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1 I ntroducti on

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 fnNnBeubAabéeess DAMt Tool so6 and Task 3.3 MAPc
elaborates in the implementation of a set of reusablegathined software components in support of

DATSs sustainability assessment and d@stiefit analysis. The functionality offerbg 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 proceesr that are provided by WP2 on assessment parameters and
methodologies were also considered. The initial list of the tools was specified from an early stage even
during the project preparation phase, however the initial list has further been refinedtaipriogde

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

This deliverablgresentshe status of the implemented QuantiFarm services on M30 of the QuantiFarm
project while the next updated version of this deliverable is expected on M41. The main updates in this
deliverable (compared with D3.3) include the following:

a) The introduction of the DATS assessment engine which automates the data collection and
cal cul ation of performance indicators (docume
Cost benefit assessment engineo),

:*".‘ ¢CKAAd LINP2SO0 KIFa NBOSAGSR Fdzy RAy3a FNRB' 8
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b) Descriptions of new morsophisticated algorithms for the DATS Recommendation Engine in
section A3.2 Recommendation tool so.

c) Updates in the Cost benefit calculator tool
tool O

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.

This report is structured as follows:

Chapter 1 provides a summary of the project,
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.

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

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

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

In the Annex of this document additional technical implementation/specification details of the
various software modules are available.

¢ O«

(@] [@]3 [@]3

¢
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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.

Over al

wi t h

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, contrastj yet comparable participants in each TC. An overview is provided in Table 1.

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

LINR 25801

Kl a
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Biogeographical

assessment

No| Sector Crop/Animal Digital Solution Country :
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

TCs will act as datproviders 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 of using a digital tegyn@n 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
weather conditions whicban 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.

MG K A A

*
*
*

LINR 25801

Kl a

Tablel: Test Cases summarization

NEOSAGBSR Fdzy RAy3 TNRB'
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08
oD+ @

28 =

Q Search or go to...

Project

I Q QuantiFarm Common Sema...

#9 QuantiFarm | QuantiFarm Common Semantic Model

‘gitlab.com,

Q QuantiFarm Common Semantic Model &

main v qesm /[ 4+ v History Find file

< added cost structure property for a DAT

@ Avatimon

Qv ¥r Star | 0

n @ © &

% Fork 0

-0~ 57 Commits

# 2Branches

# Pinned 7628be04 | [ & 0Tags
9 Jack Verhoosel authored 1 month ago o i
£ 2.5 MiB Project Storage
8 Manage d 9
E Plan > Name Last commit Last update [ README
&3 Code B3 Instantiations added cost structure prop.. 1month ago @/ CI/CD configuration
¢ Build > + Add LICENSE
Eatests add tests 9 months ago
D secure + Add CHANGELOG
4 .gitignore remove chowlk diagram, ... 8 months ago + Add CONTRIBUTING
& Deploy
& gitlab-ci.yml fix pipeline & months ago + Add Kubernetes cluster
@ Operate g Y X pip 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 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 osinguand extending 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://pleh2620.eu) in which already various ontologies

have been reused and extension proposals for some of them have been generated. Table 2 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 processhisaetason, various adaptations are realised
while the most ugio-date version of the QCSM is available publicly in QuantiFarm GitLab project:
https://gitlab.com/QuantiFarm/qcsrithe current version (December 2023) of the ontology is also
available in Annex A.

N KA & LINE2SOG KIa NBOSAQGSR FdzyRAy3 FNB 12
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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 in Figures 4 and 5 using the WebVOWL tool available at
https://service.tib.eu/webvowl
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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

From an early stage of the QuantiFarm projechibb-level data flow has been specified including the

7N

Pt s spetesin. s spisdcniam

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

integration with a set of heterogeneous data sources useful for the operation of the assessment
framework and tools. Figure 6 illustrates in a conceptual andi&igth manner the overall flow of data

starting fo m

Economic, social and Environmental assessment of the®®ATa n d

the AData sourceso

to be integrated,

finally the

consumethese data aiming to provide more advanced decisi@king 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

Data sources

Data isition
e

mechanisms

QuantiFarm Toolkat

Test Cazes . o L
- @ '@' ommendations £
TC1g /TC s tool A
— 51
L Q = Farmers
QuantiFarm Fruits 1=
Test Cases Outcomes o~ 0€Q gioi000101 i)
< marking =
£ srar AKTS %'Snshinability S Tool S )
| o - Assessment 5 m
& 5 o 7 e
o L e Y Gex
es .
m::ﬁ'D Ts E Advisors
— @Meat o =
1 FADN Cost Benefit Support g
Data @ E Analysis 2
= Poli & ? N
CAP — $0)y Policy .
EUROSTAT AP £5) Policy
Independent @ Acuacul monitoring
@ D Policy makers

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

Kl &

,‘”'i ¢cKAA LINR2SOi
R nnovation programme under grant agreement @1059700

NBEOSAQGSR TdzyRAy3a TNB

15

t he
set

C



D3.4 Tools for DATSs Assessment and Policy Monitoringysecond version

Figure5i |  ustrates the functional view of Qhsnti Far
has been updated until December 20%dditional technical specifications and implementation of the

data pl atf or m 2dateeReqlieciments &nd ldteroparabiiitihd@ v e r shutonrordler

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

The high-level design approach is thatcentral 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 iimemaare 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 stmae services with a wedlefined API that
can be deployed separately.

The mappers are software medules

External APIs that contain relevant " that provide QCSM-conform RDF

data for the tools that are toc large
or dynamic to be synchronised with
the central data storage.

about data themes from external
sources that we want to disclose in
realtime.

s
.................. fon A, P
: Lo / @e‘n’c’e‘n‘g\’n’eé are avalable to all + ( : Tools and GUI front-end are \
. M Stats - “tools and deployed on same server: - M A deployed on same server:
: EUROSTAT API s . : “quantifarmtoolkit.eu” : \ Recommendations |, “quantifarmtoolkit.eu”
. . mapper . : M " tool M
. ot . . . 3 I'w:
: oo . : Cost benefit APl M . .
: - : - assessment engine - . A
R . . i . A ; :
M . . M : Cost & benefit . The Ul gives a human friendly
Weather API P Weather : : i : ""- calculator L access to enter data of the
oo mapper : : “"”’;‘_m"_"" API H H LA sustainability assessment
M - ;  aggregation engine H M ! frymework for each testcase and
Ly : N . . . . . each year.
' Mappers kGenerlc Engines : : I | : ;
------------------------------------------- : ,\ N,
: : A :
. ©  Advanced decision N .
Fairshare API . ( Loaders run UDD"W\ @tr data storage is deplnyem - support P —— m
g \ human request at TNO TNO Azure server: : [ :
SN | | e shdpe azue cont : i _‘User
Cost/benefit : : : : . : A /
DATs Excel ‘-__'5"‘-- H : 5 . //: Policy monitering P “; . Interface

: : : 2L, : : | r g eaeeenaneaeeiaand :
: . | oasicader | | |: £ ] : : B
Testcase 11 . : : : . M S

DATs Excel Triple The Ul gives a human friendly

N :

Test case \ ?:;e access to all tool functionality in a

- 0 . : e single consistent interface.

Testcase data : . dg::?::dm;n; N Fuseki) : M /v 9
in Excel : . Cl i h L . . Testcase AW " TheUlconstructs a JSON file to be
. . : H i Graph Store. . . | assessmentbasic P - send to the testcase assessment

. . . M . Pratocel : - data loader - data loader for parsing and

: Extel'na| data : . DATS . . ; L . converting to QCSM and storing in

: repositories : Loader :| |:Central storage : . Tool services : tha riple stare.
Nt e ) AN - N L) Nt e )

The central data storage stores

This data is provided The loaders load data from the QCSM_C{?:‘:”:DE?,};:{S? several Thig\’s Ith“;bg?:;\gc;éﬁ?g:%g: ST
byac‘;t::r:(rg)rk er:ESphfﬂ’S“m:S‘ mapéhem to l;e It uses named graphs to handle JSON-LD and the programmatic
packagf -confor, ahd Insert therm different versions of the loaded data. tool functionalities

into the triple store.
This can happen manually, or on a
periodic bases if it should be semi-
realtime.

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

Figure 5: Functional architecture of QuantiFarm data platform

A detailed description of the individual components illustrated in fi§dodows.

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.
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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, thigpache 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 (ETLhanner. The data concerned does not involvetimeal 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 intoc@@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
implemented with the SPARQL Graph Store HTTP protocol,ifipakty with the HTTP PUT method

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 spapjaérs

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 intacdp@@&il
RDF before they can be conveniently consumed by the tools.

