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Decision making – Decision support system

DECISION
The choice of one among a 

number alternatives
DECISION 
MAKING

A process of making the 
choices 

Assessing the problem
Collecting and verifying 

information
Identifying alternatives Making the choice Evaluating decisions

DECISION MAKING is a PROCESS

DECISION SUPPORT   
SYSTEMS

Interactive 
computer 

tools 

Assistance of
decision maker

Improvements of 
the effectiveness

of decisions

Making complex
decisions Complex task
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Prelude
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Introduction

Development of DSS for application in agriculture

consider
modelling methodology

specifics of agriculture
reliable
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Outline

Modelling methodology

• Conceptual framework

• Architecture of DSS

• Modeling procedure

• Integration 

Implementation

• EVADIFF

• Soil Navigator

• Path Finder

Final remarks



Structural approach

Conceptual framework

Problem

Decision 
problem

Decision 
analysis

Decision 
user



Roles:

Definition of 
the problem

Clear verbal formulation

Spatial: field, farm, region, …

Temporal: growing season, critical 
period of growth, …

Definition of 
the 

constraints

Technical, economic, social

Accession, tomato lines, 
rootstock, scions

Problem 
owners

Farmers

Farm 
advisors

Agencies 

Problem

Conceptual framework

Example: Water pollution with pesticides.



Farm 
advisors

Senior 
scientists

Representatives 
of interest 

groups

Experts Roles:

Definition of the 
decision problem

Selection of variety

Selection soil management, irrigation 
intensity, fertilization intensity…

Selection of correct active substance

Decomposition 
of the problem

State variables

Links between variables

Modular structure

Hierarchical structure

Environmental constraints

Management  constraints

Definition of 
alternatives

List of possible decisions 

Priorities of possible decisions

Technical and economic implementation

Decision 
problem

Conceptual framework

Example: Active substance, concentration, time of application.



Data 
management 

experts

Modelling 
experts

Decision 
analysts

Roles:

Data

Data types: quantitative, qualitative

Data availability: unique, temporal,  spatial

Data completeness,  missing data  

Data management: collection, cleaning, 
storage, transfer

Data 
analysis 

and 
modelling

Ordination
Ranking

Clustering 

Prediction modelling

Single, multi target

Classification, 
regression  

Decision modelling

Evaluation

What-if

Once/many decision

Decision 
analysis

Conceptual framework

Example: Data mining and qualitative decision modeling 



Roles:

Type of 
implementation 

of proposed 
solutions

User
Single

Many

Usage
One-time use

Frequent use

Tool
Paper decision map 

Computer tool

History
Storage 

Sharing  with other users
Farm 

advisors

Farmers

Users

Students

Decision 
user

Conceptual framework

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



11

Problem

Decision 
problem

Decision 
analysis

User

Conceptual framework of DSS Architecture of DSS

Modeling methodology
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Architecture of DSS 

User

Graphical user 
interface

Database 

Knowledgebase

Decision models

Outputs

Data 
transformation

user communication

steering information

row data flow

modelling results

o
u

tp
u

t 
in

fo
rm

at
io

n

data 
flow
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Decision models

Multiobjective decision model: 

• Soil properties, 

• Soil management, 

• Cropping system, 

• Climate, … 

Systematic structural approach is needed:

• Structuring and braking complex decision problems 
into less complex parts that are manageable

• Understanding of the problem

• Communication between experts

• Obtaining required knowledge

Multi-attribute utility models

Decision 
problem

Conceptual 
model

Decision 
model

Verification
Sensitivity

analysis
Calibration Validation

Final 
decision 
model

Modeling procedure

Golden roles of ecological modelling

Environmental
sustainability-5-Consumers

Waste

Food Loss and Waste
Reduction

Waste Disposal

Energy

Cooking intensity

Renewable Energy %

Water use



14Domain experts 

Knowledge Modelling

Data

Expert based Knowledge

Knowledge discovery from data

Mechanistic modelling

Data Mining

Decision 
problem

Conceptual 
model

Modeling procedure

Problem driven and knowledge based approach
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Modeling procedure

Multi Criteria 
Decision Analysis 

(MCDA) 
to generate 

Multi-Attribute 
Decision Models 

(MADM) 
using

DEX (Decision 
EXpert) integrative 

methodology 

Decision models

Decision 
model

Decision Modelling

Expert based knowledge 

Data mining

Data

Experts
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Decision models

Decision 
model

hierarchical decomposition of decision  problem definitions of integration rules

Modeling procedure
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Decision models

Verification Calibration
Sensitivity 

analysis
Validation

Modeling procedure
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Integration

