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вforecasting is difficult , particularly when it comes to 
geopoliticsу a domain in which the rules of the game are 
ƓŸŸƖũǃШƨŰĬĲƖƚƣŸŸĬЯШв
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preparing, yet still finds itself the victim of surprise в

The Art of Forecasting ċƚШƚĦŔĲŰĦĲШƚĲĲƚШŔƣв
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Common deficiencies
> Focus on methods and not on system understanding

(wrong system model)
> Knowledge limited to a few methods

(Missing potential of methods)
> Too much ĲůƓőċƚŔƚШŸŰШјŸũĬљШĬċƣċШ
ыјŉƨƣƨƖĲљШĬċƣċШƖĲƕƨŔƖĲƚШĲǂƓĲƖƣŔƚĲЯШƓőċŰƣċƚǃЯШċŰĬШĤŸũĬŰĲƚƚь
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Relevance of 
system knowledge

Understanding system behavior
- An example -



Example 1: Understanding system behavior

Available:
Past observations



Understanding A:
Linear trend

Mathematics:
ј7ĲƚƣШŉŔƣљ

Example 1: Understanding system behavior



Understanding B:
Upward trend

Mathematics:
ј7ĲƚƣШŉŔƣљ

Example 1: Understanding system behavior



Understanding C:
Downward trend

All curves fit
past observations

So what?

Example 1: Understanding system behavior
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41
31 Attributes

Methods
ҼШůŸƖĲв

In support of
forecasts

Task:
Matrix of 
methods

Resource intensity
Low тmedium - high



41
31 Attributes

Embedded variations: 
EǂċůƓũĲШљmoving averagesњ
оЮSimple Moving Average (SMA): 
   Calculates the unweighted mean of the previous data points. 
оЮìĲŔŊőƣĲĬЮ~ŸƻŔŰŊЮ ƻĲƖċŊĲЮёì~ ђжЮ
   Assigns weights to data points. 
оЮEǂƓŸŰĲŰƣŔċũЮ~ŸƻŔŰŊЮ ƻĲƖċŊĲЮёE~ ђжЮ
   Greater emphasis on recent data (applying exponential weights)
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Matrix of
Methods

Part 1: Selection attributes
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41

Methods
ҼШůŸƖĲв

Č Typology of methods
Č Prediction Time Horizon

Č Resource Intensity
Č Skill requirements
Č Set-up time

Č Information Type Requirements
Č Information source
Č Information volume
Č Software requirements

Č Model complexity
ČůŸƖĲв

Simple examples of structural attributes

7ƨƣв
more



41

Methods
ҼШůŸƖĲв

Attributes beyond the ordinary
Č Dragon Kings
Č Black swans
Č Gray Rhinos (economics)
Č Gray Rhinos (physical)
Č Phase transition

Challenge : Dealing with a world of change



Issues in a world of change: Dragon King

Examples of dragon kings
Extreme agricultural drought
Č May lead to catastrophic crop failure  (Venezuela 1999)
Localized livestock disease outbreak
Č May result from failure in early containment, etc.

 BSE / Mad Cow Disease in Europe 
Č May be due to hygiene deficiencies
Localized catastrophic Market Price Spikes
Č May be due to crop failure, trade ban etc.

ADragon King is a 
 > statistical outlier often discarded as error that is 
 > significantly larger than what would be predicted 
     by the distribution of the data. 
 Dragon Kings are often preceded by detectable warning signs
 making them potentially predictable.



Examples of black swans in agrifood
Č Covid 19
Č the Sovjet-Ukraine war
Č Extreme weather events, etc. 
Č Potato blight as trigger of the Irish Potato Famine 

Issues in a world of change: Black swans

ABlack Swan is an 
 > extreme, unpredictable  outlier that 
 > falls far outside expectations but carries massive impact 
 > highlights danger of relying on historical data  to predict future
 

 Statistical models often fail to account for them because they  
 assume extreme events are statistically impossible



Issues in a world of change: Gray Rhinos

Gray rhinos in economic forecasting:
 > Real estate bubbles (Rhino) due to market irrationality
 > Local government debt (Rhino) due to slowdown of economic growth

Gray rhinos in physical and natural forecasting:
 > Obesity in the EU (Rhino) due to missing action despite known risk 
> Reduction in crop yields (Rhino) due tosoil degradation
> Inability to irrigate crops (Rhino) due to falling groundwater levels