The FAIRshareproject 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 that it can be trestsiioto 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 central statrage.

! https:/Avww.w3.org/TR/sparglhttp-rdf-update/#httgout
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We envision severalxternal APIgo be consumed directly as they are needed, and so bypass the central
data storage because theyob6re eithertmée&@ampes 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 eogiogates the sustainability parameters for a testcase
and the DATSs used in that testcase. The engines have-defieéd API via which the calculated
values can be retrieved. In addition, the results of the engines are stored in the central datasstora
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

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

the farm as well as the wider society for thecegation of the frameork. 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 first specification of the

fAssessment i Br admeomomemnmt e d i n D2. 1 fAssessment
Mechanismd i ni t i al versiono and in D2. 2 AAsseissment
first updated versiono. The outcome of the as

complementedvith 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 on a single value to
capture the complexity of mulimensional aspects. For the needs of GuantFarm project and
according to D2.2 AAssessment iFfriarmsetwou kd atnedd Gwevre
DATS assessment process is implemented in a manual manner where experts (WP2) analyse the
collected evidence. Technically the assessmertgss is realised by collecting data provided by Test

Case representatives with the use of spreadsheets. The collected datasets are then cleaned from incorrect
values and other errors and then are analysed by experts with the use of algorithms embedded as
tKAa LINRP2SOl KIa NBOSAOSR TFdzyRAy3d TFNR' 18
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functions within the spreadsheets (using MS Excel). Finally, DATS assessment results are calculated
with the use of functions assigning values to a set of predefined 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 reauétdable 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@QaantiFarm context.

To this end, the Assessment Framework has been extensively analysed and coded as a software module
called:i Co st benef it .dnsANNEX<Lmsrapshotsdrangthersgraadsheets 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 ttet guide
functionality provided by this module. As it is illustrated in figure 7 this module is deployed within the

i Gerniec Enginesod and of f eAPs The overall bhjeaticetof ttoismmaduleisy t hr
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 (FiGuend is available in the following

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

® ®©® @ QuantiFarm- Testcasedata X  +

<« c 25 quantifarmtoolkit.eu/tcdata.html

oZQuanti Toolkit

TEST CASE DATA

Create new TC data v Load from file m

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 to 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 : Aty
the European Union

Figure 6: The instructions page of the Test Cases data collection web based form
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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 theb-basedorm exports the data in JSON format ready to directly

be processed by software based algorithms.

As it is illustrated in figure7, 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 solutions (8yure The buttons #AS.

and fAiLoad from fileo are respectively exporting
files.

ogQuanti Toolkit ne Toolkit Testcases ~ FAQ Contact ] Logir
TEST CASE DATA
Instructions ~ General data  Testing period 2023 Testing period 2024  Testing period 2025
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 Arable

List of the DATSs being applied in the QuantiFarm testcase

number of costs for
annual feesto  costs for expectedlife  expectedtime  expected time people involved training the
initial costs for remainusing  maintaining the spanforusing needed to needed to train in the training  users of the
purchasing the the DATS in DATSinEuros  the DATS in install the DATS the users of the of usersof the  DATS in Euros
unique DATS name DATSinEuros  Euros peryear per year wholeyears in hours DATS inhours ~ DATS per year b
Digital vigour map v o2 23 123 312 3 1 1 2

Funded by o
the European Union "

Copyright © 2023 The QuantiFarm Consortium. All Right:

Figure 7: Generic information about the TC.

Cookies Policy  Privacy Policy

% quantifarmtoolkit.eu/tcdata.htm|

sEQuanti Toolkit He . o5 - E]Logr

TEST CASE DATA

B e

Validate current data

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
5

The average price of water in Euros per m” in the specific year 3 oy
@
€RWh
€h

e salary of an employee in Euros per hour in the specific yea
The average salary of a professional (agronomist, veterinary) in Euras per hour in the specific year % “h
Parcel comparison data
Parcel Comparison 1
| ut DAT
You enter data for TC 1, Testing period 2024, Parcel Comparison 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 region in which the farm Is located L
ha

The total size af the farm area in hectares
Genaric 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.
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The data collected for a specific testing period are then translated from the generic JSON format to
QCSM following standardised data modeling and semantics and then stored in the main database of the
QuantiFarm toolkit (Central Storage in figii)e Data from all test cases are then available to be queried

and further processed by all tools. With regards to the DATS assessment prode<s d¢hs t benef
a s s es s me mtainta@ne daiarp@aessing algorithms that calculate the numerical values of the
various environmental, economic and social assessment indicators. The codefio€tbes t benefi
a s s e s s me ristavadableyhienehés://gitlab.com/QuantiFarm/assessmimal. The calculated
results are then stored back to the Quanti Farm
retrieved and further exploited by the individual tools.

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. More details on the improved udgbsation approach will be available in
deliverahbl e i D31 s7e cQumad tvi erasrino nfao.o |l ki t
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3 Tool s shesebAmME Nt

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 actualtesieinteractions are describetbag with the
input/output of data types and dataset

Model-code association

Verification

{ UseCases ! (formal UML subset)

.
‘0
.
......
Synthesis

(LSCs or temporal logics)

Figure 9: 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 @raviéach

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
usef ul to the farmer. The tool ai ms ttaninger easy |

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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extended help from the advisor. Technically the tool is based on a knowlasgd recommender
system (building on existing systems and expertise) using a combination of reasoning and constraint
satisfaction to provide a ranked list of the most suitabl& 8for any given farm/crop/biogeographical
region combination.

Version 2.0 Functionalities

ThesecondRelease VersioB.0 of the Recommendation Tool that has been developed duridgs202

an interactive recommender tool that allows farmers and farm advisors to (1) search through a large set
of available Digital Agricultural Technology Solutions (DATSs) using filters for available DATS
parameters and (2) ask for a recommendation fooormere DATSs that match specific characteristics

of the farm and farme(3) An additional functionality compared to Version 1.0 of the Recommendation
Tool, is the ability to do a text search. This functionality is in place to further support usecdiviedy a
search for DATSs or their aspects. In Version 2.0, the DATSs from multiple sources are ingested by
the Recommendation Tool (including test case data), which are all shown to the user in a uniform
fashion.For each selected DATS, a list of thaspectds presented to show more details about the
DATS. This includes the cost structuegricultural sector, benefits and digital form.

Farmer Profile Extension

Version 2.0 of the recommendation tool consists of an extended Farmer Profile. From the initial three
farm characteristics (farm type, country, language), the farmer profile is extended to include seven
components: farm type, farm location, preferred laggy desired functionality type, desired
achievement, technological proficiency, and finally an open text field for additional farm description.
This farmer profile allows the user to provide more information about themselves and their wishes, and
is suppoted by the new and improved algorithms.

DATS Aspects
With respect to the specific farm characteristics and DATS parameters, Release 2.0 takes the following
into account for each of its functionalities:

RecommendationFarm characteristics
farm type: arable, dairy, fruit, egg, arboriculture, meat, flower, other
farm location: ISG3166 country code
preferred language: supported languages
desired functionality type: subgrouping of functionalities
desired achievement: preferred list of benefits
technological proficiency: computer software, mobile app, spreadsheet, paper
additional farm description: text provided by user
Filter - DAT parameters
agricultural sector: drop down list of all possible DATS values
functionality: drop down list of all possible DATS values
benefits: drop down list of all possible DATS values
digital form: app, web
language: supported languages
country: targeted countries for the DATS
. cost structure: type of cost structure
Text Search DAT parameters
1.title: the DATSO6 title
2. description: the DATsd® description
3. keywords: the DATO6s keywords

NouosrwdbdDREr s NOOMLODNDE
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€ Farmer Profile Informaion AN

To obtain a tailored recommendation for DATSs, please fill in any of your information you
would like to share:

| would describe myself and my farm...

Figure 10: The extended farmer profile

Matching Algorithms

A second substantial update regarding the previous version, is the inclusion of various matching
algorithms. On top of the already existing hard match algorithm, we have added two new algorithms to
derive recommendations for nexact matching DATSs. Thadt new algorithm is based on a meta

path structure calculations, counting different predefined paths within the provided DATSs knowledge
graph supported by the QSCM ontology. The second new algorithm is based on a neurosymbolic
approach, which uses nagifanguage processing (NLP) to match the DATSs and the information of

the farmer profile based on semantic similarity embeddings. These matching algorithms can be chosen

by the user through an 0adyv ahblbaod. Teeavorkingnnojeadh me n u,
of the algorithms is explained in more detail below.

