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Croliiase Al based Knowledge Technologies

Jozef Stefan Institute

Advanced information technologies:

e Discovering and structuring
e Storage and management
e Use

KNOWLEDGE

Several Al based knowledge technologies

e Explainable Al: machine learning, data mining, text mining, network analysis

e Decision modelling: integration of expert domain knowledge and knowledge
obtained from data

e addressing complex research challenges in agriculture
e development and application of new and improved Al based KT
e applying KT approaches to scientific and practical problems in agriculture
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World Summit on Sustainable Development 2002

Environmental pillar

The environmental functions to
connect the management and
conservation of natural resources

Economic pillar
The economic functions to provide
prosperity to the community.

Bearable Equitable

Environment 2
& Viable Economic Social pillar

Several social functions which support
to create healthy and livable
communities
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ecbRREEE Agriculture - challenges

Concerned Optimistic

farmers Decision support farmers
systems (DSS)



Croliiase Decision — Decision support systems
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The choice of one among a A process of making the DECISION
number alternatives choices MAKING
DECISION MAKING is a PROCESS
information

Making complex

decisions Complex task

Improvements of Interactive

) Assistance of
the effectiveness "
.. decision maker
of decisions

DECISION SUPPORT
SYSTEMS

computer
tools




(bl Introduction

Al based KT for building for sustainable agriculture

modelling methodology

consider {

specifics of agriculture

|




il Modelling methodology

e Conceptual
framework

e Architecture of DSS
* Modeling procedure
* |ntegration



Conceptual framework

Problem
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il Conceptual framework
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Problem
Definition

of the
problem
owners
Definition
constraints
Farm
advisors

Farmers

Example: Water pollution with pesticides.



il Conceptual framework
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Decision [ Definition of the
problem | decision problem

Decision prob. Roles: | [ Decomposition
owners . of the problem
Farm
advisors

Senior
scientists

Definition of
alternatives

Representatives of
interest groups

Example: Active substance, concentration, time of application.



il Conceptual framework

Decision Data
analysis

Decision RoIeS'
analysts
Data : )
management Data
experts analysis é
) and
Modelling modelling
experts L )

Example: Data mining and qualitative decision modeling



il Conceptual framework
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Decision

user

Type of
Users Roles: implementation
of proposed
[ ‘ solutions
Farmers
Farm | History
| advisors |
Students

Example: Phone App, personalized support: Isoproturon
before drainage period with 50% reduced concentration



il Modeling methodology

nstitute

Conceptual framework of DSS| [ Architecture of DSS

Problem

Decision

problem

Decision
analysis
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Architecture of DSS

output information

user communication

steering information

Data

Decision models :
transformation

modelling results

4[ Outputs ]

row data flow

Knowledgebase
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il Modeling procedure
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|
Decision models

Golden roles of ecological modelling

Decision Sensitivit Akl
Verification i Calibration Validation decision
model analysis model
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=il  Modeling procedure
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Machine learning
Data/Text Mining

Data Knowledge discovery from data
Problem driven knowledge based approach s
Expert based Knowledge e
. e | s .;n S
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Domain experts 17



=il  Modeling procedure
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Decision
model

DEX (Decision
EXpert) integrative
methodology

Multi-Attribute

Multi Criteria
Decision Analysis to generate Decision Models
(MADM)

(MCDA)
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il Modeling procedure
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Decision models
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Integration

output information

Linking modules into operational DSS

user communication

steering information

.. Data
Decision models row data flow

transformation
Knowledgebase

modelling results

4[ Outputs ]
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9. Validation of DSS
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er Implementation

Recently finished EU projects:
e EVADIFF

e LANDMARK: Soil Navigator
e TomRes: Resource amplifier
e TRUE: PathFinder

Ongoing EU projects (6)
e |[PM decisions

e EUdaphobase

e COCOREADO

e RADIANT

e BENCHMARKS

e WEFE4AMED



ol Implementation of presented decision
modeling methodology

DECISION SUPPORT SYSTEM FOR
ENVIRONMENTALLY SAFE APPLICATION OF
PESTICIDES USED IN AGRICULTURE - EVADIFF

Evaluation de modeles existants et développement de nouveaux outils
d’aide a la décision pour la prévention des pollutions diffuses par les
produits phytopharmaceutiques - EVADIFF

