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Methodological guidelines and technical
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More operational technical protocols for three
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Refined actor roles, data sources, processing
steps and validation needs.

CONCEPT AND KEY

@L} METHODOLOGY

The report employs a scenario-based
software  engineering methodology,
incorporating Unified Modelling Language
(UML) sequence diagrams and user stories
to demonstrate real-world applications of
data-driven CAP monitoring.

This approach is refined with evidence
from four Tools4CAP case studies in
Spain, ltaly and Greece, which update
three relevant user stories and make the
technical protocols more operational.

» Stronger links with post-2027 MFF intervention-

field and performance-indicator logic.

-Improved usability for Managing Authorities,
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Combining farm-level and landscape-
level data for improved monitoring.

Technology Adoption: Utilising Earth

Paying Agencies, technical providers and
institutional users.
User stories development

Structured narratives describing key CAP-related
challenges and solutions from the perspective of
stakeholders such as farmers, policymakers, and

technology providers.

Observation (EO), Artificial Intelligence

(Al),  Machine Learning (ML),
Geographic  Information  Systems
(GIS), and IloT for real-time data

collection and analysis.

Unified Modelling Language (UML) diagrams

Visual representations of data workflows and system
interactions to enhance clarity for technical and non-

technical stakeholders.

Policy Compliance and CAP

Meonitoring: Enhancing IACS, LPIS,
FSDN, and other key CAP frameworks
for more transparent and efficient data

Integration of multi-scale data

Combining farm level, landscape level, and policy level
datasets to create a holistic approach to CAP monitoring.

management.

Environmental and Sustainability
Goals: Supporting Green Deal (GD)
targets through improved monitoring of
soil health, biodiversity, water

Interoperability and data governance analysis
Evaluating EU regulatory frameworks to ensure

compliance and effective data exchange mechanisms.

management, and pesticide use.
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A STEP-BY-STEP FLOW: UML SEQUENCE DIAGRAM

[ S Actor ] *Componenﬂ ] [ *Component2 ]

Time flows from top to bottom— just follow the arrows in order

Each arrow is a message, read them in sequence to understand interactions

USER STORIES ADDRESSING KEY CAP POLICY QUESTIONS

g

Send request

Forward request

4

Return data

Deliver response

)

Nutrients Animal Welfare Sustainable Food Landscape Features
Employing Variable Implementing Livestock and Waste EO-based monitoring of
Rate Technology (VRT) Management Information Utilising blockchain for biodiversity and
and FaST tools. Systems (LMIS). food traceability. agroecological features.

e

Soil Health Irrigation & water Pesticides
Using loT sensors management Integrating FMIS and
for monitoring soil Integrating remote sensing, Digital Farm Books for

conditions. drought monitoring tools, pesticide tracking.

and WEI+ analytics for CAP
and SDG indicators.

Case-study evidence: making user stories more operational

e
L

Spain Case Study: Soil ~ Italy & Greece Case Studies: Spain Case Study: Digital
Organic Carbon Estimation Policy Monitoring Tool Farm Book aggregated data and
From loT-based soil monitoring to Expanded to include dashboard- CAPRI model
a wider soil-health framework based policy monitoring, regional Adds anonymisation, data
combining georeferenced soil benchmarking, drought-risk enrichment, validation,
samples, EO products, ancillary assessment, yield-risk variables and aggregation, scaling, data
data, ML-based SOC estimation, agro-climatic vulnerability analysis. reliability assessment, and model
baseline mapping and validation. input preparation.

By bridging the gap between conceptualisation and implementation, user stories serve as a protocol to foster
collaboration and effective communication among technical personnel within organisations during the early
stages of software design and tool development. Moreover, these resources can support not only the
development of tools and methodologies, but also facilitate engagement with external contractors through
public tenders.
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Executive summary

The Tools4CAP project, funded under the European Union’s Horizon Europe Research and Innovation Programme,
aims to enhance the governance of the Common Agricultural Policy (CAP) through innovative tools and data-driven
methodologies. The D4.4 deliverable focuses on defining methodological guidelines and technical protocols that support
CAP monitoring, evaluation, and compliance by integrating modern data sources, digital technologies, and
interoperability frameworks.

This report builds upon previous analyses in D4.1, D4.2 and mainly D4.3, addressing data gaps and technological
challenges in CAP Strategic Plans (CAP-SPs). The document provides structured guidance for policymakers, CAP
Managing Authorities, and agricultural stakeholders to:

= Improve CAP-SP monitoring by leveraging farm-level and landscape-level data, integrating Earth Observation
(EO), Artificial Intelligence (Al), Machine Learning (ML), and Geographic Information Systems (GIS).

= Enhance compliance verification and performance monitoring using advanced data sources such as the Farm
Sustainability Data Network (FSDN), Land Parcel Identification System (LPIS), and Integrated Administration
and Control System (IACS).

= Support environmental and sustainability goals, including biodiversity conservation, soil health management,
water resource optimization, and pesticide usage reduction, aligned with the Green Deal (GD) targets.

From a methodological point of view the report follows a scenario-based software engineering methodology,
integrating Unified Modeling Language (UML) sequence diagrams and user stories to illustrate real-world
applications of data-driven CAP monitoring. The approach consists of:

= User Stories Development: Structured narratives describing key CAP-related challenges and solutions from
the perspective of stakeholders such as farmers, policymakers, and technology providers.

= Three updated user stories — Soil Health, Pesticides, and Irrigation and Water Management are updated
using evidence from four Tools4CAP case studies in Spain, Italy and Greece, making the workflows more
operational and better aligned with practical implementation needs. The updated user stories are linked to the
proposed budget expenditure tracking and performance of 2028-2034 Multiannual Financial Framework and
new CAP intervention logic, including relevant intervention fields and indicators.

= Unified Modeling Language (UML) Diagrams: Visual representations of data workflows and system
interactions to enhance clarity for technical and non-technical stakeholders.

= Integration of Multi-Scale Data: Combining farm-level, landscape-level, and policy-level datasets to create
a holistic approach to CAP monitoring.

= Interoperability & Data Governance Analysis: Evaluating EU regulatory frameworks (GDPR, INSPIRE, PSI
Directive) to ensure compliance and effective data exchange mechanisms.

The document also highlights data governance considerations, aligning methodologies with European Commission
standards and FAIR (Findable, Accessible, Interoperable, and Reusable) principles. It provides a roadmap for future
CAP policy recalibration, ensuring that Member States (MSs) can dynamically adjust targets based on real-time
agricultural and environmental data.

It provides technical stakeholders, such as paying agency personnel, a clear understanding of system architecture
before software implementation begins. So, it bridges the gap between conceptualization and execution, during the early
stages of software solutions design and development of tools. This way requirements, schematics, and technical
specifications can be communicated effectively to in-house developers and subcontractors to ensure the delivery of tools
and solutions aligned with CAP Strategic Plan objectives that meet both functional and regulatory requirements.

Ultimately, this deliverable contributes to the modernization, cost-effectiveness, and accountability of CAP interventions,
promoting evidence-based policy decisions and sustainable agricultural practices across Europe.
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1. Introduction

This deliverable is part of Tools4CAP's Work Package 4 (WP4), which focuses on the integration and interoperability of
new data, technologies, and digitalization. Its objective is to identify the data gaps that hinder the effective evaluation
and redesign of the interventions in the CAP strategic plans of the Common Agricultural Policy Strategic Plans (CAP
SPs) and to explore innovative data sources, tools, and integration mechanisms that enable a comprehensive and
holistic approach to data collection. It builds upon the analysis conducted in Task 4.1 and documented in deliverable
“D4.1 Integration of farm level data towards cap monitoring and evaluation” and Task 4.2 and documented in “D4.2
Challenges and approaches for landscape monitoring”.

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, Member States (MSs) are called
to acquire new capabilities and set up proper methodological tools to design and implement their CSPs to ensure
increased green ambitions, accountability, consistency of the intervention strategy, and external coherence with other
policies.

Tools4CAP project aims to provide national CAP Managing Authorities (MS level), regional and local government bodies,
EU institutions and CAP oversight bodies, agricultural advisory services, other stakeholders (e.g. farmer associations,
NGOs) suitable methodological guidelines 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.

This deliverable is the last step within Tools4CAP’s WP4 on integration and interoperability of new data, technology and
digitalisation. The goal is to provide policymakers and administrations with the methodological knowledge to track
progress toward sustainability targets, facilitate compliance and performance monitoring, and inform sound re-calibration
of policy interventions to ensure delivery of required policy outcomes and to identify innovative data sources, tools and
integration mechanisms providing a holistic data collection approach.

Specifically, this deliverable will document methodological guidelines and technical protocols for the utilisation of
selected data sources and technologies (identified in D4.1 and D4.2), in the context of CAP-SP monitoring and evaluation
which also support Green Deal (GD) targets. This report will present practices that will contribute to increased
simplification, modernisation, cost-effectiveness and accountability, compliance with existing European Commission
(EC) practices and tools, and federated use of data repositories, data sharing regulations and data governance for the
current or new CAP programming periods.

To define methodological guidelines and technical protocols, these guidelines will be based on the integration of farm-
level and landscape-level data with modern technologies and protocols, drawing from the findings in previous WP4’s
reports.

The approach developed in this report follows the idea of the “Scenario-Based Software Engineering” methodology
(Sutcliffe, 2003). This methodology is based on stating the end-user need in a sentence: “As a user of type: I
would like to: ?

Addressing the end-user need stated in such a way will give insights of the technical specifications of an information
system capable to support CAP SP design, implementation and monitoring.

The effective monitoring of the Common Agricultural Policy - Strategic Plans (CAP-SP) is essential to ensure that
agricultural policies are implemented efficiently, meeting sustainability, productivity, and strategic goals. These
guidelines provide a comprehensive framework for integrating modern data sources and technologies into CAP-SP

9



() TooLs

monitoring. By adhering to European Commission (EC) standards, these guidelines aim to enhance accuracy,
timeliness, and cost-effectiveness while fostering accountability and transparency. They offer technical protocols and
best practices for data utilization that are compliant with regulations and embrace strong data governance principles,
such as FAIR (Findable, Accessible, Interoperable, and Reusable) standards.

The primary objective of our method is to enable the integration of interoperable data sources across spatial and
temporal scales. Key systems such as the Farm Sustainability Data Network (FSDN), Farm Accountancy Data Network
(FADN), Integrated Administration and Control System (IACS), and Land Parcel Identification System (LPIS) play a
pivotal role in connecting farm-level data with regional and national repositories. This facilitates the cross-referencing of
on-farm and off-farm data, enabling comprehensive monitoring and evaluation of CAP-SP measures.

In addition to the sources cited above, farm-level data originates from sources like farm management information
systems (FMIS), loT sensors, geotagged photos, and satellite imagery (e.g., Copernicus Sentinel). Combining Earth
Observation (EO) technologies with in-situ measurements allows for detailed assessments of environmental
sustainability, economic performance, and social impacts. Atrtificial Intelligence (Al), Machine Learning (ML), and
Geographic Information Systems (GIS) based frameworks further enhance the analysis, enabling predictive modeling
and consistent assessment of CAP related indicators such as soil health, biodiversity, water quality, and carbon
emissions.

At the policy level, aggregated data ensures evidence-based evaluations of CAP interventions, revealing trends in
resource efficiency and climate resilience. Feedback loops allow farmers to benefit from tailored recommendations,
optimizing their practices and improving compliance. The adoption of standardized protocols ensures seamless
integration across systems, aligning farm-level data with overarching policy objectives. Clear technical definitions of the
guidelines enable transparency, inclusivity, and adaptability, promoting a collaborative and data-driven approach to
achieving CAP sustainability targets.

To enhance the practical application of these methodologies, user stories (explained in detail in chapter 3.1) will be
presented in Chapter 3 to demonstrate real-world scenarios faced by Paying Agencies and CAP Managing Authorities.
These stories will act as guidelines to address current and future CAP related policy questions. Each user story will
capture the role of actors, workflows, and integrated technologies, offering a structured approach to addressing key
questions using diverse tools and methods. A graphic workflow of each user story comprised of the information above
will also be included for easier interpretation. The specific policy question each User story addresses and relevant
summarized information are available in Table 1 in the ANNEX.

Furthermore, Unified Modeling Language (UML) diagrams (explained in detail in chapter 3.1) will visually represent the
interactions between actors, data sources, and workflows. These diagrams aim to simplify complex processes for
stakeholders, including CAP officials, CAP Managing Authorities, regional and local government bodies, EU institutions
and oversight bodies, agricultural advisory services, and other stakeholders (e.g., farmer associations, Non-
Governmental Organizations [NGOs]). They ensure clarity in system behavior and data flows without requiring
specialized technical expertise or coding experience. By combining textual user stories with UML diagrams, this
document provides a clear visualization of workflows, supporting stakeholders in developing software and tools for CAP-
SP monitoring and evaluation. It ensures accessibility, theoretical and technical relevance, and establishes a robust
foundation for future strategies.

2. Related policy tasks

Before presenting the user stories, it is essential to understand better the CAP policy tasks this deliverable aims to
address. Thus, we will refer to essential activities of previous WP4 work that sets the basis starting from D4.1, which
framed the use of new data acquisition technologies at farm level in the context of CSP monitoring and evaluation (Figure
1). D4.2 reviewed the technologies and initiatives providing valuable data at larger spatial scale for the same purposes.
Additionally, D4.2 introduced the concept of a Landscape Monitoring Framework (LMF), which links both levels of data
gathering. Both deliverables clustered CSP-related activities into two main blocks: monitoring and evaluation. The
monitoring block presents, at the same time, two dimensions, compliance monitoring and performance monitoring.

10
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Compliance monitoring refers to the necessary control carried out by PAs to ensure beneficiaries’ eligibility conditions
for obtaining CAP subsidies.