L Advanced Settings A

Select Matching Algorithm:

© Basic Algorithm.
Meta-path Algorithm.
NLP Algorithm.

Figure 11: The matching algorithms as part of the advanced settings in the recommendation tool

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

60Arable Farmbéb as its farm type, the model CQ
picked options of DATS sectors, among whithV e get abl es 0, AnArabl e f ar
production in general 0. Based on all/l of the

searches for DATSs that form an exact match to all of the required desires. Therefore, this
version of the recommendeystem 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 of not getting any recommendations while soft matches do
exist in thedatabase.
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b) 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 resedmmh 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 t he match, and | eaves the
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.

c) 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 enemmpnsuming) 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.

til; / NLP Algorithm \

Profile

@@}

Semantic

Calculation

T

v

Best matching results are:

Figure 12: The NLP matching algorithm as part of the recommendation tool

s 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/senteagansformers/alMiniLM -L6-v2
5 https://huggingface.co/intfloat/multilingua-large
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Sour ce Codedocamedtatidno ol 6 s

At this stage, the tool is under continuous development and the mustaje version, along with
documentation and examples of use are available here:
https://gitlab.com/QuantiFarm/recommendationl

Next steps
Next steps to be taken towards a next release of the tool includes the following:
0 Calculation of the costs and benefits of using a DATS in terms of economic, environmental,
and social sustainability as defined by the assessment framework.

0 Integrating test case data to improve on finding a best suited DATS (2024 test case data is still
coming in)

0 Explaining to the user why a DATS is suited best on the matching of parameters

0 Inclusion of more available farm characteristics Farmer Profile Personagnd DATS

parameters

Generic description: The fABenchmarking tool o 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 Tesses assessment outcomes are retrieved and

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 statistit
. applications (kg/ha or Lt  on pesticides used for a specific parcel and fol
Applied : : ) i
" /ha) and in absolute value: time period specified by the user. Calculate da
pesticides . . ;
(kg). products like max, min, average, top five more
utilized active ingredients.
Aoplied Parcel level irrigation use Process farmers calendars and extract parcel
bplie (Lt /ha) and in absolute level statistics on irrigation for a time period
Irrigation o
values (kg). specified by the user.
tKAa LINRP2SOl KIa NBOSAOSR TFdzyRAy3d TFNR' 26
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Parcel level yield
(kg/ha) and and in absolut
values (kg).

Harvested
yields

Process farmers calendars to extract parcel le
yield for a time period specified by the user.

Use cases implemented

Use Case: I 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.
. 2. user friendly name of parcel
| want to import the .
. 3. user entering the parcel
characteristics of a neparcel or|Create new parcel(s) . id of I
for a set of parcels in the syste a e ! Of parce
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

3. crop type

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

I login, select and remove the
parcel(s)

Remove parcel(s) Provide parcel id to be removed

Use Case: 2 Managing farm calendar data
Scenario Functionality Input data

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

Afevent | Do: (d
system)

"parcelld": "string",
"eventStart": "2023L1-
01T10:38:36.766Z",
"eventEnd": "202311-

create new event(s) 01T10:38:36.766Z",
"duration": 0,

"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
Ai ngredi enony:
applicabl e for

and fertilization.
(When an event is registered &
unique event id is created)
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Scenario Functionality Input data

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

similar as above but for a
specific Aevenr

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

The eventlDs provided for the
deletion of the event

Use Case: 3 Perform benchmarking

Scenario Functionality Input data

Calculate data product (e.g. su 1L pEEElD) o [FereEll e

. 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:Abthiststgedhe tool imender @ntinuous development and
the most ugo-date version, along with documentation and examples of use are available here:
https://qgitlab.com/QuantiFarm/benchmarkitopl

Next steps:The functionalities that will be implemented in the next releases are mainly related with
additional metrics. With regards to pesticides use of the top 5 types of active ingredients will be
identified along with the respective calculations on applied quantiiéth regards to fertilisers an
analysis on a per chemical compoundfiK) quantity calculation will be provided. The benchmarking
tool will further integrate outcomes from QuantiFarm TCs aiming to compare the calculated
performance indiators with outcomes from similar DATSs and cultivation types.

MIEinnovation programme under grant agreement M@1059700
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Generic description:

The 'Cost & Benefit Calculator' tool is designed to assist farmers and agricultural advisors in analysing
the financial implications and potential benefits of integrating various DATSs into their farming
operations. This integrated tool adeptly meets tlerge requirements of both crop and livestock
farming systems, featuring specific calculator modules tailored for each.

Within the first version of thtool, users can explore a comprehensive repository of DATSS, select one,
and upon completing the necessary inputs for the calculator modules, the tool provides vital information
such as Return on Investment (ROI) and Net Benefit. This aidsis#rd in gaiing a realistic
understanding of their potential investment in a DATS. As a crucial component of the QuantiFarm
Toolkit, the 'Cost & Benefit Calculator' 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.

Specific Objectives:

0 Facilitating financial analysis: Providing a solid platform for farmers and advisors to evaluate
the financial impact of implementing DATSs in agricultural operations.
Customized calculations for Diverse Farming Systems: Offering tailored analysis through
dedicated calculation modules for both crop and livestock farming systems.
Translate benefits into monetary values: Converting the potential benefits of a DATS into
guantifiable monetary values, helping farmers and advisors to better understand its economic
benefits.
Support informed decision making: Assisting users in making informed decisions on DATSs
investment by providing customised insights into the potentialefésttiveness of a DATS.
Simplifying complex financial data: Demystifying complex financial data making it accessible
and understandable for users without financial knowledge.
Promoting strategic planning: Providing agricultural stakeholders with strategic planning tools
so that they can select appropriate DATSs that meet their individual needs and conditions.

[@]3

¢

[@]3

[@]3

¢

Use cases implemented:
Use Case: 1 Entering data to the system

Scenario Functionality Input data
As a farmer, | want the system
remember or later ochange my
input data so that | don't have t
re-enter information each time |
use the tool and evaluate more
DATSs.

As a farmer, | want to enter my
farm's expenses data into the
system so that the
recommendations are tailored 1
my farm.

User management functionalityUser details and password

Guide users on providing the

. See table 3 and 4 bellow.
required data.

MIEinnovation programme under grant agreement M@1059700
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:\rlll?r%tber 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 ( 0 Marketprice of crop perton
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
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 |
12 Current Labour Totallabour costforayear
13 Current Fuel Cogt 4 / y e a r ) Annual fuel cost
Table3: End Users Inputs to evaluate Crop Farming DATSs
Il\rlll?r%tber Input Field Description
1 Number of Animals Igitr?é Bi?_ger of animals to be mana
2 Years of Usage Expectedduration of DATS utilization
3 Number of Units Total number required for DATS operati
4 ,(Avl;er?gf i ';A”:( eF;rlce per  Litr Market price of milk per litre
5 Avgrage Litres of Milk Produced pAv_erage amount of milk produced by
Animal per Day (Litre) animal per day
6 Current Labour Total annual labour cost
7 g(l\J/\r/ﬁ;tear) Energy  Consumpti Annual energy consumption
8 Cost of Ener gy Currentcostof energy per kilowdtour
9 Current Wat er C Total annual water cost
10 Current Feed Co Total annual feed cost
11 Current Feed Wa Total annual feed waste cost
12 Current Ant i bi o Total annual antibiotics cost
13 Current Mortali Total gnnual cost associated with ani
mortality
14 Current Prof it a Currentannual profit

Table4: End Users Inputs to evaluate Livestock Farming DATSs

Building on the first version of the tool and following the same logic and approach, the second version
of the Cost & Benefit Calculator will be a significant upgrade. It will incorporate data from the DATSs

wi t lding twa additionpl iIsextjores:conedGrop Fagding
Systemsand one foLivestock Farming Systemgqas shown irFigure 13.

used

and

t

ested
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«BQuanti Toolkit Farming Systems Farming Systems
Cost and Benefit Calculators \
— Description DATSs for Crop Farming Systems  [[IIIIIIT]  DATSs for Livestock Farming Systems [ =——==]
- The "Cost & Benefit Calculators’ tool is designed to assist farmers and agricultural advisors in analysin cial implications and potential benefits of
integrating various DATSs into their farming operations. This integrated tool adeptly meets the diverse re ents of both crop and livestock farming
systems, featuring specific calculator modu for each
e Within the tool, user: lore a compre ository of DATSs, select one, and upon completing the necessary inputs for the calculator modules,
the tool provides vit: on such as westment (RO1) and Net Benefit
:—I Adt This aids end-users in gaining a realistic understanding of their potential investment in a DATS.
T
As a crucial component of the QuantiFarm Toolkit, the ‘Cost & Benefit Calculators’ serves as an essential, indicative guide for farmers and advisors, aiding
s T{ them in understanding the economic feasibility and potential profitability of DATSs throughout their operational lifecycle
T 6 T
i

To use the tool, the user must register and log in.