Marko Debeljak Jonathan Marks-Perreau
Viladimir Kuzmanovski Benoit Real
Aneta Trajanov Florence Leprince

Saso Dzeroski
32 JS ARVALJS

Institut du végétal
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il Modelling constraints
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Decision maker: Farmer adviser Application area: France

MNord-Fas-de-Calais

A|pes-Cote d'Azur

Application scale: field



i  Data and expert knowledge provider

ots Biochemical lab: 25.000 research

30.000 experimental pl
L B tests / year

Climatic, crop and
cultivation data

Jonathan
Marks=
Perreau
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ws%  Prediction DM models

DRAINAGE WATER FLOW

Model (All/T4)

Drainage = 0.0196445 * RainfallA1 * Temp
+0.33246 * DrainageN1
+0.000662861 * CDCoef 2 * RainfallA1? * Slope

+0.00000107253 * Runoff * DrainageN1 * Temp?* RainfallA1?

—0.00115983 * Runoff 2 * DrainageN1 * Slope?
—0.00114057 * Temp? * RainfallA1

+0.00153725 * RainfallA1?
+1.63563 * Runoff * Slope
—1.90622 * Runoff
—0.0231748 * Slope? * RainfallA1
+0.0654042 * RainfallA1 * Slope
—0.00755737 * Slope® * CDCoef 3 * Runoff 2
+0.0675951 * Slope

-0.146702
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i  Prediction DM models

nstitute

Runoff [mm]

1.2

1.0
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0.0

RUNOFF WATER FLOW (T4 2005/2006)

Predicted vs. Measured Runoff

L | |

e LV -

N

1

20/10/2005 09,/12,/2005 28/01,/2006 19/03/2006 08/05,/2006 27 /06,2006
Date

—— Measured —— RZWQM(initial) — Bagging (Model trees)

16,/08,/2006

27



RARTMENT OF
DWLEDGE
OLOGIES

Jozef Stefan Institute

Prediction DM models

DRAINAGE PERIOD

Start of drainage in the fields of La Jailliere

Expert provided date for the start

(94.5%)

( Drainage_cumul_total )

/

/N

<=4.99

>4.99

N

5 mm threshold for the start
(90.8%)

Rainfall_cumul

<=212.5

Y

no_drainage
(19131/1900)

no_drainage
(23067/1107) Qvg_temp_pastj -7_day9
<=13.93 >13.93
/
¥ N
start_drainage no_drainage
(21763/1276) (1454/408)

>212.5
N

Avg_temp_past_1-7_days

/N

<= 13.93 >13.93

10 mm threshold for the start

(91.2%)

Rainfall_cumul

<=214.8 >214.8

Y

N

no_drainage
(19225/963)

Avg_temp_next 1-7_days

Y

N

start_drainage
(19457/1586)

no_drainage
(1450/215)

/N

<=12.27 >12.27
/
¥ N
start_drainage no_drainage
(18813/2164) (2000/434)
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‘il Risk assessment modelling

| not—risky, C(AS) <2 ug/L
sample = { risky, C(AS)>2 ug/L

Jozef Stefan Institute
Time between application
and intensive drainage

>= 5 months < 5 months j‘ample = {

not—risky, C(AS) < PNEC(AS)
Vs risky, C(AS)=PNEC(AS)
s

not-risky Time between application PNEC: Predicted No-
and intensive drainage Effect Concentration

>= 1 month < 1 month

Application period Cummulative rainfall
in the following 2 weeks

Before winter After winter
flow flow <= 18 mm > 18 mm
¥ V/ «
not-risky Dose applied not-risky risky
Below Recommended
recommended or above
¥ A |

not-risky risky 29




ol Decision models
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MODELS FOR RISK ASSESSMENT

:';]ﬁ Intensity_Drainage_Infiltration
s'-]ﬁ Intensity_Runoff by saturation
:-]ﬁ Intesn:y' Simple surface runnof_Runnof on capplng sl