User

Graphical user 
interface

Database 

Knowledgebase

Decision models

Outputs

Data 
transformation

user communication

steering information

row data flow

modelling resultso
u

tp
u

t 
in

fo
rm

at
io

n

data 
flow

Linking modules into operational DSS
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Integration

1. Contextual interviews

2. Analysis of available materials (factsheets)

3. Inventory of input parameters

4. Initial design of data input flow

5. Refinement

6. Initial design of output parameters and analysis tools

7. Refinement

8. Wrap-up in interactive mock-up

9. Validation of DSS

Linking modules into operational DSS
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Integration

• NodeJS server

• Express web 

framework

• PostgreSQL 

database

• Sequelize ORM

• Frontend: Angular
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Integration

9. Validation of DSS
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THE SOIL NAVIGATOR: A DECISION SUPPORT

SYSTEM FOR THE ASSESSMENT AND

MANAGEMENT OF SOIL FUNCTIONS

Aneta Trajanov, Vladimir Kuzmanovski, Jaap Schröder, Taru Sandén, 
Heide Spiegel, David P. Wall, Marijn Van de Broek, Michiel Rutgers, 

Francesca Bampa, Rachel E. Creamer, Christian Bugge Henriksen

Marko Debeljak
Jožef Stefan Institute
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THE SOIL NAVIGATOR

Carbon 
sequestration

Water 
regulation & 
purification

Biodiversity

Nutrient
cycling

Primary 
production

Specific objective of the H2020 LANDMARK project

Decision support system that operates at the field level

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

SF performance

Low High

Assessing the performance of the five 
soil functions

• specific management practices,

• environmental/climatic conditions

• soil characteristics

Choosing appropriate management 
practices that will improve the 
performance of the soil functions 
under:

• climatic conditions

• soil characteristics

• management options 
SF performance

Low High

Medium

Medium
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ARCHITECTURE OF THE SOIL NAVIGATOR DSS

User

Graphical user 
interface

Database 

Knowledgebase

Decision models

Output

Data 
transformation

user communication

steering information

row data flow

modelling resultso
u

tp
u

t 
in

fo
rm

at
io

n

data 
flow
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Multi Criteria 
Decision 
Analysis 
(MCDA) 

to generate 

Multi-
Attribute 
Decision 
Models 

(MADM) 

using
DEX (Decision 

EXpert) integrative 
methodology 

DECISION MODELS

Decission Modelling

Expert based knowledge 

Data mining

Data

Experts
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Verification Calibration
Sensitivity 

analysis
Validation
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DECISION MODELS
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TRANSFER TO COMPUTER

Field

Precipitation

Temperature

Rooting 
depth

Crop

...

…

…

Models of 
soil 

functions

YES

NO

No change of 
soil and crop 
management 

plan

What - if
Assessment of 
soil functions

Data

Tillage

Crop cover

Irrigation

…

Mitigation 
options

Assessed 
EQUAL 

Demanded

YES

Mitigation 
measures
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SOIL NAVIGATOR - VALIDATION

5 countries (A, D, DK, UK, IE, F) 

> 90 sites across Europe 

Farmers 

Farm advisors  
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SOIL NAVIGATOR - GRAPHICAL USER INTERFACE
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GRAPHICAL USER INTERFACE - DATA ENTRY
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GUI– ASSESSMENT OF THE SOIL FUNCTIONS
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GUI– ASSESSMENT OF THE SOIL FUNCTIONS
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GUI– SUGGESTIONS FOR IMPROVEMENT OF SELECTED SF
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Open access: www.soilnavigator.eu

SOIL NAVIGATOR

http://www.soilnavigator.eu/
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Video tutorials (English, French, German, Danish): 
http://videolectures.net/soil_english_tutorial/

SUPPLEMENTING MATERIALS

http://videolectures.net/soil_english_tutorial/
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SUPPLEMENTING MATERIALS
Methodological paper
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SUPPLEMENTING MATERIALS
Soil functions research papers



www.landmark2020.eu email info.landmark@wur.nl twitter @Landmark2020 20/11/2020

41

ACKNOWLEDGEMENT



42

Final remarks

• Methodology for development DSS in agriculture is confirmed.
• Following modelling procedure is required.
• Large synergistic effects between data driven and knowledge 

driven modelling.
• Advanced information technology is needed for integration of 

modules into DSS.
• Knowledge of UI-UX design of interface is crucial.  
• Digitalization and application of artificial intelligence stimulate fast 

development of DSS in agronomy.
• Development of DSS in agronomy is transdisciplinary task.

Thank you!