Considerations and Disclaimers for the Cost & Benefit Calculator Yool Usage

Average Prices: The purchase costs presented are average prices and should not be considered fixed or guaranteed. End-users should seek actual

quotations from DATS providers or retailers

Source of Benefit Data: Economic and environmental benefits are based on scientific publications or assertions by providers from specific conditions and

locations. They may not apply universally, and actual benefits can vary

Exclusion of Taxes/Fees: The calculator does not include taxes or other specific fees that may be applicable to the end-user's location

Figure 13: 2nd version of C & B Calculator tool

In this updated second version, when-esdrs access these new sections, they will no longer see a list
of categorised DATSs as they did in the first version, which was based on data from the literature review
conducted duri ng tlimseadphepvildiadtadiss of aiegodsed T@Ese Foi cood .
farming systems, they will encounter a list of TCs that have tested DATSs under crop farming
conditions, while for livestock farming systems, they will see a list of TCs focused on DATSs tested
under livestock farming conditions

Each TC will feature a specifset of calculator modulesesigned based on the parameters measured
during that TC and the data collected and analysed. By selecting a T@ersdvill input specific data

into these modules and receive outputs in monetary values, allowing them to evaluate the potential
economidfeasibility and profitability of integrating DATSs into their operations.

Key Updates

1. Il ncorpor at i e todl @# row f@lg dndC data collected and analysed from the
TCs during the project. This includes comparative analyses of farming systems (both crop and
livestock) with and without the use of DATSSs, providing highly relevant and cespexific
insights.

2. Tailored Calculator Modules: Each Test Case will have its own dedicated set of calculator
modules. These modules will be built around the specific parameters measured during the TC
and the resulting data analysis. The modules will define the exact input required from-the end
user to gnerate meaningful outputs.

3. Enhanced EndUser Insights: By selecting a specific TC, farmers and advisors will be able
to input their farmspecific data into the calculator modules. Outputs will be based on the
performance of DATSs tested within the TCs, offering a highly accurate and realistic
assessment of pattial costs and benefits in monetary terms.

The initial design of the second version is currently under development and relies on the completion of
data collection and analysis from the TCs. Results from the first two years of testing are crucial for
designing the calculator modules for each TC.&Xhe analysis is finalised, the development of these
modules will proceed, with the specific enser inputs clearly defined for each TC.
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Use Case: 2 DAT Search and Selection Process

Scenario

Functionality

Input data

As a Farmer, | want to search ¢
filter through DATSs

Offer a useifriendly search

functionality where the user cal
search for DATs based on a lig
of criteria provided as input da

1. Select Farming System

2. Select DATS Category

3. Select Crop or Livestock Ty
4. Select Specific DATS

As an Agricultural Advisor, |
want to help farmers/my clientg
select DATSs categories base(
their Farm needs.

Offer a useifriendly search
functionality where the user ca
search for DATSs based on a
of criteria provided as input da

1. Select Farming System

2. Select DATS Category

3. Select Crop or Livestock Ty
4. Select Specific DATS

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.Thetool should provide
evidence indicating whether thi
DATS will be helpful to the use

Initiate the evaluation process

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

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

Initiate the evaluation process

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

Source Code an

d T:dAbthiststage,dhe toaol isender @itinuous development and
the most ugo-date version, along with documentation and examples of use are available here:

https://qgitlab.com/QuantiFarm/cekéenefitcalculator

Next steps:

The next phase in the evolution of the 'Cost & Benefit Calculator' tool, following its initial release and
comprehensive testing, focuses on enhancingused interaction and comprehension. This includes
refining guidance messages and the explanatiokeyobutputs like Return on Investment (ROI) and

Net Benefit, ensuring that users can effortlessly understand and interpret the results, whether positive,
negative, or neutral. The introduction of intuitive visual aids and interactive features, suclstabbju
parameters for dynamic forecasting (years of usage), is also planned to aid in deeper user engagement
and insight. Additionally, the integration of data from TCs using specific DATSs will enhance the tool's
database, increasing its applicability aamturacy in realvorld agricultural scenarios. This strategic
development aims to solidify the 'Cost & Benefit Calculator' as a vital;aesgric tool for informed

decisionmaking in DATSs investments.

Generic description: T h e i

LINE2SOi K
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decision
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

support
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costs. There is a number of factors that make difficult the identification of these benefits and costs and
their importance to each specific farm:

6 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;

6 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

QF

partnersoé needs. T h e k dovani the ghrobtein 0@ hierarohisal mdlePwhicho 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 uses the full power of AHP method and provi

time consuming to complete. This version wdldvailable in xlsx 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.

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 t he f ar mepossiblegiternative DAESs arepilesdntedc a t
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 lisleffr@e criteria

that were defined in the tool, i.e. Dost 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 strasegic 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
retailers, food processing companies, intermediaries and/or consumers) evaluate the services and to
correlate their needs with the needs of the farmiais iE done by selecting from a list of gitefined
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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)
Sustainability. A 3point scale (strong (5), average (8)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 model.

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, AExternal Environment o, nor
APerceived Benefitsodo and fAiCostso) 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 corspas, 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: 1Assessing DATSs against their ability to satisfy each strategic goal of the farm
Scenario Functionality Input data

1. Provide search parameters for th
DATSs to beetrieved
2. Select from list one by one the
DATSs to be assessed

| want to select the DATSSs that are
available to my customer and shoulgSelect DATSs
assessed

| want to select the strategic goals of
the farmer/customer and assign rele|
wei ghts based on
preference

Select strategic 1. Add relevantveights 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 againsg Assign score to of 1-5 to each DATS, against its fit

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

Al ternatives wit
qualified to thenext phase

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

| want to add the
DATs promoted through

ciap 4 Asa - o udDErsE) Reliie DATEE) e s L
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Scenario Functionality Input data

1. Add main customers or customer groups
2. Add the specific needs of all customers
3. Add relevant weights to all customers, depend
on their importance to the farm. Sum of\a#tights
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 ative Weighto of ej
above.

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

| assign scores to the DAT
agai nst each
need

Assign score to [For each need add a score €5 o 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.

1. Add main partners or partner groups

2. Add the specific needs of alrtners

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 H
t he far mds p|Needs

above.
| assign scores to the DAT|Assign score to |For each need add a score & fio 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 AHfelvanced 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

MIEinnovation programme under grant agreement M@1059700
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Scenario

Functionality

Input data

| want to assign relevant
weights to each criterion
according to the needs of
each decision maker
involved in theselection of
DATSs in the farm

Assign weights

to criteria

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.

| assign scores to the
DATSs against each

deci si on mak

Assign score ti

DATS(s)

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 heExctreartreali aE nov
insert the assessment of the DATSs as resulting frg
stage 2.

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

| perform final assessmen

ASSsess
DATS(s)

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

Use Case: 3Perform 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
thefarmer

Assign weights

] dd

rel evant weights to
preferences of the farmer, to reach a total of 100%.

| assign scores to the

Assign score td

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

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

customer so Environment o, insert thed
resulting from stage 2.

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

assessment DATS(s) input data.

Source Code and T ohtps:/égslab.dosmuamiiéarm/sdvanedenision

supporifor-datselectiontool
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Next steps:
Next steps to be taken towards a next release of the tool includes the following:

O«

Implementation of the web app that will match the functionalities of the downloadable
tool which is currently in xIsx format.
Further refinement of the different criteria but also of the functionalities of the tool,
based on feedback from the emsgers.

O«
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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%, c) the use of fertilisers by >20%

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

¢ 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
tool's datadriven approach would facilitate evideAsased decisiomaking, ensuring that regulatory

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 https://natura2000.eea.europa.eu/
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actions are not only proportionate and aligned with objectives but also adapted considering aspects of
the dynamic landscape of agriculture and environment.