3C




il  Decision models

nstitute

MODELS FOR RISK MANAGEMENT

24 mitigation models

IF the risk
assessment

IS

RISKY

perform
What-if DSS
analysis

.

b .

i
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(il DSS tool
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T Pays de la Loire . Loire-atiantioue [44]
- B v o i s
. & . = Maine-et-Loire [4997]
. = Mayenne [53]

= Sarthe [72]
= Vendée [85]

32



s DSS tool

Jozef Stefan Institute

d o e Lahal e =

Scenario Description Water Pathways Water Quantity Risk Characterization Risk Management EVALUATION REPORT

Scenario Description

Provide and populate fields with the required information

General Information Soil Conditions
Scenario Cracks in soil Choosze... =
Region Limousin - Capping soil Choose... -
Location Choose location... - Surface permeability | Choose... -
Permeability disruption Choose a depth... he
Field Conditions Substratum permeability = Choose... -
Soil description Choose soil type... - e Choase a depth.. M
Soil Conditions Choose conditions ... -
Tillage Choose... - Crop Management
Slope Choose a slope... = Crop Choose present crop... -
Slope disruption Choose... - Date of sowing dd/MMfy
Thalweg Choose... -
Downhill Choose... - Pesticide Application
Accessarea issues Choose... - Date of application | dd/MM/yyyy
Comer issues Choose... - Active ingredients Choose active ingredient... =
Dose z/ha
Water table

Drainage network Choose efficiency... - Start



il Web based DSS tool
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d 0 L) Lahal & =]

Scenario Description thway it izl k Manay it EVALUATION REPORT

Scenario Description

Provide and populate fields with the required information

Crop Management

Crop Maize

Date of sowing 22/04/2018

Pesticide Application

Date of application  03/06/2018
Active ingredients bentazone

Dose 1000



wiliE  DSS tool
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RUNOFF ON CAPPING SOIL

[+ Initial State Evaluation

State description

The following state has been estimated during the process of evaluation:

Active ingredient

bentazone

Tillage

Yes

Application time

During Spring with Spring Flow Period
03/06/2018

Crop

Maize

Dosage

Producer recommendation
1000 g/ha

Water Pathways
The assessed intensity of possible water pathways:

inage discharge

id infiltration

off by saturation

ple surface runoff

Intensity
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wiliE  DSS tool
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-B

== Risk Management

Ranked strategies
The strategies are ordered by the complexity of agricultural practices.

B 1L Mitigation strategy

Practice required
The following changes are required for risk reduction:

Roughness of seed bed

Should be applied on the field.

Tramline management

Should be applied on the field.

Dammer inter row

Should be applied on the field.

Retention and disperssion facilities

Facilities should be applied on the edge of field.

36



THE SOIL NAVIGATOR: A DECISION SUPPORT
SYSTEM FOR THE ASSESSMENT AND
MANAGEMENT OF SOIL FUNCTIONS

Marko Debeljak
JozZef Stefan Institute

Aneta Trajanov, Vladimir Kuzmanovski, Jaap Schroder, Taru Sandén,
Heide Spiegel, David P. Wall, Marijn Van de Broek, Michiel Rutgers,
Francesca Bampa, Rachel E. Creamer, Christian Bugge Henriksen

§ 37
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THE SoOIL NAVIGATOR

Decision support system that operates at the field level

Provides advices on the management of soils that optimise 5 soil functions

Water
regulation &
purification

Primary
production

Carbon
sequestration

Biodiversity

Nutrient
cycling

§ 38
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DECISION PROBLEM

Assessing the performance of the five

soil functions

e specific management practices,
e environmental/climatic conditions
e soil characteristics

Medium High
SF performance

Choosing appropriate management
practices that will improve the

performance of the soil functions
under:

¢ climatic conditions
¢ soil characteristics

* management options Low Vedium _ High

SF performance
ﬁNDMARK =

www.landmark2020.eu  email info.landmark@wur.nl twitter @Landmark2020 26/01/2023




SOIL NAVIGATOR - GRAPHICAL USER INTERFACE

SoiL NAVIGATOR

Home Decision support system Soil functions Team Publications Tutorials RUN

EVALUATION REPORT ON OPTIMIZED CAPACITIES OF SO FUNCTIONS.

