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1 Introduction

The QuantiFarm project focuses on supporting the further development of Digital Agriculture
Technology Solutions (DATSS) in order to improve the sustainability (economic, environmental and
social) and competitiveness soehd QuargiFare Wdévelopsaagr i ¢ ul
comprehensive Assessment Framework for independent qualitative and quantitative assessments of the
costs and benefits of digital agriculture technologies. The project will support the uptake of digital
technologies by providinginovative tools and services and will provide practical recommendations of
relevance and practical utility to farmers, advisors, and policy makers across Europe. QuantiFarm is
building its assessment and recommendation tools using data derived frost 8a3es (TCs) which

span over 20 countries in 10 Biogeographical regions across Europe, thereby capturing multiple social,
environmental, and economic parameters. More than 100 farms of different types, sizes, ownership and
operating conditions have contteid to participate in the project, both directly and through cooperatives

and large umbrella organisations. In addition, the QuantiFarm Digital Innovation Academy will provide
capacity building capabilities for advisors and other Agriculture Knowledgénaodation Systems

(AKIS) actors, by providing data on the various types of digital technologies available, their costs,
benefits and impact on sustainability. QuantiFarm involves 32 partners, representing a variety of
stakeholders, including 8 scientificganisations and 12 farmer representatives and consultants.

This document is part of the set of deliverables of WP3 of the QuantiFarm project and is the result of
Task 3.2 fAReusable DATSs Assessment Tool so and
elaborates in the implementation of a set of reusablegatiined software components in support of

DATSs sustainability assessment and d@stefit analysis. The functionality offered by the tools has

been specified through a cocreation process involving relevant actors e.g. Farmers, Advisors, and Policy
influencers that are members of the QuantiFarm consortium but also with selected external actors. In
addition, directions and procedures that are provided by WP2 on assessment parameters and
methodologies were also considered. The initial list of the tools wagiegdrom an early stage even

during the project preparation phase, however the initial list has further been refined aiming to provide
tools with a clear scope and usefulness.

The Policy Monitoring tool developed in Task 3.3 aims to assist the process of monitoring but also the
design of agreenvironmental related policies through the utilisation of DATSs. As it will be further

anal ysed in section 4 m@uoADATSs Bracombined withssatallitesedne nt o U
Earth Observation data products facilitating the calculation of relevant sustainability indicators on a
regional basis.

The key deliverable of Tasks 3.2 and 3.3 is the actual implementation of the tools as reusable software
components. For this reason, this report is inherently associated with the actual implementation code of
the tools avail abl e tory:httpsQ/aithaindom/Guantifadns code reposi

Within this repository individual suprojects are available providing the actual code, instructions for
installing the tools, and examples of use.

A short summary of th® u a n t i tBdsoffer@dfunctionality follows:
1 DATS Recommendation Tool

The QuanfiDATSarem@dsanme n d a tisian mteractive foa that allows farmers and

advisors to gain insights on available Digital Agriculture Technology Solutions (DATS) in the

QuantiFarnd enline directorywhich includes more than 500 technologiBise tool can provideanked

W KAE LNB2SOG KEa NBOSAOSR FdyRAy3I FNEB° 9
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recommendations on suitable DATS based on a farms/farmers characteristics and information on
performanceesultsthatthe DATS achieved within test cases.

Source codehttps://qgitlab.com/QuantiFarm/recommendattonl

Access the tool heréttps://quantifarmtoolkit.eu/tool1.html

i Cost Benefit Calculator Tool

T he Qu anfCosFBenmefit&alculator Toob i s designed to support f
advisors in assessing the financial impact and potential benefits of adopting various DATSs in crop and
livestock farming systems. The tool features dedicated calculator modules for each type of system,
tailored to reflect their specific needs.

Source codenttps://gitlab.com/QuantiFarm/cesenefitcalculatorvl

Access the tool heréttps://quantifarmtoolkit.eu/tool2.html

1 Benchmarking tool

TheQuant i FBe mdlsma r kaims tg assish faringys and advisors in recording digitally the
cultivation practices and to automate the calculation of important and useful performance indicators. It

also offers the option to compare calculated indicators from different farms and/diffément

cultivation periods. The tool also includes information about the DATSs that have been utilised and are
associated with specific farming activities all
performance with agricultural technologglutions. This allows the extraction of conclusions on the
usefulness and the applicability of DAT in specific contexts

Source codeéhttps://gitlab.com/QuantiFarm/benchmarkitompl

Access the tool heréttps://quantifarmtoolkit.eu/tool3.html

1 Policy Monitoring tool

Policy Monitoring tool provides policy makers with a visual policy monitoring dashboard, allowing

the generation of analytical reports based on queries, including summary tables as well as graphical
charts. The tool integrates and renders data at a regional level (Local Adatir@dJnitsi LAUS or
Communegderived from anonymized and aggregatesiin information from 12 selected QuantiFarm

test cases. This includes information from parcels utilizing Digital Agriculture Technological Solutions
(DATSS), parcels not employing DATS, farm calendar exports dagital logs. A total of 50 variables
derived from QuantiFarm test cases are classified into 13 categories for easier filtering and visualization.

Source codehttps://gitlab.com/QuantiFarm/policymonitoritgol

Access the tool heréttps://quantifarmtoolkit.eu/tool6.html

1 Advanced Decision Support Tool

The AAdvanced decision support toolo aims to hel
DATS is the most appropriate for their farm, taking into consideration their specific needs, strategic
goals, and preferences, as well as the externataament they are operating in. It was designed to
CKAa LINE23SOG Kra NBOSAOGSR TdzyRAy3d TFNR® 10
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address one of the key barriers in adopting digital technologies, which is the lack of knowledge and
evidence regarding their (direct and indirect) actual benefits and costs.

Source'DATs Advanced Decision Support Tool v1.0.xlIsx

Access the tool heréttps://quantifarmtoolkit.eu/tool5.html

1 DATS AssessmenEngine

TheDATS Assessment Enginéuilds on the Quantifar@ATS assessment framework and

aims to enable both quantitative and qualitative assessment of DATSs undeuridal
conditions (more details on the Quantifarm a
Assessment Framewor k and eé&sessmennpacessas cddedash ani s
a software based tool and it is designed to optimise and automate data collection and

processing for the calculation of specific sustainability indicators reflecting economic, social,

and environmental performance. The tisatonceived as a reusable, stahohe software

application that takes as input a set of gretrnth data (e.g. use of agricultural inputs,

monetary costs, labour), feeds these into assessment algorithms, and produces numeric values
for a defined set gberformance indicators. It can be downloaded and executed locally on a
personal computer and provides a graphical user interface to facilitate data import and result
visualisation.

Source codehttps://gitlab.com/QuantiFarm/assessmtel

Access the tool heréttps://quantifarmtoolkit.eu/tool4.html

This deliverable presents tfieal and completed version of tRuantiFarm service3 he main updates
in this deliverable (compared with 3.include the following:

a) Thefinal versionof the DATSAssessmeriEngineas a standlone toolprovidingalso a user
friendly interface to facilitate field dateollection and calcuta sustainabilityperformance
indicators (documented in fi2.3 QuantiFarm da
engi neod) ,

b) the introductionof new more sophisticated algorithntisat also consider the behavioral
parameters and objectives of farmérer t he DATS Recommendati on E
Recommendati on tool so.

c) Updates in the Cost benefit calculator tatlich now includes ground truth evidence from the
QuantiFarm TestCasdso c ument ed i n section A3.4 Cost ben

d) The incorporation of additional regions, test case data variables across various sectors
(economic, labour, costs, electricity etc.), and relevant data products from external sources (e.g.,
FAO). An overview of these enhancements, along with examples afittitional implemented
functionalities supported by the Policy Moni
Monitoring Tool. The final version of the QuantiFarRolicy Monitoring Toolincorporates
ground truth data from &U countries 9 crop types monitored 8 DATS (or DATS
combinations) over 150000 ha of agricultural area classified via EO methams$overall,

973,000 ha of Eldgricultural landunder monitoring.

PNC KA & LINR2SOG KFa NBOSA@SR FdyRAy3 FNR' 11
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This report is structured as follows:

0 Chapter 1 provides a summary of the project,

0 Chapter 2 documents the information systems and data items that are integrated with the
provided tools. Information about the QuantiFarm data management platform, datasets
generated by the Test Cases and the sustainability KPIs generated by the assessment

framework.

0 Chapter 3 provides the documentation of each tool that escorts the actual implementation code
that is available in gitlab repository.

0 Chapter 4 provides the documentation for the QuantiFarm Policy monitoring tool that escorts
the actual implementation code that is available in gitlab repository.

0 Chapter 5 gives a brief overview of the main ingredients of the document and indicates next
steps to be taken.

0 In the Annex of this document additional technical implementation/specification details of the

various software modules are available.

CKAad LINR2SOG KLFa NBOSAGSR FdzyRAy3 FTNRB' 12
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2 Background

This chapter presents background information on the data sources, theodataand the data platform

that the functionality of the various QuantiFarm Tools will be based upon. In more details and for
reasons of having a setbntained document this ctiapwill elaborate on a) the test cases and the kind
of data that the QuantiFarm data platform will maintain; b) the QuantiFarm data staadttldd the
QuantiFarm Common Semantic Modehat will allow a harmonised and standardised modelling of

datasets; c¢) the QuantiFarm data platform and its architecture; and d) an explanation how the platform
i ntegrates

engi neo.

wi t h
Over al

t he

|, her e

tools described in the following chapter.

The project will collect data from 30 Test Cases (TCs) across multiple countries and biogeographical
det ai

regions.

Ful I

| s of

assessment

t he

TCs

framewor k
w ere \phicte enabled the DATS agsassiment | y i n

are provided

will enable the evaluation of different DATSs in redk Iconditions, across 3 iterations/growing

seasons. Each TC includes one or more farms using a specific DAT, and a set of equivalent and

comparable farms not using any DATS. Care is being taken to findl Inatching so as to ensure
consistent, contrasty yet comparable participants in each TC. An overview is provid€dtte 1.

Slinnovation programme under grant agreement No 101059700

No| Sector Crop/Animal Digital Solution Country B|ogeogr_aph|cal
Region

1| Arable Potatoes SF DSS/ App Greece NP

2 Arable Corn Precision Irrigation Portugal Agromais

3| Arable Barley, wheat . SF DSS/ Agre_ . Spain ITACyL

environmental Monitoring
4 | Arable Cotton VIR GBSO el Greece Augmenta
tractors
5| Arable Wheat SF DSS/ App Turkey HORTA
6 Arable Wheat, onion, | Machinery Wlth VRA, datsd Netherlands Delphy
potato analytics

7 | Arable Potatoes SF DSS/ App Poland FFP2

8| Arable Wheat Silo management Latvia AgroSmart

9| Arable Barley, corn, FMIS/ Financial Modelling Slovenia KGZS

wheat

10| Arable Wheat FMIS/ app Romania ANAMOB

11 Fruit Olives SF DSS/ App Greece NP

12 Fruit Apples Drones and soil sensory  Poland Delphy

13 Fruit Grapes SF DSS/ App Italy HORTA

14 Eruit Strawberries, Pr§C|S|on wngauo_n, Serbia Terra

Blueberry Variable rootpruning
CKAa LINE23SOG Kra NBOSAOGSR TdzyRAy3d TFNR® 13
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No| Sector Crop/Animal Digital Solution Country Blogeographlcal
Region
15 Fruit Olives SF DSS/ App Cyprus Filagro
16 Fruit Apples Drones and soil sensorg Netherlands Delphy
17 Fruit Grapes Harvestln%g)sb oticand S Romania ANAMOB
18| Vegetables Tomatoes SF DSS/ App Italy HORTA
19| Vegetables Tomatoes Automated Greenhouse{ Netherlands Delphy
20 Fruit Bananas / Grape PreCISIOO Irrlgatlon, CEELY Anysol
Monitoring Islands
21| Vegetableg Tomatoes Automated Greenhousey Finland LUKE
22 Meat Poultry Cleaning Robot, Al UK FLOX
23| Meat Cows Heat box collar, feedig | o IDELE
robot, calving detector
24 Meat Pigs Automated monitoring, A| Belgium Leuven
25 Dairy Cows Feeding robot, Activity France IDELE
Sensors
26| Dairy Cows Milking Robot Ireland Teagasc
27| Dairy Cows Automated monitoring | Germany Leuven
28| Dairy Cows Livestock feeding DSS | Romania ANAMOB
29| Apiculture Bees Automated Monitoring | Lithuania ART21
30|Aquaculture Oyster SRTSOS el GLENY Croatia Benco
assessment

Tablel: Test Cases summarization

TCs will act as data providers for the Assessment Framework, collecting data for the assessment of the
digital agriculture solutions they are using on their farms, and equivalently to assess the impact of not
using DATSs. To properly assess the impact sihgi a digital technology in agriculture in real
conditions, the assessment needs to take into consideration the outcomes of the whole growing season.
Given the fact that agricultural production is affected by many unpredictable factors such as extreme
wedher conditions which can alter the results drastically, there needs to be enough growing seasons.
Therefore, testing has started in January 2023 (M7) and will run for three (3) annual cycles, covering
an equal number of growing seasons.

CKAad LINR2SOG KLFa NBOSAGSR FdzyRAy3 FTNRB' 14
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08
oD+ @

28 =

Q Search or go to...

#9 QuantiFarm | QuantiFarm Common Semantic Model

‘gitlab.com,

Q QuantiFarm Common Semantic Model &

@ Avatimon

Qv ¥r Star | 0

n @ © &

% Fork 0

Project main v qesm /[ 4+ v History Find file Edit v -0~ 57 Commits
I Q QuantiFarm Common Sema... ¥ 2 Branches

% Pinned < added cost structure property for a DAT o 7628be04 | ) & 0Tags

9 Jack Verhoosel authored 1 month ago i

2.5 MiB Project Storage

8 Manage 8 g 9
E Plan > Name Last commit Last update [ README
<> Code B3 Instantiations added cost structure prop.. 1month ago @/ CI/CD configuration
¢ Build > + Add LICENSE

Eatests add tests 9 months ago
O secure > + Add CHANGELOG

4 .gitignore remove chowlk diagram, ... 8 months ago + Add CONTRIBUTING
& Deploy

& gitlab-ci.yml fix pipeline 5 months ago + Add Kubernetes cluster
@ Operate g Y PP 9

+ Add Wiki
GZ Monitor .project added ploutos v1.0 1-4-20.. 8 months ago
+ Configure Integrations
i Analyze > + README.md update README 6 months ago
= 5 qesm.ttl added cost structure prop.. 1month ago

@ Help

Figure 1. Screenshot of the QuantiFarm Common Semantic Model project in gitlab

The QCSM(Figurel) is designed according to a series of guiding principles including to maximally
reuse and extend existing ontologies as much as possible for modelling the required concepts and
relations in the QCSM. As a consequence of the guiding principle on reusimxtending existing
ontologies as much as possible, the QCSM imports various existing ontologies. We therefore have built
further on the work that has been done in the Ploutos project (https://gh2@28.eu) in which already
various ontologies have beesused and extension proposals for some of them have been generated.
Table2 provides a list of the ontologies reused by QCSM. It should be noted that data modelling in the
context of the QuantiFarm project is an ongoing and dynamic process. For this reason, various
adaptations are realised while the mosttadate version of th€CSM is available publicly in
QuantiFarm GitLab project: https://gitlab.com/QuantiFarm/qcsnthe current version (December
2023) of the ontology is also available in Annex A.
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Prefix Name Base URI Scope ‘

. ) . Ecosystems, environment
ENVO Environment http://purl.obolibrary.org/obo/ geographical components
Ontology envo.owl#
and processes
Smart appliances and
S4AGRI | SAREF4AGRI https://saref.etsi.org/saref4agri/ | devices for agricultural
purposes
SSN Semantic Sensor http:/www.w3.org/ns/ssn/ Sensor networks and
Network processes

Semear GlserEien Observations, actuations

SOSA http://www.w3.0rg/ns/saso/ and samples from sensor
Sample Actuator
and actuators

Ontology of units of | http://www.ontologyof-unitsof- [Uni t sd hi er

(a}}

OoM

Measure measure.org/resource/e measurements
Org Organisationontology http://www.w3.org/ns/org# Organisational concepts
Time ielegy @i i http://www.w3.0rg/2006/time# ULSE U AL CY

concepts concepts

BIMERR Weather | https://bimerr.oit.linkeddata.es/dg Weather phenomena and
Weather

Ontology weather# parameters

Table2: Existing ontologies to be reused by the QCSM.

An overview of the Digital Agricultural Technology concept, its properties and relations with other
concepts is visualised ifFigure 2 and Figure 3 using the WebVOWL tool available at
https://service.tib.eu/webvowl

CKAa LINE23SOG Kra NBOSAOGSR TdzyRAy3d TFNR® 16
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[ decimal | is particpating in

is executed on farm

Figure 2: Snapshot of the QCSM Graph focusing in the Digital Agricultural Technology information concept.
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WebVOWL

1.1.7

Figure 3: The relation of the DATS, the Farm and the Farmworker within the QCSM

From an early stage of the QuantiFarm project the-legél data flow has been specified including the
integration with a set of heterogeneous data sources useful for the operation of the assessment
framework and tools. Figure 6 illustrates in a concd@nd highlevel manner the overall flow of data
starting from the AData sourcesodo to be integrat.
Economi c, soci al and Environment al assessment of
consumethese data aiming to provide more advanced deemsigking services. As it is evident the
heterogeneity of data derived by different sources needs to be harmonised to ensure the maximal reuse
and applicability of the QuantiFarm Assessment Framework aol$.To

¢K}\é LINEP280G KIa NBOSAOSR Fdzy RAy3 FNB' 18
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Data acquisition . .
s o and Inferoperabality QuantiFarm Toolkit
Test Cases ) Rec )
_———— ‘J@" ommendations s
s 5] @%_ oo 3 U*U
=~ P~ ‘ 5]
TC3 --- TC3D {) = Farmers
QuantiFarm Fruits =
Test Cases Outcomes ~— 0€Q — Dench L
=]
S -
Fo 3L AK"’S Ammble 'Snstiinabi]ity 0 S @
7 EEAAE L n Assessment 5 m
—_— ‘ 9 : Compliance
Loi)) PARshace ® ek =
E:ustm,uqu::{uomrmes ﬁ Advisors
p— @mm Advanced  [ES
Deecision o
- cm Benefit Support =]
Data FADN Analysis =]
EUROSTAT _ CAP. —i P°h"5‘r \ 2
AT Independent @ E
@ Monitoring Services Policy makers

Figure 4: Information flow and the core components of the QuantiFarm Assessment Framework and Toolkit

FigureSillustratest he f uncti onal view of Quanti Fartmsbs dat a
has been updated until December 20%4ditional technical specifications and implementation of the

data pl atf or m 2dateeRedlieements dnd Idteroparabiitih@ v e r shuténrordler

for this deliverable to be complete the core functional components are also presented here.

The highlevel design approach is thatentral data storagés provided where most of the relevant
data for the tools is stored in a triplestore in QCSM format and made available via a SPARQL query
endpoint.

The design principles behind this data platform architecture are:

- Large datasets such as granular weather datare not stored in the central data storage, as it
would be impractical to duplicate and synchronise them.

- External datasets that need to be available for the tools iimeaare not stored in the central
data storage, but published via a web service that translates data from the external data format
to the QCSM.

- When data is ingested into the QuantiFarm Data Platform, it should be mapped into the QCSM
at the moment of ingestion.

- Tool services should be made available as stdmae services with a wetllefined API that
can be deployed separately.

Ml KAa LINP2SOG KFa NBOSAOSR TdzyRAy3d TNR' 19
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The mappers are software modules
that provide QCSM-conform RDF
about data themes from external

sources that we want to disclose in

realtime.
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realtime.

We don't foresee very large data sets
to be stored here. Those should go via
a mapper.

Figure 5: Functional architecture of QuantiFarm data platform

The central data storagégreen components in the bottom middle of the diagram) is responsible for
storing RDF data that need to be available for the tool services. All data that is ingested into the data
storage should be conformant with the ontologies in the QCSM.

For the tool services to retrieve the necessary data, SPARQL queries can be used, which is a flexible
and standardised query language for RDF data.

In the current prototype, thiepache 2.dicensedtriple storeApache Jena Fuseis used. It provides a
multitude of ways to load an retrieve data from the triple store, using standardised protocols such as
SPARQL.

Theloaders(cyan components in the bottom of the diagram) load data from several data sources in an
extract, transform load (ETLphanner. The data concerned does not involvetimal use cases, so it
can be loaded into the data storage whenever it is deemed necessary.

The task of a loader is to access its corresponding data repository, map it into@@fekin RDF,

and load it into the central data storage. In our data platform, this concerns the repository of DATSSs in
FAIRshare, KPIs of farms that participate in tesses (and which DATSs they use, if any), among
others.

An important requirement is that the loader can be executed again after a while (e.g., when the data
changed, or when the loader is improved), and then it should replace its previous data. This is
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implemented with the SPARQL Graph Store HTTP protocol, specifically with the HTTP PUT rhethod
on a named graph for the loader.

To produce RDF, the well known rdflib library in Python is used. It provides utilities for generating
statements in a graph, and serialising the graph into formats that the central data storage understands.

Some external data sources are simply too big to be loaded into the central data storage, or they need to
be made available in a retithe fashion instead of ETL. For these data sources, we use spapjaers

which are software modules that can retrieve specific data from these sources, and map themto QCSM
conform RDF for the tool services to use.

These mappers were originally envisioned to be separate microservices, but it is more practical to
simply implement them as reusable code modules that the tool services can import.

There are severalata repositorieghat we want to leverage in the data sharing platform. In general,
these are not available in a homogeneous way, and should thus be transformed intadD@&l
RDF before they can be conveniently consumed by the tools.

The FAIRshare project has produced a list of Digital Advisory Tools and Services which roughly
translate into what we call Digital Agricultural Technology Solutions in QuantiFarm. These are
enriched with relevant metadata about the technology so thatbedaansformed into RDF statements
about the technology.

WP2 produced KPIs and metadata about farms participating in the test cases in the form of Excel sheets.
The data from these sheets are loaded and transformed by the loaders using the pandas tool in Python.
Subsequently, they are loaded into the centra starage.

We envision severaxternal APIgo be consumed directly as they are needed, and so bypass the central
data storage because theyod6re eithertmée.&@amples g t o
include (historical) weather APIs, EUROSTAT and CAP indicators.

The user interfacds the frontend that the user interacts with. There will be a single consistent user
interface that gives personalised access to all the tools using a single thematic style. We have a non
functional prototype, but other than that, this is planned worl,raore will be written about it in
planned deliverables (D3.6).

The user interface uses the tool services to populate its views with the content and functionality that are
required.

Each tool is implemented as an independeok service which comprises one or more web services
with well defined APIs. With these APIs, the user interface can retrieve the data that it needs to present
the content and provide the functionality.

Generic engines are available to all tools and have the functionality to calculate aggregated values of
parameters. In particular, the ch&nefit assessment engine calculates costs and benefits for using a
specific DATS and the testcase assessment eagiogates the sustainability parameters for a testcase

! https:/Avww.w3.org/TR/spargl Ettp-rdf-update/#httgput
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and the DATSs used in that testcase. The engines have-defiedd API via which the calculated
values can be retrieved. In addition, the results of the engines are stored in the central data storage as
well.

With respect to deployment, the central data storage is currently deployed at a TNO Azure cloudserver
in an Apache Jena Fuseki triplestore. In addition, the generic engines, tool services and user interface
are together deployed on the QuantiFarm serveatén at the URLhttps://quantifarmtoolkit.eu

Overall, the latest version of the QuantiFarm data platform source code and documentation are available
here:https://gitlab.com/QuantiFarm/dapdatform

Among the main objectives of the QuantiFarm project is to specify an Assessment Framework for
evaluating the value provided by DATSs in agriculture. A mimezthod approach is used including

the farm as well as the wider society for thecegation of thdramework. The Assessment Framework
combines different quantitative and qualitative methodologies to conduct a comprehensive assessment
of the economic, social and environmental benefits and costs of DATSs. The specification of the
AAssessment sFrdomewme DB dissessment firramework and Governance
Mechanisms- second updated version The outcome of t he assessm¢
monetary index complemented with a set of additional descriptive indicators on the impact of DATSs.
These are intended to avoid the risk of drawing simplistic conclusions when relying only orea singl
value to capture the complexity of muttimensional aspects. For the needs of the QuantFarm project

and according to D2.3 the DATS assessment process is imyrie a manual manner where experts

(WP2) analyse the collected evidence. Technically the assessment process is realised by collecting data
provided by Test Case representatives with the use of spreadsheets. The collected datasets are then
cleaned fromncorrect values and other errors and then are analysed by experts with the use of
algorithms embedded as functions within the spreadsheets (using MS Excel). Finally, DATS assessment
results are calculated with the use of functions assigning values toohmetdefined performance
indicators.