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 methodologicahitations, 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:

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 tla&vancing 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 Deal, Agriculture and Rural Development policies,
and the ovell 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 ardlyamprehensively. 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 rel at i employinganyDAT&di ti onal 0o

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 pragtiodsgtivity, 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/poliayodetinventory/explore/models/modehpri
13 https://eurlex.europa.eu/legatontent/EN/ALL/?uri=CELEX%3A32007L0002
14 https://ec.europa.eu/eurostat/web/nuts/ladahinistrativeunits
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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 presented in Figdre 1

] 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 14: 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 mostases we can ascertain that the average indicator values (e.g. agrochemical usage,
irrigation metrics) of the ksitu parcels are representative 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 deri
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 noiDATS use performance. More details are presented in the figure below (Eiyure

15 https://worldcover2021.esa.int/download
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E Quantifarm parcel metrics
compared to empirical

regional average

s ~,
Expert's knowledge
(average/dominant
cultivation inputs per Crop type mask
“crop type” & ”region")/

Average regional Parcel metrics using DATs
statistics

AN

) Pesticides used | Irrigation used SRl e Financial inputs
Farm calendar data of per ha per ha p per ha

parcels using DATs Visualizations,
o Comparison Graphs,
( ) Parcel metrics not using DATs VIETELD SEE

Farm calendar data of
parcels not using DATs Pesticides used | Irrigation used
b g per ha per ha

Financial inputs

Yield per ha per ha

Figure 15: 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

In detail, the architecture decouples responsibilities: Rdfactthe user interface, Express’jior API

and business logic, MongoBDor data storage, Redffor caching, and Ngirf for web server and
routing. The proposed design (Figd® facilitates scalability and efficiency in handling user requests
and data management.

16 https://legacy.reactjs.org/
1 https://expressjs.com/
18 https://www.mongodb.com/

19 hitps://redis.iof
20 https://www.nginx.com/
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Policy Monitoring Tool System Architecture Design

User

N

policy-monitoring-tool A
] gons)
-« AW

Web browser

IP address

Redis Cache

%

MongoDb

Figure 16: The policy monitoring tool system architecture technical design

1.User Interaction with React Frontend:
Users interact with the frontend by selecting menu items, navigating on map, and making other actions.
These interactions are captured by the React frontend and translated into instructions that are then sent

to the backend server.

2.Nginx as a Web Server and Reverse Proxy:
0 Nginx serves as a web server, delivering static assets for the React frontend.

0 Configured as a reverse proxy, Nginx forwards API requests to the Express.js framework,

enhancing security, scalability, and load balancing.

3.Express.js Handles API Requests:

Express.js receives and processes HTTP requests and interacts with MongoDB and Redis.

4.MongoDB Stores and Retrieves Data:
Express.js communicates with MongoDB for data storage and retrieval, utilizing a flexible)iB8ON

format.

5.Redis Caching for Performance:
Express.js uses Redis for caching. Cached data in Redis reduces the need for direct database queries.

6.Security

The API requires authentication credentials, and only authorized users can access it to perform CRUD
operations. In next releases having clearer requirements, a more centralized-aneénteer approach
will be implemented for sharing the API.

Request Flow:

0 Users interact with the React frontend.

~

Sour ce code

and

https://qgitlab.com/QuantiFarm/policymonitorkigol.
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0 React sends HTTP requests to Nginx server that forwards them to the Express.js API.
0 Express.js processes requests, leveraging Redis for caching and interacting with MongoDB.
tool 6s document at i
https://gitlab.com/QuantiFarmmder the policy monitoring tool directory (not yet publicly accessible):
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In the current updated phase of the project and following the conclusion of the 2023 growing season,
the Policy Monitoring Tool has expanded significantly by integrating more data from the test cases and
reaching up to 12 integrat€iantiFarnirest CasedVhile data collection for the 2024 growing season

is still underway, in this deliverable chapter we will focus on the newly added functionalities and data
for 2023. For 2023, the respective test case data span a total of 36 European regions, namely, Local
Administrative Units (LAU) that have been integrated across 8 couf(figsre 17).
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Figure 17: A map overview of the European regions the selected TC parcels are located for the 2023 growing season.

This translates to 9 different crop types and spans 5 distinct biogeographical regfinsyvamiables
from theQuantiFarmTest Cases derive from in total 8 digital solutions or digital solution combinations
(Figure 18). The aforementioned statistics includes both the initial version and the newly added parcels

and regions.

Countries Croptypes Digital solutions Blogeog‘raphtcal
regions
Greece Potatoes SF DSS/ App Mediterranean
Romania Wheat FMIS/ app Steppe
Poland Olives Drones and soil sensors Continental
Italy Apples SF DSS 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
Corn

Figure 18: An overview table of the available data covered for 2023 season regarding countries, crop types, digital
solutions and biogeographical regions.
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Below we also provide an analytical overview figure of the current situation for the 2023 growing
seasonKigurel9). The "Crop Area (ha)" field is derived from calculations and Earth Observation (EO)
products, utilizing crop type classification at a regional level. This way real parcel data serve as training
samples to estimate the regional area covered by the spaoffi of interest.

_ Crop area| LAU area TC Biogeographical - .

LAU region name Croptype (ha) (ha) Country number Region Digital Solution
DIMOS OROPEDIOU LASITHIOU Potatoes 284.3 26051.1 Greece TC1 Mediterranean SF DSS/ App
Modelu Wheat 6682.8 11138.0 Romania TC10 Steppe EMIS/ app
Roseti Wheat 5099.3 8498.8 Romania TC10 Steppe FMIS/ app
Dichiseni Wheat 5565.2 9275.4 Romania TC10 Steppe EMIS/ app
StefanVoda Wheat 4285.3 7142.2 Romania TC10 Steppe FMIS/ app
Perisoru Wheat 12809.2 21348.6 Bomania TC10 Steppe EMIS/ app
DIMOS PYLOU - NESTOROS Olives 21077.2 158645.4 Greece TC11 Mediterranean SF DSS/ App
DIMOSTRIFYLIAS Olives 25784.5 135346.4 Greece TC11 Mediterranean SF DSS/ App
DIMOS OICHALIAS Olives 11759.3 92259.9 Greece TC11 Mediterranean SF DSS/ App
Nowa Sucha Apples 2298.8 9016.4 Poland TC12 Continental Drones and soil sensors
Castell'Arquato Grapes 1786.0 5278.6 ltaly TC13 Continental SFDSS
EupUyou Olives 1221 1376.7 Cyprus TC15 Mediterranean SF DSS/ App
®racou Olives 45.9 489.8 Cyprus TC15 Mediterranean SF DSS/ App
Mapuww Olives 124.6 1428.7 Cyprus TC15 Mediterranean SF DSS/ App
AuB podovtac Olives 1490.6 4201.0 Cyprus TC15 Mediterranean SF DSS/ App
Zua Olives 128.9 1734.7 Cyprus TC15 Mediterranean SF DSS/ App
Kopvog Olives 150.7 3099.0 Cyprus TC15 Mediterranean SF DSS/ App
West Betuwe Apples 1622.0 22925.9 Netherlands TC16 Continental Drones and soil sensors
Arucas Bananas 369.0 3271.0 Spain TC20 Macronesian Precision Irrigation, Monitoring
Valladolid Barley 5767.9 19742.9 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Villanueva de San Mancio Barley 589.7 1514.9 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Medina de Rioseco Barley 1895.7 11525.3 Spain TG3 Mediterranean DSS/Agri-environmental Monitoring
Tamariz de Campos Barley 384.1 3777.6 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Olmedillo de Roa Barley 672.9 2603.1 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Torresandino Barley 3670.3 9321.1 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Zazuar Barley 346.2 2256.0 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
Quemada Barley 283.4 2083.0 Spain TC3 Mediterranean DSS/Agri-environmental Monitoring
DIMOS VEROIAS Cotton 1942.1 79518.6 Greece TC4 Mediterranean VRA add-on for old tractors
DIMOS ALEXANDREIAS Cotton 21395.0 48273.6 Greece TC4 Mediterranean VRA add-on for old tractors
Damnica Potatoes 12696.5 30479.4 Poland TC7 Continental SF DSS/ App
Sostanj Caorn 1074.9 9561.5 Slovenia TC9 Alpine FMIS/ Financial Modelling
Velenje Caorn 1812.4 8351.4 Slovenia TC9 Alpine FMIS/ Financial Modelling
Zalec Caorn 3221.6 11712.8 Slovenia TC9 Alpine FMIS/ Financial Modelling
Retica ob Savinji Corn 580.1 3007.4 Slovenia TC9 Alpine FMIS/ Financial Modelling
Dravograd Caorn 746.2  10505.0 Slovenia TC9 Alpine FMIS/ Financial Modelling
Mozirje Corn 239.2 5357.4 Slovenia TC9 Alpine FMIS/ Financial Modelling

Figure 19: A detailed summary of the current integration of selected Test Cases and 36 LAU regions in the Quantifarm
policy monitoring tool for 2023 season.
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For the needs of the policy m
policy maker/officer. The system admin manages data integrity

oni tor.i

ng

policymaker leverages the tool for datdven decisiormaking and relevant assessments.