Gray rhinos
 > refer to highly probable, high -impact, and 
 > foreseeable threats showing clear warning signs but are  
     often ignored , leading to massive disruptions



 Aphase transition represents 
 > a sudden, qualitative shift in system behavior
 > often modeled to show how small changes in individual agent 
     behavior or coupling strengths trigger large-scale changes
 > statistically characterized by "critical" tipping points

Issues in a world of change: Phase transition

Examples
 > Sudden change from market stability to crash
 > Sudden change from order to disorder
 > Biodiversity: Disappearance of a species



Summary
Č Dragon Kings

Outlier: predictable, larger than expected
(often discarded as error)

Č Black swans 
Outlier far outside: unpredictable
ыĦŸŰƚŔĬĲƖĲĬШƚƣċƣŔƚƣŔĦċũũǃШјimpossibleљь

Č Gray Rhinos 
High impact, foreseeable, (often ignored)

Č Phase transition
Unpredictable, major change

Challenge : Dealing with a world of change



Matrix of Methods
Part 2: 

5 principal forecast concepts
Functional relationships

Looking at drivers
System approach
Human interaction

Large Language Models (AI)
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f(x) = M(1 - e-kx)

f(x) = -ax2+bx+c (a,b > 0)

1. Functional relationships in forecasts

Pattern recognition

Statistical methods
based on observations



Drivers

Scenarios

Drivers

2. Looking at drivers for understanding future

Data



3. The system approach 
(modelling relationships between entities)

Wang, B., Zhang, J., Dai, J.et al. Influential nodes identification using network local structural properties.
Sci Rep12, 1833 (2022). https://doi.org/10.1038/s41598-022-05564-6



4. Human interaction

https://www.culturemonkey.io/employee -engagement/employee-engagement-communication/



5. The Large Language Model approach

https://www.dataquest.io/blog/what -are-large-language-models-llms/

LLM

Knowledge cloud



Matrix of Methods 
- Based on concepts -

Part 3: 
Typologies of methods

- Overview -
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Human Intelligence (14)

System models (7)

Statistical models (9)

Machine Learning/AI (10)
Data-based 
models

Human
mind

System models

Human
Intelligence

Computer

Information
source

Information
processor

Typology of models: information source/processor

Typology
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Documentation Part 1
Name of model
 1. General Characteristics 
 2. Strengths and Weaknesses 
      2.1 Strengths
      2.2 Weaknesses
 3. Resource Requirements of the Method    
 4. Known Food Security Applications
 5. Contentious Issues
 6. References 

Documentation Part 2
Name of model
 1. Case study
 2. Tutorial



Example documentation part 1



Example documentation part 2

Case study

Tutorial



Matrix of Methods
Part 4:

Typologies of methods
- Details -

Human interaction
System approach

Functional relationships/
Machine learning

1 Eco-Ready project challenge - intro
2 Matrix of methodologies

a Part 1: Selection criteria
b Part 2: Pricipal forecast concepts
c Part 3: Typologies of methods тoverview
d Part 4: Typologies of methods тdetails

3 Integration into IT solution тconcept
4 Software solution overview
5 Experimental addition: NotebookLM
6 Forecasting in decision support



1. Forecasting through human intelligence



Information Information
processor source

Fermi estimation                       Human mind Human mind
Smart heuristics                          Human mind Human mind
Entrepreneural foreknowledge Human mind Human mind
Expert judgement Human mind Human mind
Delphi Human crowd Human crowd
Prediction polls Human crowd Human crowd
Futures markets Human crowd Human crowd
Prediction markets Human crowd Human crowd
Naive forecasting                         Human mind Standard info
Superforecasting Human mind Standard info
Foresight methods Human mind Standard info
Horizon scanning Human mind Standard info
Environmental scanning Human mind Standard info
Scenario studies Human mind Custom info

1. Forecasting through human intelligence

Methods
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Forecasting through human intelligence

Well-known
Methods



Č  Generate rough approximations by breaking down complex 
       problems into simpler, smaller questions . 
Č Situations where data is sparse or incomplete. 
Č  Builds on reasonable guesses for each part of a problem 
      and combines them to produce an overall estimate. 

Č Method requires experts who are adept at logical reasoning 
      and decomposing complex questions. 
Č A small team with domain knowledge is sufficient

What it is

How it works

Fermi estimation



Č Superforecasting uses individuals who have demonstrated 
      ability to make predictions across various fields. 
Č  Superforecasters are identified through their performance in 
      prediction tournaments

ČThe selection of superforecasters is crucial and can be 
resource-intensive. 