D4.1 found that this requirement check could be enhanced through detailed, data-driven assessments. D4.1 and D4.2
also indicated that cross-checking various registries with data at farm level collected by new data acquisition
technologies, such as Earth Observation and Farm Management Information Systems, provides a solid foundation for a
transparent and accountable compliance verification process. The information collected during the compliance
monitoring process is centralized in the IACS, which, in turn, constitutes one of the primary data sources for MA to
compose the Annual Performance Report (APR). This report, through the computation of output and result indicators,
should demonstrate the efficient usage of CAP resources.

MONITORING EVACUATION
COMPLIANCE PERFORMANCE Informationfrom:

Intervention requirements Performance clearance Control system (IACS)
l Other sources

(eg., FADN, JRC, EEA,...)
DATA ACQUISITION

OUTPUT

R ciir TECHNOLOGIES

[ |

Registries cross-check DATA ACQUISITION = r‘f‘::::::'ce Indicators
TECHNOLOGIES e IMPACT

Administrative checks  Data at farm level Indicators

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

The objective of the evaluation block is to provide a detailed understanding of the impact of CSP interventions, while
simultaneously assisting in the design (or redesign) of new interventions for the next CSP generation. The evaluation,
therefore, requires using additional data sources with a broader scope than farm-level data, such as those identified in
the LMF presented in D4.2.

Ex-ante analysis
Socio-economic
context analysis

bzl | ——Provide data and ways to monitor
identification Interventions -
setting

SWOT analysis } , _~ Establish baselines

Compliance
checks
Needs
prioritisation

Targets setting

Performance
review

Financial
allocations

Stakeholder consultations

Figure 2: CSP design tasks relevant to the contents of this deliverable (source: own elaboration)

Examples of these external data sources include the FADN/FSDN, various soil information initiatives from the EC Joint
Research Centre, Eurostat datasets, the European Environmental Agency, and the Copernicus Data Space Ecosystem
(CDSE). To deliver useful insights, all this information needs to be combined with data reported through administrative
databases (e.g., IACS), which require advanced data analysis methods and models. Given this background, these tools
can provide valuable information for end-users involved in the ex-ante analysis tasks for CSP design. More specifically,

11
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they can support tasks related to intervention setting and target setting (Figure 2). To establish regional baselines and
set realistic, data-driven targets, these methodologies enable historical comparisons of regional and temporal variables.
User stories highlight the integration of performance review mechanisms with new and existing data sources to produce
baseline data, facilitating the development of achievable targets. Furthermore, by accounting for factors that explain
deviations from goals, policymakers can adjust targets dynamically to reflect evolving agricultural and environmental
contexts. This process is crucial in the target-setting step ensuring that CAP objectives remain aligned with on-the-
ground dynamic phenomena.

To remain relevant in the context of the proposed post-2027 budget expenditure tracking and performance framework,
the updated user stories link practical data workflows and technical protocols with the emerging logic of intervention
fields, output indicators, result indicators, and performance monitoring under the new framework.

Thus, the updated user stories need to be interpreted in light of the emerging post-2027 EU budget and CAP
performance logic. For this reason, the three updated user stories include a dedicated subsection on the “Relevance to
the 2028-2034 Multiannual Financial Framework and new CAP intervention logic”. This subsection links the updated
workflows to the proposal for a Regulation establishing a budget expenditure tracking and performance framework for
Union programmes and activities (European Commission, 2025, COM(2025) 545)", with particular attention to Annex |
on intervention fields and performance indicators. The purpose is to show how the refined data flows, actors, processing
steps and digital tools can support future result-oriented reporting, including indicators related to soil organic content,
pesticide reduction, water quantity, climate adaptation, digitalisation and environmental-climate benefits. This forward-
looking link helps ensure that the methodological guidelines remain relevant not only for the current CAP monitoring
context, but also for future policy design, evaluation and performance-reporting requirements.

3. Methodological guidelines

In this chapter, we present seven user stories derived from the new variables outlined in the FSDN Implementing
Regulation. While not exhaustive, these user stories have been selected to address key policy questions faced by Paying
Agencies, CAP Managing Authorities and other stakeholders, with a focus on the practical requirements for monitoring
and evaluating various CAP-related environmental and sustainability dimensions. Those user stories can be utilized as
methodological guidelines by them, to develop interoperable tools, software components and systems. In this section,
we will first outline the prerequisites for understanding and implementing these user stories, including interoperability
requirements, legal frameworks, and system design considerations. Readers will also encounter the use of UML
diagrams with also illustrated graphic workflows, providing technical clarity and bridging the gap between technical and
policy-oriented perspectives.

A complete summary including the policy questions each user story addresses is available in Table 1, attached in the
ANNEX.

In this chapter we provide the necessary context to ensure a coherent understanding of chapter 3 contents. We include
the term interoperability, the definition of a user story and UML under the context of scenario-based software engineering
as key terms for the reader.

The term interoperability refers to the technical ability of different information systems, or components to work together
seamlessly and exchange information effectively in an automated, standardized manner. Related challenges and
aspects in the context of the agricultural sector have been addressed in D4.2.

12
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The term should not be considered only such a technical goal but also a fundamental legal guideline that supports
transparency, efficiency, and standardized collaboration both within organizations (intra-organizational level) and across
different organizations or sectors (inter-organizational level). For this reason, paying agencies and relevant authorities
must consider key EU legislation as prerequisites for implementing interoperable systems, tools and software
components in the context of CAP monitoring and evaluation. The General Data Protection Regulation? (GDPR) ensures
secure, compliant data sharing while emphasizing privacy and consent. The PSI Directive (Directive EU 2019/1024)
mandates open access to public data in interoperable formats, and the INSPIRE (Directive 2007/2/EC) focuses on the
harmonization of spatial data infrastructures like LPIS. Additionally, the eGovernment Action Plan® and the European
Interoperability Framework* (EIF) provide standards for system integration across administrative boundaries. The Data
Governance Act (DGA), (Regulation (EU) 2022/868) facilitates trusted data exchanges, while the CAP's legal basis
underscores the importance of interoperability to achieve sustainability and compliance objectives. Collectively, these
frameworks ensure robust, transparent, and efficient data management to support CAP implementation.

To illustrate our approach, we implement, in the context of requirements engineering of software, the term “user story”.
User stories are an increasingly popular textual notation to capture requirements in agile software development
(Lucassen, Dalpiaz, Werf, & Brinkkemper, 2016). It is a short, simple description of a feature or functionality written from
the perspective of the end user. It captures who the user is, what they want to achieve, in the context of evaluation and
redesign of the interventions in the CSPs of the Common Agricultural Policy Strategic Plans. This approach is particularly
effective because it bridges the gap between technical stakeholders and high-level policymakers, ensuring alignment
between system functionalities and strategic goals.

For the needs of the present deliverable, the term user story is used to represent specific policy questions that arise
from the needs of individuals working in Paying Agencies or CAP Managing Authorities. These user stories frame real-
world requirements in a structured and actionable format, highlighting what the end user (e.g., a CAP policy officer) aims
to achieve. For example, a user story may articulate a policymaker's need to monitor irrigation practices in a specific
region or evaluate the impact of CAP interventions on soil health. Each user story captures the essence of these tasks,
including the relevant actors, data sources, workflows, and technologies involved, providing a clear pathway to address
policy challenges using integrated data and tools. This approach integrates the tools and methods presented in the
deliverable to support CAP-related monitoring, compliance, and decision-making processes effectively.

Based on this concept, in chapter 3, we formulate seven user stories based on the new variables outlined in the final
agreed text of the FSDN Implementing Regulation to ensure alignment with the Farm Sustainability Data Network
(FSDN) (Commission Implementing Regulation [EU] 2024/2746, 2024) objectives and requirements In fact, the FSDN
will play a crucial role in monitoring and assessing the progress of the CAP towards sustainability goals. The FSDN is
expected to provide valuable insights for national CAP Strategic Plans, offering the potential to tailor measures to the
specific needs and sustainability challenges of each Member State’s (MSs) farming sector®. The formulated user stories
directly address key policy questions that Paying Agencies and CAP Managing Authorities face on different sectors,
focusing on practical needs to monitor and evaluate CAP-related sustainability dimensions. Each user story reflects a
specific aspect of those needs with a focus on environmental and sustainability dimensions.

These user stories ensure that the deliverable will be relevant to future regulation updates while caters to the needs of
CAP SPs data requirements. By addressing variables such as land use, input utilization, and economic performance,
the selected user stories enable the targeted analysis required to support evidence-based policy decisions and
streamline monitoring and evaluation of CAP activities.

2 https://gdpr-info.eu/
3 https://ec.europa.eul/isa2/sites/default/files/docs/publications/eu-egovernment-action-plan-2016-2020_en.pdf

4 https://ec.europa.eulisa2/sites/default/files/eif_brochure_final.pdf
5

13


https://eu-cap-network.ec.europa.eu/events/eu-cap-network-workshop-farm-sustainability-data-network-fsdn_en

() TOOLS ,CAP

Scenario-based software engineering uses real-world scenarios to identify software requirements that guide afterwards
to system design. It ensures that functional and non-functional parameters of the system meet the needs and
expectations (Bontemps et al., 2003) (Figure 3). UML (Unified Modeling Language) can be used to visualize and
understand the design, interactions and various data requests of such a system (Figure 5).

Model-code association
System model o

\ \ “ode generation

Verification
(formal UML subset)

A

Synthesis
(LSCs or temporal logics)

Figure 3: A Scenario-based Software Engineering diagram that shows the association between how a UML is associated
with the software requirements and the code (source: Bontemps et al., 2003).

In this approach, UML sequence diagrams can be thought of as a blueprint that shows how different parts — such as
software components, data sources, or users — work and interact (Figure 4) together over time (Booch, Rumbaugh, &
Jacobson, 2005).

Actor 1 Component 1 Component 2

Time flows from top to bottom. Follow the arrows in order.

Send Request

Forward Request

Return Data

Deliver Response

Each arrow is a message, read them in sequence to understand interactions.
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Figure 4: A sample UML Sequence diagram (source: own elaboration)

Are particularly helpful for illustrating user story interactions presented in chapter 3 in a clear and intuitive way, enabling
stakeholders with a technical background (e.g. personnel of a paying agency that develop and run tools for their MS
needs) to understand architecture before any code for the implementation of the system takes place. Governments and
public authorities, farmers and agricultural cooperatives, environmental and social non-governmental organizations
(NGOs), Consumers and civil society, European institutions, agri-food industry and distributors, researchers and
research institutions) are among those stakeholders.

Each diagram illustrates how raw data—such as sensor measurements or farmer inputs—is converted into aggregated
insights for CAP evaluators and policymakers. While this approach may not capture every detail of a system (it “sacrifices
completeness for efficiency”), it is still sound and very effective (Bontemps et al., 2003). It is crucial to remember that
the Tool4CAP goal is not to put in place a fully functional system. Instead, the emphasis is on using UML diagrams to
explain the behavior of the system to the readers of this report and establish and convey a conceptual architecture.

To be more specific, UML sequence diagrams illustrate how different software components and actors (e.g. a system)
or users interact operationally. Each actor, in our case for example farmers, FMIS, policy evaluators, databases, etc., is
depicted across the top with a vertical lifeline running downward. Interactions are shown as arrows connecting these

lifelines, each arrow representing a message or action (e.g., “transmit soil data”, “request compliance indicators”, “deliver
recommendations”). By reading from top to bottom (Figure 4), one can follow the sequence of operations and data flows.

To also provide a more visually user-friendly illustration of the user stories and increase accessibility to a broader
audience that might not have technical background or familiarity with UML, we include workflows with the relevant
components and system interactions for each user story.

Field sensors can provide data that cannot be produced using other sources; they can also provide supporting evidence
on the use of farm practices (Punt & Snijkers, 2020). Not all the sensors are relevant to detect sustainable variable for
CAP-SP monitoring, but the once detecting the soil health, the plant health or the gas emissions give us evidence if a
farm meet the environmentally sustainable variables or not. The collaboration between sensors and other landscape
monitoring could not only aim at the acquisition, evaluation and exchange of technical information and data necessary
for the day-to-day business management of the farm, but they give feedback on the impact produced by the agricultural
production activities on the environmental components involved in the same production processes.

The integration of Internet of Things (loT) technologies for soil health monitoring can significantly enhance the
effectiveness of the Common Agricultural Policy (CAP) Strategic Plan monitoring by providing precise and real-time,
data. loT devices, such as soil moisture sensors, nutrient monitors, and pH detectors, allow for continuous tracking of
key soil health parameters, enabling better and efficient monitoring. These technologies can support compliance with
CAP objectives related to sustainable agriculture, environmental protection, and climate change mitigation by facilitating
more accurate reporting on soil conditions and their impact on crop yields.

loT systems can also improve the efficiency of CAP monitoring processes by automating data collection and reducing
the reliance on manual field inspections. This automation offers timely reporting and helps end-users detect early
warning signs of soil degradation, nutrient depletion, or water scarcity. Moreover, the spatial and temporal data gathered
from loT devices can be integrated into Geographic Information Systems (GIS) and other analytical platforms, providing
a comprehensive view of soil health across regions. By supporting precision farming practices, loT technologies has the
goal to improve the resource efficiency and hence to reduce environmental impact. For example, they enable farmers
to optimize fertilizer and water usage, thus minimizing emissions and leaching, while improving productivity.

A technical data flow begins with sensors transmitting real-time soil data to a gateway device. At this stage, pre-
processing is conducted to remove any erroneous data, ensuring accuracy and reliability. From the gateway, the
processed data is shared with CAP-authorized administrative databases through Application Programming Interfaces
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(APIs). To maintain data security and integrity during transmission, Hypertext Transfer Protocol Secure (HTTPS)® and
token-based authentication” are employed. Once the data is stored in the administrative databases, policy evaluators
access dashboards or reports summarizing soil health data. These insights are then utilized for CAP compliance
evaluation and strategic planning. Finally, farmers receive metrics, alerts and updates derived from this analysis via the
AIS dashboard or a mobile application.

