 

• Big Data: 

ML, AI 

SMR Yes — 

GAEC No No 

BISS No No 

CRISS No No 

CIS-YF No No 

Eco-schemes No No 

CIS No No 

Sectoral No No 

ENVCLIM Yes No 

ANC No No 

ASD No No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

The data provided by this technology is valuable for checking compliance with both the SMR related to animal 

welfare (Council Directive 2008/119/EC, Council Directive 2008/120/EC, Council Directive 98/58/EC) and the certain 

interventions under ENVCLIM also aimed at animal welfare. 
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Table 14.- Assessment of Livestock Management Systems: Herd management 

TECHNOLOGY: 

 Livestock Management Systems 

(Herd management) 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Milking 

management 

• Animal 

production 

and health  

• Animal 

identification 

• Animal 

location 

(grazing 

areas) 

• Gases 

monitoring 

• IoT 

• GNSS 

• LPIS/GSA 

SMR Yes — 

GAEC No No 

BISS No No 

CRISS No No 

CIS-YF No No 

Eco-schemes Yes Yes 

CIS Yes Yes 

Sectoral No No 

ENVCLIM Yes Yes 

ANC No No 

ASD No No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

This technology provides data that could help verify animal welfare standards. CIS, Eco-schemes, and ENVCLIM 

cover certain interventions aimed at livestock. Generalizing, CIS interventions are related to production, while Eco-

schemes and ENVCLIM interventions based on animals are more related to sustainable grazing and animal welfare. 

The data provided by this technology can offer information about individual animals, from production or medication 

(use of antimicrobials) to the location of animals within grazing plots. We believe that all this information could serve 

for compliance monitoring, as well as for data awareness and inventory. 
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Table 15.- Assessment of Livestock Management Systems: Pasture management 

TECHNOLOGY: 

 Livestock Management Systems 

(Pasture management) 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Biomass 

• Soil 

Moisture 

• Soil 

properties 

• Pasture 

conditions 

• Green cover 

• Weed 

identification 

 

• GNSS 

• Remote 

sensing 

• Machinery 

• LPIS/GSA 

SMR No — 

GAEC Yes Yes 

BISS Yes No 

CRISS Yes No 

CIS-YF Yes No 

Eco-schemes Yes Yes 

CIS No No 

Sectoral No No 

ENVCLIM Yes Yes 

ANC Yes No 

ASD Yes No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

The type of information this technology delivers, when it is combined with LPIS/GSA, enables the compliance 

checking of BISS, CRISS, CIS-YF, Eco-schemes, ANC and ASD. Additionally, Eco-schemes and ENVCLIM could 

obtain valuable information for assessing the actual effect of the interventions. 
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Table 16.- Assessment of Agricultural Machinery 

TECHNOLOGY: 

 Agricultural Machinery 

 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Agricultural 

Practices 

• Inputs 

consumption 

(Fuel) 

• Fertilizer 

and 

pesticides 

use 

• Yield 

• GNSS 

• Remote 

sensing 

• FMIS 

• LPIS/GSA 

SMR Yes — 

GAEC Yes Yes 

BISS Yes Yes 

CRISS Yes Yes 

CIS-YF Yes Yes 

Eco-schemes Yes Yes 

CIS No No 

Sectoral No No 

ENVCLIM Yes Yes 

ANC Yes No 

ASD Yes No 

INVEST No No 

INSTAL No No 

RISK No No 

COOP No No 

KNOW No No 

 

This technology is intimately linked to GNSS and, when combined with LPIS/GSA, could provide evidence of 

agricultural activity on the field and compliance with GAEC and SMR. Therefore, are-based interventions such as 

BISS, CRISS, CIS-YF, Eco-schemes, ENVCLIM, ANC and ASD could benefit from it. This technology also monitors 

machinery performance which gives valuable information on inputs consumption or, if it is the case, reduction of 

them. The information provided by machinery can also inform on fertilizer and pesticides use which is valuable 

information to evaluate the impact of ENVCLIM and Eco-schemes. 
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Table 17.- Assessment of robotic accounting 

TECHNOLOGY: 

 Robotic accounting 

 

ACQUISITION:  

On-farm 

 

CAN BE USED FOR? 