Among the objectives of WP3 is to further automate the assessment process and integrate it as a
functional part of the QuantiFarm toolkit. The benefits from such a process are multiple with most
important being the following:

a) Reduce the administrative burden of data collection, data preparation, data analysis and
automate the calculation of DATS performance indicators.

b) Make the databoth ground truth evidence and DATS assessment reaudtidable for further
exploitation by the tools of the toolkit. This will support the provision of more intelligent
deci sion support services. For wixaenp!| of t hé
QuantiFarm toolkit will be feasible to provide more fine grained recommendations using within
the recommendation engine quantitative and qualitative parameters derived from the Test Cases
evaluation process.

c) Implement dynamic visualisation of the DATS assessment results using more user friendly and
engaging graphs as part of the QuantiFarm Toolkit.

d) Release the data collection and assessment engine as a reusable software framework available
for reuse in the context of DATS evaluation even in a@QoantiFarm context.

To this end, the Assessment Framework has been extensively analysed and coded as a software module
called:AiDATSa s s e s s me nin ANBIEXJCi snapsbots from the spreadsheets utilised in various
steps of the DATS assessment analysis are illustrated. The underlying logic of these steps and the
respective information items were analysed and converted to data processing steps thaieguide
functionality provided by this module. As it is illustratedrigure 6this module is deployed within the
W KAa LINR2SOG Klha NBOSAGSR FdzyRAYy3d FNEB' 22

innovation programme under grant agreement No 101059700



https://quantifarmtoolkit.eu/
https://gitlab.com/QuantiFarm/data-platform

D3.5 Tools for DATSs Assessment and Policy Monitoringfinal version

AfGeneric Engineso and o fAPleThesoverall abjecfiva of this mamulead i t y t
to automate as much as possible the DATS assessment process, having as input the data collected by
the Test Cases. As a first step, aiming to collect data from Test Cases in a more efficient and harmonised
manner aveb based data collection form was developed (Figure 6) and is available in the following

link: https://quantifarmtoolkit.eu/tcdata.html

@ QuantiFarm - Test case data X

2 quantifarmtoolkit.eu/tcdata.html
gQuanti Toolkit
TEST CASE DATA

Instructions
Please use Chrome, MS Edge, Opera, Brave or other Chromium based browser.
How-tos:

« To start entering data, first select ane TC from the dropdown. There are 30 TC.
« TC data is grouped in several tabs: one “General* and 3 testing periods: 2023, 2024 and 2025.
« To enter data for one parcel, first select “Testing period YYYY" tab, then “Parcel Comparison X" tab, then "Parcel with DATS" or “Parcel without DATS" tab.
* Click on "(add new)" button to add new “Parcel Comparison X" tab. To delete a “Parcel Comparison X", delete the data in all “Parcel with DATS® and "Parcel without DATS" fields.
« Click on *+” button to add new row in data tables. To delete a row, delete the data in all row fields.
« Click "Save to file" to save data to local file system and to continue input later. The file format is JSON.
« Click "Load from file” to load data from file. The file format is JSON.
« Click "Validate current data” to validate data for the current parcel. Important information about validation
Data validation causes only a warning. The user will be able to save data, regardless of the validation warning.
Entering the required fields (marked with %) is highly recommended in order (o receive the most complete evaluation possible.
All numeric data is non-negative.
Percentage data is from 0 to 100.
 When you're done, upload the file to Nextcloud in the dedicated folder.

- Funded by Enosdby e vrepan
the European Union =" 1% ~0F
Figure 6: The instructions page of the Test Cases data collection web based form

The webbased data collection form provides various benefits given that it restricts the format of data
that are imported and in many cases the user selects input from predefinetbwiropsts. This
approach reduces the data entry errors especially @dmpared with the importing of free text replies

in spreadsheets. Most importantly the vixtsed form exports the data in JSON format ready to directly
be processed by software based algorithms.

As it is illustratedin Figure6, the Test Case representative should provide the requested information
starting from generic properties of the assessed DATS and the cultivation type to more specific
parameters relevant with the use of the technological solutigsré7 andfigure 8). The buttons

AfSave to filed and ALoad from filed are respecti
formatted files.
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oZQuanti Toolkit

Instructions

General data

Testing period 2023

T
TEST CASE DATA

Testing period 2025

TC1 v

Testing period 2024

General information

The unique number of the QuantiFarm testcase % 1

The name of the leader of the QuantiFarm testcase % NP

The type of agricultural production that is executed in the QuantiFarm testcase %

unique DATS name

initial costs for
purchasing the
DATS in Euros

Digital vigour map v Il 122

Funded by
the European Union ™

Copyright © 2023 The Quanti

Arable

List of the DATSs being applied in the QuantiFarm testcase

annual fees to
remain using

costs for expected life

maintaining the span forusing needed to

the DATS in DATSinEuros  the DATSin install the DATS the users of the
Euros peryear per year wholeyears  in hours DATS in hours
2 2 312 3 1

Farm Consortium. All Rights Reserved.

number of
expected time  expected time  people involved _training the

needed to train _in the training

costs for

users of the

of users of the  DATS in Euros
DATS per year X
2
eftec
Poll y Policy

@ QuantiFarm - Test c:

23 quantifarmtoolkit.eu/tcdata.htm

Figure 7: Generic information about the TC.

Toolkit

The data collected for a specific testing period are then translated from the generic JSON format to

TEST CASE DATA

riod2023  Testingperiod 2024  Testing period 2025

General market information that influences the costs and benefits of the production in the specific year

The calendar year for which the assessment has been done ¥ 2024

The average price of water in Euro:

s per m? in the specific year ¥

The average price af fuselin Euros per lier in the specific year %

The ave

o8 per kWh in the specific %

The average salary of an employee in Euros per haur in the specific year %

The average salary of a professional {agronamist, veterinary) in Eures per hour in the specific year 3

Parcel Comparisan 1

parcel comparison data

Parcel with DATS. Parcel without DATS

You enter data for TC 1, Testing period 2024, Parcel Comparisan 1, Parcel with DATS

Generic information of the farm at which the parcel that is assessed is situated

Number of the farm unique in the QuantiFarm testcase

‘The biogeographical re

inwhich the farm Is located

The total size of the farm area in hectares

Generic information of the parcel that is assessed

The unique name or ID within the TC of the parcel %

Figure 8: Information about activities realised during the testing period.

Validate current data

€nam
€

&h

zzzzz

text

QCSM following standardised data modeling and semantics and then stored in the main database of the

QuantiFarm toolkit. Data from all test cases are theaxilable to be queried and further processed by

all tools. With regards to the DATS assessment procesiXAdSa s s e s s me maintanadata n e 0

processing algorithms that calculate the numerical values of the various environmental, economic and
social asessment indicators. The code of tiiBATS as s es s me nis availabtgi here: o

https://gitlab.com/QuantiFarm/assessrvmal. The calculated results are then stored back to the
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Finally, this approach facilitates the dynamic creation of visuals (e.g. graphs charts) of the DATS
performance in the context of the various TCs and for the different testing periods (years) through the
QuantiFarm Toolkit.

In the context of the updated version of this deliverable, significant enhancements have been made to
the user experience of the assessment engine. A dedicated Graphical User Interface (GUI) was
developed to interface with the assessment algorithms, mdsétyond the initial codbeased
interactions. This graphical interface provides a-fisendly environment for configuring assessment
parameters and viewing resulllowing figures illustrate the layout of this new interface.

Furthermore, th®ATSAssessment Engine has been fully incorporated into the QuantiFarm Toolkit
website and is available online, accompanied by a direct link to the tool. This integration ensures that
stakeholders (e.g advisors) can seamlessly access the assessment cagabitiigghrough the
central toolkit portal.

g8 Assessment Tool Dashboard
e

Available Files JSON Test Case File
TC10_For_Testing_purposes.json (19.0 KB) v Choose File  No file chosen
Upload JSON files with testcaseNumber, cultivationType, datsinformation, and

O Refresh Files ‘ & Calculate Results yearlyAssessmentInformation fields

Figure 9: New User Interface of the Assessment Engine

1, Upload File

[8) Results: TC10_For_Testing_purposes.json Mg L ExportISON
Total Cost (DATS) Total Cost (NO DATS) Cost Difference Comparisons
487.54 354.91 132.63 0
DATS costs more
|~ KPIs DATS [ KPIs NO DATS &3 Cost Analysis ol Analytics

[~ Sustainability KPIs with DATS

Category Metric Value

productivity_ yield 6.34075723830735
productivity_ labour_productivity_arable_and_horticulture 0.6007596539354294
productivity_ labour_productivity_dairy_livestock 0.0

productivity_ labour_productivity__meat_livestock 0.0

productivity_ labour_productivity__aquaculture 0.0

Figure 10: New User Interface of the Assessment Engine
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@ Result

&, Export JSON

0_For_Testing_purposes.json

Total Cost (DATS) Total Cost (NO DATS) Cost Difference Comparisons

487.54 354.91 132.63 0

DATS costs more

|22 KPIs DATS [\ KPIs NO DATS 2 Cost Analysis ol Analytics

(3] Cost Analysis S 3] Cost Analysis without DATS

cost_analysis water_|cost_of_water: 0.0 cost_analysis water_|cost_of water: 0.0
fuel_|cost_of_fuel: 56.98775055679287 fuel_|cost_of _fuel: 61.646634615384606
electricity|cost_of electricity: 0.4575144766146993 electricity|cost_of_electricity: 0.766326923076923
pesticide_|cost_for_pesticide: 51.0 pesticide_|cost_for_pesticide: 0.0
fertiliser|cost_of fertiliser: 303.0 fertiliser|cost_of fertiliser: 292.5
feed|cost_of feed: 0.0 feed|cost_of feed: 0.0
drugs_|_cost_of_drugs: 0.0 drugs_|_cost_of_drugs: 0.0
labour|cost_of labour_for_irrigation: 0.0 labour|cost_of labour_for_irrigation: 0.0
labour|cost_of labour_for_pesticide_application: 19.6997772828 labour|cost_of labour_for_pesticide: 0.0
labour|cost_of labour_for_fertilisation: 9.853897550111359 labour|cost_of labour_for_fertilisation: 0.0
labour: 9.853897550111359 labour: 0.0
labour|cost_of labour_for_pruning: 4.922939866369711 labour|cost_of labour_for_pruning: 0.0
labour|cost_of labour_for_field_visits: 8.442761692650334 labour|cost_of labour_for_field_visits: 0.0
labour|cost_of labour_for_greenhouse_maintenance: 0.0 labour|cost_of labour_for_greenhouse_management: 0.0
labour|cost_of labour_for_assessing_product_quality: 0.0 labour|cost_of labour_for_tracking_the_quantity_of_grain_avail:
labour|cost_of labour_for_controlling_purchase_and_sale_prices 0.0
0.0 labour|cost_of labour_for_assessing_product_quality: 0.0
labour|cost_of labour_for_organise_logistics: 0.0 - labour|cost_of labour_for_controlling_purchase_and_sale_price: .
‘ > ] »

Figure 11: New User Interface of the Assessment Engine

SQuanti Toalkit = R

DATS Assessment Engine

— - - - -
= Recommendations Teol & €€ 0O F 009 2 v0 0 ag
The DATS Assessment Engine bullds an the QuantiFarm DATS assessment framework and aims to enable both quantitative and qualitative assessment of DATSs under real-world conditions. The tool is conceived as 3 reusable, stand-alone software application
Cost and Benefit that takes as input a set of ground-truth data fe.g. use of agricultural iNputs. monetary costs. abour effort, feeds thess into assessment algorithms, and produces for sat of pe indicators. It can be downloaded and
Calculators executed locally on a persanal computer and provides a graphical user interface to facilitate data import and result visuslization.
= Benchmarking Too! L, Download User Manual

The source code of the tool is available here.
8= sessment Engine
©= DATS Assessment Engine
=t Advanced Declsion
Support Tool

i, P ontoring oo

) cnby and o e g

Funded by Fordady pean s aprsors gretsd ars Fomaer
the European Union ™ search Execuive Agency. Neither the Europ

Figure 12: Incorporation on the website of Quantifarm Toolkit
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3 Tools for DATSs assessment

This section el aborates on the specifications of
modules that have been developed up to M18 of the QuantiFarm project. The implementation code of
each tool described in this section is available ire tlQuantiFarm code repository:
https://gitlab.com/QuantiFarmAll tools are available for reuse as a smihtained service and the

necessary directions for downloading and using it are available in gitlab. These tools will also be part

of the QuantiFarm Toolkit which integrates and exposes the offered functjotatiugh a user

friendly Dashboard. The specification of the QuantiFarm Dashboard will be documented in D3.6
QuantiFarm Toolkit initial version.

The initial set of tools along with a hidével description of their functionality were already defined at

the design stage of the QuantiFarm project. These tools have had to be further specified in more details
with regards to the functionality to be eféd. To this end, a scenaliased functional requirements
specification methodology has been adoptEdr each tool that was initially identified, a more detailed
analysis has been conducted through the writing of utilisation scenarios. Scenarios are elaborated within
sequences of utilisation scenes where the actualtesleinteractions are describetbag with the
input/output of data types and dataset

Model-code association

Verification

£ Use Cases g (formal UML subset)

.
‘0
.
....... i
Synthesis

(LSCs or temporal logics)

Figure 13: The process of the scenafiased software engineering methodology

The various scenarios once were initially specified were then presented to key actors and potential end
users e.g. farmers, advisors, goplicy advisors that are partners in QuantiFarm project through a series

of collaboration/cocreation interactive eveBased on the feedback collected through these events the
scenarios and use cases were further refined. Next steps include the actual testing of the tools by the
user and the further refinement of the offered functionality. The following sections @ravieéach

tool a generic description, utilization scenarios, a reference to the code repository and next steps.

When a farmer or farm advisor is interested in which DATSs are available that might be of use to reach
specific goals with the farm, they can use the service of the Recommendation Tool. This tool will allow
farmers and advisors to select the most apprgpsialutions for their identified needs under a given set

of conditions. Based on the criteria specified by the users, the tool will propose specific DATSs that are

AL ght wei ght For maBa Med h®afst Waomre SErgiame ®r i ngo
January 2003 Lecture Notes in Computer Science 3468:9Z24DOI: 10.1007/11495628 10
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usef ul to the farmer. The tool aims to be easy |
extended help from the advisor. Technically the tool is based on a knowlagge recommender

system (building on existing systems and expertise) wsiogmbination of reasoning and constraint
satisfaction to provide a ranked list of the most suitable DATSs for a given farmer profile containing
various characteristics of the farm/farmer and the requested type of solution.

Functionalities

Thefinal release of the Recommendation Tool that has been developed durthip 202interactive
recommender tool that allows farmers and farm advisogeta recommendation for one or more
DATSs that match characteristics an farmer profile a free text specification and preferred
sustainability levels. The tool will then search through a large set of DATSs to find the best match and
prioritize the selected DATSs according to the calculated match level. After an initial recommendation,
further filtering can be done based filters for available DATS parameter§he final version of the

tool supports five farmer archetypes that represent a specific subset of farmers with similar
characteristics. Each farmer archetype has a default level of preferred environmental, economic and
social sustainability. These levelse being used in the ranking of DATSs recommended. A subset of

all the DATSs is being used in test cases and the test case assessment data is available for viewing once
a DATS has been recommended. Similarly, DATSs that are also integrated in thenedistool have

a specific link to that tool for further detailing of cdmnefit calculationg-or each selected DATS, a

list of theiraspectss presented to show more details about the DATS. This includegtioailtural

sector, functionality and benefits. Finally, a short explanation is provided why the DATS matches the
farmer profile and preferred sustainability levels.

Farmer Profile

The final version of the recommendation tool consists of a Farmer Profile that contains a few more
elements than the previous version. The farmer profile now contains six characteristics: farm type, farm
location, preferred language, desired functionatlgsired benefits or achievement, and technological
proficiency. On top of that, an open text field can be used for additional farm description. A new
component in the farmer profile is the possibility to select from various archetypes of farmer profiles:
family first, digital autonomy, cautiously ardent, business mentality, and community focused. These
archetypes define characteristics of common farmers. Additionally, sliders for the three main
sustainability aspects are present in the profile: envirorahestonomic and social. Each archetype

has predefined values for these three sustainabi
is selected, the values of these aspects are set to average. See figure 10 for a screenshot of a farmer
profile that is filled in with some values.
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o2Quanti Toolkit =
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Figure 14: The final farmer profile

DATS parameters

With respect to the specific DATS parameters, the final release takes the following parameters into
account

1. Category: the type of DATS, like decision support system, irrigation, fertigation

2. Title: the name or short title of the DATS

3. Provider: the name of the provider of the DATS

4. Description: a textual description of the DATS

5. Agricultural sector: the sector the DATS is targeted for, like arable, fruit, etc.

6. Functionality: the functionality provided by the DATS, like irrigation management, light
control.

7. Benefits: the benefits to be achieved when using the DATS, like cost reduction, yield increase.

8. Digital form: the digital form in which the DATS is being provided, like webapp or mobile app

9. Language: the languages supported by the DATS, like English, German, Dutch.

10. Country: the countries to which the DATS are targeted.
11. Cost structure: the type of cost structure, like annual fee, free.

When a first list of recommended DATS has been presented to the user, further filtering can be done on
most of the parameters above. The different values of these parameters are shown ihdhd left
column including the number of DATS that have thesaeal

Matching Algorithms

The recommendation tool has three different matching algorithms under the hood that are used to
perform the best matches between the farmer profile and sustainability preferences and the set of
available DATS. The first algorithm is a hard match algorithat only selects DATS for which a
parameter exactly matches one of the farmer profile characteristics. Additionally there are two
algorithms that work with nelexact matching. The second algorithm is based on apadtastructure
calculations, counting ifferent predefined paths within the provided DATSs knowledge graph
supported by the QSCM ontology. The third algorithm is based on a neurosymbolic approach, which
uses natural language processing (NLP) to match the DATSs and the information of th@ffafileer

based on semantic similarity embeddings.

a) Matching Algorithms - Basic.The basic matching algorithm takes all farmer profile input into
account and for each of the selected information points, selects corresponding categories of the
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b)

DATSs. With this, the Farm Type is connected to the targeted agricultural sector, the tech
savviness of the farmer is connected to the digital form, etc. For example, if a farmer selects

6Arable Farmbéb as its farm t y pteamytiadef hand d e | C QO
picked options of DATS sector s, among which
production in general 0. Based on al/l of the

searches for DATSs that form an exact match to alhefrequired desires. Therefore, this
version of the recommender system will only provide a recommendation of the DATSs that
perfectly match everything the farmer requires. This is useful when the farmer knows exactly
what they want, but runs the risk oftrgetting any recommendations while soft matches do
exist in the database.

Matching Algorithms - Meta-path. Further continuing on the basic matching algorithm, the
metapath algorithm utilises the graph structure of the DATSs as stored according to the QSCM.
This algorithm is based on earlier resedimh knowledge graph based recommendation. This
algorithm counts the amount of possible paths through the QSCM DATS knowledge graph
between the Farmer Profile and each of the DATSs, and sorts the DATSs accordingly. A feature
of this approach is that the gitaand its semantics are being used to convey information of the
correctness of the match, and | eaves the po:
weighted in importance. The main benefit of this approach in comparison to the basic algorithm
is that this way the recommender system does take soft matches into account. This means that
the DATSs are also recommended, even if some of the farmer profile aspects do not match up.
Matching Algorithms - NLP. The natural language processing (NLP) algorithm, as shown in
Figure 13 below, is implemented as a third algorithm and works for even more abstract soft
matching. This algorithm encodes the information of the farmer profile and the information of
the DATSsin a semantic model embedding. Different models for this exist, ranging from
simple word2vet embedders to powerful (and enemynsuming) SOTA large language
models. For this particular task we have opted for the option between twamgiel language
mockls, allMiniLM -L6-v2* and MultilinguatE5-Large’, as these models are powerful enough

to create the embeddings of short pieces of text. After embedding, a semantic similarity is
calculated based on cosine similarity scores, and the most related DATSs are recommended. A
beneficial feature of this algohiin is the support for free text, which allows the farmer to
provide a full description of their farm in an additional field, which is used to strengthen the
recommendation.

3 Q. Guo et al., "A Survey on Knowledge GraBhsed Recommender Systems," in IEEE Transactions on
Knowledge and Data Engineering, vol. 34, no. 8, pp. 33888, 1 Aug. 2022, doi: 10.1109/TKDE.2020.3028705.
4 https://huggingface.co/sententansformers/aiMiniLM -L6-v2

5 https://huggingface.co/intfloat/multilinguas-large
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/ NLP Algorithm \

=)
Profile

.

Figure 15: The NLP matching algorithm as part of the recommendation tool

After limited but adequate testing in various cases, it turns out that thepatbtalgorithm has the best
suboptimal performance in terms of the quality of the results. It retrieves DATS with exact matching
on sector, functionality and benefits usingthiveights for these parameters, and it prioritizes further
on sustainability preferences.

Recommendations and additional DATS information

Once a recommendation of DATS in the form of a prioritized list of matching DATS has been
generated, the name, sector, functionality and benefits of each DATS is shown. Also DATS that are
used in a testcase and DATS that are part of thebewstfit calcuhtor are indicated with a special icon

as presented in Figure 12. The iFarRta DATS is part of the co$tenefit calculator and the Trapview
DATS is both part of a test case and the-bestefit calculator. The Taméo DATS is not part of both.

Recommend DATSs

534 DATSs found

{3 iFarma - Pro @ {3} Taméo {3 Trapview

» Agricultural Sector » Agricultural Sector » Agricultural Sector

Arable farming Vegetables; Fruits and vines; Herbs; (+5) Fruit

» Functionality » Functionality » Functionality

Plant protection advice; Data-driven fertilization; Plant protection management; Decision support for pest and disease management;
Irrigation Nutrition/Fertilisation management; Water Sustainable fruit and grape production

management

» Benefits » Benefits

Increase of productivity; Improvement of yield » Benefits Optimal model-based spraying
quality; Minimization of input costs; (+4) Optimization of resources use; Effective operational

management

Figure 16: A DATS recommendation with testcase and-besgfit icons.

When clicking on the name of a DATS additional information willjopp that shows more parameters
values but also indicates in which test cases the DATS is used and what the calculated sustainability
assessment levels of the test case are, as depidtgplie 13.

LElinnovation programme under grant agreement No 101059700
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{§} Trapview

@ This DATS was assessed by the QuantiFarm project in the following cases:
» Fruit: Apple in Netherlands - Test Case 16 S 0% & -19% 4 O 5% 3

: -
@ Here goes an explanation of the sustainability values shown above. &7 is Economic; s is Social; ﬂ is Environmental sustainability. It can be
as detailed as necessary. It can be as detailed as necessary. It can be as detailed as necessary. It can be as detailed as necessary.

@ To get more information about cost and benefit analysis of this DATS for your situation, go to Cost and Benefit Calculators

Trapview

Digital pest control and RIMpro aid in effective and efficient management of pests and diseases. These technologies predict development over
time, helping growers determine the optimal timing for crop protection product applications. This not only reduces costs but also promotes
environmental sustainability by minimizing unnecessary chemical use.

Agricultural Sector Fruit

Functionality Decision support for pest and disease management; Sustainable fruit and grape production
Benefits Optimal model-based spraying

Digital Form Webapp; Mobile app

Cost structure Annual fee

Languages Dutch; English

Link https://trapview.com

Figure 17: More DATS information including test case assessment and a link to tHeeoesit calculator.

Source Code and Tool 6s documentati on
TheRecommendatioifool is in a final state of development and the mostiougiate version, along
with documentation and examples of use are available here:
https://gitlab.com/QuantiFarm/recommendattonl

A deployed version of the Recommendation Tool can be found here:
https://quantifarmtoolkit.eu/tool1.html

Final steps
The finalsteps to be taken in the QuantiFarm project are:
0 To make small changes to the user interface to finalize the bedtiasdly way of presenting
the results.
0 To upgrade the DATS information in the DATS data platform based on input from the test
cases.
To add 2025 test case sustainability assessment data to also present to the user.