Type of actors involved and their role

=  Farmer: Implements loT devices on their land to monitor soil health.

= Technology provider/Expert: loT System Collects real-time soil data (e.g., moisture, pH, nutrients) using
sensors. Experts (e.g. licensed operators) are involved in installing and operating the hardware.

= Policy makers: Utilize data to evaluate and adapt Common Agricultural Policy (CAP) strategic plans.

Involved data types

= Sensor Data:Soil pH, Nutrient levels (N, P, K), Moisture content, Soil temperature, Organic matter
concentration

= Metadata: Location data (GPS coordinates), time stamps for data collection, crop type and farming practices

= Environmental Data: Weather data (temperature, rainfall, humidity), irrigation and water usage records

= Administrative Data: Farm boundaries and land-use patterns, CAP subsidy allocations, compliance data (e.g.,
adherence to CAP guidelines)

Relevant CAP indicators and legislation

The calculation of CAP indicators using loT-based soil health monitoring data involves integrating raw and processed
data into standardized metrics that align with the CAP's objectives.

To calculate result indicators, such as indicator R.19PR (Improving and protecting soils), data from loT devices can
quantify compliance with measures like reduced fertilizer use or improved soil organic matter.

Impact indicators, such as impact indicator is 1.11 Enhancing carbon sequestration: Soil organic carbon in agricultural
land, can be calculated by analyzing long-term trends in sensor data. For example, improvements in soil organic carbon
content, derived from nutrient and organic matter sensor data, directly reflect soil health progress. loT data on sail
temperature and moisture can also support models calculating CO, emissions or carbon sequestration rates, linking
agricultural practices to climate mitigation. Relevant

To ensure robust CAP evaluation, raw loT data must be aggregated and normalized across farms to provide regional
and national averages. Machine learning models and statistical tools can further integrate these datasets into predictive
analytics, improving the accuracy of indicator calculations over time as more data will be available. Relevance of
collected and proceced data are relevant to the GAEC 5 (prevent soil erosion through relevant practices), GAEC 6
(protect soil by defining rules for minimum soil cover).

8 HTTPS (Hypertext Transfer Protocol Secure) is an extension of HTTP that ensures secure communication over a
computer network, primarily used on the Internet. It employs encryption protocols like TLS (Transport Layer Security) to
protect data integrity and confidentiality between the user's browser and the server, preventing interception or tampering
by unauthorized entities.

7 Token-based authentication is a security mechanism in which a user is granted a unique, time-limited token after
successfully logging in. This token is used to verify the user's identity for subsequent requests, eliminating the need to
repeatedly submit login credentials.
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3.2.1
Organic Carbon estimations

Overview and Scope

Update of user story 1 with inputs from the Spanish Case Study on Soil

The Specific Objective SO4 of the Common Agricultural Policy is focused on mitigating climate change by reducing
greenhouse gas emissions and enhancing carbon sequestration. In view of this, MSs are obliged to design their CSPs
setting up interventions promoting carbon farming practices contributing to, among others, the maintenance and
sequestration of soil organic carbon (SOC) on mineral soils. The Spanish CSP, for instance, identifies several needs
that are closely linked to organic carbon dynamics in soils. These include increasing the carbon sink capacity of soil,
woody crops, and forest systems, and improving the management and conservation of soil quality. In this context, the

17



() TooLs

CSP promotes the implementation of some agricultural practices such as extensive grazing, direct sowing, no-till farming,
spontaneous or sown vegetation cover and pruning residues for improving soil organic content.

Soil organic carbon (SOC) is considered as an indicator of soil health because it underpins key functions such as nutrient
cycling, water retention, structural stability, and biodiversity support. European Commission’s EU Soil Monitoring Law
(part of the broader EU Soil Strategy for 2030) identifies soil organic carbon as a core parameter for assessing soil
health across Member States. The regulation aims to establish harmonized monitoring systems and targets to ensure
that soils are managed sustainably, with increasing or maintaining SOC levels seen as essential for achieving “healthy
soils” by 2050.

Given this context and the need of assessing the impact of the promoted agricultural practices outlined in CSP aimed at
increasing SOC and considering the various available data sources and technologies for SOC estimation in agricultural
fields, the Spanish CS developed a methodology that combines georeferenced soil samples , Earth Observation data
obtained from the Copernicus Data Space Ecosystem (CDSE) and other publicly ancillary data to produce a baseline
SOC map. The case study focused on the methodology highlighting the advantages and limitations that Managing
Authorities might encounter when combining these data sources to evaluate the SOC variations resulting from
interventions implemented in their strategic plans.

The methodology developed in the Case Study was based on:

e Aliterature review of methods combining georeferenced soil samples with EO data, identifying common
approaches (e.g., geostatistics, ML) and suitable data sources.

e The use of a georeferenced soil samples database® compiled collaboratively by Spanish institutions over the
country (Rodriguez-Murillo & Diez, 2017 & Llorente et al., 2018).

e An extensive use of remote sensing data, especially from the Copernicus Programme, employed within Area
Monitoring Systems (AMS) for CAP-related evaluations. More precisely EO data was acquired from the
Copernicus Data Space Ecosystem, which provides Sentinel imagery and cloud tools like OpenEO API°.

o A dataset of ancillary data (e.g., DEM, climate data, land use/cover) that were incorporated to improve model
accuracy and better describe environmental conditions.

o The use of Machine Learning models that integrated all datasets to identify relationships and estimate soil
properties, particularly soil organic carbon (SOC), without focusing on detailed theoretical explanations.

The case study demonstrates the potential of integrating satellite imagery (Sentinel-2), auxiliary variables (topographic,
climatic, and land use), and machine learning techniques to estimate soil organic carbon at the national scale based on
a georeferenced soil sample database. This approach overcomes the limitations of traditional methods that rely
exclusively on field sampling, opening new possibilities for the design and evaluation of public policies related to
agricultural sustainability, soil conservation, and climate change mitigation.

One of the key messages from the FG was that the environmental dimension of CSP evaluation is extremely broad and
often requires the implementation of methodologies that are costly in terms of both time and resources. Such designs
require particular care to ensure statistically significant results. During the discussion, the future need for data to support
Monitoring, Reporting and Verification (MRV) systems for carbon sequestration was also highlighted. Finally, one
participant expressed strong interest in the tool, as the use of remote sensing to quantify soil organic carbon is among
his future research lines. Although some stakeholders expressed reservations regarding the accuracy metrics of the
map, they considered the product generated by the tool to be a useful baseline for assessing improvements in soil
organic carbon content or for identifying areas where field sampling should be intensified.
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Justification

The Spanish case study shows how field-level data can be combined with large-scale Earth observation (EO) data to
estimate values of soil parameters related to soil health in unvisited locations. The methodology proposed in the case
study offers a range of data sources, software, and platforms that can be used not only to quantify the impact of
agricultural practices under eco-scheme interventions in the CSP, but also to evaluate other measures established under
different policies. The User Story 1, in turn, proposes the use of field-based sensors connected via loT gateways, which
collect data on multiple soil parameters and can serve as an additional data source to feed the models presented in the
case study. In this regard, one of the recommendations for implementing the case study is to establish standardized
technical guidelines defining formats and minimum requirements to ensure that this data can be used for multiple
purposes. In addition, the remarks collected during the stakeholders consultation (Focus Group) regarding the increased
need of data for MRV systems make User Story 1 very interesting in relation to soil health.

The Case Study identified new needs, additional steps, and new actors that were not considered in the initial definition
of the User Story and that may help refine it. One important refinement is that soil-health monitoring should not rely only
on loT-based field sensors but can be expanded into a combined workflow, integrating georeferenced soil samples,
Earth Observation data, ancillary environmental datasets and machine-learning models for soil organic carbon
estimation. This implies the introduction of additional workflow steps, such as the creation of a baseline SOC map, model
validation, uncertainty assessment and, where needed, targeted field sampling.

The Case Study also highlighted the need for clear regulations defining the key parameters to be measured in the field,
as well as the targets to be achieved. In this context, policymakers — not only those directly related to the Common
Agricultural Policy (CAP) — appear to be important actors that were not considered in the original User Story definition.
In addition, the creation of homogeneous soil-sample databases, based on harmonised sampling methodologies, could
improve interoperability and facilitate the exchange and reuse of information.

Additional actors should therefore be considered, including certified laboratories, trained surveyors, advisors, EO
specialists, GIS/data analysts and modelling experts. Certification or quality-control entities may also be needed to
ensure the reliability of both field sampling procedures and IoT sensor measurements. Finally, because machine-
learning methodologies may generate outputs that are not easily interpretable at first sight, specialised personnel are
required to support the interpretation of results and their translation into policy-relevant evidence. This is particularly
important in view of future Monitoring, Reporting and Verification needs for soil carbon and carbon-sequestration
policies.

Annex | (European Commission, 2025, COM(2025) 545)'°, of the proposal for a Regulation of the European Parliament
and of the Council establishing a budget expenditure tracking and performance framework and other horizontal rules for
Union programmes and activities presents a list of indicators that compose the set of performance indicators, including
output and result indicators. In the Regulation, an output indicator is defined as a quantitative indicator that monitors
what is directly produced or supported, while a result indicator is defined as a quantitative indicator that monitors the
direct effects of supported activities. The Regulation also categorises indicators according to policy area, intervention
field, and the percentage of contribution to climate change mitigation, climate change adaptation and resilience,
environmental objectives and social objectives.

19


https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52025PC0545

() TooLs

In view of this performance framework, both User Story 1 and the Spanish Case Study are particularly relevant to the
agriculture-related intervention fields on environment and climate. More specifically, Intervention Field 12, “Support for
environment and climate practices, including climate resilience measures”, and Intervention Field 13, “Support for
environment and climate transition, including climate resilience measures”, include result indicators such as “GHG
emissions avoided and removals in tCO,e” and “increase or protection of soil organic content”. These indicators are
directly linked to soil organic carbon estimation, soil-health monitoring and the assessment of carbon-farming practices.

The Spanish Case Study is especially relevant because it demonstrates how georeferenced soil samples, Earth
Observation data, ancillary datasets and machine-learning models can be combined to generate a baseline SOC map.
This is aligned with the proposed performance logic, where Member State plans are expected to provide both baseline
and estimated values for the result indicators assigned to each measure. Therefore, the updated User Story 1 can
support not only the monitoring of soil-health conditions, but also the establishment of reference values for future
reporting on soil organic content, carbon sequestration and climate-related environmental performance.

In addition, the updated user story may contribute to the broader digital and interoperability objectives of the proposed
post-2027 framework. The integration of loT sensor data, soil-sample databases, EO products and modelling outputs
reflects the need for interoperable monitoring systems and digital data flows. This is also relevant to indicators related
to the uptake of digital tools in agriculture, especially where soil-health monitoring is supported by digital platforms,
dashboards or automated data-exchange mechanisms.

However, the proposal also acknowledges that broader policy “impact” may require additional tools beyond these
indicators. As stated in the Regulation, performance indicators, including output and result indicators, are intended for
monitoring and reporting on budget performance and for informing programme evaluation, without prejudice to additional
monitoring, reporting and evaluation rules that may be used to measure wider policy impacts. Therefore, User Story 1
may contribute to a wider assessment of policy impacts related to sustainable land management, soil protection, climate
mitigation and carbon-sequestration monitoring.
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Figure 8: Indicative UML Sequence Diagram of updated user story 1 (source: own elaboration)

Recent studies have estimated the potential yield impacts of pesticide reductions in the EU and have been used to guide
the design of policies such as the CAP (Bremmer, J. et al., 2021). Agro-economic models help quantify these potential
impacts by providing insights through ex-ante assessments. This type of model requires data at different levels of
aggregation to carry out their analysis.

On the other hand, Farm Management Information Systems (FMIS), apart from helping farmers with their daily decision-
making process, collect data on many agricultural holding management areas (e.g. irrigation, fertilizers). These systems
are usually modular and implement a Digital Farm Book which collects information on the agricultural practices
performed in the field, including pesticide use. The Digital Farm Book, therefore, results in a potential primary source of
information presenting great granularity. This data, when properly aggregated and anonymized, becomes inputs for
agro-economic models. One of the Tools4CAP’s Case Studies will showcase the use of Digital Farm Book aggregated
data as input for an agro-economic model. Farm Management Information System could be considered as a modular
system that helps farmers with their decision-making tasks. Maru et al., (2018) categorized the data that these systems
could integrate based on its origin as on farm and off farm data.

On-farm data and information are collected at farm level, and in some cases, it involves farmers entering data manually.
The Digital Farm Book, which may be implemented in some FMIS and collects information on the agricultural practices
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performed within the farm, is an example of this. In other cases, sensors on the field or agriculture machinery, for
instance, may send directly the information they collect to the systems automatically.

Off-farm data are collected from data sources outside the farm. In some cases, the information may be available through
the internet and the FMIS should be capable of connecting to a specific web service to retrieve it. A paradigmatic example
of this is the Copernicus Data Space Ecosystem (CDSE), which provides access to the catalogue of the Copernicus
service Earth Observation products.

The Integrated Administration and Control System (IACS) plays a key role in CSP compliance and performance
monitoring tasks. An essential element of the IACS is the Land Parcel Identification System (LPIS) which stores the
geographical information of all agricultural parcels and is the basis for farmers to claim certain CAP subsidies. A FMIS
implementing mechanisms for communicating with IACS/LPIS would, on one hand, facilitate communication between
farmers and administration and, on the other hand, become a valuable tool for collecting data to support CAP monitoring
and evaluation. From a technology point of view, this communication is feasible, and some countries have already
implemented it through Application Programming Interfaces (APIls) or Webservice technology''. The data gathered by
an FMIS would also support statistical operations, such as those carried out by FADN/FSDN. These statistical tasks
could further benefit from implementing appropriate programming interfaces to enable communication with the
FMIS/Digital Farm Book.