DATA ON RELATED 

TECHNOLOGIES 

INTERVENTIONS COMPLIANCE 

MONITORING 

DATA 

STOCKTAKING 

• Purchase 

and sales 

• Production 

and 

operating 

data 

• Accountancy 

data 

• FMIS SMR No — 

GAEC No No 

BISS No Yes 

CRISS No Yes 

CIS-YF No Yes 

Eco-schemes No No 

CIS No Yes 

Sectoral No No 

ENVCLIM No No 

ANC No Yes 

ASD No Yes 

INVEST Yes Yes 

INSTAL Yes Yes 

RISK Yes Yes 

COOP No No 

KNOW No No 

 

The data provided by this technology could streamline the compliance verification for some interventions such as 

INVEST, INSTAL and RISK. Nevertheless, in view of the analysis, the greatest strength is its capacity for delivering 

valuable data for evaluation of the impact of many interventions, mainly those related to the economic SOs such as 

BISS, CRISS, CIS-YF, CIS, ANC and ASD. 
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6.2. Monitoring Data Gaps and Bridging Technologies 

In view of the previous analysis, the CSP interventions focusing on the social-economic aspect of the CAP are the 

most challenging ones to assess with technologies at the farm level. The nature of COOP and KNOW interventions 

requires different approaches from those using direct measurements of a variable. For instance, one of the 

interventions that COOP supports is preparing and implementing LEADER programs whose evaluation would 

require social network analysis. The promotion of Agricultural Knowledge and Innovation Systems (AKIS) is the main 

objective of KNOW interventions whose evaluation is still unclear. The EU CAP Network has launched a couple of 

working groups to guide the evaluation of these interventions32 33. In this regard, we suggest exploring social media 

metrics as a proxy for the level of acceptance that the programs developed under both interventions could have. 

The analysis also revealed some data gaps for the monitoring of Sectorial interventions. These interventions support 

different aspects, spanning from investments in tangible and intangible assets to the implementation of traceability 

and certification systems. As for monitoring the latter aspect, some research papers stated that “Blockchain is a 

cutting-edge technology that has great potential for improving traceability performance by providing security and full 

transparency” (Huanhuan et al., 2020). Therefore, exploring the inclusion of this technology into the monitoring 

framework could be interesting. 

Even though some livestock-related technologies have been described and evaluated, we believe there could be 

many synergies between them and the ClassyFarm tool identified in the inventory of monitoring tools. Since the 

system focuses on animal welfare, farm biosecurity, slaughterhouse data and antimicrobials, exploring the potential 

of integrating these technologies into the tool could be interesting. 

Section 5.3 presented the FADN, a key tool for data knowledge and stocktaking, and its shift towards FSDN. This 

shift aims to enhance the scope of the survey and, therefore, brings the need to collect data on new topics such as 

environmental and social. The similarities in the data required by the FSDN and the data needed for monitoring CAP 

interventions suggest two considerations: first, the FSDN could leverage the technologies examined in this report, 

and second, the interoperability between statistical and administrative databases could reduce the data collection 

burden. Following the interoperability issue, data sharing and aggregation elements must be noted. Most of the 

technologies described in this report collect on-farm data, that is, they belong to the farmer (beneficiary), this means 

that sharing them with third parties must follow the General Data Protection Regulation (Regulation (EU) 2016/679). 

Additionally, massive data collection is prone to error (intentional or unintentional); therefore, data needs to be cross-

checked to monitor compliance. The final remark is on the need for standardized data models and interoperable 

systems to streamline the exchange of information.  

In data collection, we encounter scenarios where certain technologies fail to provide reliable data. Remote sensing, 

for instance, faces limitations when obtaining parcel-level information for various agricultural indicators, such as soil 

tillage, grazing, or identifying specific crops within vegetation covers in permanent fields. 

However, a powerful solution emerges when we synergistically combine different data sources. For instance, 

integrating IACS data with remote sensing results creates a more robust foundation for model training and event 

detection. This fusion of data sources compensates for individual limitations, resulting in more accurate and 

comprehensive insights. 

Moreover, this holistic approach extends beyond administrative records and remote sensing. The inclusion of GNSS 

machinery data further enriches our understanding of agricultural activities. By leveraging the strengths of each data 

source, we enhance our ability to monitor and assess agricultural practices with greater confidence. In summary, 

the synergy between GNSS machinery data, remote sensing, and administrative records forms a powerful 

combination, reinforcing the reliability of our data-driven analyses. 

A final remark is that the findings of this deliverable will assist in following tasks of WP4, which will focus on the data 

needs that are not feasible to be monitored by farm-level technologies and will elaborate on long-term landscape 

monitoring and stepwise (farm/regional/national) data aggregation approaches. The findings will be integrated into 

the methodological guidelines and technical protocols for the integration and operational use of the analysed data 

sources which is the ultimate goal of WP4. 

 

32 https://eu-cap-network.ec.europa.eu/evaluation-akis_en  
33 https://eu-cap-network.ec.europa.eu/assessing-added-value-leader_en  

https://eu-cap-network.ec.europa.eu/evaluation-akis_en
https://eu-cap-network.ec.europa.eu/assessing-added-value-leader_en
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