A Decision Support System for
assessing and optimizing soil
functions

The Soil Navigator decision support system (DSS) was developed in the Horizon 2020 project LANDMARK. It
assesses the initial capacities of five soil functions within a field including primary productivity, nutrient
cycling, water purification and regulation, carbon sequestration and climate regulation, as well as
biodiversity and habitat provision. In addition, this evidence based DSS offers targeted solutions and
management recommendations to improve the supply of several soil functions simultaneously and
assisting farmers and farm advisors to make the right decisions for long term sustainability.

Watch video Run Soil Navigator DSS

40
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GRAPHICAL USER INTERFACE - DATA ENTRY

SoiL NAVIGATOR = =

4 Home / Navigator

& Home Navigator
= Mavigator -
Scenario Germany4bog (new) (& L+ 54 B
Input
Optimization INPUT DATA PAGE4 /4 Agroecosystem
' <o &
Report = = e
Management
B Archive
Unless otherwise specified, all input values are for the specific field and soil measurements are in the 0 to 25 cm soil layer :
Environment
Soil |
Seil physical properties -
Soil type Organic Mineral
e @ Assess soil functions
Soil texture Clay Loam Sand
Clay content - Select - -
Soil crusting/capping Yes @ No
Thickness of organic layer <10cm 10-20 cm @ =20 cm
Potential rooting depth <50 cm (®) 50-100 cm >100 cm
Groundwater table depth © (@) <0.4m 0.4-1.0m 1.0-20m
»2.0m
Soil organic carbon <1 %% 1-3% @ >3 %

41
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GUI— ASSESSMENT OF THE SOIL FUNCTIONS

INITIALLY ASSESSED AND DESIRED CAPACITY OF SOIL FUNCTIONS

Primary productivity Water purification and regulation Bicdiversity and habitat provision Nutrient cycling Climate regulation

i 50 NC

Initial and desired capacity Capacity of soil functions

Primary productivity

Pl

=]

Initial

Wi

kel

=]

Flexibility .I ; t

B

Water purification and regulation

NG
Initial — o r
o Flexibility -I
Low Medium High
Biodiversity and habitat provision
Assessment of functional indicators Initial - o P
Primary productivity il
Environmental conditions FleXIblllt‘v 'I
Soil conditions
Cropping system
Management practices Nutrient "
utrient cycling
Water purification and regulation
‘Water storage
Drainage and N laaching Initial —& o &
Run-off and P loss Flexibility -I
Bicdiversity and habitat provision
e Nutrients
I —— Siology Climate regulation
S Strucurs
—— Hydrelogy
- o o Initial Ty -
Nutrient cycling
Mineralisation Flexibility _I

Nutrignt recovery

Nutrient harvest index

Climate regulation
Carbon sequesiration

|

Reduction of N2O emissions



GUI— ASSESSMENT OF THE SOIL FUNCTIONS

INITIALLY ASSESSED AND DESIRED CAPACITY OF SOIL FUNCTIONS

Pl

Wi

B

M

C

3]

Primary productivity

Water purification and regulation

Biodiversity and habitat provision

Nutrient cycling

Climate regulation

Initial and desired capacity

3

il

Q

il

Lowr Medium

Assessment of functional indicators

Primary productivity

Water purification and regulation

Biudiversii and habitat irovision
I
N
I

Nutrient cycling

Climate regulation

|

High

Environmental conditions
Soil conditions

Cropping system
Management practices

‘Water storage
Drainage and N leaching

Run-off and P loss

Mutrients
Biclogy
Structure

Hydraology

Mineralisation
Nutrient recovery

Nutrient harvest index

Carbon sequesiration

Reduction of N2O emissions

Initial

Flexibility

Initial

Flexibility

Initial

Flexibility

Desired

Importance

Initial

Flexibility

Capacity of soil functions

Primary productivity

Water purification and regulation

Biodiversity and habitat provision

Nutrient cycling

Climate regulation




GUI— SUGGESTIONS FOR IMPROVEMENT OF SELECTED SF

EVALUATION REPORT ON OPTIMIZED CAPACITIES OF SOIL FUNCTIONS

Primary productivity Water purification and regulation Biodiversity and habitat provision Nutrient cycling