Regarding the on-farm data collection information on plant protection products type, parcel in which it was applied, and
application date is entered into the Digital Farm Book manually by farmers. Advisors help farmers by prescribing the
adequate dose of the appropriate pesticide product. Advisors and farmers take advantage of the information retrieved
from external data sources, in this case, for instance, from any of the above-mentioned databases. However, the fact
that farmers enter manually part of this information introduce uncertainties that end-user may face when using this data
for CSP evaluation.

Once all this information is in the Digital Farm Book, farmers could decide to communicate it to the administrative
databases and then can be utilized for CSP evaluation tasks. Nevertheless, this raw information may be useless for
measuring the CSP impact without the appropriate processing and contextualization. To this end, the information from
various data sources can be utilized. Various European institutions deliver valuable information that helps assess the
actual impact of the CSP implementation distinguishing from the potential effects of other circumstances unrelated to
the CAP (other policies, markets, for instance). Eurostat dataset on sales of pesticides is an example related to this User
Story. Another example of statistical database from which the CSP evaluation task could benefit is the FADN/FSDN.
The FADN/FSDN statistical operations could leverage the Digital Farm Book data if the appropriate data model and API
are implemented.

The JRC also manages several initiatives that deliver valuable information for CSP evaluation. In this user story we
considered the information related to soil properties. The European Soil Data Centre (ESDAC)'? “is the thematic centre
for soil related data in Europe which centralized all relevant soil data and information at European level”. The information
is provided in in various ways: datasets, services/applications, maps, documents, events, projects and external links.
The Land Use/Cover Area frame statistical Survey (LUCAS)'? project, that is within ESDAC, delivers soil properties data
for 18,984 samples covering all EU. This database served as the basis for impact evaluation in the previous CAP
programming period.

Combining all these data sources to extract meaningful conclusions may require employing additional tools such as
mathematical models and advanced data analysis techniques. Spatial and temporal aggregation methods, Agro-
economic models such Common Agricultural Policy Regionalised Impact (CAPRI) model™, Machine Learning algorithms

" Webservice technology refers to a standardized method of integrating web-based applications using open standards
such as XML, SOAP, WSDL, and UDDI, allowing different systems to communicate and exchange data over the internet
in an interoperable manner.

12 https://esdac.jrc.ec.europa.eu/

'3 https://esdac.jrc.ec.europa.eu/projects/lucas

4 https://www.capri-model.org/
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and integrated computation resources such as Data Cubes (e.g., Euro Data Cube) are examples of the available tools
that can utilized for this purpose.

Type of actors involved and their role

Farmers: they play a central role in this User Story. Farmers are expected to enter manually into the
FMIS/Digital Farm Book information on the crop type, parcel/s and area treated, disease to control, type and
dose of the product and the date-time of application. This manual entering is prone to errors (intentional or
unintentional). On the other hand, farmers would benefit from the data provided by the above-mentioned
external data sources including the information stored in the administrative databases.
Advisor/Agronomist/Practitioner: The application of PPP needs to be prescribed by an authorized advisor. The
advisor is a professional with the required agronomic knowledge to identify the disease that is affecting the
crop and to recommend the most adequate product. This professional could provide advice to a group of
farmers (e.g. members of a farmers' association, cooperatives). Due to the large amount of information that
an FMIS manages and the legal requirements for fulfilling the Digital Farm Book, these systems are
sometimes difficult to operate. Farmers, therefore, may rely on professionals with the adequate knowledge not
only to handle the system but also to understand the various regulations establishing the mandatory
information to be entered. When pesticides are applied with the use of modern tractors or unmanned vehicles,
an expert (e.g. licensed operator) is involved that operates the equipment

Digital technology expert/practitioner: as presented previously, the different nature of the data sources, as well
as the various technologies that are needed to estimate the actual impact of the CSP interventions, requires
specialised personnel in several fields. We identify at least four distinct profiles: agro-economist modelers,
data analysts and personnel with expertise in remote sensing data analysis and in Geographical Information
Systems (GIS) management and professionals with knowledge in computer systems, networks, software
development and IT infrastructure.

Involved data types

Earth Observation data: the Copernicus Data Space Ecosystem is a service managed by the European
SpaceAgency which is “an open ecosystem that provides free instant acces to a wide range of data and
services from Copernicus Sentinel missions and more on our planet’s land, ocean and atmosphere”'®. CDSE
provides access to the entire Copernicus cataloge by means of an standarized Spatio Temporal Asset
Catalog (STAC) API'8, In addition, the CDSE manages a cloud computing services for users to produce their
own added value products'”.

European initiatives: JRC European Soil Data Center (ESDAC), Land Use and Coverage Area Frame Survey
(LUCAS), EU Soil Observatory (EUSO), DG AGRI: Farm Accountancy Data Network (FADN)/Farm
Sustainable Data Network (FSDN), Eurostat’s sales of pesticides dataset

Agriculture machinery data: new developments in agriculture machinery streamlines data collection activities.
In this regard, the association representing the European agricultural machinery industry (CEMA)'8, the
Agricultural Industry Electronics Foundation (AEF)'® and the global, non-profit organization AgGateway?° are
aimed at enhancing the interconectivity and interoperability between machinery, FMISs and
administration.Plant Protection Products: The Directorate-General for Health and Food Safety publishes a
database for active substances used in plant protection products and Maximum Residue Levels (MRLs)
authorised in EU. The information stored in this database is accesible trough an API?' that facilitates the

15

16 hitps://documentation.dataspace.copernicus.eu/APls/STAC.html

7 https://dataspace.copernicus.eu/analyse/openeo

'8 hitps://cema-agri.org/

19 https://www.aef-online.org/about-us/about-the-aef.html

20 https://laggateway.org/Home.aspx

21 https://data.europa.eu/data/datasets/pesticides?locale=en

23


https://dataspace.copernicus.eu/
https://documentation.dataspace.copernicus.eu/APIs/STAC.html
https://dataspace.copernicus.eu/analyse/openeo
https://www.aef-online.org/about-us/about-the-aef.html
https://aggateway.org/Home.aspx
https://data.europa.eu/data/datasets/pesticides?locale=en

() TooLs

access to the required PPP information. In addition, some countries make also available the information on
authorised PPP at national level (eg., in Spain ). Farmers would benefit
from an FMIS/Digital Farm Book that implements connectivity to this database by assisting them in fulfiling the
requirements related to PPP utilization.

=  Administrative data bases: as previosly introduced, the LPIS forms the basis of the GeoSpatial Aid Application
(GSAA), where farmers digitize the parcels they are applying for aids on-screen. Some administrations enable
retrieving the LPIS information. A FMIS with the capability of managing this information would facilitate the the
claiming process for farmers.

Relevant CAP indicators and legislation

Directive 2009/128/EC=* establishes the framework for EU action to achieve the sustainable use of pesticides by
reducing the risks and impacts of pesticide use on human health and the environment and promoting the use of
integrated pest management and of alternative approaches or techniques such as non-chemical alternatives to
pesticides. The European Green Deal aims to reduce the use and risk of chemical pesticides, as well as the use of more
hazardous pesticides, by 50% by 2030. These aspirations were introduced linked to the Farm to Fork Strategy and each
year the Commission publishes progress= on these targets. In addition, Member States have had to set their own
reduction targets, as well as their own strategies, to collectively achieve the EU targets.

Regulation (EU) 2021/2115% assumes and collaborates with the general objectives stated in the above-mentioned
regulations and strategies. In the current programming period 2023-2027, the CAP Strategic Plans include eco-schemes
in Pillar 1 covering different areas of actions such as actions for a sustainable and reduced use of pesticides, in particular
pesticides that present a risk for human health or environment. This is also apparent in other CSPs interventions linked
to rural development (Pillar 2) such as (a) environmental, climate-related and other management commitments; (b)
investments or (c) knowledge exchange and dissemination of information. In addition, Annex Il to Regulation (EU)
2021/2115 establishes the Statutory Management Requirement (SMR) number 8 included as a conditionality rule of the
CAP. The recently adopted CAP simplification Regulation (EU) 2024/1468 has introduced updates to conditionality rules,
including those related to land cover, crop rotation, and standards for non-productive areas. Additionally, it refines the
scope of quality assessments in the area monitoring system and exempts farmers with holdings under 10 hectares from
conditionality checks.

The Performance Monitoring and Evaluation Framework (PMEF) defines a set of indicators to assess the degree of
achievement of the ten CAP general objectives. As for pesticide use, the PMEF includes three key indicators in the CAP
Strategic Plans: Impact .18, Result R.24 and Context C.49.

22
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Overview and Scope

The CAP is aligned with the Directive 2009/128/EC on Community action to achieve the sustainable use of pesticides.
The Regulation (EU) 2021/2115 establishing rules on support for SPs to be drawn up by MSs establishes the introduction
of eco-schemes covering actions for a sustainable and reduced use of pesticides. In addition, Annex Il to the above-
mentioned regulation establishes the Statutory Management Requirement (SMR) number 8 included as a conditionality
rule of the CAP. In this direction, the Performance Monitoring and Evaluation Framework (PMEF) defines a set of
indicators to assess the degree of achievement of the ten CAP general objectives. As for pesticide use, the PMEF
includes three key indicators in the CSPs: Impact 1.18, Result R.24 and Context C.49.

Agro-economic models, such as the economic partial-equilibrium model CAPRI?® (Britz and Witzke, 2014) for the
agricultural sector, help to quantify the potential economic impacts of pesticide reductions in the EU by providing insights
through ex-ante assessments. CAPRI has been used to guide the design of policies such as the CAP. In parallel, Spain
implemented a comprehensive regulation encouraging farmers to use the Digital Farm Book to collect data on their
regular farm practices. Among the practices to be recorded are pesticide applications. Currently, farmers voluntarily
provide this information to the administration through the Digital Farm Book that could be included in their Farm
Management Information Systems (FMIS). The administration is not allowed to use this information as a means of CAP
compliance check. However, when properly anonymized and aggregated, the data can be employed for statistical
purposes.

This Spanish case study explored a systematic procedure for incorporating aggregated farm-level data stored in the
administrative database (the Spanish Agricultural Information System, SIEX, Fondo Espafiol de Garantia Agraria, 2026)
as an additional input for pesticide data in the agro-economic model CAPRI model. Various simulations were conducted
using three different prior datasets: the Julius Kiihn Institute (JKI) database, data from an FMIS provider, and data from
Udias et al. (2023). In addition, the Eurostat database was used as a boundary condition. This means that it was used
as an external reference limit to keep the CAPRI simulations consistent and within a realistic and officially reported
range. The case study also highlighted potential obstacles associated with using aggregated Digital Farm Book data as
input for the CAPRI model.

The case study provided several valuable insights. One key finding was the need to work with incomplete, uneven, and
sometimes inconsistent datasets to ensure the correct interpretation of results. Despite these challenges, FMIS data
proved capable of enriching policy analysis when carefully processed and interpreted.

Another important takeaway was the need for clear workflows: anonymization, enrichment, validation, aggregation, and
scaling must follow a structured sequence to avoid inconsistencies. Finally, the volume of data available to
administrations and researchers offers an unprecedented opportunity for evidence-based analysis. However, the
obligation to report every application could influence farmer behaviour. Faced with the risk of penalties, farmers might
underreport or misreport their practices, resulting in datasets that are formally compliant with regulations but not fully
reliable.

In conclusion, the main lesson is that, while FMIS data are not a perfect source, the insights they provide justify the effort
required. The exercise highlighted both the potential and the risks of mandatory Digital Farm Book reporting: it could
deliver powerful new tools for policy evaluation, but only if safeguards are put in place to ensure that data remain credible
rather than merely compliant. Building trust with farmers, simplifying reporting obligations, and designing systems that

25 JRC MIDAS CAPRI model documentation:
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encourage accurate disclosure will be just as important as technical capacity in determining whether these data streams
become a cornerstone of evidence-based agricultural policy.

Justification

The Spanish case study, integrated data collected through an FMIS and carried out an exercise to draw conclusions on
pesticide use at Member State level using an agro-economic model such as CAPRI model. The user story presented in
this section illustrates the data flow from the moment it is collected by the farmer through their FMIS to the point where
it can be used for policy evaluation, not only for the CAP. Thus, the updated user story will consider this aspect with the
combination of information with data stored in various databases, whether administrative or statistical. The challenges
relate both to the data format used and to their reliability. These findings provide pragmatic obstacles an potential
solutions towards the application of the initial theoretical user story presented in this section.

The original design of the case study was adapted due to the lack of data in the national database (SIEX). Instead of
using this database, the case study relied on data stored in the database of an FMIS provider that implements the legal
requirements of the official Digital Farm Book. For this reason, the case study and the workflow of the user story did not
follow exactly the same route. Nevertheless, the case study still validates the overall logic of the pesticide user story, as
it demonstrated how farmer-recorded pesticide application data can be transformed into inputs for policy evaluation and
agro-economic modelling.

One of the main observations from the case study relates to the need for a structured processing chain, including
anonymisation, enrichment, validation, aggregation, scaling and harmonisation with model requirements. These steps
are necessary to transform raw Digital Farm Book records into reliable and interpretable policy-relevant information. The
case study also highlighted the importance of comparing or checking these data against external or reference datasets,
such as Eurostat or other prior pesticide-use datasets, in order to improve interpretation and avoid misleading
conclusions.

Another key observation concerns the reliability and credibility of farmer-reported data. If data reporting is perceived
mainly as a compliance-control obligation, farmers may underreport or misreport pesticide applications due to fear of
penalties. Therefore, the updated user story should clearly distinguish between data used for compliance purposes and
anonymised, aggregated data used for statistical analysis and policy evaluation. In view of the feedback from the case
study, an additional data-processing and quality-assessment layer could be incorporated into the user story workflow
before the data are used in CAPRI or other agro-economic models. This layer should cover anonymisation, enrichment,
validation, aggregation, scaling, model-input preparation and reliability assessment, while remaining flexible enough to
accommodate different institutional routes, such as data coming from an administrative database or directly from an
FMIS provider.