(@]

Generic description: The @ABenchmarking tool d aims to assi s
digitally the cultivation practices (as in a digital fanalendar or farabook) and to automate the

calculation of important and useful performance indicators. It also offers tiendp compare

calculated indicators from different farms and/or for different cultivation periods. The tool also allows

the user to provide information about the potential use of a DATS and associate the various events
(farming activties) with specific technologies.

The information about the DATSs that have been utilised and are associated with specific farming
activities allowing the user of the fABenchmar kin
specific DATSs that are utilized in the QuantiFarm Testes assessment outcomes are retrieved and
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offered as basealues for comparing the achieved performance. This allows the extraction of
conclusions on the usefulness and the applicability of DATS in specific contexts.

Specific Objectives:Calculate metrics by aggregating farm calendar entries. The following metrics
will be calculated:

Parcel level fertilisers Process farmers calendars and extract statisti
Applied applications per hectare  on fertilisers used for a specific parcel and for
fertilisers (kg/ha, Lt /ha) and in time period specified by the user. Calculate da
absolute values (kg). products like max, min, average.
Parcel level pesticides Process farmers calendars and extract statisti
Applied applicatiqns (kg/ha or Lt on pestic_:ides usgt_j for a specific parcel and fol
pesticides /ha) and in absolute value: time period specified by the user. Calculate da
(kg). products like max, min, average, top five more
utilized active ingredients.
Applied Parcel level _irrigation use Process far_mers qal_end_ars and extract p_arcel
Irrigation (Lt /ha) and in absolute level statistics on irrigation for a time period
values (kg). specified by the user.
Harvested =eliee [eve yleld_ Process farmers calendars to extract parcel le
yields Liggitney) e ) 1 Elosml yield for a time period specified by the user.

values (kg).

Use cases implemented

Use Case: 1 Entering data to tool

Scenario Functionality Input data
| want to create a new account
and be able to use the tool. Ne|User management includingl. user name

time that | will login my data wilregistration, login, logout. |2. user password
be available

1. coordinates of parcePolygon.

| want to import the 2. user friendly name of parcel
.- 3. user entering the parcel

characteristics of a new parcel|Create new parcel(s) . .
for a set of parcels in the syste o, IS e OGS

5. DATS utilised in parcel

6. crop type
I login and see all my clients Provide search parameters for th
parcels and can choose any or Retrieve parcel(s) parcels to be retrieved
work with 1. username

New parcel parameters
1. user friendly name of parcel
2. DATS utilised in parcel

I login and update selected
parameters of the parcels exist Update parcel(s)
in the system.

3. crop type
1ol Sl e FEmee e Remove parcel(s) Provide parcel id to be removed
parcel(s)
CKAd LINP2SOG KlIa NBOSAOSR TdzyRAy3I TNR® 33
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Use Case: 2 Managing farm calendar data

Scenario Functionality Input data

Add farming activities in the
form of event for a selected
parcel

fevent | Do: (¢
system)

"parcelld": "string",
"eventStart": "2023L1-
01T10:38:36.7662",
"eventEnd": "202311-

create new event(s) 01T10:38:36.766Z",
"duration": O,

"type": "harvest" or "irrigation”
or "fertilisation" or "pesticides"

As an advisor | provide entries
a digital farmbook describing
farm practices for a selected a
parcel.

fdoseo: 10
Aingredienony:
applicabl e for

and fertilization.
(When an event is registered §
unigue event id is created)

As an advisor | update existing
entries describing farm practicqupdate an existing event
for a selected parcel.

similar as above but for a
specific fAevenrn

As an advisor | remove existing
entries describing farm practicremove existing event(s)
for a selected parcel.

The eventlD is provided for the
deletion of the event

Use Case: 3 Perform benchmarking

Scenario Functionality Input data

Calculate data product (e.g. su 1L PERSELD o PEEE] D

: 2. start time
average, max, min) for the 3 end time
selected parcel and time perioc '

Calculate aggregates 4. event type

Source Code and T:dAothistsmgedhe tool i ender @ntinuous development and
the most ugto-date version, along with documentation and examples of use are available here:

https://qgitlab.com/QuantiFarm/benchmarkitomp|

This version of deliverable incorporates the planned functionalities that have now been fully
implemented, including:

0 ldentification of the top five pesticide active ingredientsThe system identifies the most
frequently used active substances across the dataset and calculates the corresponding applied
guantities for each, providing clearer insight into pesticide usage patterns.

0 Expanded fertiliser analysis with detailed NP-K quantification. Fertiliser data is now
processed at the chemical compound level, enabling precise calculation of Nitrogen,
Phosphorus, and Potassium inputs. This supports more accurate nutrient management
assessments and comparisons.

0 Integration of QuantiFarm Test Case outcomes and enhanced benchmarking

comparisons.The benchmarking tool now incorporates validated results from the QuantiFarm
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Test Cases and enables users to compare performance indicators across similaamATSs
crop typesThis providesstronger evidenckase and improves the relevance of benchmarking
outputs(seefFigure18).

Benchmarking Tool

Description Parcels Events Measurements Results

The user will be able to compare with the use of the calculated performance indicators:

a. two different parcels or groups of parcels (please note that the parcel id textbox may get as input comma separated values
and calculate the indicators with the use of farm calendars from these parcels),
b. the same parcel for different time periods.

Parcels group

Result type

Aggregated farming prac

Event type
I v
irrigation
Aggregation

v
summary

Parcels group 2

Parcell Parcel2 e
Ewvent start Event end Ewvent start Event end
02/02/208 | oz2r7208 0z/01/208 | o2r7200
Calculate
Substance name / Type Total Unit perha ha Substance name / Type Total Unit perha ha
water 3 ton 1154 0.26 water 0.09 ton 1 0.09
DATSs used: DATSs used:
& AGRO-TECH {8 AgNav

Relevant QuantiFarm Test Cases:

Relevant QuantiFarm Test Cases:

» Arable: Potatoes in Greece - Test Case 1 » Fruit: Grapes in Italy - Test Case 13

» Arable: Potatoes in Netherlands - Test Case & » Fruit: Grapes in Romania - Test Case 17

» Arable: Potatoes in Poland - Test Case 7

Figure 18: Integration of QuantiFarm Test Case outcomes
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Generic description:

The Cost & Benefit (C&B) Calculator is a fully functional, modular, and-disitzen decisiorsupport

tool integrated into the QuantiFarm Toolkit. It is designed to assist farmers, advisors, and other
stakeholders in evaluating the economic implicationsparnential benefits of adopting DATSs in both

crop and livestock farming systems. The tool combines-fetific input data with DATSpecific

impact parameters to provide structured, transparent, and evidaseé estimations of how digital
technologiesnay influence farm performance and resowse efficiency.

The C&B Calculator integrates three complementary datasets within a unified analytical environment:
() commercially available DATSs parameterised through systematic literature reviews of their
economic and environmental impacts, (ii) 30 Test Case (TC) DATSs supported by empirical KPI data
collected under real farming conditions, and (iii) descriptivenefiess harmonised with the
Recommendation Tool to ensure full interoperability within the QuantiFarm Toolkit.

The calculator follows a modular design with selective activation: all calculator modules are available
within the application, but only those causally affected by the selected DATS are actiMzted.
approach minimises unnecessary data entry while ensuring that calculations remain relevant and
meaningful for the end user. Modules quantify annualised impacts on key farm parameters such as yield
and revenues, fertiliser, pesticide, water, labougl fand electricity use in crop systems, and
productivity, feed, drugs, labour, water and energy use in livestock systems.

The analytical workflow culminates in the-designed Investment Decision module (crop and

|l ivestock), which replaces the former AROI/ Net E
annual impacts (revenues, inpgst changes, operation andint@nance costs, and depreciation) into

a single Annual change in Net Income; (i) computes Annual ROI referenced to the total initial cost of

DATS purchase, following and adapting FAO (2008) and other studies (e.g. Upton et al., 2015; Afzal

et al., 2024){iii) estimates a transparent Payback period (years); and (iv) provides dapigimge

out come, ils the DATS beneficial ?0, based on a
year s) . This redesign dir ectdesisiolmwhierpesesiagsfullt he e
traceability to all underlying calculator modules and inputs.

As a core component of the QuantiFarm Toolkit, the C&B Calculator provides a scientifically robust
and practically oriented framework for assessing DATS investments. By combining litdrasesc:
evidence, empirical validation from Test Cases, and -&paific data, it supports evidendmsed
decisionmaking and enables users to explore and compare the potential economic performance,
resourceuse efficiency, and profitability of different digital technologies under their own operational
conditions.

Specific Objectives:

0 Support evidencebased financial analysisProvide a robust and transparent framewaork that
enables farmers and advisors to evaluate the economic implications of adopting DATSs using
scientifically grounded parameters and fespecific data.

Enable modular and systersspecific assessmenOffer tailored analyses through dedicated
calculator modules for crop and livestock farming systems, with selective activation based on
the causal impacts of each DATS.

Translate technical impacts into economic indicators:Convert changes in productivity,

input use, labour, energy, and other performance parameters into annualised monetary values
that are directly interpretable by end users.

(@]

(@]
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0 Support informed investment decisionsAssist users in assessing the economic feasibility of
DATSs through the Investment Decision module, providing Annual change in Net Income,
Annual ROI, Payback period, and a clear indication of whether a DATS is beneficial.

0 Ensure transparency and interpretability: Demystify complex financial and technical data
by presenting results in a structured and traceable way, accessible also to users without
specialised financial expertise.

0 Promote strategic farm planning: Support farmers, advisors, and other stakeholders in

comparing alternative digital solutions and selecting DATSs that best fit their production
systems, sustainability objectives, and investment capacities.

Use cases implemented:

The following use cases describe the core functional workflows of the C&B Calculator as a fully
operational application integrated in the QuantiFarm Toolkit. They reflect how end users interact with
the tool to define their farm baseline, select and et@IDATSs, and obtain structured, evidehesed
economic results.

Use Case: 1 Entering data to the system

Scenario Functionality Input data
As a farmer, | want the system
store and allow modification of
my input data so that | do not
have to reenter the same
information every time | evaluaj
different DATSSs.

The tool provides user
management functionality,
enabling secure storage, User details and password
retrieval, and editing of farm
specific baseline data.

The tool guides users in
As a farmer, | want to enter my|providing the required baseling
far més basel i nlparameters, which parameterig
cost data so that the economic|the activated calculator moduls
evaluation is tailored to my owrjand serve as the reference po
farm conditions.. for all annualised impact
calculations.

Only the inputs required by the
modules activated through the
selected DATS are requested,
line with the modular and
selective activation logic of the
C&B Calculator.

The baseline data define the current situation of the farm and allow the calculator to quantify annual
changes in revenues, costs, and profitability induced by the adoption of a DATS. These baseline inputs
are combined with either (i) literatubmsed impet parameters for commercial DATSs or (ii) empirical

KPI values for TC DATSs, and are propagated through the calculator modules to the Investment
Decision moduleTable 3 andTable4 present the overall baseline parameters that may be required

for crop and livestock farming systems. The exact set of inputs requested from the end user depends on
the calculator modules activated by the selected DATS.

Input |(Input Field Description
1 Years of Usage of DATS Expected duration of DATS utilization
2 Number of Units Total number required for DATS operation
3 Total Area (ha) Land area where DATS will be deployed
4 Current Yield (tons/ha) Crop yield per hectare
5 Mar ket Pri ce ( G Marketprice of crop per ton
6 Current Fertilizer Usage (kg/ha)  Current fertilizer usage per hectare
7 Current Fertil i Currentcostperkilogram of fertilizer
8 Current Water Usage (m3/ha) Current water usage per hectare
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Input |Input Field |Description
9 Current Wat er C Currentcostof water per cubic meter
10 Current Pesticide Usage (kg or I/h Current pesticide usage per hectare
11 Current Pest i ci Currentcostofthe pesticide per kilogram or lit
12 Current Labour Totallabour cost for ayear
13 Current Fuel C o Annual fuel cost
Table3: End Users Inputs to evaluate Crop Farming DATSs
Input |Input Field Description
1 Number of Animals Total number of animals to be managed u
DATS
2 Years of Usage Expected duration of DATS utilization
3 Number of Units Total number required for DATS operation
4 Average Mil k Pr i c eMarketprice of milk per litre
5 Average Litres of Milk Produced pAverage amount of milk produced by
Animal per Day (Litre) animal per day
6 Current Labour Co sTotal annual labour cost
7 Current Energy Consumption (kWh/yeal Annual energy consumption
8 Cost of Ener gy per Currentcostofenergy per kilowdtour
9 Current Water Cost Total annual water cost
10 Current Feed Cost Totalannual feed cost
11 Current Feed Wast eTotal annual feed waste cost
12 Current Anti bi ot i cTotalannual antibiotics cost
13 Current Mortality Total _annual cost associated with ani
mortality
14 Current Profitabi | Currentannual profit

Table4: End Users Inputs to evaluate Livestock Farming DATSs

Use Case: 2 DAT Search and Selection Process

Scenario Functionality Input data

As a Farmer, | want to search ¢functionality where the user ca
filter through DATSs search for DATs based on a lig

Offer a useifriendly search . Select Farming System
. Select DATS Category
. Select Crop or Livestock Ty

. Select Specific DATS

A OWDN P

of criteria provided as input da

As an Agricultural Advisor, |  |Offer a useffriendly search
want to help farmers/my clientdfunctionality where the user ca

. Select Farming System
. Select DATS Category

select DATSs categories base(search for DATSs based on a
their Farm needs. of criteria provided as input da

. Select Crop or Livestock Ty
. Select Specific DATS

CKAAa LINP2SO0G KIFIa NBOSAGSR Fdzy RAy3d FNB®
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Use Case: 3 DAT Evaluation Process

Scenario

Functionality

Input data

As a Farmer, | want to evaluate
the benefits of the DATS |
selected and thinking to invest
on.The tool should provide
evidence indicating whether thi

Initiate the evaluation process

No extra input is required at th
stage. The data that the user I
already provided will feed a
calculation engine.

DATS will be helpful to the use
As an Agricultural Advisor, |
want to evaluate a DATS for a
farmer or my client based on th
data and check if the DATS is
beneficial and affordable for
them

No extra input is required at th
stage. The data that the user I
already provided will feed a
calculation engine.

Initiate the evaluation process

Source Code and TbpThé¢ sogrce dode af the @&B a&Caldulator, together with
technical documentation and usage examples, is openly available to ensure transparency,
reproducibility, and future extensibility of the tool:

https://qitlab.com/QuantiFarm/celsenefitcalculatorvl

The data collected through Use Case8 frarameterise all calculator modules and allow the C&B
Calculator to quantify annual changes in costs, revenues, and profitability induced by DATS adoption.
These annualised impacts are subsequently aggregatedeardsgnednvestment Decision module
(crop and livestocky whi ch repl aces the former iFR@ual Net
change in Net Income (ii) the Annual ROI, (iii) the Payback period (years) and (iv) the plain
language outcom@é Iltsh e DATS b,basedbn aconfiguraole payback threshold (currently <

6 years) (Figure X).

Be

¥ INVESTMENT DECISION

Annual change in Net Income (€)
This shows how much more or less money you earn each year after using the equipment.
(annual total Impact (including addtional annual OPEX [e.g., Subscriptions, Maintenance,etc.]) with DATS usage

Annual ROI (%)
The net change in your income per year as a percentage of the equipment's initial cost.
(Annual change in Net Income / initial cost of the equipment)

Payback Period (years)
How many years it will take to earn back the money you spent on the equipment.
(N/A means that the investment does not recover its cost under current conditions)

Is the DAT Beneficial?
(6 year payback period threshold)

Figure 19: Investment Decision Calculator module

Within the application, users can navigate between crop and livestock farming systems and access a
structured repository of DATSs that includes: (i) commercial DATSs parameterised through systematic
literature reviews, and (ii) TC DATSs, whose impact patams are derived from empirical KPI data
measured under real farming conditions in the QuantiFarm project (as shown in Figure 13).
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oZQuanti Toolkit = {63

Cost and Benefit Calculators 2 Search

1= Recommendations Tool Description DATSs for Crop Farming DATSs for Livestock Farming Test Cases' DATSs for Crop Farming

B .

Test Cases’ DATSs for Livestock Farming

2000009 ap

The "Cost & Benefit Calculators" tool is designed to support farmers and agricultural advisors in assessing the financial impact and potential benefits of adopting

=== Benchmarking Tool various DATSs in crop and livestock farming systems. The tool features dedicated calculator modules for each type of system, tailored to reflect their specific needs.
Users can access two main repositories:

* Commercial DATSs, identified through a literature review, which includes cost and benefit data from previous EU projects’ knowledge gained and developed
repositories, provider materials (e.g. leaflets, brochures), and scientific publications.
* Test Case DATSs, which are based on data collected from DATSs implemented and assessed within the QuantiFarm project.

By selecting a DATS and entering basic inputs (e.g., number of units, usage years, area, yield, and costs), users receive key economic outputs such as
operational savings (e.g. labour, fuel), potential revenue increases, Return on Investment, and Net Benefit.

This aids end-users in gaining a realistic understanding of their potential investment in a DATS.

As a crucial component of the QuantiFarm Toolkit, the "Cost & Benefit Calculators"” serves as an essential, indicative guide for farmers and advisors, aiding them in
understanding the economic feasibility and potential profitability of DATSs throughout their operational lifecycle.

Please note: Use of the tool requires registration and login.

<, Download User Manual
Watch Video P

The source code of the tool is available here.

Figure 20: Final structure of the Cost & Benefit (C&B) Calculator integrating commercial and Test Case DATSs

For each selected DATS, the calculator activates the relevant set of modules according to the modular
and selective activation logic of the tool. These modules are designed to reflect the parameters that are
causally affected by the technology and thaehasen either documented in the scientific literature (for
commercial DATSs) or measured within the TCs (for TC DATSS). By selecting a DATS, users are
guided to provide only the fanspecific inputs required by the activated modules and subsequently
recei\e results expressed in annualised monetary values.

The TC DATSs included in the C&B Calculator are presented in a structured afutiaeted manner.

Each TC is identified by a clear title and short description, allowing users to understand the farming
system, production context, and type of digital tethgy that was evaluated, and to select the most
relevant TC DATS for their own conditionBigure21).

Test Cases' DATSs for Crop Farming Crop Calculator Modules based on Test Cases' data

€ INVESTMENT COST

Parameters Result

Farm Management Information Systems (FMIS) and applications (inc. Decision Support
Systems (DSS). Quality Management Systems (QMS))

TC1 in Greece: DSS-App for Potato Monitoring & Fertilisation Years of usage - Total Initial cost of DATS Purchase (£)
[ Includes purchase price, installation or setup

TC2 in Portugal: Precision Irrigation DSS for Corn
costs, and any other INITIAL expenses.

. . i Total area (ha)
TC3 in Spain: Monitoring & Fertilisation DSS for Barley .
- Depreciation (€/year)

(i.e. the annual reduction in the intial value of a
tangible fixed asset)

TC3 in Spain: Monitoring & Fertilisation DSS for Wheat
TC5 in Turkey: DSS for Wheat Seeding & Fertilisation

TC6 in Netherlands: Integrated DSS/QMS & VRA for Onion
** YIELD
TC6 in Netherlands: Integrated DSS/QMS & VRA for Wheat

= Parameters Result

TC6 in Netherlands: Integrated DSS/QMS & VRA for Potato Current yield (tonstha) - Current revenue without DATS usage (€in 1

year)

Market price (€/ton)

2200 - Yield with DATS usage (tons/ha)

TC8 in Latvia: Silo Management & Al Monitoring for Cereals

TCY in Slovenia: FMIS & Financial DSS for Barley - Price of Yield with DATS usage (€/ha)

TCY in Slovenia: FMIS & Financial DSS for Corn - Revenue Impact with DATS usage (€in 1 year)

TC9 in Slovenia: FMIS & Financial DSS for Wheat
& FERTILIZER USE

TC10 in Romania: FMIS-App for Wheat Management
Parameters

TC11 in Greece: DSS-App for Olive Irrigation
Fertilizer usage (kg/ha)

1000

@

&

&

2

@

@

@

&

& TC7 in Poland: DSS-App for Potato Irrigation Management
@

@

@

&

@

2

@ TC12 in Poland: Drone. Sensor & DSS Technologies for Apples
&

Fertilizer cost (€/kg)
1.1

HCECHCECECNCONCNCECECNONCONCECECNONC)

’ TC13 in Italy: Integrated DSS-App for Grape Management

innovation programme under grant agreement No 101059700

Result

- Current Fertilization Cost without DATS usage

(€/ha)

- Fertilizer usage with DATS (kg/ha)
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Figure 21: Screenshot of the&B Calculator

For TC DATSs, the numerical values currently implemented in the tool correspond to averages from
the 2023 and 2024 testing seasons. Once the 2025 Test Case data become available, the online
application will be updated to reflect thrgear average performee indicators. Apart from this
numerical update, the analytical structure, logic, and functionality of the tool are final.

Key Updates:
1. The C&B Calculator integrates empirical data from 30 Test Cases, providing/digdicted
evidence on the economic impacts of DATSs.
2. Each Test Case is linked to dedicated calculator modules that translate KPI results directly into
annualised monetary outputs.
3. TC values currently implemented correspond to averages from theéZZ2Btesting seasons
and will be updated once 2025 data become available

At the current stage, the analytical structure, calculation logic, and functional design of the C&B
Calculator are final. The remaining activities focugtmnfinal ingestion of results from the QuantiFarm
Test Case assessment outcomes.

Generic description:The A Advanced decision support tool o ai
the selection of the most appropriate DATS under each given set of conditions, building on a
combination of Strategic Fit, Analytic Hierarchical Process (AHP) and Quality Furi2éployment

(QFD) methods. It was designed to address one of the key barriers in adopting digital technologies,
which is the lack of knowledge and evidence regarding their (direct and indirect) actual benefits and
costs. There is a nuyar of factors that make difficult the identification of these benefits and costs and

their importance to each specific farm:

0 the volatile nature of agricultural production and its high dependence on external factors, such
as the weather and climate change;

0 the specific needs, preferences, goals and capacities of each farm;

0 the complexity of relationships across the dgad value chain;

0 the difficulty in applying the technologies on the field under real life conditions in commercial
farms and measuring their performance;

0 the heterogeneity of the existing applications which are very different in shape and size (e.g.

machinery solution vs FMIS vs earth observation based solutions etc);
0 the intangible nature of the many of the benefits offered by digital technologies, which cannot
be quantified.

The first step of the tool uses strategic fit as a filter to exclude the services that do not comply with the
farm's strategic goal s. The second step uses OQF
partnersé6é needs. T h e k dovani the ghrobten 0@ hierarohisal modePwhicho b r e
includes several criteria identified using the Technology, Organization, Environment (TOE) framework

in the agrifood value chain.

Two versions of the tool are available to the advisor. The first version is a more complicated version
that wuses the full power of AHP method and provi
time consuming to complete. This version wéldvailable in xIsx format and will be completed offline.
The second version is based on a simpler process that is easier to be completed but creates somewhat
less accurate (but still absolutely valid) results. This is the version that will be implerasrdedeb
app in the Toolkit and that can be used online.
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Specific Objectives:The objective of the tool is to help advisors support their customers in deciding
which DATS is most appropriate for their farm, removing all the aforementioned barriers from the
decisionmaking process.