UseCase_0

SYS ADMIN

+ Data Collection

» Data Preparation

+« Data Validafion

Figure 20: UseCase_0

Regarding the UseCase_ 0 (Figa@} the System Administrator is tasked with collecting and preparing
data, followed by its validation to ensure quality and accuracy. More details are presenteth below

tool
and overall preparation, while the

Figure21.
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
USQa ‘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 21: UseCase_0 detailedescription with user stories
UseCase_1
« Insert Data
+ Perform Interactive Data
Manipulation (TBD)
« Delete Data
SYS ADMIN

« View Data

Figure22: UseCase_1
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Regarding the UseCase_1 (Figa@®, the System Administrator handles data insertion, deletion, and
viewing, while also enabling the Policy Officer to perform interactive data manipulations. More details
are presented in Figugs.

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-
uslb ‘policy maker’: Uses the 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 23: UseCase_1 detailed description with user stories

UseCase_2 I UseCase_3

e Perfrom Data
Aggregations

o Perform Data

» Perform Data Export

PMO

Figure 24: UseCase_2 and UseCase_3

Regarding the UseCase_2 and the UseCase_3 (Ridyrthe 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 presented in the figures below (Ri§arel ).

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

Regional ucz Applicable when US1borUS1c are enabled

aggregations oK

Usla As a 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
pesticidesfinsecticides/fertilizers/fungicides firrigation (etc.) guantities 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 25: UseCase_2 detailed description with user stories

MIEinnovation programme under grant agreement M@1059700
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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 26. 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
scaks (e.g. NUTS 2, NUTS 3) over the years.

CKAE LINRP2SOG KIFIa NBOSAOGSR TFdzyRAy3dI TNR
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Regarding the Policy Monitoring Tool v2.0 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 (Figur22). As mentioned in chapter 4.6 the updated list of countries for the 2023 growing
season have been updated. The result is visible in the initial selection Eyure

M About
Filter Content
° ° o o piorway
Select Country Select Re oloct Y eloct
Cyprus
|
Regional Informat °*** ‘
- italy SO
Reglon: - Netherlands s
Poland
5 Romania
Monitoring Dashb
Slovenia
Overview Statistics | Spain

Algers

£ N7 4
[ - , S ' cpe Work Progeamme 20232024 under grant sgreement Mo 101089700,

Figure 27: 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 up (Fige8e

Filter Content
] (] o o

Select Country Select Region

| DIMOS PYLOU - NESTOROS = ]

DIMOS OICHALIAS

Regional |M°fm0ﬂd DIMOS PYLOU - NESTOROS

Co e ! DIMOS ALEXANDREIAS ”mmm
Reglon: DIMOS PYLOU DIMOS VEROIAS ko

g DIMOS TRIFYLIAS fonc $7 0S8/ App

§ DIMOS OROPEDIOU LASITHIOU

Land Cover Distribution

Pemarant woter bodes: 10%
Bare [ aparve vwgetaton: 1%
Buitep: 10 %

Cropland: 14%
Connainns LA %

nslana 6s %

Figure 28: The list of available regions of Test Cases within the selected country Greece.

After selecting the available year acrdp typethe 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 tabs are availabl e cavertiewd fAOverl
Stati st i c 28%displaysa pie ehartgolilane cover distribution, bars for protected areas under
Natura 2000, and corresponding values and legends.

MIEinnovation programme under grant agreement M@1059700
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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 % 8

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 90 100
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

-"7;1'—;-» w  Copyrnight @ 2025 QuantiFarm has received funding from the European Union's Honzon Europe Work Programme 2023-2024 under grant agreement No. 101059700,

Figure 29: 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, details regarding the selected region are loaded along with various
tabs that categorise agricultural statistics and indicators. In the new version, and for simplifying the
browsing of the monitoring dashboard, relatesite case data have been merge

Case Datapm (Figure

FRlinnovation programme under grant agreement N61059700
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Filter Content

Select Country Select Region Select Year Select Crop
Olives -
8A
Regional Information Area (ha)
Country: Greece Year: 2023 Crop Area (ha): 21077.2 Irrigation typical needs: 4000-
Reglon: DIMOS PYLOU Crop: Olives Total region area (ha); 158645.4 9000 m3/ha (source)
NESTOROS s caee A Biogeographical Region: Digital Solution: SF DSS/ App

Mediterranean

Monitoring Dashboard

Overview Statistics

Land Cover Distribution

Permanent water bodies: 1.0 %
Dare ] 3parse vegetasen: 2.1 %

Bumwp: 1.0% B

ment No. 101059700

Figure300 The moni toring dashboard initialized based on user se
regarding the selection are visible, while in the fAmonitor
visuals.

This merge was decided to allow users an easier interaction, as currently more data categories are
available from the first version, and populating a long list of tabs for every category was deemed
impractical for navigation. The image below shows thefidt3 categories and the number of variables
within the category (Figurgl) followed by their preview in the dashboard (FigBg.

Available Variable
categories Count

1 WATER 3

2 FUEL 3

3 ELECTRICITY 2

4 PESTICIDE 2

5 FERTILISER 8

6 LABOUR 14

7 DAT 1

8 OUTPUT 5

9 PRODUCTIVITY 5

10 SOCIAL 3

11 PRODUCT QUALITY 2

12 FEED 1

13 DRUGS 1

Figure 31: Overview of available variable categories with the corresponding number of variables depicted for each
category.
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Filter Content

© M o

Regional Information
Country: Greasn Crop Arce (ba): 21077.2
Feglon: DROS EYLOK Grop: Obves Total region eree (haj: 150045 4
NESTOROS Blogeographicel Heglon: Modtenaneas L antel Solution: ¥ OS5 Ao
DAT
DRUGS
FLECTRICITY
[ FEED
FERTILISER
FUEL WATER Variable
LABOUR @ Wi DATS Voot DATS
QUTPUT
PESTICIDE
PRODUCTMTY

SOCIAL

WATER

[ =

B =

Figure 32: Preview of variable categories and their distribution as displayed in a Monitoring Dashboard selection.

A total of 50 variables derived from QuantiFarm test cases are classified into 13 categories. Since each
variable may be sectapecific, not all variables are applicable to every test case, making this a
comprehensive table of all possible variables. dbtiled table of the variables, along with their
respective categories and units, is presented below (RBgure

LINR 25801
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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 I/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

OUTPUT Yield £/ha

OUTPUT Milk |

OUTPUT Meat t

QUTPUT Qyster 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
Figure33:) detail ed table of 50 variables derived

is presented alongside its respective category and unit
tCKAa LINR23O0 KFEa NBOSAGSR FdzyRAy3 FNR
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To provide an example for visualization of the newly added test case data variables, we present below
the AWATERO category containing thre®).variabl es

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 Irmgation water productivity 729 359 3.71 (kg/m3) 3.71 (kg/m3)

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

Figure 34: 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 ¢
CKAad LINRE2SO0 KIFa NBOSAGSR FTdzyRAy3d TNR 55
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These thresholds derive from organizations:like
1 FAOWhttps://www.fao.org/landvater/databasesndsoftware/crognformation/en/
1 gaiapedi&http://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%384%CE%AC%CF%84%CE%
B1%CF%82

while a hyperlink to the specific source is av
dashboard. Furthemore, a data table below the graphs is presenting the relevant variables values and
units with the estimation of reduction or increase ifues, aggregated at the regional lewvl.

fdownl 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 various formats (Figus§).

View in full screen

Print chart

Download PNG image
Download JPEG image
Download PDF document

Download SVG vector image

Figure 35: Formats ofinteractive graphs

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 selectionffiltering

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
indicating DATS and no DATS use performance)

0 View regional 6aggregated statistics values

colouring indicating DATS and no DATS use performance)
3 Monitor regional applied pesticide type/
DATSs by growingseason (year)

3 Monitor regional applied insecticides 1t
DATSs by growing season (year)
3 Monitor regional applied fertilizers i nj

growing season (year)
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3 Monitor regional applied irrigation inp!l
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).

0 View the 6average/ normal statistics values©é

thresholds, allowing easier detection of extreme values and coloring values for easier

comparisons.