Annex | (European Commission, 2025, COM(2025) 545)%, of the proposal for a Regulation of the European Parliament
and of the Council establishing a budget expenditure tracking and performance framework and other horizontal rules for
Union programmes and activities presents a list of indicators that compose the set of performance indicators, including
output and result indicators. In the regulation, an output indicator is defined as a quantitative indicator that monitors what
is directly produced or supported, while a result indicator is defined as a quantitative indicator that monitors the direct
effects of supported activities. The regulation also categorises indicators according to policy area, intervention field, and
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the percentage of contribution to climate change mitigation, climate change adaptation and resilience, as well as
environmental and social objectives.

In view of the above-mentioned set of performance indicators, both User Story 2 and the Case Study on the use of
Digital Farm Book data as input for the CAPRI model may help inform, contextualise or quantify the result indicators
included under Intervention Fields 12 and 13. These intervention fields explicitly include the “Share of agricultural area
supported to provide environmental-climate benefits” related, among others, to pesticide reduction. In addition, they also
include the result indicator “Share of farms enhancing digitalisation and use of digital tools”, for which this User Story is
also relevant, given its reliance on Digital Farm Book and FMIS-based data flows. Both intervention fields are assigned
a 100% contribution to climate change mitigation, climate change adaptation and resilience, and environmental
objectives.

However, the proposal also acknowledges that broader policy “impact” may require additional tools beyond these
indicators: “Performance indicators, including output and result indicators, should be used solely for the purpose of
monitoring and reporting on the performance of the budget, and for informing the evaluation of programmes and should
be without prejudice to additional information that may be obtained through other monitoring and reporting and evaluation
rules to measure the impact of Union policies more widely.” Therefore, this User Story may contribute to a wider
assessment of the various policy impacts.
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Agriculture 4.0 is an evolution of precision farming that involves the automatic collection, analysis and integration of data
from the field, sensors and other sources. It includes tools and strategies that enable the farm to use advanced
technologies synergistically and interconnectedly for the purpose of making production more efficient and sustainable.
In recent years, state-of-the-art tractors, and operating machines capable of collecting data and providing specific
information in real time are becoming more widespread. Such machines feature integrated systems that allow for
automatic or semi-automatic guidance, GPS tracking, yield mapping and map processing, and also variable rate
technologies?” (VRT) for variable rate distribution of products for easy communication between different types of tractors
and implements. This precision agriculture technology helps farmers apply collected information about their operations
to direct the automated and variable application of seeds, fertilisers, and chemical applications to their cropland. VRT
decisions and parameters are based on various data gathered from GPS, in-field sensors, and maps of a particular
operation.

27 VRT uses data and automation to apply fertiliser, crop protection products, seeds and even irrigation water at different
rates in different locations without a grower having to change application rates or make multiple passes manually.
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This technology, thanks to the IoTs on the machinery and the communication with the software, is a data recording
system able, among other things, to collect and measure sustainability data at farm level (Nutrients). This way it provides
a reliable basis for monitoring compliance with CAP measures, such as sustainable land management practices and
biodiversity conservation. The data collected can be integrated into digital platforms, offering policymakers and
stakeholders a comprehensive view of agricultural activities. This ensures accurate reporting, better tracking of key
performance indicators, and the ability to assess the effectiveness of policies in real-time.

The scalability of Agricultural 4.0 machinery and VRT also helps address regional disparities in agricultural performance,
a critical aspect of the CAP's strategic objectives. Farmers across the EU can leverage these tools to improve productivity
and competitiveness while adhering to the CAP's environmental and social standards. Additionally, the digital nature of
these technologies aligns seamlessly with the CAP's emphasis on innovation and modernization, fostering a smarter
and more resilient agricultural sector.

An interesting use of Agriculture 4.0 is Nutrients Application. Here below a short description of the operational steps:

= The tractor is equipped with automatic guidance and Variable Rate Technology (VRT tools).

= VRT parameters are set based on collected data (e.g., soil type, moisture content, and crop requirements).

= During operation, GPS tracking ensures precision in the application of seeds and nutrientsThe precision
application of seeds and nutrients automatically filled out the Digital Field Book.

Apart from applying fertilizers in the adequate location, prescribing the adequate amount of nutrients is paramount. In
this direction, the realization of a crop nutrient balance could rely on the use of a Farm Sustainability Tool for Nutrients
(FaST). This tool is defined in the Regulation (EU) 2021/2115, as “any digital application that provides at least:

= A balance of the main nutrients at the field scale

= The legal requirements for nutrients Soil data, based on available information and analyses

= Data from IACS relevant for nutrient management.

FaST is a digital agriculture tool that can be operated on smartphones, tablets and computers. It will combine existing
data with manual input from farmers to provide customised recommendations on crop fertilisation through a nutrient
management plan, which will have economic and environmental benefits for farmers and society at large (Directorate-
General for Agriculture and Rural Development, 2022).

In a wider perspective, the use of these tools contributes to reduce the environmental impact of and contribute to the
climatic change mitigation reducing nutrient leakage in ground water and rivers, as well as positively contributing to soil
quality and reducing greenhouse gas emissions (European Commission: Directorate-General for Agriculture and Rural
Development & Osann, 2022).

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.

Type of actors involved and their role

= Farmer/Operator: Uses integrated systems for efficient crop management.

= Technology Provider/Expert: When pesticides are applied with the use of modern tractors or unmanned
vehicles an expert (e.g. licensed operator) is involved that operates the equipment.

=  Tractors/Implements: Equipped with GPS, variable rate technology (VRT), and yield monitoring tools.

= Information Systems: Process and analyze farm data for decision-making.

= Administrative Databases: Store collected data for policy compliance and strategic evaluation

30



() TooLs

Involved data types
Main data products include:

=  Field Data: Soil type, moisture levels, nutrient levels, topography.

= Machine Data: GPS coordinates, operational settings, seed/fertilizer application rates, fuel consumption.

= Yield Data: Harvest volume, moisture content, crop quality.
= Environmental Data: Weather forecasts, pest/disease reports.

Regarding specific inputs and outputs of field sensors and machinery:

= Input: Soil, moisture, and environmental data collected by sensors.
= OQutput: Data is transmitted to the onboard information system via loT.

Regarding tractors and implements:
= Input: GPS data and Variable Rate Technology (VRT) prescriptions based on field conditions.
= Output: Variable application data and operational efficiency metrics.

Regarding Farm Management Information System:
= Input: Data from sensors, tractors, and yield monitors.
= Qutput: Processed maps, insights, and recommendations.

Regarding administrative databases:
= Input: Yield data, field activity logs, and environmental impact metrics.
= Output: Regional strategy evaluations, compliance metrics, and reports.

Regarding the Farmer and its output on the User Interface:
= Input: Processed insights from the information system.
= OQutput: Operational decisions, VRT adjustments, and compliance submissions.

Relevant CAP indicators and legislation

To align with the Common Agricultural Policy (CAP) goals, precision agriculture technologies could play a more vital role
in measuring the effectiveness of agricultural practices in achieving sustainability, productivity, and environmental
conservation. For instance, these technologies can support the monitoring of PMEF impact indicator 1.16 (Reducing
nutrient leakage) by providing detailed insights into nutrient management. Moreover, they contribute to compliance with
GAEC 5, which emphasizes tillage management to mitigate soil degradation and erosion, including slope gradient

considerations, and SMR, which enforces the Directive on the use of nitrates (Council Directive 91/676/EEC).
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Livestock tracking has become increasingly vital in modern agriculture, playing a major role in ensuring regulatory
compliance, increasing productivity, but at the same time advancing sustainability efforts and animal well-being. Proper
implementation in the context of CAP involves verifying adherence to regulations governing animal welfare,
environmental sustainability, and food safety. Through automated data tracking, automated systems such as Livestock
Management Information Systems (LMIS) can help monitor compliance with CAP objectives, such as improving animal
welfare standards, reducing greenhouse gas emissions, and promoting sustainable farming practices. They can also
support traceability, ensuring food safety and enhancing market transparency. Moreover, the integration of geospatial
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data can help link livestock management to environmental objectives, such as maintaining biodiversity and preventing
overgrazing.

Furthermore, the use of sensors to observe performance characteristics of animals in the context of welfare is now well
established commercially (Knight, 2020). Sensors on the animal can monitor movement, gait and feeding, which can
alert farmers to lameness, heat, and other issues. In terms of feeding, a Livestock Management Information System
(LMIS) works to help managers maintain a consistent feeding plan while recording the amount of feed that is consumed
by every single animal on the farm. This feature is of great importance in the feed conversion ratio and in calculating the
cost of feed which is consumed on farm. This allows farmers to take informed decisions based on real time data.

Two key functions those system perform are to:

= Regulate date tracking of livestock farming, including critical dates for every individual animal, such
as due dates and estimated calving periods based on exposure timelines. This information is related
to monitoring of breeding practices, ensuring smooth management and well-being of the entire
livestock population.

= Track events such as animal sale, treatments, breeding events, births, and deaths can be tracked
with the help of livestock management software. The software allows this important information to be
recorded and maintained to demonstrate the series of operations and events carried out on the farm.

In the proposed user story, 10T devices, sensors, and veterinarians input data on livestock health and treatments into
the Livestock Management Information System (LMIS), while farmers manually record observations and update animal
records. The LMIS aggregates and analyses this data, calculates CAP compliance metrics, and securely shares
anonymized information with administrative databases for evaluation. Farmers then receive insights and
recommendations to improve practices and ensure compliance with CAP objectives.

Type of actors involved and their role

= Farmers/Livestock Managers: Use LMIS for managing herd health, productivity, and resource utilization.
= Veterinarians and Feed Suppliers: Provide data on animal health and nutrition.

= Policy Evaluators: Analyze data for CAP compliance and strategic planning.

= LMIS Platform: Central system to capture, analyze, and share livestock data.

= |oT Devices and sensors: Track livestock activity, health, and environmental metrics.

=  Administrative Databases: Store and evaluate data for CAP objectives and subsidies.

Involved data types
Livestock Data

= Animal identification (RFID, ear tags, birth records).

= Health records (vaccination schedules, disease history).

= Productivity metrics (milk yield, growth rates, reproduction rates). Feed and water consumption.
= Grazing patterns and rotational schedules.

= Housing and environmental control data (temperature, humidity).

Environmental Impact Data

= Manure production and management.
= GHG emissions (e.g., methane from ruminants).

= Land-use data for grazing and housing.
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Veterinary Data
= Animal welfare indicators (e.g., mortality rates, access to pasture).

= Antibiotic and veterinary drug usage logs. Biodiversity conservation practices (e.g., mixed grazing).

Relevant CAP indicators and legislation

The CAP indicators relevant to livestock management can be calculated using the data gathered from LMIS. Regarding
policy compliance the LMIS uses smart algorithms to calculate CAP indicators such as GHG emissions, animal welfare
compliance, and resource efficiency. The system flags non-compliance and provides recommendations for corrective
actions. Anonymized data generated by LMIS is shared with CAP administrators for evaluating the effectiveness of CAP
strategies (e.g., reducing emissions, improving animal welfare).After that CAP authorities provide insights and
recommendations to livestock managers for improving compliance and optimizing operations.

The following key CAP indicators are more central to this user story:

= Calculating Greenhouse Gas (GHG) emissions from livestock in the context of impact indicator 1.10
Contributing to climate change mitigation: Greenhouse gas emissions from agriculture
= Context indicators C.23, C.24 by providing data from LMIS records on herd size and animal type.

Graphic workflow
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Figure 15: Graphic workflow of user story 4 (source: own elaboration)
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Indicative UML Sequence Diagram

Farmer/Livestock Sensors (e.g., RFID tags, Livestock Management Info Administrative CAP Evaluators
Manager collars) System Database

Monitor animals (feeding, movement, health)

Send animal health & feeding data

Store aggregated welfare data

Request animal welfare indicators

Provide compliance metrics & insights

Provide revised animal welfare guidelines

Show updated recommendations for animal care

Figure 16: Indicative UML Sequence Diagram of user story 4 (source: own elaboration)

This user story intends to show how these tools enable the systematic tracking of agricultural products from farm to
consumer, offering detailed insights into compliance with CAP objectives such as sustainability, food security, and rural
development.

By using technologies like blockchain, geospatial mapping, and loT sensors, traceability tools ensure transparency in
agricultural practices, allowing policymakers to monitor adherence to environmental standards, such as reducing
greenhouse gas emissions, protecting biodiversity, and minimizing the use of harmful chemicals. These tools also
provide valuable data for evaluating the impact of CAP interventions, helping to measure outcomes related to improved
soil health, water management, and carbon sequestration. Moreover, traceability systems support the monitoring of fair
practices in the distribution of subsidies, ensuring that funds reach the intended beneficiaries and align with the plan's
objectives.

More specifically, the accurate and timely traceability of products and activities throughout the supply chain has become
a key factor in food and agribusiness. More and more people around the world are demanding proof that food products
are safe and of high quality. This often includes traceability, or the ability to track product origins. Food safety and
agriculture traceability are currently at the forefront of both regulatory and industry discussions (Ujakpa et al., 2022).

Traceability is a tool for meeting consumer demands and assuring them that a grower is indeed meeting their
requirements. The traceability information or product tracking tool should be able to identify, at any specified stage of
the food supply chain (from production to distribution), origin and the movements through the supply chain to help meet
food inspection and certification system requirements. Additionally, production traceability reduces business risks and
losses due to possible product recalls, especially in the food industry.