User scenario:The problem to be solved by the tool is defined as the selection of the DATS with the
biggest value to the farm. To select the best solution, all the possible alternatives have to be identified
first. Based on the f ar mepossible gitarnative DAESs areplesdntedc at i o
to the advisor by the system. The alternatives that are not suitable with the business strategy, the
organizational goals and the needs of the farmer, must be eliminated. The strategy of thedexamin
farm/farmer is broken down to a set of specific organizational strategy goals that have to be defined in
order to be used to evaluate the alternatives. This is done by selecting from a listeffrpre criteria

that were defined in the tool, i.e. Qost Reduction, 2) High Quality Products, 3) Competitive
Advantage, 4) Farm Growth/Development, 5) Economic Sustainability, 6) Environmental
Sustainability, 7) Risk Reduction, 8) Ecosystem Services/Added Value Services, 9) Succession and 10)
Innovation. Tken, with the help of the advisor, the farmer assigns relative weight to each selected goal
(where the relative weights of all goals sum to 1). Each alternative is then evaluated using a scale from
1 to 5 (where 1= very poorly and 5=very well) accordingdw well it fulfils each strategic goal (this

is done by the advisor supporting the process, who has the appropriate knowledge). The final strategic
fit score of an alternative is measured as the sum of the score on fulfilment of each of the stragegic goal
multiplied by the relative weight of this goal (e.g. SFA = 0,25*4 + 0,25*3 + 0,1*3 + 0,1*3 + 0,15*4 +
0,15*2 = 3,25). Alternatives with a score equal or better than 3, are qualified to the next phase.
Alternatives with scores less than 3 are disqualified

I n the second step, a |light version of QFD is wu
retailers, food processing companies, intermediaries and/or consumers) evaluate the services and to
correlate their needs with the needs of the farmigis iE done by selecting from a list of pefined

needs that were defined in the tool, i.e. 1) Product Cost Reduction, 2) Yield Quantity Consistency, 3)
Information Accuracy/ Traceability, 4) High Food Quality/Specific Quality Characteristics and 5)
Sushinability. A 3point scale (strong (5), average (3) or weak (1)) is used to evaluate the customer
satisfaction for each of the documented needs/demands. The evaluation scores are used in the next phase
and used as input for the calculation of the AHP rhode

In the third step, the final step of the evaluation of the selected alternative solutions is being completed
with the use of AHP. In this step, the system (or the advisor supporting the process) selects the
appropriate evaluation paefined criteria whice over al | aspects of the pr
Characteristicso, AExt ernal Environment o, AOr
APerceived Benefitsodo and fiCostso) and the far mer
assignspecial weights to each criterion in order to evaluate each alternative. To achieve that, the farmer
performs pairwise comparisons to examine the relative priority of each criterion of a level regarding the
higher level of the model. Based on these comspas, the system produces a final score. The solution

with the highest score is the most appropriate one for the farmer.

Implemented use cases:
Use Case: 1 Assessing DATSs against their ability to satisfy each strategic goal of the farm

Scenario Functionality Input data

1. Provide search parameters for th
DATSs to be retrieved

2. Select from list one by one the
DATSs to be assessed

| want to select the DATSs that are
available to my customer and shouldSelect DATSs
assessed
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| want to select the strategic goals of
the farmer/customer and assign rele]
wei ghts based on
preference

Select strategic 1. Add relevant weights to all
goal(s) and Assign |strategic goals that are relevant to t
Weights farmer, to reach a total of 100%

1. For each strategic goal add a sc

| assign scores to the DATSs againg Assign score to of 1-5 to each DATS, against its fit

each strategic goal DATS(s) with this goal
Press button to calculate
assessment based on
, revious input data.
| perform final assessment Assess DATS(S) P P

Alternatives with a score
EBY=Z3cU=Zpeyb2ha
next phase.

UseCase:2Assessing DATSs based on the needs of t
Scenario Functionality Input data

| want to add the
DATs promoted through

step 1 AStr 4|Add DATS(s)  |Add the DATS(s) from step 1

1. Add main customers or customer groups

2. Add the specific needs of all customers

3. Add relevant weights to all customers, depen
on their importance to the farm. Sum of all weigh
should be 100%.

4. For each customer, add relevant weights to e
need that is relevant. Sum of all weights should
100%.

5. Press the button t
Rel ati ve Weighto of e
above.

| want to define the needs [Define Customer
t he f ar mdés c|Needs

| assign scores to the DAT
agai nst each
need

Assign score to [For each need add a score €5 fio each DATS,
DATS(s) against its ability to satisfy this need

Press button to calculate assessment based on
| perform final assessmeniAssess DATS(S)|previous input data. This score will be used in st
3.
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Scenario Functionality Input data

1. Add main partners or partner groups

2. Add the specific needs of all partners

3. Add relevant weights to all partners , dependi
on their importance to the farm. Sum of all weigh
should be 100%.

4. For each partner, add relevant weights to eac
need that is relevant. Sum of all weights should
100%.

5. Press the button t
Rel ative Weighto of ej

| want to define the needs(De f i ne
t he f ar mds p|Needs

above.
| assign scores to the DAT|Assign score to |For each need add a score & fo each DATS,
agai nst e ac hDATS(s) against its ability to satisfy this need

Press button to calculate assessment based on
| perform final assessmeniAssess DATS(s)|previous input data. This score will be used in st
3.

There are two variations of Use Case 3 depending on the version of the tool used. Use Case 3a presents
the last step when using the more advanced version of the tool, while Use Case 3b presents the same
process when using the simple version of the tool.

Use Case: 3aPerform final assessment of DATSs though At#élvanced version

Scenario Functionality [Input data

| want to add the
DATSs promoted through|Add DATS(s) |Add the DATS(s) from step 1
step 1 fAStr g

1. For each decision maker, complete the tables of
criteria with the results of the questionnaire for the

pairwise comparison of the criteria. For each set of
criteria, rate them against their relevant importance
using a scale of 0,2 to 5.

2. Complete the process for all decision makers in {
farm.

1. For each decision maker, complete the tables of
alternative DATSs with the questionnaire results or
pairwise comparison of the DATSs against their ab
to satisfy each criterion, using a scale of 0,2 to 5. In]
case of t heExctrertreali aE nov
insert the assessment of the DATSs as resulting frg
stage 2.
2. Complete the process for all decision makers in {
farm.

In the AAHP Total 0 shee
Assess makers involved to to calculate assessment based
DATS(s) previous input data. The DATS with the highest scq
is the one proposed for investing in it.

| want to assign relevant
weights to each criterion
according to the needs of|Assign weights
each decision maker to criteria

involved in the selection o
DATSs in the farm

| assign scores to the
DATSs against each
deci si on malkK

Assign score t
DATS(s)

| perform final assessmen

RN K A3 LINRE2SOG KFra NBOSAOSR TdzyRAYy3d FTNR' 44
innovation programme under grant agreement No 101059700




D3.5 Tools for DATSs Assessment and Policy Monitoringfinal version

Use Case: 3fPerform final assessment of DATSs though Atimple version

Scenario

Functionality

Input data

| want to add the
DATSs promoted
t hrough
Fito

St ¢

Add DATS(s)

Add the DATS(s) from step 1

| want to assign relevar
weights to each criterio|
according to the needs
the farmer

Assign weights

Jjdd relevant weights to
preferences of the farmer, to reach a total of 100%.

| assign scores to the

Assign score tg

For each criterion, perform a pairwise comparison of
DATSs against their ability to satisfy it, using a scale

DATSsagalnsteachA DATS(s) 0, 2_ to 5. I n t _he case of

customer so Environment 6, insert thseg
resulting from stage 2.

| perform final Assess Press button to calculate assessment based on previ

assessment DATS(s) input data.

Source Code and Tool s documentation

https://qgitlab.com/QuantiFarm/advanegecisionsupportfor-datselectiontool
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4 Policy Monitoring Tool

The Policy Monitoring tool provides policy makers with a visual policy monitoring dashboard, allowing

the generation of analytical reports based on queries, including summary tables as well as graphical
charts. Through an incremental and iterative methagichl approach, the tool will continuously
incorporate more data and update the existing with more accurate datasets wherever feasible, ensuring
that policymakers have access to up to date and comprehensive information. This evolving data
landscape enhaas the tool's ability to support a weltounded link between agricultural policies and

a spatially and temporally heterogeneous set of data, enabling policymakers to make decisions that are
both datadriven and closely aligned with the dynamic naturegofcalltural ecosystems.

In detail, we integrate and render on a regional (LAU or Commune) level data derived from anonymized
and aggregated 4situ information from 12 selected QuantiFarm test cases. This includes information
from parcels utilising Digital Agriculture TechnologiéDATSSs), parcels not employing DATSs, farm
calendar exports, and digital logs. EO data products (e.g. crop type, land use), open European GIS
datasets (e.g. GISGEEA") and open data from EU policy monitoring services (e.g. FABMNrostat)

have been used as inputs to calculate indicators (KPIs), variables or setting thresholds for subjective
gualitative and quantitative comparisons of regional performance related to local and EU policy
implementation.

The tool aims to bridge the gap in data gathering with low spatial and temporal granularity at regional
level by integrating performance metrics that reflect the implementation monitoring of CAP national
strategic plans and goals such as the Green Dezdtivgj$ that target to reduce:

the overall use of chemical pesticides by 50%

the nutrient losses by >50%,

the use of fertilisers by >20%

overall EU sales of antimicrobials for farmed animals and in aquaculture by 50%.

O« O¢ O« O«

Policy makers could assess and monitor independently and within a growing season, selected
environmental performance indicators that reflect the changes in land cover, crop rotation,
pesticides/fertiliser applications, irrigation, activities in Natura 20@@as.

By harnessing the potential of a policy monitoring web application across extensive regions, policy
makers could yield numerous advantages. This approach would not only simplify the procedures but
also promote the need for broader acceptance of digitauégral services. Furthermore, it will play

a pivotal role in effectively addressing urgent concerns such as climate change, food production, and
food security.

The tool would enable engagement of stakeholders (including policy makers and monitoring authorities
in EU, national, regional level) more effectively, as it offers insights into the practical, local implications
of policies. Monitoring key performance iiedtors and outcomes would aid in identifying areas for
improvement and making informed adjustments to agricultural policies as needed. Additionally, the

6 https://ec.europa.eu/eurostat/web/gisco

7 https://www.eea.europa.eu/en

8 https://agriculture.ec.europa.eu/datedanalysis/farmstructuresandeconomics/fadn_en

9 EC, 2019, Communication from the Commission to the European Parliament, the European Council, the

Council, the European Economic and Social Committee
Deal 6, COM (2019) 640 final, Brussels, 11.12.2019.
10 hitps://natura2000.eea.europa.eu/
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tool's datadriven approach would facilitate evideAsased decisiomaking, ensuring that regulatory
actions are not only proportionate and aligned with objectives but also adapted considering aspects of
the dynamic landscape of agriculture and envirorimen

In developing the policy monitoring tool, we aim to integrate indicators influenced by both CAP result
and context indicators. However, the availability of these indicators may be limited by crop, region, or
time period due to factors like methodologiciahitations, data availability (from the QuantiFarm
assessment framework or other data sources), and local conditions. A tailorbyg-case approach to
create composite indicators such as the ones mentioned inevitably will diverge from standard EU
methodalogies and calculations, but our first approach will focus on the feasibility of integrating the
following (Tableb):

RESULT INDICATORS

R.3 Digitalizing agriculture
R.9 Farm modernization
R.23 Sustainable water use
Sustainable and reduced ug
R.24 L
of pesticides
R 26 Investments related to

natural resources

Environmental or climate
R.27 related performance througl
investment in rural areas

CONTEXT INDICATORS

C.33 Farming intensity

C.37 HNV_ (high nature value)
farming

C.39 Wa.ter abstraction in
agriculture

Table5: Related CAP result and context indicators addressed by the QuantiFarm policy monitoring tool

The agriculture policy monitoring tool will promote the advancing of the EU Strategy and policy
implementation by effectively contributing to planning, implementing, and reporting on various fronts,
including EU Priorities such as the European Green Begiculture and Rural Development policies,

and the overall goals and values of the European Union. Also, it will significantly contribute to better
RegulatioA! by enhancing the evidentmsed and transparent approach of EU policy making. The
cumulative effect of individual (policy driven and experience driven) parcel level farming decisions can
significantly influence regional outcomes when monitored and ardlgamprehensively. This tool
provides near redlme vital data to assess, wherever feasible, environmental, social, and economic
related impacts in local scales. The purpose is not to be used as a strict policy compliance mechanism
but as a tool that indates alignment with (various National, EU or International) policy objectives and
goals which allows for timely corrective actions to be taken while minimising unnecessary
(administrative or bureaucratic) burdens.

1 https://commission.europa.eu/law/lamakingprocess/plannin@ndproposinglaw/betterregulation_en
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Sustainability has an increasing role in the overall implementation of the new CAP, from compliance
with legal obligations to the implementation of targeted climate and environment measures but the
monitoring tools are not mature enough yet to unanimogsantify them for every member state.
Towards this direction, the policy monitoring tool will enable policymakers to apprise:

0 DATS performance relative to fAtraditionald

0 Policies that are tailored to the specific needs and circumstances of different regions, ensuring
that interventions are relevant and effective.

0 Detailed assessments of how policies directly influence agricultural practices, productivity, and

economic outcomes at the ground level.

Simplicity of the visual dashboard will enable comparability, aggregation, and, when necessary,
retrospective calculation of indexes, particularly when more accurate, completely new or updated
historical data are provided in the future.

From a wider perspective, the tool functionalities revolve around three pillars:
0 Generalised Indicators Tracking: Involves the collection and aggregation of in situ data,
focusing on variables such as agrochemicals use, irrigation practices, costs etc. to gauge the
environmental, social or economic impact of regional agricultural activities.

0 DATS vs. NonDATS Parcel Performance: Involves the calculations to evaluate the
effectiveness of Digital Agriculture Technologies (DATSs) compared to traditional farming
methods that don't use DATSs (e.g. reduced or increased fertilizer usage, reduced or increased
costs etc.).

0 Regional Benchmarking: Involves integrating established regional benchmark

values/thresholds derived from FADN, Eurostat, and FAO datasets, (or even local expertise)
providing a contextual understanding of the
National, NUTS2, NUTS 3 etc.).

To summarise, expected outcomes are focused in identifying sustainability, or its absence, in various
agricultural production systems, improving climate resilience of agricultural production systems and
contribute to various CAP objectives (implementedidtional CAP plans) that reflect the targets set

by the Green Deal, in particular the farm to fork strategy and the biodiversity strategy, by creating a
deeper connection between agricultural policies and the data that underpins them.

Undoubtedly this is not a trivial task and throughout the design, implementation, and development
phases we acknowledge existing limitations (such as technical problems, GDPR compliance, data
availability issues) while focusing on the key challenges tlibshape the tool's usability and future
evolution.

In the pursuit of effective decisiemaking, monitoring tools play a significant role in a variety of
sectors. They provide valuable insights, 1tdak data, and calculators that aid in optimising strategies
and addressing challenges. In our exploratibavailable resources, we discovered that while these
monitoring and calculator tools in regional scale are found across numerous domains, the specific
'‘policy' component, which is, in our case, a significant driving force, is weak or absent. Within this
context, below we present examples of such relevant monitoring tools and calculators related to the
agricultural sector.

Government of Western Australia
The Department of Primary Industries and Regional Development's Agriculture and Food division is
committed to growing and protecting West Australia's agriculture and food sector. It has developed
various monitoring tools available at: https://www.agricgea.au/tools, including:

0 Fertiliser calculatorhttps://www.agric.wa.gov.au/fertilisealculator

0 lIrrigation calculatorhttps://www.agric.wa.gov.au/irrigatiecalculator
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Climate Tools

Climate tools utilise data from weather stations and gridded weather datasets obtained from diverse
sources. These tools are crafted to inform users about prevailing climatic conditions and the impacts of
temporal phenomena like the El Nifio Southern Cawilh on weather trends within the Southeastern
region of the United States. A set of various interactive monitoring and calculator tools are developed
to manage climate risk in agriculture, available hetig://agroclimate.org/tools/

European Drought Observatory

The EDO is one of the early warning and monitoring systems of the Copernicus Emergency
Management Service (CEMS). Itis run by the EC's Joint Research Centre and providesrdreuayhtt
information such as maps of indicators derived from different datmces (e.g., precipitation
measurements, satellite measurements, modelled soil moisture content, fAPAR). Raster data can be
downloaded as .netcdf or geotiff filetypes, while NUTS3 aggregations are also available. An interactive
map viewer is available herhttps://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1111

CAPRI

A global agreeconomic model used to assess impacts on agriculture of agricultural, trade and
environmental polici¢d The sophisticated and analytical tool is used primarily to assess the impact of
the European Union's Common Agricultural Policy (CAP) in specific sectors with the global market
level and the regional level within the EU. The tool is used by policymalesesarchers, and analysts

to understand the potential impacts of agricultural policy decisions, providing a basis for informed
policy-making. It integrates a wide range of data sources, including Eurostat and FAOSTAT. CAPRI
provides results at a regiorialzel and for mainly economic but also some environmental variables.

Our implementation methodology is characterised by an incremental and iterative approach,
emphasising the tool's dynamic capability to continuously integrate new data sources and update
existing datasets. This focus on gradual enhancement ensures thatlthemains adaptable and
relevant in the future, aligning with evolving data landscapes and user requirements. The detailed
rationale behind the workflow and the architectural design are presented below.

With regards to the process flow the first step involves collectisifurfarm level data (e.g. harvested

yields, use of pesticides, use of irrigation water, costs). Data can be heterogeneous and of quantitative

or qualitative types and provided mainly the QuantiFarm assessment framework or from the user

that can interactively upload data (e.g. farm calendars from a specific region) to assess a totally

ii ndependent o overview of the region of interest

Depending on the type of data, source, and collection methods, data quality is checked for
inconsistencies, missing values and outliers. Automated routines correct or remove artifacts
normalizing and ensuring standardization into a common format. By comgpljth European spatial

data specifications (EU INSPIRE directi®ewe ensure that data models, code lists, map layers and
additional metadata are interoperable and ready to be used with other data sources and methods towards
efficient integration. The selected administrative level of regions of interest is the LA\¢yaare the

building blocks of the NUTS (Nomenclature of Territorial Units for Statistics) and comprise the
municipalities and communes of the European Union.

The standardised-isitu data are then integrated with other relevant data sources, such as administrative
boundaries (e.g. NUTS regions, LAY EO data products, and relevant socioeconomic data, Natura

12 https://web.jrc.ec.europa.eu/polioyodetinventory/explore/models/modehpri
13 https://eurlex.europa.eu/legatontent/EN/ALL/?uri=CELEX%3A32007L0002
14 https://ec.europa.eu/eurostat/web/nuts/kadihinistrativeunits
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2000 areas with varying temporal and spatial resolution to create a comprehensive data set in a spatial
geodatabase. Regarding EO data products we employ cropland, land cover and crop classification layers
derived from ESA WorldCover projéet national authorities and manual supervised or unsupervised
classification methods. The workflow is presente8igure22.

] Administrative NATURA 2000
A Unit 2zones (SPA, SCI)

dentify al
cultivated

parcels

[Overall regional |
statistics (EO
derived)

Estimate UAA % per
administrative unit

Winter bare soil cover %
™ in UAA

| 5 UAA % in NATURA 2000
Visualizations,

" zones
Estimate UAA % per |_| Calculation Graphs,
Land cover class Classification
Land cover class % in Maps

NATURA 2000 zones

Ly Crop type % in NATURA
2000 zones

Estimate UAA % per | |
crop type

Figure 22: Calculation workflow of data derived from EO products and other geodata sources

The next step is spatial aggregation of the requested data. Depending on the characteristics of the in
situ data, in most cases we can ascertain that the average indicator values (e.g. agrochemical usage,
irrigation metrics) of the ksitu parcels are repsentative of their respective region with a high degree

of confidence.

In this case, aggregations are executed with straightforward zonal statistics analysis calculations based
on the area of the aggregated variables including spatial (e.g. a specific region in Cyprus) temporal (e.qg.
2023 growing season), and other paramdgs croptype: olive) that an ender request via a GUI
selection/query.

After selection has been made, thresholds derive

are used to compare statistics and trends allowing the regional benchmarking and a contextual
understanding of the r eginfomatien afosittDATS dse pegflasmance e r
compared to nGiDATS use performance. More details are presented in the figure Helguve23).

15 https://worldcover2021.esa.int/download
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Figure 23:Calculation workflow of regional indicators from data derived from parcels.

In specific for FADN data integration and considering that regional indicators are derived fsdm in

data (farm/parcel level), our objective is to evaluate how those values compare with the broader regional
context in terms of quantity. To facilitateighevaluation, in the next version of the Policy monitoring

tool we aim to utilise the following six FADN variables:

0 (SEO011) Labour input (hrs)

0 (SE410) Gross Farm I ncome (0)
0 (SE295) Fertilisers (0)

0 (SE296) Fertiliser N (q)

0 (SE297) Fertiliser P205 (q)

0 (SE298) Fertiliser K20 (q)

These variables will establish regional benchmarks/thresholds (at the NUTS 2 level in most countries),

to enhance the policy makers understanding of how indicators at the Local Administrative Units level

are performing in a broader regional context. FADrs categorization per Year, Member State,
Region, and specialisation in A8 Types of Far min

The QuantiFarm Policy Monitoring Tool follows a modular and sefgrgented architecture to support
efficient delivery of regional results, sustainability indicators, and geospatial layers through a web
based interface. In the previous v2.0 version, thhitcture was designed around a decoupled stack
comprising a React user interface, Express.js for APl and business logic, MongoDB for data persistence,
Redis for caching, and Nginx for reverse proxy and routing. This design enabled scalable request
handing and structured data managem@&ngure24).
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Policy Monitoring Tool System Architecture Design

D policy-monitoring-tool A
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Figure 24: The policy monitoring tool system architecture technical design

In the final v3.0 releas@-igure25), the architecture has been refined to better align with the final data
dissemination approach, introducing semantic storage and direct geospatial services. As illustrated in
Figure XY, the solution continues to be wiehsed and APdrriven, but replaces ¢hprevious database

and caching components with a Triple Store (RDF/Semantic) for structured knowledge representation
and a MapServer OGC service layer for publication of raster crop classification outputs (GeoTIFF)
through standardised geospatial integfac

Policy Monitoring Tool System Architecture Design

DNS

policy-monitoring-tog Policy Tool

Web
browser

Triple Stores

Web Server

A

MapServer

Figure 25: Policy Monitoring Tool system architecture design (v3.0)
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The endto-end flow from user access through DNS resolution and the web server to the authenticated
API layer is illustrated. Retrieval of semantic results from the Triple Store and geospatial outputs via
MapServer is enabled with administrative accessiged through the Admin component.

Main Components
1. User Interaction (React Frontend)

End users access the tool via a web browser or mobile device and interact with the graphical interface
by selecting regions and crop types, navigating the map, and exploring the DATS impact results. User
actions are translated into requests that are foledbio the backend services.

2. DNS Resolution

DNS resolves the poliegnonitoringtool domain name into the corresponding IP address, ensuring that
requests are routed to the correct server endpoint.

3. Web Server (Express.js)

The web server receives incoming HTTP requests and serves the application frontend, enabling users
to load the interface and initiate API calls required for content retrieval.

4. API Layer (Business Logic and Access Control)

The API acts as the core orchestration component. It processes incoming requests and applies an
authentication mechanism, where a valid username and password are required for access. The API
implements the core business logic and coordinates communicaiionthe backend data and
geospatial services.

5. Triple Store (RDF/Semantic Storage)

The Triple Store is used for storage and retrieval of structured information in semantic form (RDF).
The API queries the Triple Store to access the underlying knowledge base, including the available test
cases, regions, crop types, and associated calditatieators exposed through the Policy Monitoring

Tool functionality.

6. MapServer (WMS/WFS/WCS and GeoTIFF Serving)

MapsServeiis responsible for transforming and serving raster datasets derived from crop classification
(GeoTIFF). These layers are used within the Leaflet map component for interactive visualisation
(WMS), while metadata and dataset access are also enabled vidbadét endpoints and standard
OGC interfaces. This allows end users not only to view geospatial outputs in the web application, but
also to retrieve raster products for external GIS analysis when required.

7. Admin Component

The Admin component provides internal access for configuration tasks and system administration
functions, supporting operational management of the platform.

Request Flow (Endto-End)
The endto-end workflow in v3.0 follows a clear and streamlined path:

1. Users interact with the tool via a web browser or mobile device.
2. DNS resolves the domain name and forwards the request to the server.
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3. The web server delivers the frontend and routes requests to the API.
4. The API processes authenticated requests and retrieves the required information from:
a. the Triple Store (semantic/structured results), and/or
b. MapServer (geospatial raster layers and related metadata).
5. Responses are returned to the user interface, where results are rendered in dashboards, tables,
charts, and map visualisations.

In conclusion, the v3.0 architecture provides a more directly usable framework for policy monitoring
use cases by combining semantic data access (Triple Store) withc@®fliant geospatial
dissemination (MapServer), while preserving a scalablelveslked dlivery model built with React.

The tool code is publicly available inttps://gitlab.com/QuantiFarm/policymonitorktgol.

In the current updated phase of the project and following the conclusion of all growing seasons, the
Policy Monitoring Tool has expanded by integrating more data from the test cases and reaching up to
13 integrated QuantiFarm Test Cases compared to 1Zfalsleain the previous version. In this
deliverable chapter we will focus on the newly added functionalities and data for the final version of
the tool (V3.0). The respective test case data span a total of 36 European regions, namely, Local
Administrative Uhits (LAU) that have been integrated across 8 countrigsi(e26).