0 Make the DATYdigital 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 fa
season (year).
0 Monitor regional economic indicators, by fa

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

List of functionalities to be implemented
The upcoming enhancements to our policy monitoring tool are designed to provide users with
advanced capabilities and deeper insights into agricultural data, aiming to improve data interpretation,
enhance accuracy and understanding of trends.
0 View metrics of &dbdaccuracyd or vakiudati on (e
parcel values, create a metric with parcel number or area, as low number of parcels in
aggregation statistics indicate low accuracy).
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 via WMS/WFS protocols
0 Integrate national CAP strategic plans info and Green Deal goals in the dashboard
(wherever feasible).
0 Farm calendar/logs upload by the amskr and regional aggregations calculations

0 Calculate and incorporate CAP indicators or FADN data (wherever feasible).

The QuantiFarm Policy Monitoring Tool API is documented on Postman, a popular platform for API
development. Users can access it by visiting a detdibedimentation page in the following URL:
https://documenter.getpostman.com/view/16417905/2sAY QXritdacludes information on how to

use the API, such as the available endpoints, required parameters, and example requests and responses.
Users can interact with the API through the Postman platform or integrate it into their applications to
retrieve andmanipulate data as defined by the API's functionality. More information and screenshots

are available in ANNEX B

The Policy Monitoring tool will also facilitate data exchange through standardised APl (OGC
WMS/WES) allowing the federated use of existing, opendgda repositories that are maintained by
national or regional administrations, research organisatiorsstisel agencies, etc. To this end,
selected results including calculated outcomes (e.g. assessed farming performance with the use of a
specific DATS for a specific geographical region) will be pushed to an OGC compliant server. The
Geoserveopensource server for sharing geospatial data has been selected as a robust solution capable

MIEinnovation programme under grant agreement M@1059700
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to serve this objective. Geoserver is designed for interoperability, it is capable to publish data from any
major spatial data source using open standards.

For the needs of policy monitoring tool, a software module will act as a connector that will periodically
retrieve calculated outcomes using REST GET GetStatsByCountry webservice calls of the Policy
Monitoring Tool APl and push the outcomes in webservienTthe data will be exposed through the
standardise®VMS/WFS calls. This process is under development, and it is expected to be completed
when the first outcomes from QuantiFarm Test Cases will be ready for publication. The code for the
Geoserver connector is maintained in specific gitlab projetps:/gitlab.com/QuantiFarm/poliey
monitoringtool-ogcapi
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D3.4 Tools for DATSs Assessment and Policy Monitoringysecond version
5 Conclusions

In thefirst version of the QuantiFarm Tools for DATS assessment and the Policy Monitorinth&ool
focus was on laying the groundwork for these services and demonstrating their initial functionalities.
This set of tools aimed to further exploit the outcomes of the QuantiFarm DATS assessment framework
and provided additional functionalities to farmeadvisors and policy makers towards the selection and
adoption of DATSs.

Buil ding upon fAD3.1 Data Riemgiutir@imeweéessiaom, d nwlhkeir
QuantiFarm Common Semantic Model (QCSM) and the underlying data platform architecture, D3.3
introduced necessary extensions to the QCSM for modeling keyniafion entities relevant to the
assessment framework. D3.3 also detailed how Test Cases and associated data &oliactien

Assessment Framewd@kintegrate with the broader QuantiFarm toolkit.

In that initial phase (December 2023), the firetsion tools for DATS evaluation and selection,
alongside the Policy Monitoring Tool, were described as they stood at the time. All thirty Test Cases

were involved, providing diverse feedback from diffenaes, while additional farmers and advisors

from Quanti Farm partnersé networks helped ensur e
familiarity. These tools and their main interfaces underwent two annual cycles of testing, interspersed

with multiple smaller iterations.

The principal challenges encountered included ensuring high data quality and developing a user
interface (cf. D3.6) that meets ends er needs. By the close of the
underlying infrastructure was largely complete, though & rezognized that future refinements, user
testing, and iterative development would be critical to effectively serving the agricultural community.

This deliverablgresentshe status of the implemented QuantiFarm services on M30 of the QuantiFarm
project while the next updated version of this deliverable is expected on M41. The main updates in this
deliverable (compared with D3.3) include the following:

a) The introduction of the DATS assessment engine which automates the data collection and
calcul ation of performance indicators (docume
Cost benefit assessment engineo),

b) Descriptions of new more sophisticated algorithms for the DATS Recommendation Engine in
section A3.2 Recommendation tool so.

c) Updates in the Cost benefit calculator tool
tool O

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.

MIEinnovation programme under grant agreement M@1059700
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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 ;

1;
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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:AdditionalAnimallinformation ;

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 - based version,
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 qcsm: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 gcsm: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 per hectare in the
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:Labourlnformation ;

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 qcsm: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 a ts";
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 gcsm: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/saref4agri - 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://gitlab.com/QuantiFarm/cesenefitcalculator
A screenshot of the API with the use of the Swagger framework follows:

Cost Benefit Calculator ® &

Cost Benefl Calcutator

Administration Asmmnistatve actions
/administration/create_db_tables Create basic Database Tables

/administration/create_input_models Creats our input BaseModels

/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
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totals ~
m /totals/ GetResults v
dat_tree A
m /dat_tree Retrieve DATs in a Tree like Object |
arable_results ~
m /results/arable/investment GetResuls vj
-0 /results/arable/yield GetResuts v
m /results/arable/fertilizer_reduction GetResults v
m /results/arable/water_reduction Get Results v
[rost_[ropm——w 7 Geents >
BESAN /resvits/arablesiabor_reduction GotResuts v
B /resuats/arable/tuel _reduction GotRosuts =
fruits_results ~
m /results/fruits/investment GetResuts M
m /results/fruits/yield GetResuls v
SN /resurts/frusts/fertilizer_reduction GelResuls v
SN /resurts/fruits/uater_reduction Get Resuts v
B0 /resurts/srusts/pesticide_reduction GotResuls v
m /results/fruits/labor_reduction GetResults v:
m /results/fruits/fuel_reduction GelResults v
vineyards_results ~
I /resurts/vineyards/investment Get Resuts v
/results/vineyards/yield GotResults v
IS /resurts/vineyards/fertilizer_reduction GotRasits v
/results/vineyards/water_reduction GolResults v
m /results/vineyards/pesticide_reduction GetResuls v
m /results/vineyards/labor_reduction GetResults V;
IR /resurts/vineyards/fuel_reduction GetResuts V}
vegetables_results ~
/results/vegetables/investment GotRosults Vi
SN /resurts/vegetables/ysend GotRosuts v
m /results/ve ables/fertilizer_reduction GetResults v |
BEEAN /resurts/vegetables/uater_reduction GetResuls v
m /results/vegetables/pesticide_reduction GetResults Vj
[ rost | /results/vegetables/labor_reduction GetResuts Vj
m /results/vegetables/fuel_reduction GelResults Vj
orchards_results ~
S /resurts/orchards/snvestment GotRosuks v
S /resurts/orchards/yseld GotResus v
m /result: /fertilizer Get Results v
ISl /resurts/orchardsuater_reduction GetResuts v
[Crosr [ E caens =
m /results/orchards/labor_reduction GotResuts v
IS /resurts/orchards/fuel_reduction GotRosuts V}
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Full API specification is available here
https://qgitlab.com/QuantiFarm/benchmarkitomp|

A screenshot of the API with the use of the Swagger framework follows:

Benchmarking Tool Web Service @

Benchmarking Tool Web Service

Aggregation Vvarous operations for Aggregated Data

SN /parcels/parcelid)/aggregations/ Gt aggregated event data

Parcels Vvarious operations for Parceis Data

/parcel/ids/{id} Retrieve Parcel from Database
/parcel/name/{name} Retrieve Parcel from Database
/parcel/user/{user} Retieve Parcel from Database
/parcel/country/{country} Retrieve Parcel from Database
/parcel/county/{county} Retrieve Parcel from Database

/parcel/dat Relrisve Parcel from Database

IE,%E”i] /parcel Adda Parcelin Database
/parcel Updale a Parcel in the Database

Calendar vanous operations for Calendar.

fevent GetEvent By Properties

Jevent Addan Event

LiGiUll /event Update Eventin Database

L

/event Delste an Event

/event/id/{event_id} GetEventBy 1D

Parametrics paamerics

m Jparametrics/types/{type} Parametrics
IS sparanetricssupdate Parmerics
Imports imoons

e B e T Ve
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Full API specification is available here:
https://qitlab.com/QuantiFarm/policymonitorutgol

A screenshot of the API with the use of the Swagger framework follows:

ONMENT & Lavout

QuantifarmPolicyMonitoringToolAPI

Introduction
Overview
Authentication

Error Codes

Rate limit

AUTHORIZATION

Username

GeoJson

AUTHORIZATION

POST PostGeoJson (5] Example Request
AUTHORIZATION

Body

GET GetGeoJson ] Example Request

AUTHORIZATION
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DELETE DeleteGeoJsonByld [SBll  cxampie Request DeleteGeosonByld
ost-8080/apV gecison/6 52e58e 08 74aleec 58593126