A cutting-edge technology to ensure traceability is the blockchain. In simple terms, a blockchain consists of a chain of
data and information linked together in a chronological concatenation of single units called blocks in which protected
data are stored. A blockchain therefore consists of a chain of blocks; every block of the chain contains valuable data,
protected thanks to a unique cryptographic system (composed of characters and numbers), generated by a complex
computational algorithm and each block has a pointer to the hash (the cryptographic value) of the previous block. The
blocks that make up the chain are immutable and each transaction binds to the previous one forming a safe, effective
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and above all transparent chain, open for anyone who wants to verify the veracity of the exchanges taking place between
the nodes. There blockchain allows users, organisations, public, and private entities to enter into an agreement without
the need for any third party or intermediary type, avoiding fraud on the organic supply chain or on of protected origin
products. Thanks to the use of the blockchain in the agri-food sector, products can be monitored in real time throughout
the supply chain from farmers through to processors, logistics, distributors and retail.

To summarize this user story, the starting point is the farmers which use loT devices, GPS enabled tools, and VRT
systems to record production data, which is encrypted and uploaded to the blockchain. Supply chain participants update
data at each stage, with blockchain consensus mechanisms ensuring validation. Smart contracts aggregate the data for
CAP evaluation, enabling administrative databases to generate compliance reports and share actionable insights with
farmers for optimization and compliance.

Type of actors involved and their role
= Farmers/Operators: Record and share data securely for CAP compliance.
= Agricultural Supply Chain Participants: Include processors, distributors, and retailers.
= Consumers: They are searching for proof that food products are safe and of high quality.
= Policy Evaluators: CAP administrators analyzing compliance and impact.
= Blockchain Network: Secure, decentralized ledger for data traceability and transparency

Involved data types
Production Data:

= Seed type, origin, and certification.
= Fertilizer and pesticide usage details (type, quantity, timing).Water usage and irrigation patterns.
= Yield data: quantity, quality, and moisture content (depending on crop).

Supply Chain Data

= Transportation logs (routes, fuel usage, emissions).
= Storage conditions (temperature, humidity).
= Processing details (methods, additives used).

Environmental Data

= Soil quality, weather conditions, biodiversity indicators.
= Carbon emissions and energy use data.

Policy Compliance Data

=  CAP performance indicators (e.g., resource efficiency, carbon sequestration).
= Subsidy eligibility data (e.g., area under sustainable practices).

Relevant CAP indicators and legislation

The General Food Law Regulation (EU) No 178/2002, establishes the legal framework for ensuring food safety and
protecting public health within the EU, directly supporting CAP objectives related to sustainable food production and
consumer trust. Together with GAEC 1-9, which outlines standards for sustainable farming practices, enables
agricultural activities to align with food safety, environmental sustainability, and the overarching goals of the Common
Agricultural Policy.
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Figure 17: Graphic workflow of user story 5 (source: own elaboration)

Indicative UML Sequence Diagram

Blockchain Supply Chain Administrative CAP
Network Stakeholders Database Evaluators

Farmer/Produce

=

Record ‘production data (e.g., inputs, harvest) on blockchain

Updéte product movement & quality checks

Provide verified traceébility data

Request supply chain & sustainability indicators

Return compliance metrics & insighté

Provide improved practices & certifications

Adopt recommendations for sustainable production

Figure 18: Indicative UML Sequence Diagram of user story 5 (source: own elaboration)

The modernisation of agriculture in Europe has significantly contributed to the loss of landscape features, which Member
States have identified as a major pressure on biodiversity under the nature directives (European Environment Agency,
2020). However, the absence of comprehensive EU-level trend data makes it essential to establish monitoring systems
for landscape features to effectively track and understand these changes. The Biodiversity Strategy 2030 set a target
for 10% of agricultural land to incorporate landscape features or non-productive areas. Under the proposed Nature
Restoration Regulation, landscape features include ‘buffer strips, rotational or non-rotational fallow land, hedgerows,
individual or groups of trees, tree rows, field margins, patches, ditches, streams, small wetlands, terraces, cairns,
stonewalls, small ponds and cultural features’. Traditionally, landscape features existed due to their agricultural
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functions, such as acting as windbreaks or as remnants of previously larger natural or semi-natural habitats on land
unfavourable for agricultural production but currently their importance is recognized in many EU policies (Czucz et al.,
2022).

Landscape feature monitoring is essential for tracking biodiversity and assessing the impact of agricultural practices on
ecological balance. Using Geotagged photos, EEA’s woody landscape feature indicators, JRC’s landscape monitoring
datasets, and Copernicus high-resolution layers, policymakers can track the presence and condition of landscape
elements like hedgerows, small woods, and other biodiversity-supporting features. Information on qualitative and
quantitative state of those can be processed to estimate direct or indirect indices of ecosystem health.

Although challenges like data granularity and update frequency across different sources can impact the precision of this
approach, the combined datasets enable tracking of landscape features. The availability of high-resolution data supports
more accurate long-term planning and informed policy decisions to promote ecosystem services, to ensure that
agricultural landscapes contribute positively to biodiversity and environmental resilience. This approach also is relevant
to the CAP eco-shemes while aiding in the sustainable management of natural habitats.

The relevant policy question of this user story extends beyond the core scope of a CAP SP, as MS aim to meet the EU
Biodiversity Strategy 2030 target of 10% increase in landscape features that promote biodiversity. Since the estimated
proportion of features of interest on agricultural land highly varies within countries and regions, an approach that not
only integrates high spatial resolution products but also in situ specific information with context is required?®. The reason
for this approach is that there is a heterogeneous variety of features to be monitored in each MS which are also affected
by agricultural management practices, physical, geographical, climatic and other cultural factors (Kleeschulte et al.,
2023).

Multitemporal Sentinel-2 data and other high-resolution images (e.g. from drones) can be used to identify landscape
features like water bodies, tree hedges etc., and Earth Observation (EO) workflows can classify such features of interest
present. The use of GIS tools to analyze spatial distribution and quantify the area covered by landscape features with
zonal statistics methods are utilized to monitor changes over time to assess the effect of CAP measures and progress
towards biodiversity strategy goals. LPIS geodata (e.g., parcels funded through eco-schemes related to landscape
features) can provide valuable baseline information to this process and for evaluation purposes.

FMIS can contribute to the workflow providing multi temporal data on agriculture practices on crop diversification, tillage,
organic farming of the region of interest. This information is essential to give context on specific characteristics of the
landscape features that otherwise would be difficult to identify. When this information is linked with Natura 2000 protected
areas, a categorization of the most ‘sensitive’ or ‘high priority’ subregions can be spatially identified and highlighted.

In the future, links with the FSDN database that integrate relevant variables derived from other sources, such as NGOs
or Member State-specific environmental organizations that collect data (e.g., providing data on the Farmland Bird Index,
etc.), could be established.

External data sources include high-resolution layers of small woody features, NUTS and LAU administrative units
(Eurostat), and agricultural area data from the Copernicus Land Monitoring Service.For specific cases, data collection
can include the farmers that use software like geotagged photos to collect data on features present in their field(s). This
data is uploaded to a central system for further processing. In-situ observations and geotagged photos can be used to
evaluate EO methods and/or to train an ML model to increase the accuracy potential of the EO methods, refining EO-
based classifications with ground truth data.

On the policy official side, a visual monitoring dashboard, allowing the generation of analytical reports based on queries,
including summary tables as well as graphical charts can be used to render regional level data relevant for policy
evaluation and reporting.

28 https://www.eea.europa.eu/en/analysis/indicators/woody-landscape-features-on-agricultural-land
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Type of actors involved and their role
= Farmers: Provide in-situ data (via an FMIS) and geotagged photos.
= Remote Sensing experts and data analysts: Integrate data from Environmental Agencies and external
organizations (EEA, JRC)
= Policy Makers and CAP Administrators: Query and use output data to evaluate compliance with CAP policies
and adjust policies on monitoring results.

Involved data types
Earth Observation data products:

=  Sentinel-2 multitemporal imagery for landscape feature identification.
= High-Resolution Layers (HRL) for Small Woody Features (5m and 100m resolution).
= Agricultural area based on Copernicus data (100 meters), Copernicus Land Monitoring Service

Geospatial data:

= NUTS and LAU administrative units (Eurostat).
= LPIS geodata for parcel boundaries

Biodiversity Indicators:

= Natura 2000 protected areas (EEA)
=  Farmland Bird Index (via FSDN or NGO data).

In-situ and field data:

= Geotagged photos provided by farmers to validate EO-based classifications.
= Data from FMIS on crop diversification, tillage, and organic farming practices.

Relevant CAP indicators and legislation

High-resolution EO data, coupled with in-situ inputs, efficiently track LFs like hedgerows, ponds, and field margins. This
ensures alignment with biodiversity targets (10% high-diversity LFs by 2030) and sustainable land management goals.
Data-driven monitoring of the aforementioned landscape features (LFs) directly supports CAP indicators, ensuring
compliance with Good Agricultural and Environmental Conditions (GAEC 8) and Statutory Management Requirements
(SMR 2 and SMR 3). The data facilitates evaluation of CAP result indicators such as R.34 (Preserving LFs), R.32
(Investments in biodiversity), and R.17 (Afforested land) (Czulcz et al., 2022). Additionally, it supports eco-schemes (D1-
31.10), promoting the protection of landscapes and farming systems of high environmental importance (Runge et al.,
2022). The CAP impact indicator 1.09 High nature value (HNV) farming, is relevant to this data flow since can be used
as a cross-indication of an existing trend based on the extent of HNV land degradation or preservation.
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Figure 19: Graphic workflow of user story 6 (source: own elaboration)
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3.8User story 7: Irrigation and water management

Figure 20: Indicative UML Sequence Diagram of user story 6 (source: own elaboration)

Increasing problems of water scarcity and drought clearly indicate the need for a more sustainable approach to water
resource management at multiple scales across Europe. Availability of insitu precise irrigation data to monitor water
usage and meet sustainability goals within the CAP Strategic Plans.
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By using as main data sources irrigation events and practices from FMIS providers, ERA5% historical climate data, real-
time meteorological inputs, and drought indicators from the Copernicus Drought Observatory®, this story aims to
combine long-term and real-time data for water usage monitoring and decision-making based on regional level needs.
FMIS systems record the timing, quantity, and type of irrigation applied, while ERA5 provides historical context for
weather patterns, enabling the creation of water use trends and practices monitoring for sustainable water management
over time. Real-time weather data from meteo providers, along with drought indicators, could also support timely and
efficient regional irrigation needs monitoring, helping to ensure water resources are allocated effectively during dry
periods. Other related variables such as reference evapotranspiration (ET,) to reflect the actual water demand of specific
crops can also be used for creating seasonal and monthly models.

While integrating data from multiple sources can be challenging due to differing formats and potential inconsistencies,
this approach will allow water usage programming and compliance with environmental goals.

Historical and real-time data will help identify extreme events that may justify water usage and declination from goals
within a growing season or for specific croptypes, contributing to better resource management and climate resilience in
agricultural practices.

To address water scarcity challenges, and regional irrigation needs this user story focuses on integrating historical, real-
time, and in-situ irrigation data to monitor water usage, and aggregate to a regional level. Irrigation needs estimation
and water productivity indicators can be calculated provided a link of LPIS with FMIS data, historical ERA5 climate data,
and real-time meteorological inputs. Irrigation calendars deriving from FMIS providers, usually include variables such as
volume of water used, total cost, application type e.g. sprinklers etc.). This will allow the calculation of crop water demand
per crop type, and other indicators that consider evapotranspiration (ET,) models from EO sources.

Policy decision support in time periods of increased risk due to drought danger can be integrated using Copernicus
Drought Observatory data and soil moisture sensors to enable timely regional irrigation strategies during extreme
weather events. The use of historical weather patterns and hypothetical drought scenarios to assess crop susceptibility
to climate change, supporting targeted interventions can help identify the best practices for sustainable water usage at
regional and seasonal scales. In conclusion, the proposed user story help monitor efficient water usage, to meet
sustainability goals within CAP Strategic Plans and enhance climate resilience in agriculture.

Type of actors involved and their role

= Farmers: Monitor and report irrigation practices, including timing, volume, using FMIS tools, irrigation sensors,
calendars etc.

= FMIS Providers: Supply the technology and platforms to record, process, and analyze the farmers irrigation
data facilitating integration with external data sources

= Water Authorities and Environmental Agencies: Historical data on climate in multiple levels, drought alerts,
meteorological related variable

= CAP Policy Makers: End-users that monitor variables based on queries depending on LPIS data availability in
a user interface. Use the output data to evaluate and adjust CAP SP and to ensure better water resource
allocation at a regional level.

Involved data types
Environmental Data

= Water usage and irrigation patterns from FMIS providers

= Evapotranspiration (ET,) estimates from EO data products (raster format)

2 ERAS5 is the fifth generation ECMWF atmospheric reanalysis of the global climate covering the period from 1940 to
present. https://www.ecmwf.int/en/forecasts/dataset/ecmwf-reanalysis-v5
%0 https://www.copernicus.eu/en/european-drought-observatory
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= Evapotranspiration (ET,) calculations from in-situ sensors (point measurements)
= Drought data from Copernicus Drought Observatory (raster format)

= Historical climate data from ECMWF ERA5-Land dataset (raster format)

= Real time weather data from open meteo providers (raster format)

= LPIS data for extrapolation of existing in-situ data to regional level

External knowledge

= Typical values of irrigation needs per crop type in the region

= Historical values of irrigation needs per crop type in the region

Relevant CAP indicators and legislation

The integration of irrigation data and drought monitoring supports CAP indicators like R.22 “Sustainable water use:
Share of irrigated land under commitments” and R.23PR “Sustainable water use Share of utilized agricultural area (UAA)
under supported commitments to improve water balance”. Compliance with GAEC 43" is monitored through buffer strips
along watercourses, minimizing water resource pressures. Indicator .17 “Reducing pressure on water resource” utilizes
the Water Exploitation Index Plus (WEI+)% which provides an estimated measure of the total water use as a percentage
of the renewable freshwater resources (groundwater and surface water) for a given territory and time period. The country
level WEI+ is also in support of the UN SDG assessment on water scarcity and resource efficiency (UN SDG 6.4.2).
Indirectly the user story is related to the eco-schemes on soil degradation (e.g. erosion) as soil interventions are
mentioned in conjunction with climate, air, water and biodiversity.