5 }

Figure 26: A map overview of the European LAU regions the selected TC parcels are located

This translates to 11 different crop types and spans 5 distinct biogeographical regsitasvdniables

from the QuantiFarm Test Cases derive from in total 8 digital solutions or digital solution combinations
(Figure 27). The aforementioned statistics includes both the previous version and the newly added
parcels and regions.

CKA&d LINR2SOG KlFIa NBOSAOGSR TFTdzyRAy3I FNR® 54
innovation programme under grant agreement No 101059700



https://gitlab.com/QuantiFarm/policymonitoring-tool

D3.5 Tools for DATSs Assessment and Policy Monitoringfinal version

Countries Croptypes Digital solutions Bnogeog.raphucal
regions
Greece Potatoes SF DSS/ App Mediterranean
Romania Wheat FMIS/ app Steppe
Poland Olives Drones and soil sensors Continental
Italy Apples SFDSS Macronesian
Cyprus Grapes Precision Irrigation, Monitoring Alpine
Netherlands Bananas DSS/Agri-environmental Monitoring
Spain Barley VRA add-on for old tractors
Slovenia Cotton FMIS/ Financial Modelling
tomato

Figure 27: An overview table of the available data covered for all growing seasons regarding countries, crop types, digital
solutions and biogeographical regions. The only update compared to the previous version is the introduction of 1 new TC
with tomato croptype

Below we provide an analytical overview figure of the final overvieviet@igure 28). In detail, the

updated integration table presents the selected QuantiFarm Test Cases and their corresponding LAU
regions available in the Policy Monitoring Tool, covering all growing seasons. In the final version, a
total of 45 administrative regions\&been incorporated, compared to 36 in the previous release. In
addition, the number of supported crop types has increased from 9 to 10, with tomato crop added to the
catalogue. Overall, the final version reflects a small expansion in both geographiageoaad
thematic scope through the integration of an additional region and crop type.
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LAUregionname Croptype Average Crop | LAUarea Country TC number Bi ogeogr.aphlcal Digital Solution
area (ha) (ha) Region

DIMOS OROPEDIOU LASITHIOU Potatoes 313.3 26051.1 Greece TC1 Mediterranean SF DSS/ App
Stefan Voda Wheat 4285.3 7142.2 Romania TC10 Steppe FMIS/ app
Perisoru Wheat 12809.2 21348.6 Romania TC10 Steppe FMIS/ app
Modelu Winter Wheat 5276.2 11138.0 Romania TC10 Steppe FMIS/ app
Roseti Winter Wheat 4641.2 8498.8 Romania TC10 Steppe FMIS/ app
Dichiseni Winter Wheat 4757.3 9275.4 Romania TC10 Steppe FMIS/ app
DIMOS PYLOU - NESTOROS Olives 12773.1 158645.4 Greece TC11 Mediterranean SF DSS/ App
DIMOS TRIFYLIAS Olives 19617.8 135346.4 Greece TC11 Mediterranean SF DSS/ App
DIMOS OICHALIAS Olives 7852.0 92259.9 Greece TC11 Mediterranean SF DSS/ App
Nowa Sucha Apples 1744.6 9021.7 Poland TC12 Continental Drones and soil sensors
Castell'Arquato Grapes 1047.1 5286.4 Italy TC13 Continental SFDSS
Eupuyou Olives 122.1 1375.7 Cyprus TC15 Mediterranean SF DSS/ App
dAdacou Olives 45.9 489.8 Cyprus TC15 Mediterranean SF DSS/ App
Mapuwvt Olives 115.7 1422.1 Cyprus TC15 Mediterranean SF DSS/ App
AuBpodovrag Olives 1370.1 4228.7 Cyprus TC15 Mediterranean SF DSS/ App
pals Olives 384.2 1743.6 Cyprus TC15 Mediterranean SF DSS/ App
Kopvog Olives 637.0 3108.0 Cyprus TC15 Mediterranean SF DSS/ App
Athienou Olives 76.5 6515.0 Cyprus TC15 Mediterranean SF DSS/ App
West Betuwe Apples 1711.5 22831.5 | Netherlands TC16 Continental Drones and soil sensors
Alseno tomato 701.6 5587.0 Italy TC18 Continental SF DSS
Felino tomato 247.0 3810.6 Italy TC18 Continental SF DSS
Gottolengo tomato 55.5 2925.0 Italy TC18 Continental SF DSS
Parma tomato 1660.4 26119.7 Italy TC18 Continental SFDSS
Arucas Bananas 274.5 3316.7 Spain TC20 Macronesian Precision Irrigation, Monitoring
Villanueva de San Mancio Barley 589.7 1514.9 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Tamariz de Campos Barley 384.1 37776 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Torresandino Barley 3670.3 9321.1 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Quemada Barley 283.4 2083.0 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Valladolid wheat,barley 4312.0 19754.4 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Medina de Rioseco wheat,barley 1545.3 11516.2 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Olmedillo de Roa wheat,barley 440.6 2623.5 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Zazuar wheat,barley 175.3 2245.9 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Tdrtoles de Esgueva wheat,barley 1737.4 7870.2 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
DIMOS VERQIAS Cotton 2482.0 79517.5 Greece TC4 Mediterranean VRA add-on for old tractors
DIMOS ALEXANDREIAS Cotton 16091.0 48273.0 Greece TC4 Mediterranean VRA add-onfor old tractors
Kileler cotton 2112.3 97618.9 Greece TC4 Mediterranean VRA add-on for old tractors
Damnica Potatoes 10520.1 16712.3 Poland TC7 Continental SF DSS/ App
Gtéwczyce Potatoes 9523.3 32269.4 Poland TC7 Continental SF DSS/ App
Potegowo Potatoes 10500.3 22845.1 Poland TC7 Continental SF DSS/ App
Recica ob Savinji Corn 580.1 3007.4 Slovenia TC9 Alpine FMIS/ Financial Modelling
Mozirje Corn 239.2 5357.4 Slovenia TC9 Alpine FMIS/ Financial Modelling
Sostanj wheat 602.7 9568.3 Slovenia TC9 Alpine FMIS/ Financial Modelling
Velenje wheat 994.5 8388.3 Slovenia TC9 Alpine FMIS/ Financial Modelling
Zalec wheat 2129.7 11731.0 Slovenia TC9 Alpine FMIS/ Financial Modelling
Dravograd wheat 445.0 10496.8 Slovenia TC9 Alpine FMIS/ Financial Modelling

Figure 28: The updated table of integration of selected Test Cases and respective LAU regions available in the Quantifarm
policy monitoring tool for all growing seasons. A total of 45 administrative regions have been incorporated compared to 36
from the previous vsion of the tool.

The
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Crop Area
products, relying on crop type classification at regional level across all growing seasons. In this process,
available parcelevel information is utilise@s training input to generate crop classification maps and
estimate the total area covered by the selected crop within each administrative region. As illustrated in
Figure29, the resulting crop classification layer is spatially represented through raster pixels overlaid
on the regional boundary, providing a transparent link betweedefi®ed classification outputs and
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i s deri

the reported crop area statistics. This is an indicatiaengle of the E@lerived crop classification
outputs that end users are able to visualise and/or download through the dedicated open geospatial

services (e.g., WMS/WCS/WEFS, as applicable), as described in Chapter 4.9 (QuantiFarm Policy

Monitoring Tool API)
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Figure 29: Example map view of a selected LAU region (Dimos Oropediou Lasithiou, Greece) as displayed in the Policy
Monitoring Tool. The blue outline represents the administrative boundary, while the highlighted raster pixels (magenta)
indicate the spatial extent the crop classification layer over the area for a specific season.

For the needs of the policy monitoring tool, we
policy maker/officer. The system admin manages data integrity and overall preparation, while the
policymaker leverages the tool for datdven decisiormaking and relevant assessments.

LElinnovation programme under grant agreement No 101059700
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UseCase_0

SYS ADMIN

+ Data Collection

+« Data Validafion

» Data Preparation

Figure 30: UseCase_0

Regarding the UseCase Fdqure30) the System Administrator is tasked with collecting and preparing
data, followed by its validation to ensure quality and accuracy. More details are presented below in
Figure 21.

Functions v1.0 |Use case |User story | Description Remarks
Populatingand uco As a system administrator {sys admin), | want to collect and

Integrating data perform geospatial analysis on data derived from Earth

to MONGO DB Observation, national and European organizations etc. The

goal of the analysis is to derive data and statistics that
predefine the available regions, time periods {year or growing
seasons), crop types and ‘initialize’ the .json structure that

OK lies ina MONGO DB
USOa ‘sys admin’: Run the data acquisition and .json formatting * A .geojson file containing the necessary
scripts geospatial info for the available regions is
oK created if needed.
Usob ‘sys admin’: Update the .json structure {via the postman API} |* A .geojson file containing the necessary
accordingly geospatial info for the available regions is
oK updated if needed.

Figure 31 UseCase_0 detailed description with user stories

UseCase_1

« Insert Data
« Delete Data

« View Data

+ Update Data (TBD)

Figure32: UseCase_1

+ Perform Interactive Data
Manipulation (TBD)

SYS ADMIN

Regarding the UseCase Hidqure31), the System Administrator handles data insertion, deletion, and
viewing, while also enabling the Policy Officer to perform interactive data manipulations. More details
are presenteih Figure33.
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Functions v1.0 [Use case |User story | Description Remarks
Insert/update uc1 Az 3 ‘sys admin’ or ‘policy maker’, | want to insert/update values for predefined
parameters OK parameters into the policy monitoring tool system for a specific region, year,
Usla ‘sys admin’: Updates the . json structure (via the postman API) to reflect the new | https://red-meadow-
or modified parameters. 441347 postman.co/workspace fuserHubN P~61b029e8-
1484-434d-8080-06edala63cod/collection/1641 7905~
OK 040412 5d-b9bd-45a0-a533-
us1b ‘policy maker”: Usesthe Ul to set specific indicator fields, customizing the | If policy makers can make permanent changes in the
monitoring tool for the targeted analysis. DB, ensure data integrity when new parameters are
Ok inserted or updated. {keep history of changes;)
Usic ‘sys admin’ or ‘policy maker': Can import primary data generated by Digital » Create a Ul for the ‘policy maker’ to interact with, and
Agriculture Technologies (DAT), such as farm calendar entries (in the context of |a secure mechanism for the ‘sys admin’ to update the
Benchmarking tool;), machinery/tractor logs, to enrich the data available for .json structure.
analysis.

Figure 33: UseCase_1 detailed description with user stories

UseCase_2 I UseCase_3

e Perfrom Data
Aggregations

o Perform Data

Visualizations

s Perform Data Export

PMO

Figure 34: UseCase_2 and UseCase_3

Regarding the UseCase_2 and the UseCa$agG@re34), the PMO is responsible for interacting with
the GUI to aggregate data, perform data visualizations and graphs for analytical purposes and create
data exports. More details are presentefigure35 andFigure36.

Functions v1.0 |Use case |Userstory [Description Remarks

Regional ucz Applicable when US1borUS1c are enabled

aggregations oK

Usla Asa PMO, | want to calculate indicators of the types, quantities | Ensure data collection methods (manual, automated

(and number of applications;) of parsing of TC excel files;) are in place to capture types and
pesticides/insecticides/fertilizers/fungicides/irrigation (etc.) qua ntities of different indicators/KPls.
applied regionally, differentiated by farms that use or don't use | » Perform aggregations to calculate pesticide usage to the
Digital Agriculture Technologies (DATs) to quantify and whole LAU/Commune crop area for the specific year (e.g.
understand the impact of digital technologies in regional mean farm nitrogen usage/ha in growing season times
agriculture metrics. cultivated crop area (ha) in this specific season)

» Consider using thresholds
» Consider correlating the irrigation data with precipitation
data and/or soil moisture levels if available;

OK

Figure 35: UseCase_2 detailed description with user stories
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Functions v1.0 |Use case |User story |Description Remarks

Visualizations/ ucs

Exports

Us3a Asa PMO, | want to be able to narrow down the data » Ensure that the Ul allows for intuitive selection and displays
selection to a specific geographic and temporal range for available options at each levelof selection dynamically (e.g., only
more targeted analysis and monitoring. Available showing available LAUs/Communes once a country is selected,
options/fiters should include DAT; and only showing available crops once a LAU /Commune and year
are selected).

» Consider providing a search functionality for quicker selection,
especially for countries and LAUs/Communes with large data sets
and or DATS.

» [t might be helpful to allow for multiple selections (e.g.,
selecting mukiple years or LAUs/Communes) for comparative

OK analysis.

us3b As a PMO, | want to view the monetary be nefits that » Consider factors like increased yields, reduced/increased input
occurred regionally by farms that use ordon't use DATs. costs

Us3c As a PMO, | want to view metrics of 'accuracy’ orvalidation, | Define the metrics used for assessing accuracy or validation
forinstance knowing the number of parcels used to derive » Consider providing tooltips/info hover pop ups; or helptext to
the statistics (& low number of parcels in aggregation explain the im plications of the accuracy metrics.
statstics indicate low accuracy of the calculated aggregated
values).

us3d As a PMO, | want to view the 'average/normal statistics » Ensure statistical analysis/literature/research to determine
values' of the LAU/Commune areas to establish thresholds, |'average/normal values.
allowing for the detection of extreme values and enabling = Comparzative views could include statistics by year, by DAT used,
coloring values for easier com parisons. by LAU/Commune, by country;

= Provide an intuitive user interface for setting thresholds and
viewing color-coded values (e.g. coloring rows in tables;).

Us3e As a PMO, | want to view the infformation about the Digital  |Ensure the DAT information is organized (filter the DATs to only
Agriculture Technology (DAT) used in farm parcels, including  [those available in poicy monitoring tool, but also enable more
descriptions and corresponding links for more information.  [filters for the users to select;)
usaf As a PMO, | want to generate a report of my selection Detail the data/tables to be included inthe reports, the
(information of a DAT, LAU /Commune, year, crop) to aid me |view/layout of the reports, and the objectives they aim to fulfill.
OK in policy monitoring and decision-m aking.

Figure 36: UseCase_3 detailed description with user stories

Use case scenario example
A detailed use case scenario that can help individuals grasp its functionality and potential impact on
policy decisions, but also illustrating its current and upcoming capabilities is presented below.

A Greek policymaker from a region (e.g. Oropedio Lasithiou commune) wants to monitor agricultural
indicators regarding fertilizers for potato crops over a series of years (or growing seasons) within their
jurisdiction. Regional agricultural statistics dagviewed comparatively and highlighted in relation to
regional goals outlined in the Common Agricultural Policy (CAP) and regional thresholds regarding
trends and extreme values. For the first version of the tool, a key focus of the investigation was the
regional trend in fertilizer usage, specifically examining whether the observed reduction in use adhered
to the European Green Deal's Farm to Fork strategy, which targets a 20% decrease in fertilizer usage
by 2030. By providing this information, the poliayaker can assess the region's progression towards
sustainability objectives.

This use case scenario serves as a practical example of how the tool addresses its core objectives of
offering a suite of aggregated regional indicators, including those derived frsito imeasurements
and farm calendars. More specifically, the functlities should allow the following:

0 Generalised Indicators Monitoring: The user views the collected and aggregatesitindata

derived from the QuantiFarm assessment framework, and related variables of agrochemical

usage (Nitrogen, Phosphorus, Potassium).
DATS vs. NonDATS Parcel Performance: The user views a graph which calculates how
much the Digital Agriculture Technology (DATS) influences agrochemical usage compared to
traditional farming methods that don't use DATSs (e.g. reduced or increased nitrogen usage).
Regional Benchmarking: The user views established regional benchmark values/thresholds
derived from FADN (e.g. longerm average of Nitrogen use for the region), Eurostat, and FAO
dat aset s, providing a contextual under st andi
scak over the years.
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Regarding the Policy Monitoring Tool v3.0 the dashboard front page allows the user to filter selected
content by selecting country, region, year, and crop type, along with a map viewer to meet user
requirements. A selection from the point of a user islabig below (Figure 37). As mentioned in

chapter 4.6 the list of countries for the 2024 growing season have been updated. The complete table
with the regions overview is visible in the final selection.

m About

Filter Content

N
orway

(1] (2] (3] 0 :
Select Country olect Y eloct .
Cyprus
|
Regional Informat °**-* ‘
> italy o
Region: - Netherlands fotons -
Poland
i Romania
Monitoring Dashb
Slovenia
Overview Statistics i Spain
= ot © 2 GantiF arm has recetve: eement No. 101059700,

Figure 37: Main front page of the policy monitoring tool.
Each country has been populated with administrative regions data in which parcels from TC data derive.

For example, below and after we select Greece, the list of available regions within this country selection
that TC data are available pops &igure38).

Filter Content
o (] o o

Select Country Select Reglon

| DIMOS PYLOU - NESTOROS > ]

DIMOS OICHALIAS

|
DIMOS PYLOU - NESTOROS

Regional lnformauo(i
DIMOS ALEXANDREIAS I

Country: Greece ‘plcal needs: 40006000

Reglon: DIMOS PYLOU DIMOS VERGIAS pee)

£5T0R08 /A
i DIMOS TRIFYLIAS sttt

DIMOS OROPEDIOU LASITHIOU

Land Cover Distribution

Pemarant woter bodes: 10%

Bare [ eparve vwgetaton: 21 %

Buitop: 10 %

Cropland: 14%
Connainna LA N

Saniand: 69 %

Figure 38: The list of available regions of Test Cases within the selected country Greece.

After selecting the available year and crop type the policy monitoring dashboard is initialized and loads
the data based on the user selection while the interactive map on the right zooms in the selected region
of interest. Two twédrsviaave stvati il satbil es &c add d di Meds t
St at i s (Figueel39displaga pie chart of land cover distribution, bars for protected areas under
Natura 2000, and corresponding values and legends.
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Monitoring Dashboard

Overview Statistics

Land Cover Distribution

Permanent water bodies: 1.0 %
Bare / sparse vegetation: 2.1 % ~ |
Built-up: 1.0 % %

Grassland: 21.6 %

8hrubland: 6.9 % '

Derived from: ESA WorldCover 10m 2021 V200 product. Learm More

Tree cover: 66.2 %

Croptype protected under Natura 2000 areas

Croptype Area % Protected under the Birds Directive h

|

Croptype Area % Protected under both Birds and Habitats
Directives

0 10 20 30 40 50 60 70 80 20 100
Percentage (%)

Region protected under Natura 2000 areas

LAU/Commune Area % Protected under the Birds Directive i

LAU/Commune Area % Protected under the Habitats
Directive

LAU/Commune Area % Protected under both Birds and
Habitats Directives

0 10 20 30 40 50 60 70 80 20 100

-'J-lk—"w w  Copyright @ 2025 QuantiFarm has received funding from the European Union's Honzon Europe Work Programme 2023-2024 under grant agreement No. 101059700,

Figure 39: Charts and graphs available in the 'statistics' tab. In the current version calculations for all regions are available
based on geospatial data (administrative boundaries, landuse classification, Natura2000 boundaries)

In the previous dashboard version V2.0, details regarding the selected region are loaded along with
various tabs that categorise agricultural statistics and indicators. A total of 50 variables derived from

QuantiFarm test cases were classified into 13goaies. Since each variable may be sespmcific,

not all variables are applicable to every test case, making this a comprehensive table of all possible
variables. The detailed table of the variables, along with their respective categories and units, is

presentedbelow Figure40).

LElinnovation programme under grant agreement No 101059700
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CATEGORY VARIABLE UoM
DAT Cost of DAT £€/ha or €/animal or €/beehive or €/piece
DRUGS Cost of drugs £/ha
ELECTRICITY Cost of electricity £/ha
ELECTRICITY Electricity consumption kWh/ha
FEED Cost of feed £/ha
FERTILISER Cost of fertiliser €/ha
FERTILISER Nitrogen applied kg/ha
FERTILISER Nitrogen use efficiency %
FERTILISER Phosphorus applied kg/ha
FERTILISER Phosphorus use efficiency %
FERTILISER Potassium applied kg/ha
FERTILISER Potassium use efficiency %
FERTILISER N20 GHG emission kg Co2e/ha
FUEL Cost of fuel €/ha
FUEL Fuel GHG emission kg Co2e/ha
FUEL Arable and horticulture fuel consumption 1/ha
LABOUR Cost of labour for irrigation £/ha
LABOUR Cost of labour for pesticide £/ha
LABOUR Cost of labour for fertilisation £/ha
LABOUR Cost of labour for field visits €/ha
LABOUR Cost of labour for harvesting £/piece
LABOUR Administrative activities, data collection, e €/ha or €/animal or €/beehive or €/piece
LABOUR Total Cost of labour £/ha or €/animal or €/beehive or €/piece
LABOUR Cost of labour for harvesting £/ha or €/piece
LABOUR Total Cost of labour £/ha or €/animal or €/beehive or €/piece
LABOUR Cost of labour for pruning £/ha
LABOUR Cost of labour for storage £/piece
LABOUR Cost of labour for sowing_planting £/ha
LABOUR Cost of labour for transporting oysters to t €/piece
LABOUR Cost of labour for stable visits £/animal
OuUTPUT Yield £/ha
OUTPUT Milk \
OuUTPUT Meat t
OUTPUT Oyster kg
OUTPUT Honey kg
PESTICIDE Cost for pesticide £/ha
PESTICIDE pesticides, herbicides and fungicides use  kg/ha
PRODUCT QUALITY Protein % DRY MATTER %
PRODUCT QUALITY Standard mass per storage volume kg/hl
PRODUCTIVITY Land Productivity t/ha
PRODUCTIVITY Labour productivity (arable and horticultur t / h
PRODUCTIVITY Labour productivity (dairy livestock) I/h
PRODUCTIVITY Protein % DRY MATTER %
PRODUCTIVITY Standard mass per storage volume kg/hl
SOCIAL Working time h/week
SOCIAL Frequency rate of occupational injuries  n./hours
SOCIAL Incidence of occupational injuries %
WATER Cost of water £€/ha
WATER Arable and horticulture water consumptior I/ha
WATER Irrigation water productivity kg/m3 J
detailed table of 50 variables derived fro
is presented alongside its respective category and unit
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To provide an example for viswualization, we pre
variables for the Spanish regidinucas Figure4l).

Policy Monitoring Tool @ -

Filter Content
Select Country Select Region Select Year Select Crop
Crop
Bananas v

BACK FINISH

Country: Spain Year: 2023 Crop Area (ha): 369.0 Irrigation typical needs: 12000-22000
m3/ha (source)

Region: Arucas Crop: Bananas Total region area (ha): 3271.0
Test case: TC20 Biogeographical Reg| Macr Digital Solution: Precision Irrigation,
Monitoring
Monitoring Dashboard
Test Case Data
Select Category
WATER - & DOWNLOAD CSV

WATER Variable

@ With DATS @ Without DATS

100M
M
£
‘>—v 10k
100
1
Cost of water Arable and horticulture water consumption Irrigation water productivity
Category Indicator With DATS Without DATS Absolute diff Reg I diff
WATER Cost of water 10400.00 9410.62 989.38 (€/ha) 365094.36 (€)
WATER Arable and horticulture water consumption 13037664.36 11797356.83 1240307 .54 (Vha) 457690164.24 (1)
WATER Imgation water productivity 7.29 359 3.71 (kg/m3) 3.71 (kg/m3)

-'-‘r-\:--w Copyright @ 2025 QuantiFarm has received funding from the European Union’s Horizon Europe Work Programme 2023-2024 under grant agreement No. 101059700.

Figure 41: Example visualization of newly added test case data variables, showcasing the 'WATER' category with three
variables for the Spanish region of Arucas.

The graphs of the respective variables fACost of
productivityo are plotted with a | ogarithmic sc:
typical water consumption needs for the specifipdsgpes are integrated and plotted in the graph so

end users can have baseline limits to identify the optimal irrigation levels required to maintain crop
health and productivity. Essentially, this visualization helps in comparing current water usage within

the parcels of the test case that use DATS and ¢
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These thresholds derive from organizations like:

0 FAB?*
0 gaiapedi¥,
while a hyperlink to the specific source is av,

dashboard. Furthermore, a data table below the graphs is presenting the relevant variables values and
units with the estimation of reduction or increase alues, aggregated at the regional level. A
fidownl oad c¢csvo option is added in the upper rig!
format to all the aggregated variables for the =
option the user can access the visualization dashboard where interactive graphs can be created and
exported to variouformats Figure42).