AUTHORIZATION

Example Response

Body

CountriesStats

AUTHORIZATION
POST PostCountryStats @
ost-8080/countries)

MIEinnovation programme under grant agreement M@1059700
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ANNEX C

Indicative snapshots of the Test Case data collection and performance indicators calculation
spreadsheets. These spreadsheets were extensively analysed in order to develop the web based
data collection forms and to automate the performance indicatorsatiaicu

E Data collection and Calculator GCSM parsing £} # & & =]
File Edit View Insert Format Data Tools Help
QMeus b ¢ & F 00% ~ £ % O M m caii - | -(2]+)8 7 5 A% @ E-$-p-A- P @B YE-E
= -k
a " e ® e . e "
2 Question | Unit of measure 1 Value |
a [T Number In
Ll TC Leader
. Crop / Animal
L Moanth of start of n
" Month of end of the growing season n
0 [ Blogeographical region
©  [Total farm size (under water) mz
" Number af parcels with DAT(s) n
] Number of parcels withaut DAT(s) n
3 Number of employees n
od Number of full-time emplayees n
e Number of n
3
i Question Unit of measure Value
w [Initial investment for DATs IG
» Expected life span of each DAT i
= Time to install and make DATs operational [ I
= DATS costs &y
El [Annual fees len
% [Training Hours [h (tatal)
= Number of people involved in the training n
E Cost of training. Tew
L4 DAT narme -
=
=
w | Question Unit of measure Value
Bl | Water price 1€n
2 Fuel price ef
= Electricity price &/
* Average salary €/
= Average professional salary (agronomist, veterinary...) | €/h
»
” MARKET DATA FOR DAT USER MARKET DATA FOR DAT USER
£l Question Value Question Unit of measure value
n Product market price €/tor €101 €/kg or €/piece Product market price €/t or €1 or €/kg or €/piece
] Pesticide 1 price. €/lor €/kg Pesticide 1 price €/lor €/kg
“ Pesticide 2 price Eflor €/kg Pesticide 2 price €flor €/kg
@ Pesticide 3 price [€fior€jkg ] Pesticide 3 price [€for€fg
a Pesticide n price €/l or € kg, Pesticide n price €/lor €/kg
4 = instructions ~ ! Generalinformation - (4 Parcel1withDAT(s) ~ (4 Parcel 1without DAT(s) = Cost-benefit engine (with DATIE ~ (¥ Cost-benefit engine (no DAT) € = (1 descriptive set KPis (with DAT) ~  descriptive set KPis (na DAT) = £
a Data collection and Calculator GCSMparsing B} # ™ & D B s -
Fil Edit View Insort Format Data Tools Help
Q Menus H o & § W00% v F % O M @ Defal - -[2)+ B 7 & A % @ E-i-B-A- oD@ Y @I -~
" =
v |
P
. Identification Parcel Nama. ‘ PARCEL WITHOUT DAT(s)
B o s e T iy o e .
) a Question wm. value Notes
s 1 Parcel dimensian ha
" 2 |sail fractions |
u % 5ond I
' % oy '
" % S %
" 1 Bk density kgfdm3; gfomd
" 0 Soil Organic Carbon %
" B Number of animals -
" 6 Uvestock units per hectare Lsufa
" 7 [Number of beehives n
» 0 Ares under squscuiture m2
E WATER
2 " |data um. ‘Without DAT Notes. ‘Without DAT Notes ‘Without DAT Notes
u 1 Irrigation Ifha
= B Fertigation fha
= 3 Pest dilution ha
o 4 [Cleaning
u B {orinking 1 1
a
u 0 data . ‘Without DAT Notes ‘Without DAT Motes ‘Without DAT ‘Notes.
n 1 [Fertiisation I | I - k T
- B [Pesticides [ha
s 3 Irrigation Vha
= 0 Sawing / Planting ha
» 8 Temperature and Humidity Control Ufha
» B Tha
» 10 ha
- n Titna
+ = nstructions = (4 Generalinformation « (& Parcel 1with DAT(s) + 4 Parcel 1without DAT(s) « Cost-benefit engine (with DATIE + (¥ Gost-banafit angine ino DAT) € = (¥ descriptive set KPIs (with DAT) =  descriptiva set KPis no DAT) + £ »
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E Data collection and Calculator OCSM parsing B} # ™ &

Fie Edit View Insert

Format Data Tools Help

QMers © ¢ & T 00% - £ % O 9 3 Tebu. v =[N+ B 7 & A o B @Y B-E
W . g marss
2 . c o e ¥ B '
' ANALYSIS
2 cosT
) WNPUT INDICATOR [
. WATER Cost of water S/ha a
s FUEL Cost of fuel o) 0
s ELECTRICITY €/ha o
T PESTICIDE Cost for pesticide €/ ]
» FERTILISER €/ha o
v FEED Cost of feed </ ]
0 BRUGS Cast of drugs €/ha 0
" LABOUR Cost of abour for rrgation </ha a
] LABOUR Cost of abour for pesticide € 0
" LABOUR fertlsation ha 0
" LABOUR Cost sowing_planting ha 0
" LABOUR pruning ha o
u LABOUR Cor field visits ha ]
" LABOUR & nage ha 0
i Cost of abour for racking the quantity of
. LapoLn grain available In the sllo bl 0
" LABOUR < m 0
Cost of labour for controlling purchase and
= LA sale prices and quaniities S0 a
z LABOUR Cost of abour for arganise logistics & 0
£ LABOUR Cost of abous for cleaning € anienal a
e LABOUR Cost of abour for stable visits € /animal 0
= e e -l L]
= LABOUR Cost of labour for calving detection € /animal ]
= LABOUR: Cost of labour for pigsty management & fanimal a
£ LABOUR Cost of labour farmilking € aniemal ]
= LABOUR Cost of abour for {milk) quaiity assessment € fanimmal ]
= LABOUR Cast of abous for feeding € favienal 0
» LABOUR: Cost of abour for beehives visits & beehive a
» LABOUR Cost of abour for sampling of orsters Elpiece 0
Cost of abour for transporting oysters to the E
B LABOUR o Elpiace "
£l LABOUR Cost for Elpiace 0
£ LABOUR: for storage €/piace o
» LABOUR dmiistrative aciuiies,data collection, ete. | =/ o &/arima or .
- o T €/ha or &/animal or
Lozl e . 0
€/ha or & /animal or
£ AT Cast of DAT T N
»
B Revenues ]
+ = heralinformation + (& Parcel 1 with DAT(s) ~ (4 Parcel Cost-bens DADE = efit engine (no DAT) € = (1 descriptive set KPis (with DAT) ~  descriptive set KPis (no DAT) =  Analysis DAT vs. no DAT ~
a Data collection and Calculator QCSM parsing EEj « &= & ¢
Fle Edit View Insert Format Data Tools Help
QMeus & @ & § 100% - £ % O 00 w3 Calibi - —[12 B I = E A- o B @ YV @- I
u ~ ik Economic - PRODUCTIVITY
” 0 ¢ o € v G "
LI economic - PRODUCTIVITY
2 INDICATOR SCENARIO UoM TOTAL FORMULAS
2 Land Productivity With DATs t/ha |total production / parcel area
#OIV/0!
‘ Labour productivity (arable and horticulture) With DATS t/h total production / hours of labour employed
#OV/0!
s Labour productivity (dairy Iivestock) With pars " total production / hours of labour employed
#0IV/0!
. Labour productivity (meat Iivestock) With ATs e/ / hours of labour employed
ov/o!
’ Labour productivity (squaculture) With DATs plece/n total production / hours of labour employed
#OV/0!
. Labour productivity (apiculture) With DATs e/ total production / hours of labour employed
Ho/o!
s Milk productivity With ATy 1/ cow [ day total milk production / total number of cows.
HOW/O!
0 Meat productivity With DATs kg / animals / day total production / animals
#ov/o!
" Bees productivity With DATs kg / beehives total production / beehives
#OIV/0!
" Oyster productivity With DATs ke/m2 production / area used
#oV/0!
n
—

+ = Instructions

¢ KAa

LIN2 2SO

| information ~ (4 Parcel 1with DAT(s) ~

Kl &

Parcel 1 without DAT(s)

Cost-benefit engine (with DAT)E =

1 Cost-benefit engine (no DAT) € ~

1 descriptive set KPls (with DAT) ~
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