This approach also aids implementation of the Water Framework Directive (2000/60/EC) of the European Parliament
and of the Council of 23 October 200032 establishing a framework for Community action in the field of water policy.
Furthermore, it applies to the National River Basin Management Plans, ensuring sustainable regional water management
policies by Member States.

31 Establishment of buffer strips along water courses stubble with a minimum width of 3 meters (cross-compliance)
32

33
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Figure 21: Graphic workflow of user story 7 (source: own elaboration)

Indicative UML Sequence Diagram
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Store aggregated irrigation & water usage data

Request water management indicators
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Show irrigation recommendations for optimal usage

Figure 22: Indicative UML Sequence Diagram of user story 7 (source: own elaboration)

3.8.1 Update of user story 7 with inputs from the Greek and Italian case studies

Greek Case Study on the Policy Monitoring Tool for CAP Monitoring and Agro-Climatic Risk Assessment
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Overview and Scope

The Greek Case Study tested the applicability of the Policy Monitoring Tool (PMT)3* (QuantiFarm Consortium, 2026) as
a support instrument for CAP-related performance monitoring, regional benchmarking, and agro-environmental risk
assessment. The PMT provides a visual dashboard that integrates anonymized farm-level information, Digital Agriculture
Technology data, Earth Observation products, crop type maps, land-use datasets, and open European sources such as
GISCO, FADN and Eurostat. These inputs are used to generate extrapolated regional metrics at LAU or commune level,
including indicators related to irrigation, fertilizers, pesticides, harvests, costs, labour and productivity.

The initial plan was to engage OPEKEPE, the Greek CAP Paying Agency, and explore the use of local IACS/LPIS data
for a more customized trial. However, formal collaboration was not secured, and no official datasets were provided. The
case study was therefore redirected towards ELGA, the Hellenic Agricultural Insurance Organization, whose mandate
is linked to agricultural risk management and compensation for climate-related losses. This shifted the focus towards
drought indicators, yield variables, crop-area indicators and agro-climatic risks affecting farmers’ income. For the Greek
implementation, the tool was adapted to include two regions in North Thessaly, focusing on cotton and selected variables
related to productivity, yield and pesticide use. The case study also explored how PMT outputs could support policy
monitoring by producing regional metrics that can feed into, or complement, CAP Result and Output Indicators. In this
sense, the PMT should be seen as a complementary evidence layer rather than a substitute for formal CAP monitoring
systems.

The Greek Case Study showed that the PMT can be technically adapted to the Greek context using available open
datasets, Earth Observation products and existing farm-level or test-case data. However, the absence of official
administrative datasets and limited institutional engagement reduced the depth of validation and the policy weight of the
results.

A key finding was that potential end-users were more interested in specific functionalities, such as drought indicators,
yield statistics and crop-area variables, than in adopting the tool as a full monitoring platform. Preliminary feedback from
ELGA confirmed the relevance of yield-related variables for risk monitoring and damage assessment, suggesting that
adoption may need to begin through targeted, task-specific applications before scaling to broader institutional use.

The case study also highlighted the importance of institutional stability and demand validation. Even when a tool is
technically relevant, authorities may not have the capacity, time or immediate incentive to engage with it. Therefore,
future implementations should start from clearly defined policy or administrative questions and tailor the PMT to provide
targeted answers.

Justification

The Greek Case Study is particularly relevant to User Story 7: Irrigation and water management, because it explored
how regional agricultural indicators, Earth Observation products, crop-area information and agro-climatic variables can
support monitoring of climate-related risks. Although the case study did not achieve full integration with national datasets,
it demonstrated the potential of the PMT to organize and visualize information related to water stress, drought conditions,
yield variability and regional vulnerability. This aligns with User Story 7, where historical climate data, meteorological
information, drought indicators, irrigation records and FMIS-derived observations are expected to support evidence-
based irrigation strategies and drought resilience policies. The Greek case also shows that the PMT can complement
CAP monitoring by generating regional metrics that help contextualize policy performance and support ex-post
monitoring, ex-ante evaluation and regional policy analysis.

Overall, the Greek Case Study provides an example of testing a digital policy monitoring tool under constrains. Its main
value lies not only in the technical demonstration of the PMT, but also in the lessons learned regarding stakeholder
engagement, data availability, institutional dependency and the need to align digital tools with concrete operational
priorities.

34 https://quantifarmtoolkit.eu/tool6.html
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Italian Case Study on the Policy Monitoring Tool for CAP Performance Review and Evaluation

Overview and scope

The Italian Case Study tested the applicability of the Policy Monitoring Tool (PMT) as a support instrument for monitoring
and evaluating the implementation of the EU Common Agricultural Policy (CAP) Strategic Plan (CSP) in Italy. The
initiative was carried out by ABACO and Neuropublic, with the involvement of CREA (Consiglio per la Ricerca in
Agricoltura e I'’Analisi del’Economia Agraria) as the main institutional stakeholder. The objective was to assess whether
the PMT could support evidence-based policymaking through integration, visualization, and analysis of agricultural and
environmental data at regional and local levels.

The use case focused on demonstrating the PMT’s ability to support both ex-post monitoring and ex-ante policy
evaluation. Although originally designed for retrospective policy assessment, the case study revealed the tool’s potential
for scenario analysis and forward-looking policy planning. The exercise also explored the feasibility of scaling the solution
for future CAP programming cycles (2027-2030). The PMT integrates multiple heterogeneous datasets into a visual
dashboard capable of generating analytical reports, graphs, and regional performance indicators.

Data sources included:

o Earth Observation (EO) products and GIS datasets;

e Open European datasets such as GISCO, Eurostat, and EEA;

o Farm-level digital logs and agricultural management data;

e Quantifarm test case datasets;

¢ Neuropublic datasets used as proxy data for demonstration purposes.

The tool enables users to compare DATS (Digital Agriculture Technological Solutions) and non-DATS areas, analyze
indicators related to irrigation, fertilizers, productivity, and sustainability, and assess agricultural performance at regional
and commune level. The main actors involved were ABACO with Case Study coordination and stakeholder engagement,
and Neuropublic with technical implementation and PMT demonstration. CREA was the institutional stakeholder with
multiple end-user representatives. The process included internal coordination meetings, technical workshops, two
dedicated online demonstration sessions with CREA experts, follow-up discussions, and a stakeholder questionnaire.
More than 10 CREA representatives participated in the interactive sessions, providing qualitative feedback on usability,
policy relevance, and future applications.

Stakeholders considered the PMT intuitive and useful for agricultural policy monitoring, particularly valuing its visual
dashboard, regional comparisons, spatial analysis, graphs, indicators, export functions, and potential for both CAP
monitoring and ex-ante evaluation.They also identified areas for improvement, including a clearer user interface,
expansion from crop-level to farm-level analysis, stronger interoperability with national datasets such as FADN/FSDN,
broader data coverage, and enhanced export options.

Overall, the use case validated the PMT as a complementary tool for CAP monitoring and evaluation, confirmed its
potential for ex-post assessment and ex-ante scenario analysis, and helped identify methodological and technical
improvements for future deployment.

Justification

The Italian Case Study is highly relevant to User Story 7 because the Policy Monitoring Tool (PMT) demonstrated the
capacity to integrate heterogeneous agricultural and environmental datasets, including irrigation-related indicators, Earth
Observation products, and regional performance metrics relevant for sustainable water management under the CAP
Strategic Plans. During the interactive sessions with CREA, participants specifically explored variables related to
irrigation practices, fertilizers, and agricultural outputs, confirming the tool’s potential to support regional monitoring of
water usage and sustainability indicators. The Case Study also validated the PMT’s capability to combine spatial and
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temporal data into an accessible dashboard that can support both ex-post monitoring and ex-ante scenario analysis.
This aligns directly with User Story 7, where historical climate data), real-time meteorological information, drought
indicators, and FMIS irrigation records must be integrated to support evidence-based irrigation strategies and drought
resilience policies.

The Italian and Greek case studies identified additional needs, operational steps and stakeholder perspectives that can
help refine the original definition of User Story 7. The initial user story focused mainly on the integration of irrigation
records, historical climate data, meteorological inputs and drought indicators to support water-management decisions.
The case studies expand this interpretation by showing that these data streams can be integrated into a broader policy-
monitoring environment, where irrigation-related indicators are combined with Earth Observation products, crop maps,
land-use datasets, yield variables and regional benchmarks.

The ltalian Case Study demonstrated the relevance of the Policy Monitoring Tool as a dashboard layer for CAP
performance review and regional comparison. Through the involvement of CREA, the case study showed that
visualisation, spatial analysis, graphs, export functions and DATS/non-DATS comparisons can make complex irrigation
and sustainability data more accessible for institutional users. This suggests that the workflow of User Story 7 should
not end with data aggregation, but should also include dashboard-based visualisation, regional comparison and policy-
oriented reporting functionalities.

The Greek Case Study complemented this perspective by shifting the focus towards agro-climatic risk assessment. Due
to the absence of official administrative datasets and the redirection of the case study towards ELGA, the user story was
further linked to drought indicators, yield variability, crop-area information and regional vulnerability. This highlights that
irrigation and water-management monitoring can also support risk-management and compensation-related functions,
especially in areas affected by drought or other climate-related stresses.

In view of these findings, the updated workflow should include additional steps such as integration of open and
administrative datasets, regional benchmarking, drought-risk assessment, validation of regional indicators, dashboard
visualisation and targeted policy reporting. The case studies also show that the PMT should be considered a
complementary evidence layer rather than a substitute for formal CAP monitoring systems. Its added value lies in
translating heterogeneous datasets into practical outputs that can support ex-post monitoring, ex-ante evaluation,
regional analysis and climate-resilience planning.

Annex | (European Commission, 2025, COM(2025) 545)%, of the proposal for a Regulation of the European Parliament
and of the Council establishing a budget expenditure tracking and performance framework and other horizontal rules for
Union programmes and activities presents a list of indicators that compose the set of performance indicators, including
output and result indicators. In the regulation, an output indicator is defined as a quantitative indicator that monitors what
is directly produced or supported, while a result indicator is defined as a quantitative indicator that monitors the direct
effects of supported activities. The regulation also categorises indicators according to policy area, intervention field, and
the percentage of contribution to climate change mitigation, climate change adaptation and resilience, as well as
environmental and social objectives.
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In view of this performance framework, User Story 7 and the Italian and Greek case studies are particularly relevant to
intervention fields related to environment and climate practices, climate transition and climate resilience. More
specifically, Intervention Fields 12 and 13 include result indicators referring to the “Share of agricultural area supported
to provide environmental-climate benefits” related, among others, to water quality, water quantity and climate adaptation.
These indicators are directly linked to the integration of irrigation records, Earth Observation products, meteorological
data, drought indicators and regional water-management metrics.

The updated user story is also relevant to digital monitoring and evidence-based policy evaluation, as the Policy
Monitoring Tool acts as a dashboard layer capable of integrating heterogeneous datasets and translating them into
regional indicators, visual outputs and policy-oriented reports. This is linked to the result indicator on the “Share of farms
enhancing digitalisation and use of digital tools”, especially where FMIS/DATS data, EO products, open datasets and
regional benchmarks are combined to support water-management decisions. In addition, the Greek case study highlights
the relevance of the user story for agro-climatic risk assessment and drought resilience. By integrating drought indicators,
yield-risk variables, crop-area information and regional vulnerability metrics, the workflow can support not only irrigation
monitoring but also broader risk-management and climate-adaptation functions. This is particularly relevant for
institutions concerned with agricultural risk, compensation schemes and the assessment of climate-related impacts on
farmers’ income.

However, the proposal also acknowledges that broader policy “impact” may require additional tools beyond the common
performance indicators. Therefore, User Story 7 may contribute to a wider assessment of policy impacts related to
sustainable water management, water-resource efficiency, drought resilience, climate adaptation, regional vulnerability
and evidence-based CAP Strategic Plan evaluation.

CAP STRATEGIC PLANS
EVALUATION

<&  EO products / crop maps / FMIS
land-use data
Earth Observation (ET,) Digital Farm Book i --> Policy Monitoring Tool
« Irrigation events ‘
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\
* Crop type - ‘
tives / El 5 A
* Management practices . ‘ @ Data integration
|
|
|
|

& costs
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@ Regional benchmarking

+ & Drought-risk indicators
* Machine leaming
") . : . A ntelligence
Policy reportin AL
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Figure 23: Graphic workflow of updated user story 7 (source: own elaboration)
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Figure 24: Indicative UML Sequence Diagram of updated user story 7 (source: own elaboration)

4. Conclusion

This deliverable has demonstrated a standardized and systematic approach to communicating system designs through
user stories, graph workflows and UML diagrams, ensuring both technical and non-technical stakeholders can clearly
understand the interactions between system components. By bridging the gap between conceptualization and
implementation, those assets serve as a protocol for enabling collaboration and effective communication between
technical personnel of organizations (internal or external to CAP authorities, paying agencies etc.) during the early stages
of software solutions design and development of tools.

Furthermore, those resources can assist not only in the development of their tools and methodologies but also when
engaging external contractors through public tenders. For example, UML sequence diagrams provide a structured
framework of requirements, schematics, and technical specifications that can be communicated to subcontractors to
ensure the delivery of tools and solutions aligned with CAP Strategic Plan objectives. This way by clearly and technically
outlining workflows, data flows, and integration needs, the resources delivered help agencies articulate their
expectations effectively, enabling external providers to develop solutions that meet both functional and regulatory
requirements.
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The user stories presented emphasize the complementary use of diverse data sources, including the importance of
farmer data (e.g. via farm calendars), to support CAP Strategic Plan compliance and evaluation. However, careful
attention must be given to the role of farmers as “data providers.” Clear delineation between data used for compliance
monitoring and data for policy evaluation is essential to maintain farmers' trust. Without this distinction, farmers may
perceive data-sharing efforts as a basis for punitive measures for identifying non-compliance, risking their future
participation in such initiatives. As indicated in Figure 1 the white arrows show the recommended flow of data, from
compliance to performance and evaluation.