View in full screen

Print chart

Download PNG image
Download JPEG image
Download PDF document

Download SVG vector image

Figure 42: Formats of interactive graphs

In the final version V3.0, multiple visual and aesthetic enhancements were implemented in the user
interface, as illustrated in the figure beldvigure43).

Regarding impact presentation, the previous version reported that a total of 50 variables derived from
QuantiFarm test cases are classified into 13 categories (Figure 32 & Figure 33). Following feedback
from external users, the updated final version ad@pt®re useoriented structure, where impacts are

di spl ayed through the ADATS Regional | mpyact 0 t a
category overview with positive/negative counts and net benefit, (ii) detailed cost and revenue reporting
tables, (iii) aggregated sustainability trends over time, and (iv) supporting environmental statistics. The

goal of this change is to provide a more friendly, clearer and more interpretable representation of
regional outcomes to the user.

The tab ADATS regional i mpacto section is organ
perspective on the impacts of the selected crop and regjiguré43).

16 hitps://www.fao.org/landvater/databasesnd software/croginformation/en/
Thttp://www.gaiapedia.gr/gaiapedia/index.php/%CE%86%CF%81%CE%B4%CE%B5%CF%85%CF%83%CE
%B7_ %CF%80%CE%B1%CF%84%CE%AC%CF%84%CE%B1%CF%82
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|
<

Filter Content
areece ~ | DIMOS OROPEDIOU LASITHIOU

Potato - seARCH

Regional Information

Biogeagr aphical Reglon: Mediterranean
Dipital Soktion: S¥ D55/ Ap

Country: Greeze
Reglon: DIMOS OROPEDIOU LASITHIOU

Crop: Potato Typical rigation Needs: 3600-4000 m3¥ fzsizsa)

DATS Regional Impact

s Years

® ©) <

Net Benefit

6 2 +4031.42 €/ha

Positive Impacts for Potato

Vour 2023
Crop revenue
-

due 10 higher yiekss

F‘iéure‘é‘;sfm The final version (vV3.0) of the front page of the F
restructures the previous V2.0 variable categorization and enriches the tool with updated data for all growing seasons.

Below a description of every tab is provided focusing on the relevant information visualized.
1) DATS Impact by Category

This tab provides a quick qualitative overview of the impacts associated with the selecteictregion
combination selected by the usEigure44). A year filter is available (e.g., All Years, 2023 only etc.),

and the results are summarised through headline indicators, including the number of positive impacts,
negative impacts, and Figuredb.over al l Net Benefit (U
Bel ow the summary, the iIimpacts are presented a
examples such as Crop revenue, Cost of water, and Land productivity, including a short explanation,

an impactevel indicator, and the corresponding quantifiedcigae ( 4G/ ha or %) .
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vﬁ’.\_
Policy Monitoring Tool [<ouam )
y N g gy !
Pasitive Impacts Negative Impacts Net Benefit

6 2 +4031.42 €/ha

Positive Impacts for Potato

Year 2023 Year 2023
Crop revenue Cost of water
INCREASED REVENUES DEGREASED WATER CONSUMPTION
- Impact Level - Impact Level
due to higher yields thanks to a more precise irmigation scheduling
+4134.00 €/ha -165.00 €/ha ( -15.e0%
Year 2023 Year 2024
Land productivity Cost of water
HIGHER YIELDS DECREASED WATER CONSUMPTION
- Impact Lavel - Impast Level
due to better water management thanks to a more precise irrigation scheduling
+5.66 % | +1470% -255.15 €/ha [ 2r01%
‘ear 2024 Year 2024
Crop revenue Land productivity
INCREASED REVENUES HIGHER YIELDS
- Impact Lavel - Impast Level
due o higher yields due to better water management
+580.00 €/ha [ +188% +0.58 % [ +1.88%

Bl Copyright © 2026 QuantiFarm has received funding from the European Union's Horizon Europe Werk Programme 2023-2024 under grant agreement No. 101050700.

Figure44. Bverview of the i mpact sicrepcanbicatioa seleded byithe hisert he sel ect ed

DATS Regional Impact

DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMENTAL STATISTICS
Yaar
All Years -

® ® €

Positive Impacts Negative Impacts Net Benefit

6 2 +4031.42 €/ha

Negative Impacts for Potato

Year: 2023 Year: 2024
Sum of costs Sum of costs
INGREASED GOSTS INGREASED COSTS
Impact Lavsl Impact Lsvsl
due to a greater fuel consumption due to a greater fuel consumption
+250.70 €/ha +121.58 €/ha [ -as%

B, Copvrioht © 2026 QuantiFarm has received funding from the Eurooean Union's Horizon Europa Work Programme 2023-2024 under arant agresment No. 101059700.

Figured5. Bverview of the negati ve i inpoacomEnatmrsseleced by theeuder.wi t h t he
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st and Revenue Impact

ab focuses on the economic interpretation of the selected DATS and provides structured reporting

tables, with the ability to apply table options such as columns visibility, filters, density and export. Two

dedicated sulsections are available:

0 Financial Impact Report: A cddienefit oriented table presenting key financial components
(e.g., pesticides, fertiliser, water, fuel, electricity, labour, and DASI&ed costs such as
investment and annual fees). It also includes aggregated outputassiddtal Costs, Crop
revenue, Total Revenue, and a Net Benefit féigure46).

DATS Regional Impact
DATS IMPACT BY CATEGORY  COST AND REVENUE IMPACT  AGGREGATED SUSTAINABILITY IMPACT  ENVIRONMENTAL STATISTICS
@ Enuironmental & Agronomic KPls
Financial Impact Report for Potato
Grop Arcas: 2023. 264.3 ha, 2004, 342 3 ha
M COLUMNS = FILTERS & DENSITY (4 EXPORT
Category Item Description Unit 2023 2024
COSTS Cost of pesticide (7) €
DATSs COSTS Initial investment for the DATSs (7) € €127935.00 £€154035.00
COSTS Labour for pesticide  (7) 5 €4037.06 £513.45
COSTS Labour for irfigation (7 € — £-10269.00
COSTS GCost of electricity () £ -
COSTS Cost of fertiliser (D) € £103200.90 £210816.53
COSTS Cost of water (D) €
COSTS Cost of fuel (D) € —
DATSs COSTS Cost of DATSs (maintenance + annual fees) (1) € £88133.00 £106113.00
CBA NET BENEFIT () €
COSTS TOTAL Total Cosis () € £266275.38 £301765.69
ouUTPUT Crop revenue (D) € £1175296.20 £198534.00
REVENUE TOTAL  Total Revenue (1) € £1175296.20 £198534.00
Bl Gopyright © 2026 QuantiFarm has received funding from the European Union's Horizan Europa Work Programme 2023-2024 under grant agreement No. 101059700,

Figure 46: A cost benefit oriented table presenting key financial components aggregated to the whole crop area of the region

(colum

[@]3

ns in the right)

Environmental & Agronomic KPIs: A complementary table presenting operational and
agronomic indicators (e.g., nutrients applied, working time, land/labour productivity, GHG
emissions, and electricity consumption), enabling comparison across years (8.gs 2024)

is illustrated in the figure belowr{gure47).
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o]
DATS Regional Impact
DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMEMNTAL STATISTICS
4 Financial Impact Report ! Environmental & Agronomic KPls
Environmental KPI & Agronomic Report for Potato
Crop Areas: 2023: 284.3 ha, 2024: 342.3 ha

Il COLUMNS T FILTERS = DENSITY (& EXPORT

Item Description Unit 2023 2024
Labour for pesticide € 426.45 513.45
Cost of pesticide € -10121.08 -5134.50
Cost of fertiliser € 103200.90 210816.58
Labour for irrigation £ —_ -10269.00
Nitrogen applied kg 10647.04 9133.03
Phosphorus applied kg — 9785.07
Labour productivity (arable and horticulture) t/h 0.13 0.10
Sum of costs € — 41617.63
Woerking time h —_ -1630.20
Land Productivity % — 0.58
GHG emissions kg CO2 eq -40317.92 -48543.17
Electricity consumption KWh — -71883.00
Cost of fuel € — -54032.05

Figure47: A complementary table presenting operational and agronomic indicators of the selection, aggregated to the whole
crop area of the region

All relevant tabular data can be exported as a .csv file or printed in a pdf f&igaeds).

I COLUMNES = FILTERS &= DENSITY & EXPORT

Category ¢ Item Description Download as CSV
Print

COSTS Cost of pesticide (5)

DATSs COSTS Initial investment for the DATSs (5)

Figure 48: Available options to export the tabular data for the relevant tables

3) Aggregated Sustainability Impact

This tab presents a tirsries view of trends across years, using an interactive chart interface with year
selection such as All Years (Trends) and a dedicated Time Series View button. Two chart modes are
supported:

% X innovation programme under grant agreement No 101059700
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0 Sustainability Parameters: Displays overall sustainability evolution using three consolidated
dimensions: economic, environmental, and social sustainability, expressed as percentage
change over timeR{gure49).

DATS Regional Impact

DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMENTAL STATISTICS

[ Performance Indicators ! Sustainability Parameters

Salsct Yaar ey
(A Tims Earise View )

All Years (Trends) -

Sustainability Parameters Trends Over Time for Potato

‘e

2023 2024

Year

# sconomic sustainability - envionmantal sustainability social sustainability

e Copyright © 2026 QuantiFarm has received funding from the European Union's Horizon Europe Work Programme 2023-2024 under grant agreement No. 101059700

Figure49: Overall sustainability evolution across three dimens@®asonomic, environmental, and social sustainability. The
yearto-year percentage change illustrates the magnitude and direction of variation, indicating how stable (or sensitive) the
respective suatnability indicators remain across successive growing seasons.

0 Performance Indicators: Presents trends for multiple resource and performance variables such
as labour, costs, GHG emissions, productivity, energy, inputs, and water, allowing a more
detailed interpretation of which drivers contribute to the aggregatéairglslity changes. In
figure below Figure50) we can see that when the user hovers over data points can see a pop
up window visualising the change in percentage, indicating the positive impacts DATS use
offers compared to no DATS use in the specific year and how this evolves over time.

DATS Regional Impact

DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMENTAL STATISTICS

M Performance Indicators @ Sustainability Parameters

Salact Year - .
(A Tims Serisz View )
All Years (Trends) ~ | /

Resource and Performance Indicators Trends Over Time for Potato

1 2023 —_—

{ Product: Potato —
! Year: 2023 —_—
; Changs: +154.80% —_—

Year

# total LABOUR total COETS total GHG EMISSIONS total PRODUGTIVITY total ENERGY total INPUTS total WATER
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Figure 50: Trends in resource use and performance indicators over time for the selected crop and region, expressed as year
to-year percentage change. Comparison across key variables (e.g., labour, costs, productivity, inputs, water etc.) is available,
highlightingvariations and potential drivers of overall sustainability performance between growing seasons.

When a single year is selectdtgure51), the visualization switches from a line chart to a pbiaded

chart, and a ANo DATS baselinedo is generated to
DATS impact categories. In this view, positive values indicate an improvement attrittot&Aa S

adoption, expressed as a percentage change relative to the No DATS relevant data.

DATS Regional Impact

DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMENTAL STATISTICS

M Performance Indicators @ Sustainability Parameters

Salact Year —
(&, Catsgory Gomparizon |

2024 -
Resource and Performance Indicators for Potato (2024) =
50

£ o

§ 23 ® Positive Impact

E ® Nsgative Impact

g - No Data Bazsline

®
100 - total INPUTS
total LABOUR totsl COSTS total GHG EMISSIONS total PRODUCTIVITY total ENERGY 5';;“2;;:“‘0 total WATER
Changs: -83.88%
Resource Indicators Efficiency

-:.'.'El."m.:, Copyright € 2026 QuantiFarm has received funding from the European Union's Herizon Europe Work Programme 2023-2024 under grant agreement No. 101059700,
Figure 51: Point-based view for a selected year, showing the relative effect of DATS across impact categories compared to
the ANo DATSO baseline. Values above baseline indicate po:

change. Values below bassdiindicate negative impacts from DATS adoption.

4) Environmental Statistics

This tab provides environmental background/context indicators for the selected region.

" ,: innovation programme under grant agreement No 101059700
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DATS Regional Impact

DATS IMPACT BY CATEGORY COST AND REVENUE IMPACT AGGREGATED SUSTAINABILITY IMPACT ENVIRONMENTAL STATISTICS

Land Cover Distribution

Herbacsous watiand: 0.0 %

Mengroves: 0.0 %

Parmanent water bodiea: 0.2 %

Snow and ice: 0.0 %

Mos and lichen: 0.0 %

Trea cover: 13.7 %

Bers / sparse vegstation: 10.8 %
Built-up: 0.8 %
Cropiang: 13.0 %

Grasaland: 54.3 %

Derived from: ESA WorldCover 10m 2021 V200 preduct, Leam More

Croptype protected under Natura 2000 areas

Figure52: The environmental statistics section provides context data for the overall administrative region derived from openly
available EU initiatives and organizations.

It includes visual summaries such as a Land Cover Distribution pie chart with class percentages (e.g.,
grassland, cropland, tree cover, shrubland,opi)t derived from ESA WorldCover 10m (2021, V200).

As presented in V2.0 of the Policy monitoring toBigure 52). Additional environmental context
sections are also included (e.qg., references totyrmpinteraction with protected areas such as Natura
2000).

List of functionalities implemented
In the current version of our Policy Monitoring Tool, we have successfully implemented a range of
functionalities that address key aspects of user requirements:

0 Data selection/filtering
0 Interactive map viewer with regions and other geodata
0 View regional statistics of the LAU region land cover (including land cover percentage)
0 View regional statistics of the LAU region under birds and habitats directives.
0 View regional statistics of the LAU cropland under birds and habitats directives.
0 View regional 6aggregated statistics values©é
DATS and no DATS use performance)
0 View regional O0aggregated statistics valuesbé
indicating DATS and no DATS use performance)
3 Monitor regional applied pesticide type/
DATSs by growing season (year)
3 Monitor regional applied insecticides 1t
DATSs by growing season (year)
3 Monitor regional applied fertilizers i nj
growing season (year)
3 Monitor regional applied irrigation inpi

growing season (year)
0 Perform data/graph prints and exports
0 Created a standardized API (QuantiFarm Policy Monitoring Tool API) for data transfer requests
(more information available in the ANNEX).
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0 View the O6average/ nor mal statistics values®
allowing easier detection of extreme values and coloring values for easier comparisons.

0 Make the DATS (digital agriculture technology solution that is used in farm parcels)
information visible including description and corresponding link to the QuantiFarm toolkit.

0 Integrate data from FAO as regional thresholds for comparisons.

0 Monitor regional economic indicators, by far
(year).

0 Monitor regional economic indicators, by far
(year).

0 Integrate the tool in the QuantiFarm toolkit server (https://quantifarmtoolkit.eu/tool6.html).

The last round of enhancements to the policy monitoring tool focused on providing users with
advanced capabilities and deeper insights into agricultural data, aiming to improve data interpretation,
enhance accuracy and understanding of trends and aldarstised sharing of data.

0 View metrics of O6accuracyd or validation (e.
year).

0 Calculate trendlines (e.g. percentage increase) for indicators between years.

0 Integrate the actual Geo Tiff image products of the regional croptype classification in the
interactive map and share them in a standardised way via WMS/WFS protocols

0 Complete code repository available so tool results can-bhee®, reproduced and adapted to

other regional contexts with relevant data

In version 2.0, the design included a concept where calculated outcomes would be periodically pushed
into an external OGC serveb€oServerthrough a connector module and then servedNeS/WFES

calls. In the final v3.0 release, a similar workflow was adopted but prioritised a more direct and faster
in terms of responsiveness approach that could be aligned with the operational deployment of the tool.
This led to the implementation ofapserveinstead of GeoServer.

Calculated outcomes are provided directly through the Postimeummented API endpoints backed by

the projectds TripleStore, enabling users to qu
manner. In parallel, geospatial dissemination needaddaeessed through MapServer OGC services,

which allow both interactive visualisation of raster layers in the web application (WMS) and direct
download of the underlying GeoTIFF crop classification products via WCS. This updated approach
ensures that endsars can access both tabular/semantic outputs and geospatial datasets in a consistent
and immediately usable form, without relying on an additional intermediate connector infrastructure.

In detail, the documentation page is distributed through Postman and remains available at:
https://documenter.getpostman.com/view/16417905/2sBXVKABhE

The Postman collection includes detailed information on the supported endpoints, authentication
requirements, expected parameters, and example requests that enable users to retrieve and interpret
regional DATS impact results, cost and benefit outputs,eggded sustainability indicators, and
associated environmental statistics. Additional screenshots and usage examples are provided in
ANNEX B.

TripleStore access through the API
In the final v3.0 implementation, the tool exposes structured data to end users primarily through
TripleStorebacked API endpoints, enabling access to the underlying knowledge graph (e.g., Test
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Cases, regions, crop types, sustainability variables, and result datasets). Through the Postman interface,
users can directly query and retrieve outputs supporting the DATS Regional Impact functionality,
including endpoints such as:

O«

DatslimpactByCategory
CostAndRevenuelmpact
CostAndRevenuelmpactEnvironmentalKPlIs
AggregatedSustainabilityPerformancelndicators
AggregatedSustainabilityParameters

¢ O«

¢ O«

This approach supports direct data access and integration into external workflows (e.g., dashboards,
analytics pipelines, or reporting tools), without requiring intermediate publishing workflows.

OGC services for crop classification datasets (WCS/WMS)

Beyond the TripleStore endpoints, the final version additionally supports dissemination of crop
classification GeoTIFF products through O@@mnpliant services. In particular, users can retrieve
raster coverages using WCS (Web Coverage Service) requegitingrdownload of the underlying
GeoTIFF layers for further analysis in GIS tools (e.g., QGIS) or processing environments
(Python/GDAL).

At the same time, the same raster products are made available through WMS (Web Map Service) for
visualization purposes inside the Policy Monitoring Tool web interface (Ldzdstd map view). This
dual provision ensures both interactive visual explorgigmS) and datdevel reuse (WCS).

OGC publication is implemented through MapServer using a dedicated mapfile configuration that
serves GeoTlFF products dynamically. The raster
WMS Servero and supports EPSG: 4326 and EPSG: 3857

In the final configuration, separate annual layers are defined (e.g., tiff_layer 2022, tiff layer 2023,
tiff_layer_2024, tiff_layer_2025) and styled to provide clear visual distinction across years
(e.g.,blue/orange/purple).

The service also implements:

0 Dynamic raster input selection via a validated TIFF_NAME parameter (restricted to safe
filename patterns by region, year and croptype)

No data handling to ensure transparent rendering eialid pixels

Colour and opacity rules to present only meaningful raster values while hiding backgreund/no

data cells

O¢ O«

This configuration allows the web application to render crop classification rasters directly in Leaflet,
while also supporting data extraction through WCS requests. Overall, the final implementation
improves accessibility and transparency for end usersllowing both structured results retrieval
(API/TripleStore) and geospatial raster reuse (WCS/WMS) in a unified and practical way, aligned with
the operational needs of the Policy Monitoring Tool.
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5 Conclusions

This deliverablgresentshe final and complete release of the QuantiFarm Tools for DATSs assessment
and policy monitoring, developed within WP3 of the QuantiFarm project. The work reported here
consolidates the design, implementation, and integration of a coherent suite dleragftware
components that support the quantitative and qualitative assessment of Digital Agriculture Technology
Solutions (DATSs) under real farming conditions.

The QuantiFarm toolkit now provides a comprehensive and interoperable set of tools addressing the
needs of different stakeholder groups, including farmers, advisors, and policy makers. These include
the DATS Recommendation Tool, the Cost & Benefit CalonJathe Benchmarking Tool, the
Advanced Decision Support Tool, the Policy Monitoring Tool, and the DATS Assessment Engine.
Together, these components cover the full assessment chain: from data collection and harmonisation,
to performance indicator calculah, to economic evaluation, benchmarking, decision support, and
policy-level monitoring and visualisation.

A key achievement of this final release is the operationalisation of the QuantiFarm Assessment
Framework through the DATS Assessment Engine, which automates data processing and indicator
calculation and makes both groumdth evidence and assessment itasdirectly available to the rest

of the toolkit. This significantly reduces manual effort, improves consistency and transparency, and
enables more advanced, ddtéven decision support functionalities across the tools. The integration
with the QuantiFarndata platform and the Common Semantic Model further ensures interoperability,
reusability, and semantic consistency of the data and services.

The tools have been populated and validated using empirical evidence from the QuantiFarm Test Cases
across multiple countries, sectors, and production systems. In particular, the Cost & Benefit Calculator
and the Policy Monitoring Tool now rely on fielibsed data and harmonised indicators, strengthening

the credibility and practical relevance of the results provided to end users. The Policy Monitoring Tool,

in turn, demonstrates how aggregated and anonymisedldaai data can be transformed into
meaningtll regional indicators and visual analytics to support evidéased policy design and
monitoring.

Overall, this deliverable marks the completion of the WP3 objectives by providing a mature, integrated,
and fully functional toolkit for the assessment of DATSs. The QuantiFarm Tools are delivered as
reusable, sel€ontained software components with docuated interfaces and deployment options,
ensuring their applicability beyond the lifetime of the project. This final version reflects the
consolidation of the technical work carried out throughout the project and provides a stable and robust
basis for the xploitation and longerm use of the QuantiFarm results by the wider agricultural and
policy-making communities.
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ANNEX A

The most wupo-date version of the QCSM (ontology) is available here:
https://gitlab.com/QuantiFarm/qcsm
The QCSM in M30 of the QuantiFarm project serialized in TTL format:

# baseURI: https://quantifarm.eu/ontology/
# imports: https://www.tno.nl/agrifood/ontology/ploutos/common
# prefix: gcsm

@prefix : <https://quantifarm.eu/ontology/> .

@prefix dcterms: <http://purl.org/dc/terms/> .

@prefix owl: <http://lwww.w3.0rg/2002/07/owl#> .

@prefix ploutos: <https://www.tno.nl/agrifood/ontology/ploutos/common#> .
@prefix gcsm: <https://quantifarm.eu/ontology/> .