Climate regulation

| BD | NC

Initial, desired and achieved capacities Initial and optimized functional indicators

Primary productivity

PP

WR
Water purification and regulation

NC S : -
Biodiversity and habitat provision
I

Low Medium High
Nutrient cycling

= Management recommendations

Environmental conditions
Soil conditions

Cropping system
Management practices

Water storage
Drainage and N leaching

Run-off and P loss

Nutrients
Biclogy
Structure
Hydrology

Mineralisation
Mutrient recovery

Nutrient harvest index

Carbon sequesiration
Reduction of M20 emissions

Reduction of CH4 emissions

< —

( NITROGEN FERTILIZATION (MINERAL)

ral M fertilization in complia

Requirements for compliance with national law and cross-compliance with GAEC and SMR

K this link

this link

this link

LOW

o
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TRansition paths to sUstainable
legume-based systems in Europe

PATHFINDER

TRansition paths to sUstainable legume-based systems in
Europe (TRUE) has received funding from the European

Union’s Horizon 2020 research and innovation programme
under grant agreement No. 727973




Conceptual structure of PATHFINDER central model
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Appendix llI: factsheets of

Appendix IV: Factsheets of

attributes for th vironmental

attributes for the e

: omic pillar
pillar of the sustainability
of the sustainability assessment

assessment

Delerabie wes (082)

Tier 3
decision models

. . Agri-food chain
Agri-food chain

Tier 2
decision models

Sustainability
inability pi ) Total
Sustainability pillars plllar
— chain level
Environmental 27
| Economic 44
T Socio-policy 34
T Total 105
>
7’ 4 — : RN N~ o
z = ’ £ 3 Sa Tier 1
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[] £
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Operational features of PATHFINDER

Chain sustainability
management
(top-down)
\
Agri-food chain
==N

ES—

7/

= =

1

-
1
Economic
A
o~ ~

/

Chain sustainability u,
Assessment '
(bottom-up)




Validation of PATHFINDER

Atlantic cluster

CS 3: Intercrops for food & feed (Arbikie Distilling
Ltd./Barney's Beer, UK)

CS 10: Market model development for organic pork
(IFAU, Denmark)

CS 12: Vegetarian food formulation (IFAU, Denmark)

Continental cluster

CS 16: Policy for sustainable development
(Regionalna Razvojna Agencija Medimurje, Croatia)
CS 17: Sustainable short supply chains delivering
novel legume products to reconnect producers and
urban consumers (Agri Kulti Kft., Hungary)

Mediterranean cluster

CS 18: Ancient & heritage variety screening for higher
nutritive value (Sociedade Agricola do Freixo do Meio,
Portugal)




Pathfinder

a decision support System for
assessment and management of the sustainability
of legume agri-food chains

Developed within Powered by
Horizon 2020 DEXiWare

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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Data entry
Analysis

Bottom-up
Top-down
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‘whie  Final remarks

Methodology for development DSS in agriculture is confirmed

* Large synergistic effects between data driven and knowledge driven modelling
(knowledge hybridization)

* Advanced information technology is needed for integration of modules into DSS

 Knowledge of UX design of interface is crucial

* Digitalization and use of Al-based KT support development of reliable DSS for
modern agriculture challenged by increasing societal demands (heathy food,

sustainability, climate change, biodiversity, soil health, ....)

* Development of DSS in agronomy is transdisciplinary task



wiii  Challenges

Technology readiness level - exploitation

Research to

Basic Technology :
technol prove Technolog'y Pilotplanand .\ ot launch and
echnology feasibility  demonstration development scale up ialisati
research easibility and prototype commercialisation
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| J I [ | [ |
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> Academy > Industry >
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