Interoperability challenges persist at both national and EU levels, with limitations in integrating in-situ and external data
sources. As highlighted in previous deliverables (e.g., D4.2), stakeholders must address these issues holistically by
aligning agri-food ICT solutions with CAP monitoring and implementation needs. In the future, initiatives such as the
Common European Agriculture Data Space (CEADS) will offer significant potential to streamline farm-level data
collection necessary for CAP monitoring, provided that national legislation and EU-level regulatory frameworks (e.g., the
EU Data Act) are considered.

Another concern to highlight in achieving measurable impacts for environmental and climate measures is that it requires
a long-term perspective. Annual commitments tied to annual budgets pose significant challenges when addressing
dynamic processes or time-lagged physical phenomena, such as biodiversity monitoring. To elaborate, while CAP
interventions influence farm and land managers' decisions, measuring these effects and demonstrating a causal
relationship between policy measures and their actual impact is inherently complex. There are often significant delays
between policy implementation, farmers' responses, and observable environmental changes, such as reductions in soil
or water pollutants, which may take years to manifest. These time lags, combined with the spatial variability of critical
factors such as weather (e.g., drought, rainfall), further complicate the ability to directly link policy measures to
environmental outcomes. Effective monitoring frameworks should incorporate methods accounting for these delays and
adjust for such driving factors to provide accurate evaluations. Longer-term environmental targets, as outlined in these
guidelines, require a more robust framework for systematic monitoring and achieving CAP sustainability targets.

The outcomes from the Case Studies under WP5 were utilized to create user stories that align more effectively with the
framework outlined in the present document by leveraging the case study outcomes to refine the practical
implementation aspects of tool usage and to make even more accurate UML sequence diagrams, tailored to the
feedback from real end users. The case studies involve the practical deployment of various tools across diverse contexts,
enabling detailed evaluations of their technical capabilities, resource requirements, and stakeholder engagement
processes. These experiences provided empirical insights into how tools operate within specific Member States’
agricultural systems and policy frameworks, highlighting implementation challenges, contextual adaptations, and
synergies between tools. Field-driven evidence was crucial for refining the user stories provided in chapter 3. By focusing
on specific user interactions, including farmers, policymakers, and technical experts, the case studies enriched the user
stories with precise roles, data flows, and outcomes. They also allowed for the inclusion of feedback loops based on
real-world applications, identifying what adjustments are needed to make them not only theoretically sound but also
practically effective and scalable across different EU regions.

In the present deliverable we outlined high-level technical architectures and integration protocols, with the case study
outcomes to demonstrate how these are operationalized under constraints such as, data availability, technological
readiness, or institutional capacity. This applied knowledge enabled the creation of user stories that better address
practical concerns, such as data interoperability challenges, regional customization, or stakeholder usability. Ultimately,
the integration of case study results into user stories bridges the gap between theoretical guidelines and actionable
implementation plans, ensuring that user stories align with the specific needs, capabilities, and contexts of stakeholders
within the CAP framework.

Lessons learnt

Lessons learnt from the case studies have been integrated into the present update, supporting the refinement of selected
user stories, workflows and UML sequence diagrams. This case-study-driven refinement was applied to three selected
user stories: User Story 1 on Soil Health, User Story 2 on Pesticides, and User Story 7 on Irrigation and Water
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Management. The Spanish soil organic carbon case study expanded User Story 1 beyond a sensor-based soil-
monitoring workflow, introducing the need to combine georeferenced soil samples, Earth Observation products, ancillary
datasets, machine-learning models, baseline SOC mapping, validation steps and additional technical actors such as
laboratories, EO specialists and modelling experts. The Spanish Digital Farm Book and CAPRI case study refined User
Story 2 by showing that farmer-recorded pesticide data can support policy analysis only when structured workflows for
anonymisation, enrichment, validation, aggregation, scaling, reliability assessment and model-input preparation are in
place. Finally, the Italian and Greek PMT case studies updated User Story 7 by demonstrating the role of dashboard-
based policy monitoring, regional benchmarking, drought-risk assessment, yield-risk indicators and targeted institutional
use cases for irrigation and agro-climatic risk management.

These updates were necessary in order to move the user stories from conceptual workflows towards more operational
technical protocols grounded in practical implementation experience. For stakeholders, the revised workflows and UML
diagrams provide clearer guidance on data flows, actor roles, processing steps, interoperability requirements and policy-
reporting outputs. The main lesson learned is that digital tools for CAP monitoring are most useful when they are not
treated as standalone systems, but as interoperable evidence layers that combine administrative, farm-level, EO,
modelled and open datasets, while also accounting for data availability, institutional capacity, user trust, validation needs
and the specific policy questions of Managing Authorities, Paying Agencies and other end-users.
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6. Annex

Table 1: Summary table of user stories developed. It includes the policy question each user story addresses, relevant information and cross-references to graphic
workflow and UML sequence diagrams.

Cross- Cross-
Relevant CAP reference | reference
Policy question Main data sources indicators and to to UML
legislation graphic | sequence
workflow | diagram
Field and sensor data: Soil pH, nutrient levels, Relevant to soil-health
soil moisture, soil temperature, organic monitoring, carbon
matter/SOC-related measurements, 10T soil- farming, climate
Soil Health sensor data. mitigation and
As a CAP official, | sustainable land

- s U St sl o
inputs  from  the  g4j|-health conditions ples, fy anayses, CAP links include

Spanish SOC case  ang  solil organic Zzgggr;z;ecords, national or regional soil-profile R.19PR. 1.1, GAEC 5

study. The user carhon dynamics in a and GAEC 6.
story is expanded gpanish NUTS/LAU  Earth Observation and ancillary data: Sentinel-2 In view of the proposed
1 from loT-based soil  yegion, using field, /Copernicus Data Space Ecosystem, land- prop Figure 7 Figure 8

post-2027 MFF
performance framework,
the user story may also

monitoring 0 @ EQ and modelled cover/land-use data, DEM, climate variables,
broad.er. frameworll< data to support CAP vegetation indicators.
combining soil ' monitoring,  carbon-

samples, EO data, farming assessment Admini§trative and spatial data:.Farm support result |r.1d|ca.tors
i boundaries, LPIS/IACS where available, crop type, under Intervention Fields

ancillary datasets 544  future MRV

and ML-based peeds. farming practices, CAP intervention information. 12 and 13, including

SOC estimation. Methods and outputs: ML/geostatistical SOC increase or protection of

soil organic content” and
“GHG emissions avoided
and removals in tCO.,e”,

as well as broader

estimation, baseline SOC maps, validation,
uncertainty assessment and targeted field
sampling.
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Pesticides

— Updated with
inputs from the
Spanish Digital

Farm Book/CAPRI
case study. The
user story is refined

to include
anonymisation,
validation,
aggregation,
scaling, reliability
assessment  and
model-input
preparation for

policy analysis.

As a CAP official, |
would like to assess
the impact of CSP
interventions

addressing the
sustainable use of
pesticides on
agricultural

production, farmers’
income and the
environment at

NUTS3 level, using
Digital Farm Book /
FMIS data and agro-
economic modelling.

Farm and FMIS data: Crop type, pesticide
product, active substance/composition, dose, date
of application, area treated, advisor identification,
machinery identification, pesticide application
records from FMIS/Digital Farm Book.

Administrative data: LPIS parcel boundaries,
authorised plant protection products, SIEX or
equivalent administrative databases where
available.

Alternative data route: FMIS provider databases
where administrative data access is limited.

Reference and external datasets: Eurostat
pesticide sales/use data, JKI pesticide-use
monitoring data, Udias et al. dataset, other
statistical or administrative pesticide datasets.

Methods and models: Anonymisation,
enrichment, validation, aggregation, scaling,
reliability assessment, model-input preparation
and CAPRI agro-economic modelling.
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environmental-climate

benefits and digital
monitoring.

Relevant to pesticide-use
monitoring, sustainable

crop protection, digital

reporting and policy

evaluation. Current CAP

links include Impact 1.18,
Result R.24, Context
C.49, wider impact
indicators 1.2—1.6,
Directive 2009/128/EC on

the sustainable use of

pesticides and SMR 8. Figure 11

In view of the proposed
post-2027 MFF
performance framework,

the user story may
support result indicators
under Intervention Fields

12 and 13 related to the

“Share of agricultural
area supported to provide
environmental-climate
benefits”, including
pesticide reduction, as

Figure 12
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Nutrients

Animal Welfare

As a CAP official, |
would like to assess
the use of nutrients in
the farm
management, the
effectiveness of
agricultural practices
and its environmental
sustainability in a
LAU region

As a CAP official, |
would like to assess
the GHG emissions
and the animal
welfare compliance in
a MS Country and
send the information
automatically to
FSDN.

Field Data:Soil type, moisture levels, nutrient
levels, topography.

Machine Data: GPS coordinates, operational
settings, seed/fertilizer application rates, fuel
consumption.

Yield Data: Harvest volume, moisture content,
crop quality.

Environmental Data: Weather forecasts,
pest/disease reports.

Policy Data: CAP compliance metrics, subsidy
eligibility

Livestock Data: RFID tags, ear tags, and birth
records, vaccination schedules and disease
history, milk yield, growth rates, and reproduction
rates, grazing patterns and rotation schedules,

housing environment data (temperature, humidity).

Veterinarians and Feed Suppliers: Animal
welfare metrics (mortality rates, pasture access).
Antibiotic and veterinary drug usage logs.
Biodiversity-friendly practices (e.g., mixed grazing
strategies)
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well as “Share of farms
enhancing digitalisation
and use of digital tools”.

1.16, GAEC 5, SMR -
Directive on the use of
nitrates (Council Directive
91/676/EEC)

Figure 13

1.10, C23, C24

SMR - 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)

Figure 15

Figure 14

Figure 16
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Sustainable
production
including
management

food

waste

As a CAP official, |
would like to measure
the GHG emissions
of a products
agricultural practices
across the supply
chain

Production Data: Seed type, origin, and
certification.

Fertilizer and pesticide usage (type, quantity,
timing).

Water usage and irrigation patterns.

Yield data (quantity, quality, moisture content).
Supply Chain Data: Transportation logs (routes,
fuel usage, emissions). Storage conditions
(temperature, humidity).

Processing details (methods, additives used).
Environmental Data: Soil quality and biodiversity
indicators. Weather conditions and climate-related
factors.

Carbon emissions and energy consumption data.
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GAEC 1-9

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

Figure 17

Figure 18
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Landscape
features

As a CAP official, |
would like to assess
the state of
landscape features
present in farms in a
LAU region for 2023

Earth Observation Data: Sentinel-2 multitemporal
imagery for identifying landscape features. High-
Resolution Layers for Small Woody Features (5m
and 100m resolution) from the Copernicus Land
Monitoring Service.Agricultural Area 2018 data
from Copernicus Land Monitoring Service (100m
resolution).

Geospatial Data: NUTS and LAU administrative
units from Eurostat for spatial analysis. LPIS
geodata for parcel boundaries and evaluation.
Biodiversity Indicators: Natura 2000 protected
areas data from the European Environment
Agency (EEA). Farmland Bird Index data from
FSDN or NGOs to measure biodiversity impacts.
In-situ and Field Data: Geotagged photos
collected by farmers for validating EO-based
classifications. FMIS data on agricultural practices
like crop diversification, tillage, and organic
farming.

External Sources: FSDN database and data from
NGOs or Member State-specific environmental
organizations

() TOoOLS

SMRs - Conservation of
Wild Birds (Directive
2009/147/EC),
Conservation of Natural
Habitats and of Wild
Flora and Fauna
(Directive 92/43/EEC),
GAEC 8: Maintain non-
productive areas and
landscape features, R.34,
R.32, R.17, R.26, 1.09,
ECO-SCHEMES D1-
31.10, EU Biodiversity
Strategy 2030

Figure 19

Figure 20
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Irrigation and
Water
Management

— Updated with
inputs from the

Italian and Greek
case studies. The
user story is
expanded towards
dashboard-based
policy monitoring,
regional
benchmarking,
drought-risk
assessment  and
agro-climatic
vulnerability
analysis.

As a CAP official, |
would like to monitor
irrigation needs,
water-use patterns,
drought risk and
agro-climatic
vulnerability in a
LAU/NUTS  region,
using farm-level, EO,
climate and regional
indicators through a
dashboard-based
policy-monitoring
workflow.

Farm and FMIS data: Irrigation events, irrigation
calendars, water volume used, irrigation method,
costs, crop type, management practices, soil-
moisture and irrigation-sensor data.

Climate and environmental data: ERA5/ERA5-
Land historical climate data, real-time
meteorological data, Copernicus Drought
Observatory indicators, drought-risk layers,
ET,/evapotranspiration estimates, EO-derived
vegetation and water-stress indicators.

Spatial and administrative data: LPIS/IACS
where available, administrative boundaries, crop
maps, land-use datasets.

Open/statistical datasets: GISCO, Eurostat,

EEA, FADN/FSDN, regional benchmark datasets.

Tools and outputs: Policy Monitoring Tool,
dashboard visualisation, regional benchmarking,
LAU/commune-level metrics, drought-risk
assessment, yield-risk indicators and policy-
oriented reports.

() TOoOLS

Relevant to sustainable
water use, water quantity
and quality, drought
resilience, climate
adaptation and regional
risk management.
Current CAP links include
1.17 “Reducing pressure
on water resources”,
R.22, R.23PR, GAEC 4,
National River Basin
Management Plans and
the EU Water Framework

Directive 2000/60/EC.
Figure 23
In view of the proposed

post-2027 MFF
performance framework,
the user story may
support result indicators
under Intervention Fields
12 and 13 related to
water quality, water
quantity, climate
adaptation and
digitalisation, including
the “Share of farms
enhancing digitalisation
and use of digital tools”.

Figure 24
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