@prefix rdf: <http://www.w3.0rg/1999/02/22 - rdf -syntax -ns#>.
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf - schema#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

gcsm:
rdf:type owl:Ontology ;
dcterms:title "QuantiFarm Common Semantic Model" ;

owl:imports <https://www.tno.nl/agrifood/ontology/ploutos/common> ;

gcsm:AdditionalAnimalinformation

rdf:type owl:Class ;

rdfs:comment  "Additional animal information that influences the assessment of the
performance of the cultivation in the specific year" ;

rdfs:label "Additional Animal Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:AdditionalFieldsInformation
rdf:type owl:Class ;
rdfs:comment "Additional fields information of any kind with a field name and value"

rdfs:label "Additional Fields Information" ;
rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:AdditionalLabourinformation

rdf:type owl:Class ;

rdfs:comment "Additional labour - related information that influences the assessment
of the performance of the cultivation in the specific year" ;

rdfs:label "Additional Labour Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:AgrifoodChainActor_1
rdf:type ploutos:AgrifoodChainActor ;
rdfs:label "Agrifood chain actor 1" ;

gcsm:Assessmentinformation
rdf:type owl:Class ;
rdfs:comment "Assessment information about cultivation on a parcel with or without
DATSs. When the assessment information is about a parcel with DATSSs, instances of
this class should have at least 1 qcsm:hasDatsUsed property value." ;
rdfs:label "Assessment Information" ;
rdfs:subClassOf gcsm:Testcaselnformation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasDatsUsed ;

I;

PNC KA & LINR2SOG KFa NBOSA@SR FdyRAy3 FNR' 76
LA innovation programme under grant agreement No 101059700


https://gitlab.com/QuantiFarm/qcsm

D3.5 Tools for DATSs Assessment and Policy Monitoringfinal version

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasDrugsUsagelnformation ;

|
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasFeedUsagelnformation ;
1
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasFertilizersUsagelnformation ;

1
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasFuelForTemperatureControlinformation ;
I
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "0""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasPesticidesUsagelnformation ;

I;

gcsm:BiogeographicalRegion

rdf:type owl:Class ;

rdfs:comment "A class to decsribe several different biogeographical regions such
as: alpine, arctic, atlantic, desert, etc. see: https://www.eea.europa.eu/data
maps/figures/biogeographical -regions -in - europe -2"@en ;

rdfs:label "Biogeographical region"@en ;

rdfs:subClassOf owl:Thing ;

gcsm:DatsInformation
rdf:type owl:Class ;
rdfs:comment "Generic information of a DATS being applied in a QuantiFarm testcase”

rdfs:label "Dats Information” ;
rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:DigitalAgriculturalTechnology

rdf:type owl:Class ;

rdfs:comment "A Digital Agricultural Technology (DAT) is a digital technology that
is used mainly in agriculture." ;

rdfs:label "Digital Agricultural Technology" ;

gcsm:DrugsUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of drugs during the cultivation in the
specific year" ;

rdfs:label "Drugs Usage Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:Economiclnformation

rdf:type owl:Class ;

rdfs:comment "Economic information about the performance of the cultivation in the
specific year" ;

rdfs:label "Economic Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:EconomicSustainability
rdf:type owl:Class ;
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rdfs:label "Economic sustainability” ;

gcsm:ElectricityUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of electricity during the cultivation in
the specific year" ;

rdfs:label "Electricity Usage Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:EnvironmentalSustainability
rdf:type owl:Class ;
rdfs:label "Environmental sustainability" ;

gcsm:Farminformation

rdf:type owl:Class ;

rdfs:comment "Generic information about the farm where the parcel in the testcase
is located" ;

rdfs:label "Farm Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:FeedUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of feed during the cultivation in the
specific year" ;

rdfs:label "Feed Usage Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:FertilizerUsagelnformation

rdf:type owl:Class ;

rdfs:comment  "Information about the usage of fertilizers during the cultivation in
the specific year" ;

rdfs:label "Fertilizer Usage Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:FuelForTempControlUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of fuel for temperature control during
the cultivation in the specific year" ;

rdfs:label "Fuel For Temp Control Usage Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:FuelUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of fuel during the cultivation in the
specific year" ;

rdfs:label "Fuel Usage Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:Labourinformation

rdf:type owl:Class ;

rdfs:comment "Information about the amount of labour used for various tasks during
the cultivation in the specific year" ;

rdfs:label "Labour Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:Marketinformation

rdf:type owl:Class ;

rdfs:comment "General market information that influences the costs and benefits of
the cultivation in the specific year" ;

rdfs:label "Market Information" ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:Outputinformation
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rdf:type owl:Class ;

rdfs:comment "Information about the output production of the cultivation in the
specific year" ;

rdfs:label "Output Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:ParcelComparison
rdf:type owl:Class ;
rdfs:comment "Assessment information of two parcels, one with using the DATSs and
one without using the DATSs" ;
rdfs:label "Parcel Comparison” ;
rdfs:subClassOf gcsm:Testcaselnformation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasParcelAssessmentWithDATS ;
I
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:cardinality "1"~xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasParcelAssessmentWithoutDATS ;

I;

gcsm:Parcellnformation

rdf:type owl:Class ;

rdfs:comment "Generic information about the parcel in the QuantiFarm testcase
(elements filled with a value depending on type of cultivation)” ;

rdfs:label "Parcel Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:PesticideUsagelnformation

rdf:type owl:Class ;

rdfs:comment  "Information about the usage of pesticides during the cultivation in
the specific year" ;

rdfs:label "Pesticide Usage Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:SocialSustainability
rdf:type owl:Class ;
rdfs:label "Social sustainability" ;

gcsm:TechnologyProvider

rdf:type owl:Class ;

rdfs:comment "The class represents all companies that provide technology for
agrifood chain actors, especially focused on digital agricultural technologies" ;

rdfs:label "Technology provider" ;

rdfs:subClassOf ploutos:AgrifoodChainActor ;

gcsm:Testcase
rdf:type owl:Class ;
rdfs:comment "The class represents all testcases that assess the usage of a
gcsm:DigitalAgriculturalTechnology on a farm for a number of periods of (usually) a
year." ;
rdfs:label "Test case" ;
rdfs:subClassOf owl:Thing ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "1""xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasDatsInformation ;
I
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "1""xsd:nonNegativelnteger ;
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owl:onProperty gcsm:hasYearlyAssessmentinformation ;

I;

gcsm:Testcaselnformation

rdf:type owl:Class ;

rdfs:comment "The class represents all kinds of information about testcases that
assess the usage of one or more gcsm:DigitalAgriculturalTechnology on parcels of
farms for a number of periods of (usually) a year" ;

rdfs:label "Test case information” ;

rdfs:subClassOf owl:Thing ;

gcsm:WaterUsagelnformation

rdf:type owl:Class ;

rdfs:comment "Information about the usage of water during the cultivation in the
specific year" ;

rdfs:label "Water Usage Information” ;

rdfs:subClassOf gcsm:Testcaselnformation ;

gcsm:YearlyAssessmentinformation
rdf:type owl:Class ;
rdfs:comment "Assessmentinformation with parcel comparisons and market information
for a single year" ;
rdfs:label "Yearly Assessment Information” ;
rdfs:subClassOf gcsm:Testcaselnformation ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:minCardinality "1"*xsd:nonNegativelnteger ;
owl:onProperty gcsm:hasParcelComparison ;

I;

gcsm:canBeUsedToCultivateCropType

rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the type of crop that can be cultivated by
using this gcsm:DigitialAgriculturalTechnology {@en}. Examples of types are: arable,
vegetables, orchards, fruits, but also simply all." ;

rdfs:domain gcsm:DigitalAgriculturalTechnology ;

rdfs:label "can be used to cultivate crop type" ;

rdfs:range xsd:string ;

gcsm:canBeUsedToCultivateLifestockType

rdf:type owl:DatatypeProperty ;

rdfs:comment  "This property indicates the type of lifestock that can be cultivated
by using this gcsm:DigitialAgriculturalTechnology {@en}. Examples of types are:
cattle, pigs, dairy, goat, sheep.”;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "can be used to cultivate lifestock type" ;

rdfs:range xsd:string ;

gcsm:hasAdditionalAnimallnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Additional animal information that influences the assessment of the
performance of the cultivation in the specific year" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has additional animal information" ;

rdfs:range gcsm:AdditionalAnimallnformation ;

gcsm:hasAdditionalFieldsIinformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Additional field information of any kind" ;
rdfs:domain qcsm:Assessmentinformation ;
rdfs:label "has additional fields information" ;
rdfs:range gcsm:AdditionalFieldsinformation ;
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gcsm:hasAdditionalLabourlnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Additional labour - related information that influences the assessment
of the performance of the cultivation in the specific year" ;

rdfs:domain qcsm:Assessmentinformation ;

rdfs:label "has additional labour information” ;

rdfs:range gcsm:AdditionalLabourlnformation ;

gcsm:hasAdditionalRevenues
rdf:type owl:DatatypeProperty ;
rdfs:comment"Additional revenues in Euros per hectare generated during the specific

year";
rdfs:domain gcsm:Economiclnformation ;
rdfs:label "has additional revenues" ;

rdfs:range xsd:decimal ;

gcsm:hasAnnualFees

rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the fees that need to be paid yearly to make
use of a DAT in Euros."@en ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has annual fees" ;

rdfs:range xsd:decimal ;

gcsm:hasAquacultureArea
rdf:type owl:DatatypeProperty ;
rdfs:comment "The area on the parcel used for aquaculture in square meters" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has aquaculture area" ;
rdfs:range xsd:decimal ;

gcsm:hasAverageNitrogenQuantity

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average nitrogen (N) quantity of the fertilizer in kg per hectare
that is used during one treatment” ;

rdfs:domain gcsm:FertilizerUsagelnformation ;

rdfs:label "has average nitrogen quantity" ;

rdfs:range xsd:decimal ;

gcsm:hasAveragePhosphorusQuantity

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average phosphorus (P) quantity of the fertilizer in kg per
hectare that is used during one treatment” ;

rdfs:domain qcsm:FertilizerUsagelnformation ;

rdfs:label "has average phosphorus quantity" ;

rdfs:range xsd:decimal ;

gcsm:hasAveragePotassiumQuantity

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average postassium (K) quantity of the fertilizer in kg per
hectare that is used during one treatment" ;

rdfs:domain qcsm:FertilizerUsagelnformation ;

rdfs:label "has average potassium quantity" ;

rdfs:range xsd:decimal ;

gcsm:hasAverageProfessionalSalary

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average salary of a professional (agronomist, veterinary) in
Euros per hour in the specific year of the cultivation" ;

rdfs:domain gcsm:Marketinformation ;

rdfs:label "has average professional salary” ;

rdfs:range xsd:decimal ;
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gcsm:hasAverageQuantity

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The average quantity of the pesticide in kg per hectare that is used
during one treatment" ;

rdfs:domain qcsm:FertilizerUsagelnformation ;

rdfs:domain gcsm:PesticideUsagelnformation ;

rdfs:label "has average quantity” ;

rdfs:range xsd:decimal ;

gcsm:hasAverageSalary

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The average salary of an employee in Euros per hour in the specific
year of the cultivation" ;

rdfs:domain gcsm:Marketinformation ;

rdfs:label "has average salary" ;

rdfs:range xsd:decimal ;

gcsm:hasBenefits
rdf:type owl:DatatypeProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "has benefits" ;
rdfs:range xsd:string ;

gcsm:hasBiogeographicalRegion
rdf:type owl:DatatypeProperty ;
rdfs:comment "The biogeographical region in which the farm is located" ;
rdfs:domain qcsm:Farminformation ;
rdfs:label "has biogeographical region” ;
rdfs:range xsd:string ;

gcsm:hasBulkDensity
rdf:type owl:DatatypeProperty ;
rdfs:comment "The bulk density of the parcel in kg/dm3 or g/cm3" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has bulk density" ;
rdfs:range xsd:decimal ;

gcsm:hasCalvesDiedInFirst24Hours

rdf:type owl:DatatypeProperty ;

rdfs:comment "The number of calves that died in the first 24 hours after birth in
the specific year" ;

rdfs:domain gcsm:AdditionalAnimalinformation ;

rdfs:label "has calves died in first24 hours" ;

rdfs:range xsd:decimal ;

gcsm:hasCostStructure

rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property indicates the cost structure that is used by the
provider of a DAT to get paid for by the customer. It does not contain the actual
costs that need to be paid to buy/use the DAT." ;

rdfs:comment"2: Examples are: Free, Free trial period available, Setup cost, Annual
service cost, For clients, Free basic version and premium fee
Maintenance cost" ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has cost structure” ;

rdfs:range xsd:string ;

gcsm:hasCropMarketPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price on the market for the crop in Euros per ton" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has crop market price" ;
rdfs:range xsd:decimal ;
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gcsm:hasCropProduction
rdf:type owl:DatatypeProperty ;
rdfs:comment "The crop production in tons in the specific year" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has crop production” ;
rdfs:range xsd:decimal ;

gcsm:hasCultivationType

rdf:type owl:DatatypeProperty ;

rdfs:comment "The type of agricultural cultivation that is executed in the
QuantiFarm testcase" ;

rdfs:domain qcsm:Testcase ;

rdfs:label "has cultivation type" ;

rdfs:range xsd:string ;

gcsm:hasCultivationYear
rdf:type owl:DatatypeProperty ;
rdfs:comment "The calendar year for which the assessment has been done" ;
rdfs:domain gcsm:YearlyAssessmentinformation ;
rdfs:label "has cultivation year" ;
rdfs:range xsd:string ;

gcsm:hasDatsAnnualFees
rdf:type owl:DatatypeProperty ;
rdfs:comment "The annual fees to remain using the DATS in Euros per year" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats annual fees" ;
rdfs:range xsd:decimal ;

gcsm:hasDatsExpectedLifespan
rdf:type owl:DatatypeProperty ;
rdfs:comment "The expected life span for using the DATS in whole years" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats expected lifespan” ;
rdfs:range xsd:integer ;

gcsm:hasDatsInformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Generic information of a DATS being applied in the QuantiFarm
testcase” ;

rdfs:domain qcsm:Testcase ;

rdfs:label "has dats information” ;

rdfs:range gcsm:DatsInformation ;

gcsm:hasDatslInitiallnvestmentCosts
rdf:type owl:DatatypeProperty ;
rdfs:comment "The initial costs for purchasing the DATS in Euros" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats initial investment costs" ;
rdfs:range xsd:decimal ;

gcsm:hasDatslInstallationTime
rdf:type owl:DatatypeProperty ;
rdfs:comment "The expected time needed to install the DATS in days" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats installation time" ;
rdfs:range xsd:decimal ;

gcsm:hasDatsMaintenanceCosts
rdf:type owl:DatatypeProperty ;
rdfs:comment "The costs for maintaining the DATS in Euros per year" ;
rdfs:domain gcsm:DatsInformation ;
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rdfs:label "has dats maintenance costs" ;
rdfs:range xsd:decimal ;

gcsm:hasDatsName
rdf:type owl:DatatypeProperty ;
rdfs:comment "The unique name of the DATS in the QuantiFarm testcase" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats name" ;
rdfs:range xsd:string ;

gcsm:hasDatsTrainers
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of people involved in the training of users of the DATS"
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats trainers" ;
rdfs:range xsd:integer ;

gcsm:hasDatsTrainingCosts
rdf:type owl:DatatypeProperty ;
rdfs:comment "The costs for training the users of the DATS in Euros" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats training costs" ;
rdfs:range xsd:decimal ;

gcsm:hasDatsTrainingTime
rdf:type owl:DatatypeProperty ;
rdfs:comment "The expected time needed to train the users of the DATS in hours" ;
rdfs:domain gcsm:DatsInformation ;
rdfs:label "has dats training time" ;
rdfs:range xsd:decimal ;

gcsm:hasDatsUsed

rdf:type owl:DatatypeProperty ;

rdfs:comment "Name of a DATS being used on a parcel for which this assessment
information is gathered" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has dats used" ;

rdfs:range xsd:string ;

gcsm:hasDescription
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has description" ;
rdfs:range xsd:string ;

gcsm:hasDigitalForm
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has digital form" ;
rdfs:range xsd:string ;

gcsm:hasDrugsUsagelnformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Usage information of a drug used on the parcel” ;
rdfs:domain gcsm:Assessmentinformation ;
rdfs:label "has drugs usage information" ;
rdfs:range qcsm:DrugsUsagelnformation ;

gcsm:hasEconomiclnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Economic information about the performance of the cultivation in the
specific year" ;
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rdfs:domain gcsm:Assessmentinformation ;
rdfs:label "has economic information” ;
rdfs:range gcsm:Economiclnformation ;

gcsm:hasElectricityPrice

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average price of electricity in Euros per kWh in the specific
year of the cultivation" ;

rdfs:domain gcsm:Marketinformation ;

rdfs:label "has electricity price" ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForCalvingDetection

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of electricity used for calving detection in kWh per
hectare in the specific year of the cultivation” ;

rdfs:domain qcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for calving detection” ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForFeeding

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of electricity used for feeding in kWh per hectare in the
specific year of the cultivation” ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for feeding" ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForHeatDetection

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of electricity used for heat detection in kWh per hectare
in the specific year of the cultivation" ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for heat detection” ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForlrrigation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of electricity used for irrigation in KWh per hectare in
the specific year of the cultivation" ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for irrigation" ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForMilking

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of electricity used for milking in kWh per hectare in the
specific year of the cultivation” ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for milking” ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsageForTemperatureHumidityControl

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The amount of electricity used for temperature and humidity control
in kWh per hectare in the specific year of the cultivation" ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has electricity usage for temperature humidity control" ;

rdfs:range xsd:decimal ;

gcsm:hasElectricityUsagelnformation
rdf:type owl:ObjectProperty ;
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rdfs:comment "Information about the usage of electricity during the cultivation in
the specific year" ;

rdfs:domain qcsm:Assessmentinformation ;

rdfs:label "has electricity usage information” ;

rdfs:range qcsm:ElectricityUsagelnformation ;

gcsm:hasEndMonth
rdf:type owl:DatatypeProperty ;
rdfs:comment "The month in the calendar year in which the cultivation ended" ;
rdfs:domain gcsm:Parcellnformation ;
rdfs:label "has end month" ;
rdfs:range xsd:string ;

gcsm:hasExpectedLifespan

rdf:type owl:DatatypeProperty ;

rdfs:comment "this property indicates the expected lifespan of a DAT in number of
years, which can be a non - integer" ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has expected lifespan” ;

rdfs:range xsd:decimal ;

gcsm:hasFarminformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Generic information of the farm at which the parcel that is assessed
is situated" ;

rdfs:domain qcsm:Assessmentinformation ;

rdfs:label "has farm information" ;

rdfs:range qcsm:Farminformation ;

gcsm:hasFarmNumber
rdf:type owl:DatatypeProperty ;
rdfs:comment "Number of the farm the is unique in the QuantiFarm testcase" ;
rdfs:domain qcsm:Farminformation ;
rdfs:label "has farm number" ;
rdfs:range xsd:integer ;

gcsm:hasFeedUsagelnformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Usage information of a feed used on the parcel" ;
rdfs:domain gcsm:Assessmentinformation ;
rdfs:label "has feed usage information" ;
rdfs:range gcsm:FeedUsagelnformation ;

gcsm:hasFertilizersUsagelnformation
rdf:type owl:ObjectProperty ;
rdfs:comment  "Usage information of a fertilizer used on the parcel" ;
rdfs:domain gcsm:Assessmentinformation ;
rdfs:label "has fertilizers usage information” ;
rdfs:range qcsm:FertilizerUsagelnformation ;

gcsm:hasFieldName
rdf:type owl:DatatypeProperty ;
rdfs:comment "The name of the field" ;
rdfs:domain gcsm:AdditionalFieldsinformation ;
rdfs:label "has field name" ;
rdfs:range xsd:string ;

gcsm:hasFieldVvalue
rdf:type owl:DatatypeProperty ;
rdfs:comment "The value of the field also as a string that can contain anything" ;
rdfs:domain gcsm:AdditionalFieldsinformation ;
rdfs:label "has field value" ;
rdfs:range xsd:string ;
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gcsm:hasFuelForTemperatureControlinformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Usage information of a fuel for temperature control" ;
rdfs:domain qcsm:Assessmentinformation ;
rdfs:label "has fuel for temperature control information" ;
rdfs:range qcsm:FuelForTempControlUsagelnformation ;

gcsm:hasFuelPrice

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average price of fuel in Euros per liter in the specific year of
the cultivation" ;

rdfs:domain gcsm:Marketinformation ;

rdfs:label "has fuel price" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForBeehivesVisits

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for beehives visits in liters per hectare in
the specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for beehives visits" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForFeeding

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for feeding in liters
specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for feeding" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForFertilisation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for fertilisation in liters per hectare in
the specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for fertilisation" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForlrrigation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for irrigation in liters per hectare in the
specific year of the cultivation” ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for irrigation" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForMilking

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for milking in liters per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for milking" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForPesticides

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for pesticides in liters per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for pesticides" ;

rdfs:range xsd:decimal ;
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gcsm:hasFuelUsageForPruning

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for pruning in liters per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for pruning" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForSowing

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for sowing or planting in liters per hectare
in the specific year of the cultivation” ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for sowing" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForTemperatureHumidityControl

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for temperature and humidity control in liters
per hectare in the specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for temperature humidity control” ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsageForTransportingOysters

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of fuel used for transporting oysters to the laboratory
in liters per hectare in the specific year of the cultivation" ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has fuel usage for transporting oysters" ;

rdfs:range xsd:decimal ;

gcsm:hasFuelUsagelnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Information about the usage of fuel during the cultivation in the
specific year" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has fuel usage information" ;

rdfs:range gcsm:FuelUsagelnformation ;

gcsm:hasFunctionality
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has functionality" ;
rdfs:range xsd:string ;

gcsm:hasHerdSize
rdf:type owl:DatatypeProperty ;
rdfs:comment "The average herd size during the specific year" ;
rdfs:domain gcsm:AdditionalAnimallnformation ;
rdfs:label "has herd size" ;
rdfs:range xsd:decimal ;

gcsm:hasHoneyMarketPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price on the market for the honey in Euros per kg" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has honey market price" ;
rdfs:range xsd:decimal ;

gcsm:hasHoneyProduction
rdf:type owl:DatatypeProperty ;
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rdfs:comment  "The honey production in kg in the specific year" ;
rdfs:domain gcsm:Outputinformation ;

rdfs:label "has honey production” ;

rdfs:range xsd:decimal ;

gcsm:hasHumidity

rdf:type owl:DatatypeProperty ;

rdfs:comment "The (average?) humidity in percentage of the air during the specific
year";

rdfs:domain gcsm:Economiclnformation ;

rdfs:label "has humidity" ;

rdfs:range xsd:decimal ;

gcsm:haslinitiallnvestmentCosts

rdf:type owl:DatatypeProperty ;

rdfs:comment  "This property expresses the amount of money that has to be paid to
purchase or start using the DAT in Euros."@en ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has initial investment costs" ;

rdfs:range xsd:decimal ;

gcsm:haslinstallationTime

rdf:type owl:DatatypeProperty ;

rdfs:comment "this property indicates the time needed to install a DAT in nhumber
of days, which can be a non - integer."@en ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has installation time" ;

rdfs:range xsd:decimal ;

gcsm:hasKeyword
rdf:type owl:DatatypeProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "has keyword" ;
rdfs:range xsd:string ;

gcsm:hasLabourForAdministration

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for administrative
activities, data collection etc. during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for administration" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForBeehiveVisits

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for beehive visits during
the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for beehive visits" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForCalvingDetection

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for calving detection
during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for calving detection" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForCleaning

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for cleaning during the
cultivation in the specific year" ;
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rdfs:domain gcsm:Labourlnformation ;
rdfs:label "has labour for cleaning" ;
rdfs:range xsd:decimal ;

gcsm:hasLabourForControllingPricesAndQuantities

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for controlling purchase
and sale prices and quantities during the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for controlling prices and quantities” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForFeeding

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The amount of labour in hours that was used for feeding during the
cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for feeding" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForFertilisation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for fertilization during
the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for fertilisation" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForFieldVisits

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for field visits during
the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for field visits" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForGrainQualityAssessment

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for assessing grain
quality during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for grain quality assessment" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForGreenhouseManagement

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for greenhouse management
during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for greenhouse management" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForHarvesting

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for harvesting during
the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for harvesting" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForHeatDetection
rdf:type owl:DatatypeProperty ;
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rdfs:comment "The amount of labour in hours that was used for heat detection during
the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for heat detection” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForlrrigation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for irrigation during
the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for irrigation” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForMilkQualityAssessment

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for assessing milk quality
during the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for milk quality assessment" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForMilking

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for milking during the
cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for milking" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForOrganisingLogistics

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for organizing logistics
during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourinformation ;

rdfs:label "has labour for organising logistics" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForOysterSampling

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for sampling of oysters
during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for oyster sampling" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForQysterTransportation

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The amount of labour in hours that was used for transporting oysters
to the laboratory during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for oyster transportation” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForPesticides

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for pesticides during
the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for pesticides" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForPigstyManagement
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rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for pigsty management
during the cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for pigsty management" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForPruning

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for pruning during the
cultivation in the specific year" ;

rdfs:domain qcsm:Labourlnformation ;

rdfs:label "has labour for pruning"” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForQuantity Tracking

rdf:type owl:DatatypeProperty ;

rdfs:comment  "The amount of labour in hours that was used for tracking the quantity
of grain available in a silo during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for quantity tracking" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForSowingOrPlanting

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for sowing or planting
during the cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for sowing or planting” ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForStableVisits

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for stable visits during
the cultivation in the specific year" ;

rdfs:domain gcsm:Labourinformation ;

rdfs:label "has labour for stable visits" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourForStorage

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of labour in hours that was used for storage during the
cultivation in the specific year" ;

rdfs:domain gcsm:Labourlnformation ;

rdfs:label "has labour for storage" ;

rdfs:range xsd:decimal ;

gcsm:hasLabourinformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Information about the amount of labour used for various tasks during
the cultivation in the specific year" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has labour information” ;

rdfs:range gcsm:Labourinformation ;

gcsm:hasLaunchYear
rdf:type owl:DatatypeProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "has launch year" ;
rdfs:range xsd:gYear ;

gcsm:hasLivestockUnits
rdf:type owl:DatatypeProperty ;
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rdfs:comment "The livestock units on the parcel per hectare" ;
rdfs:domain qcsm:Parcellnformation ;

rdfs:label "has livestock units" ;

rdfs:range xsd:decimal ;

gcsm:hasMaintenanceCosts

rdf:type owl:DatatypeProperty ;

rdfs:comment "This property indicates the costs per year for maintaining a DAT.
For a hardware DAT this comes down to yearly maintenance of the equipment. For a
software DAT it means costs for making an upgrade of the software."@en ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "has maintenance costs" ;

rdfs:range xsd:decimal ;

gcsm:hasMarketlnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "General market information that influences the costs and benefits of
the cultivation in the specific year" ;

rdfs:domain gcsm:YearlyAssessmentinformation ;

rdfs:label "has market information" ;

rdfs:range gcsm:Marketinformation ;

gcsm:hasMeatMarketPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price on the market for the meat in Euros per ton" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has meat market price" ;
rdfs:range xsd:decimal ;

gcsm:hasMeatProduction
rdf:type owl:DatatypeProperty ;
rdfs:comment "The meat production in tons in the specific year" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has meat production" ;
rdfs:range xsd:decimal ;

gcsm:hasMilkMarketPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price on the market for the milk in Euros per liter" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has milk market price" ;
rdfs:range xsd:decimal ;

gcsm:hasMilkProduction
rdf:type owl:DatatypeProperty ;
rdfs:comment "The milk production in liters in the specific year" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has milk production” ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfAnimals
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of animals on the parcel” ;
rdfs:domain gcsm:Parcellnformation ;
rdfs:label "has number of animals" ;
rdfs:range xsd:integer ;

gcsm:hasNumberOfBeehives
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of beehives on the parcel";
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has number of beehives" ;
rdfs:range xsd:decimal ;
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gcsm:hasNumberOfCowsWithHighSCCMilk
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of cows producing high SCC milk" ;
rdfs:domain gcsm:AdditionalAnimallinformation ;
rdfs:label "has number of cows with high s ¢ ¢ milk" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfDaysWithPastureAccess
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of days during the year with access to pasture";
rdfs:domain gcsm:AdditionalAnimallinformation ;
rdfs:label "has number of days with pasture access" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfDeathAnimals
rdf:type owl:DatatypeProperty ;
rdfs:comment  "The number of death animals during the specific year" ;
rdfs:domain gcsm:AdditionalAnimallinformation ;
rdfs:label "has number of death animals" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfEmployees
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of employees that worked on the parcel" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has number of employees" ;
rdfs:range xsd:integer ;

gcsm:hasNumberOfFulfilledOrders
rdf:type owl:DatatypeProperty ;
rdfs:comment  "The number of on - time fulfilled orders in the specific year" ;
rdfs:domain gcsm:Economiclnformation ;
rdfs:label "has number of fulfilled orders" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfFulltimeEmployees
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of full - time employees that worked on the parcel” ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has number of fulltime employees” ;
rdfs:range xsd:integer ;

gcsm:hasNumberOfNewEmployeesHired
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of new employees hired in the specific year" ;
rdfs:domain gcsm:AdditionalLabourlnformation ;
rdfs:label "has number of new employees hired" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfNewlnjuryCases

rdf:type owl:DatatypeProperty ;

rdfs:comment "The number of new injury cases that occurred during the specific
year" ;

rdfs:domain gcsm:AdditionalLabourlnformation ;

rdfs:label "has number of new injury cases" ;

rdfs:range xsd:decimal ;

gcsm:hasNumberOfNewLocalEmployeesHired
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of new local employees hired in the specific year" ;
rdfs:domain gcsm:AdditionalLabourlnformation ;
rdfs:label "has number of new local employees hired" ;
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rdfs:range xsd:decimal ;

gcsm:hasNumberOfOrdersReceived
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of orders received in the specific year" ;
rdfs:domain gcsm:Economiclnformation ;
rdfs:label "has number of orders received" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfPlants
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of plants on the parcel";
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has number of plants" ;
rdfs:range xsd:integer ;

gcsm:hasNumberOfSeasonalEmployees
rdf:type owl:DatatypeProperty ;
rdfs:comment  "The number of seasonal employees that worked on the parcel" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has number of seasonal employees" ;
rdfs:range xsd:integer ;

gcsm:hasNumberOfTreatments

rdf:type owl:DatatypeProperty ;

rdfs:comment "The number of treatments with the pesticide on the parcel in the
specific year of the cultivation" ;

rdfs:domain qcsm:FertilizerUsagelnformation ;

rdfs:domain gcsm:PesticideUsagelnformation ;

rdfs:label "has number of treatments" ;

rdfs:range xsd:decimal ;

gcsm:hasNumberOfWorkingWeeks
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of working weeks in the specific year" ;
rdfs:domain gcsm:AdditionalLabourInformation ;
rdfs:label "has number of working weeks" ;
rdfs:range xsd:decimal ;

gcsm:hasNumberOfWrongOrders
rdf:type owl:DatatypeProperty ;
rdfs:comment "The number of wrong orders received in the specific year" ;
rdfs:domain gcsm:Economiclnformation ;
rdfs:label "has number of wrong orders" ;
rdfs:range xsd:decimal ;

gcsm:hasOutdoorLoafingArea
rdf:type owl:DatatypeProperty ;
rdfs:comment "The outdoor loafing area during the specific year" ;
rdfs:domain gcsm:AdditionalAnimalinformation ;
rdfs:label "has outdoor loafing area" ;
rdfs:range xsd:decimal ;

gcsm:hasOutputinformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Information about the output production of the cultivation in the
specific year" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has output information” ;

rdfs:range gcsm:Outputinformation ;

gcsm:hasOysterMarketPrice
rdf:type owl:DatatypeProperty ;
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rdfs:comment  "The price on the market for the oysters in Euros per piece" ;
rdfs:domain gcsm:Outputinformation ;

rdfs:label "has oyster market price" ;

rdfs:range xsd:decimal ;

gcsm:hasOysterProduction
rdf:type owl:DatatypeProperty ;
rdfs:comment "The oyster production as the number of oysters in the specific year"

rdfs:domain qcsm:Outputinformation ;
rdfs:label "has oyster production” ;
rdfs:range xsd:decimal ;

gcsm:hasParcelAssessmentWithDATS
rdf:type owl:ObjectProperty ;
rdfs:comment "The assessment information of the parcel with using the DATSs" ;
rdfs:domain gcsm:ParcelComparison ;
rdfs:label "has parcel assessmentwithd ats";
rdfs:range gcsm:Assessmentinformation ;

gcsm:hasParcelAssessmentWithoutDATS
rdf:type owl:ObjectProperty ;
rdfs:comment "The assessment information of the parcel with using the DATSs" ;
rdfs:domain gcsm:ParcelComparison ;
rdfs:label "has parcel assessment withoutd ats";
rdfs:range gcsm:Assessmentinformation ;

gcsm:hasParcelComparison

rdf:type owl:ObjectProperty ;

rdfs:comment "Assessment information of two parcels, one with using the DATSs and
one without using the DATSs" ;

rdfs:domain gcsm:YearlyAssessmentinformation ;

rdfs:label "has parcel comparison" ;

rdfs:range gqcsm:ParcelComparison ;

gcsm:hasParcelDimension
rdf:type owl:DatatypeProperty ;
rdfs:comment "The dimension or area of the parcel in hectares" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has parcel dimension" ;
rdfs:range xsd:decimal ;

gcsm:hasParcellnformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Generic information of the parcel that is assessed" ;
rdfs:domain qcsm:Assessmentinformation ;
rdfs:label "has parcel information" ;
rdfs:range gcsm:Parcellnformation ;

gcsm:hasParcelName
rdf:type owl:DatatypeProperty ;
rdfs:comment "The name of the parcel" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has parcel name" ;
rdfs:range xsd:string ;

gcsm:hasPercentageProteininDryMatter

rdf:type owl:DatatypeProperty ;

rdfs:comment "The percentage protein achieved in dry matter produced during the
specific year" ;

rdfs:domain gcsm:Economiclnformation ;

rdfs:label "has percentage protein in dry matter" ;

rdfs:range xsd:decimal ;
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gcsm:hasPesticidesUsagelnformation
rdf:type owl:ObjectProperty ;
rdfs:comment "Usage information of a pesticide used on the parcel" ;
rdfs:domain qcsm:Assessmentinformation ;
rdfs:label "has pesticides usage information” ;
rdfs:range qcsm:PesticideUsagelnformation ;

gcsm:hasProductMarketPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price on the market for the product in Euros per ton" ;
rdfs:domain qcsm:Outputinformation ;
rdfs:label "has product market price" ;
rdfs:range xsd:decimal ;

gcsm:hasProductName
rdf:type owl:DatatypeProperty ;
rdfs:comment "The name of the fuel product” ;
rdfs:domain gcsm:DrugsUsagelnformation ;
rdfs:domain gcsm:FeedUsagelnformation ;
rdfs:domain qcsm:FertilizerUsagelnformation ;
rdfs:domain gcsm:FuelForTempControlUsagelnformation ;
rdfs:domain gcsm:PesticideUsagelnformation ;
rdfs:label "has product name" ;
rdfs:range xsd:string ;

gcsm:hasProductPrice
rdf:type owl:DatatypeProperty ;
rdfs:comment "The price of the product in Euros per m3";
rdfs:domain gcsm:DrugsUsagelnformation ;
rdfs:domain gcsm:FeedUsagelnformation ;
rdfs:domain qcsm:FertilizerUsagelnformation ;
rdfs:domain gcsm:FuelForTempControlUsagelnformation ;
rdfs:domain gcsm:PesticideUsagelnformation ;
rdfs:label "has product price" ;
rdfs:range xsd:decimal ;

gcsm:hasProductType
rdf:type owl:DatatypeProperty ;
rdfs:comment  "The type of product that is cultivated during the year on the parcel"

rdfs:domain qcsm:FertilizerUsagelnformation ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has product type" ;

rdfs:range xsd:string ;

gcsm:hasProvider
rdf:type owl:ObjectProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has provider” ;
rdfs:range gcsm:TechnologyProvider ;

gcsm:hasQuantity
rdf:type owl:DatatypeProperty ;
rdfs:comment "The quantity of the fuel in m3 that is used during the cultivation”

rdfs:domain gcsm:DrugsUsagelnformation ;

rdfs:domain qcsm:FeedUsagelnformation ;

rdfs:domain gcsm:FuelForTempControlUsagelnformation ;
rdfs:label "has quantity” ;

rdfs:range xsd:decimal ;

gcsm:hasSilosProduction
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rdf:type owl:DatatypeProperty ;

rdfs:comment "The silos production in kg in the specific year" ;
rdfs:domain qcsm:Outputinformation ;

rdfs:label "has silos production” ;

rdfs:range xsd:decimal ;

gcsm:hasSoilFractionClay
rdf:type owl:DatatypeProperty ;
rdfs:comment "The percentage of clay in the soil of the parcel" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has soil fraction clay" ;
rdfs:range xsd:decimal ;

gcsm:hasSoilFractionSand
rdf:type owl:DatatypeProperty ;
rdfs:comment "The percentage of sand in the soil of the parcel”;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has soil fraction sand" ;
rdfs:range xsd:decimal ;

gcsm:hasSoilFractionSilt
rdf:type owl:DatatypeProperty ;
rdfs:comment "The percentage of silt in the soil of the parcel” ;
rdfs:domain gcsm:Parcellnformation ;
rdfs:label "has soil fraction silt" ;
rdfs:range xsd:decimal ;

gcsm:hasSoilOrganicCarbon
rdf:type owl:DatatypeProperty ;
rdfs:comment "The percentage of organic carbon in the soil of the parcel" ;
rdfs:domain gcsm:Parcellnformation ;
rdfs:label "has soil organic carbon" ;
rdfs:range xsd:decimal ;

gcsm:hasStartMonth
rdf:type owl:DatatypeProperty ;
rdfs:comment "The month in the calendar year in which the cultivation started" ;
rdfs:domain qcsm:Parcellnformation ;
rdfs:label "has start month" ;
rdfs:range xsd:string ;

gcsm:hasSupportedLanguage
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has supported language" ;
rdfs:range xsd:string ;

gcsm:hasTargetAudience
rdf:type owl:ObjectProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has target audience" ;
rdfs:range ploutos:AgrifoodChainActor ;

gcsm:hasTestWeight
rdf:type owl:DatatypeProperty ;
rdfs:comment "Test weight of (?) in kg per hectoliter during the specific year" ;
rdfs:domain gcsm:Economiclnformation ;
rdfs:label "has test weight" ;
rdfs:range xsd:decimal ;

gcsm:hasTestcaseleader

rdf:type owl:DatatypeProperty ;
rdfs:comment "The name of the leader of the QuantiFarm testcase" ;
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rdfs:domain qcsm:Testcase ;
rdfs:label "has testcase leader" ;
rdfs:range xsd:string ;

gcsm:hasTestcaseNumber
rdf:type owl:DatatypeProperty ;
rdfs:comment "The unique number of the QuantiFarm testcase" ;
rdfs:domain qcsm:Testcase ;
rdfs:label "has testcase number" ;
rdfs:range xsd:integer ;

gcsm:hasTitle
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "has title" ;
rdfs:range xsd:string ;

gcsm:hasTotalElectricityUsage

rdf:type owl:DatatypeProperty ;

rdfs:comment "The total amount of electricity used in kWh per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:ElectricityUsagelnformation ;

rdfs:label "has total electricity usage" ;

rdfs:range xsd:decimal ;

gcsm:hasTotalFarmSize

rdf:type owl:DatatypeProperty ;

rdfs:comment "The total size of the farm area in square meters (possibly the under
water area in case of aquaculture)” ;

rdfs:domain gcsm:Farminformation ;

rdfs:label "has total farm size" ;

rdfs:range xsd:decimal ;

gcsm:hasTotalFuelUsage

rdf:type owl:DatatypeProperty ;

rdfs:comment "The total amount of fuel used in liters per hectare in the specific
year of the cultivation” ;

rdfs:domain gcsm:FuelUsagelnformation ;

rdfs:label "has total fuel usage" ;

rdfs:range xsd:decimal ;

gcsm:hasTotalNumberOfCalvesBorn
rdf:type owl:DatatypeProperty ;
rdfs:comment "The total number of calves born in the specific year" ;
rdfs:domain gcsm:AdditionalAnimallnformation ;
rdfs:label "has total number of calves born" ;
rdfs:range xsd:decimal ;

gcsm:hasTotalNumberOfLostWorkingHours

rdf:type owl:DatatypeProperty ;

rdfs:comment "The total number of hours that were lost due to occupational injuries
during the specific year" ;

rdfs:domain gcsm:AdditionalLabourlnformation ;

rdfs:label "has total number of lost working hours" ;

rdfs:range xsd:decimal ;

gcsm:hasTotalNumberOfWorkingHours
rdf:type owl:DatatypeProperty ;
rdfs:comment "The total number of working hours in the specific year" ;
rdfs:domain qcsm:AdditionalLabourlnformation ;
rdfs:label "has total number of working hours" ;
rdfs:range xsd:decimal ;
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gcsm:hasTotalWaterUsage

rdf:type owl:DatatypeProperty ;

rdfs:comment "The total amount of water used in liters per hectare in the specific
year of the cultivation" ;

rdfs:domain qcsm:WaterUsagelnformation ;

rdfs:label "has total water usage" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterPrice

rdf:type owl:DatatypeProperty ;

rdfs:comment "The average price of water in Euros per liter in the specific year
of the cultivation" ;

rdfs:domain gcsm:Marketinformation ;

rdfs:label "has water price" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsageForCleaning

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of water used for cleaning in liters per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:WaterUsagelnformation ;

rdfs:label "has water usage for cleaning" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsageForDrinking

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of water used for drinking in liters per hectare in the
specific year of the cultivation" ;

rdfs:domain gcsm:WaterUsagelnformation ;

rdfs:label "has water usage for drinking" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsageForFertigation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of water used for fertigation in liters per hectare in
the specific year of the cultivation" ;

rdfs:domain qcsm:WaterUsagelnformation ;

rdfs:label "has water usage for fertigation" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsageForlrrigation

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of water used for irrigation in liters per hectare in the
specific year of the cultivation” ;

rdfs:domain gcsm:WaterUsagelnformation ;

rdfs:label "has water usage for irrigation" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsageForPestDilution

rdf:type owl:DatatypeProperty ;

rdfs:comment "The amount of water used for pest dilution in liters per hectare in
the specific year of the cultivation" ;

rdfs:domain gcsm:WaterUsagelnformation ;

rdfs:label "has water usage for pest dilution" ;

rdfs:range xsd:decimal ;

gcsm:hasWaterUsagelnformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Information about the usage of water during the cultivation in the
specific year" ;

rdfs:domain gcsm:Assessmentinformation ;

rdfs:label "has water usage information” ;

rdfs:range gcsm:WaterUsagelnformation ;
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gcsm:hasWebPage
rdf:type owl:DatatypeProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "has webpage" ;
rdfs:range xsd:string ;

gcsm:hasYearlyAssessmentinformation

rdf:type owl:ObjectProperty ;

rdfs:comment "Assessmentinformation with parcel comparisons and market information
for a single year" ;

rdfs:domain qcsm:Testcase ;

rdfs:label "has yearly assessment information” ;

rdfs:range qcsm:YearlyAssessmentinformation ;

gcsm:isAppliedByFarm
rdf:type owl:ObjectProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "is applied by farm" ;
rdfs:range <https://saref.etsi.org/saref4agri/Farm> ;

gcsm:isAppliedOnParcel
rdf:type owl:ObjectProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "is applied on farm" ;
rdfs:range <https://saref.etsi.org/sarefdagri/Parcel> ;

gcsm:isParticipatingln
rdf:type owl:ObjectProperty ;
rdfs:domain <https://saref.etsi.org/sarefdagri/Parcel> ;
rdfs:label "is participating in" ;
rdfs:range qcsm:Testcase ;

gcsm:isTargetedTowardsAgriculturalSector
rdf:type owl:DatatypeProperty ;
rdfs:domain gcsm:DigitalAgriculturalTechnology ;
rdfs:label "is targeted towards agricultural sector" ;
rdfs:range xsd:string ;

gcsm:isTargetedTowardsCountry

rdf:type owl:ObjectProperty ;

rdfs:comment "The semantics of this property is that if a
gcsm:DigitialAgriculturalTechnology does NOT have this property instantiated it is
targeted to ANY country!"@en ;

rdfs:domain gqcsm:DigitalAgriculturalTechnology ;

rdfs:label "is targeted towards country” ;

rdfs:range <https://gsl.org/voc/Country> ;

gcsm:lastUpdateYear
rdf:type owl:DatatypeProperty ;
rdfs:domain gqcsm:DigitalAgriculturalTechnology ;
rdfs:label "last update year" ;
rdfs:range xsd:gYear ;

<https://saref.etsi.org/sarefdagri - new/FarmWorker>
rdf:type owl:Class ;
rdfs:comment "A class to decsribe a sarefdagri farm worker as subcass of a
foaf:Person"@en ;
rdfs:label "Farmworker"@en ;
rdfs:subClassOf <http://xmlns.com/foaf/0.1/Person> ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:allValuesFrom xsd:string ;
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owl:onProperty <https://saref.etsi.org/saref4agri/hasName> ;

1
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty <https://saref.etsi.org/sarefdagri - new/gotHurtBylnjury> ;
owl:someValuesFrom <https://saref.etsi.org/sarefdagri - new/Injury> ;

I
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty <https://saref.etsi.org/saref4agri - new/isTypeOfWorker> ;
owl:someValuesFrom xsd:string ;

|
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty <https://saref.etsi.org/sarefdagri - new/worksAtFarm> ;
owl:someValuesFrom <https://saref.etsi.org/saref4agri/Farm> ;

1;

<https://saref.etsi.org/sarefdagri - new/Injury>
rdf:type owl:Class ;
rdfs:comment "A class to decsribe possible injuries that a saref4agri farm worker
can experience"@en ;
rdfs:label "Injury"@en ;
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:allValuesFrom xsd:string ;
owl:onProperty <https://saref.etsi.org/sarefdagri/hasName> ;

I;

rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onProperty <https://saref.etsi.org/sarefdagri - new/occuredDuringOperation>

owl:someValuesFrom ploutos:Operation ;

1

<https://saref.etsi.org/sarefdagri - new/gotHurtByInjury>
rdf:type owl:ObjectProperty ;
rdfs:comment "got hurt by injury"@en ;

rdfs:domain <https://saref.etsi.org/sarefdagri - new/FarmWorker> ;

rdfs:label "got hurt by injury"@en ;

rdfs:range <https://saref.etsi.org/sarefdagri - new/Injury> ;
<https://saref.etsi.org/sarefdagri - new/inBiogeographicalRegion>

rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses the biogeographical region in which a farm
is located, meaning the kind of environment that characterizes the type of land, such
as: alpine, arctic, atlantic, desert, etc. see: https://www.eea.europa.eu/data -and-
maps/figures/biogeographical - regions -in - europe - 2"@en;

rdfs:comment "2: For now, this is modelled as a string for simplicity. In the
future, this can be replaced by a class of regions with more properties than just
the name."@en ;

rdfs:domain <https://saref.etsi.org/sarefdagri/Farm> ;

rdfs:label "in biogeographical region" ;

rdfs:range xsd:string ;

<https://saref.etsi.org/sarefdagri - new/isExecutedBy>
rdf:type owl:ObjectProperty ;
rdfs:comment "is executed by"@en ;
rdfs:domain ploutos:Operation ;
rdfs:label "is executed by"@en ;
rdfs:range <https://saref.etsi.org/sarefdagri - new/FarmWorker> ;

<https://saref.etsi.org/sarefdagri - new/isTypeOfWorker>
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rdf:type owl:DatatypeProperty ;
rdfs:comment "is type of worker"@en ;
rdfs:comment "type of worker can vary from full time employee to seasonal worker"@en

rdfs:label "is type of worker"@en ;

<https://saref.etsi.org/sarefdagri - new/occuredDuringOperation>
rdf:type owl:ObjectProperty ;
rdfs:comment "occurred during operation"@en ;
rdfs:domain <https://saref.etsi.org/sarefdagri - new/Injury> ;
rdfs:label "occured during operation"@en ;
rdfs:range ploutos:Operation ;

<https://saref.etsi.org/sarefdagri - new/prefersLanguage>

rdf:type owl:DatatypeProperty ;

rdfs:comment "1: This property expresses a language that is preferred by a farmer,
either because he/she speeks or can read the language.” ;

rdfs:comment"2: For now, this is modelled as a string with the name of the language.
A possibly existing standardized list of languages can be used for this." ;

rdfs:domain <https://saref.etsi.org/sarefdagri/Farmer> ;

rdfs:label "prefers language" ;

rdfs:range xsd:string ;

<https://saref.etsi.org/sarefdagri - new/worksAtFarm>
rdf:type owl:ObjectProperty ;
rdfs:comment "works at farm"@en ;
rdfs:label "works at farm"@en ;

<https://saref.etsi.org/sarefdagri/Farm>
rdfs:subClassOf [
rdf:type owl:Restriction ;
owl:onDataRange xsd:float ;
owl:onProperty <https://saref.etsi.org/sarefdagri - new/hasArea> ;
owl:qualifiedCardinality "1"*xsd:nonNegativelnteger ;
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ANNEX B

The API specification of each tool are presented basedpemAPIspecification visualized
with the use of th&wagger Framework

Full API specification is available here
https://gitlab.com/QuantiFarm/recommendattool
A screenshot of the API with the use of the Swagger framework follows:

QuantiFarm Recommendation Tool &2 &

Jopenapi json

The Recommendation Tool is an interactive tool that allows farmers and advisors to gain insights on the available DATs and request a recommendation of suitable DATs

Connection Test These routes can be used to test the connection of the API ~
- v]
| /hello_world/ Get v ‘

DAT Information These routes can be used to get info about the DATs ~
| /dat/ Get N ‘
= )

Filter Parameters These routes can be used to flter the search ~
|m /get_search_filter_parameters_with_count/ Get v ‘

SEARCH ~
| /search/ Post ~ ‘

RECOMMEND ~
| /recommend,/ Get v ‘
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Full API specification is available here
https://qgitlab.com/QuantiFarm/cekenefitcalculator

A screenshot of the API with the use of the Swagger framework follows:

Cost Benefit Calculator ® &

Cost Benefl Calcutator

Administration Asministratie actions

/administration/create_db_tables Create basic Database Tables

/dat Retrieve hem

HQHH
o
-

/dat Add hem
/dat Update lem
/dat Delste ltem

/esv/import/dat Import dat

Jesv/export/dat Export dat

/esv/clear/dat Clear Exports dat

Add Data

®

/generic GetResults

/yield GetResuts

/fertilizer GetResults

/water GetResults

/pestcide GetResults

/labor GetResults

/fuel GetResuls

User Data

/administration/create_input_models Creats our input BaseModels
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