Superforecasting

What it is

How it works

Judgement: A small team of trained superforecasters can 
generate reliable predictions.



Č  Prediction markets are platforms where participants 
      trade contracts based on the likelihood of future events . 
ČParticipants are motivated to make informed predictions 
     because they profit from their accuracy

ČPrediction markets gather diverse information from 
      participants , often leading to more accurate forecasts 
      than traditional methods. 

What it is

How it works

Prediction markets

Platform



2. Forecasting through system models



Information Information
processor source

Crop models Nature Custom info collection
Partial Equilibrium models Computer Standard info sources
General Equilibrium models Computer Standard info sources
System dynamics models Computer Standard info sources
Climate change models Computer Custom info collection
Remore sensing models Nature Routine observations
Early warning systems Hybrid Routine observations
Multiple/hybrid models Hybrid Custom info collection
Network analysis Computer Standard info sources

2. Forecasting through system models

Methods

Magnet
model



3. Forecasting : Statistical/machine learning models



Information Information
Statistical Models processor source
Experiment Nature Custom info collection
Correlation Computer Standard info sources
Regression methods Computer Standard info sources
Trend analysis Computer Standard info sources
Moving averages Computer Standard info sources
Exponential smoothing Computer Standard info sources
ARIMA Computer Standard info sources

Machine Learning/AI
Vector machines Computer Standard info sources
Neural networks Computer Standard info sources
Random tree/forest Computer Standard info sources
LASSO Computer Standard info sources
Ensemble models Computer Standard info sources
Bayesian inference Computer Custom info collection
Bayesian networks Computer Custom info collection
Bayesian hierarchy Computer Custom info collection
Large Language models Computer Cloud
LLM crowd Computer Cloud
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Č ARIMA is widely used for analyzing time -series data 
Č Predicts trends in economic, environmental, and food security
      related datasets from past observations 

It combines three components : 
Č  AutoRegression: Relationships actual/past observation
Č  Integration: Making time series stationary (eliminating trends)
Č  Moving Average: Relationships observation/residual errors past

ARIMA

What it is

How it works



Č In situations with many variables a linear regression model 
     can become complex.
ČThe LASSO regression method selects variables based on 
     their importance  reducing complexit y

Č In a process called shrinkage , penalties reduce the absolute 
      size of the regression coefficients. 
 Č The most important variables will continue to reflect 
      material coefficients , while the less-contributing variables 
      will exhibit values close to zero or even zero.

Lasso (Least Absolute Shrinkage and Selection Operator)

What it is

How it works



Č "LLM Crowd" approach combines multiple Large Language 
Models (LLMs) to generate, refine, and evaluate predictions

Č  It aggregates responses either by direct ensemble 
techniques or by applying human or algorithmic filtering

LLM crowd

What it is

How it works LLM1

LLM2

LLM3



Integration of
methods into 

IT-search system
- the concept -
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Methods

Quantitative
methods

Non-data
methods

Quantitative
methods

Non-data
methodsSoftware design support



Integration of
methods

- software solution -
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Opening page



Guidance

Guidance in opening page



Step 1. Selection of typology and time frame



Step 1. Selection of typology and time frame



Drop down
For further
specification

16 selected
> 5 years

After step 1 - first view (all typologies, long term view )



Drop down
For further
specification

Remaining after
Matrix selection

After step 1 - first view (1 Typology, short term view)

6 selected
1 year



Step 2 (optional) тFurther specification

Drop down
opened for
further
Specification
(In models all
attributes are
represented)

16 selected
> 5 years
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Signals



Drop down
opened for
further
Specification
(attribute
representation
reduced to
Low)

Low/short in
all 3 criteria

Low/short in
no criteria

Low/short in
1 criteria

Step 2 (optional) тFurther specification visualized

16 selected
> 5 years



Step 3 тSelection for detailed comparisons

Selection for
comparison



Marking for inclusion 
in complete attribute table

Step 4 - Compact overview



Step 5 тOpening of detailed attribute table

Aggregated 
attribute groups



Step 6 тOpening of detailed attribute table

Disaggregation

Applications in food

Abilities to deal with

Basic requirements

Time horizon

Variety of selectors

Drop down approach



Access to
documentation

Access to case studies
Access to tutorial

Access to databases

More information



Step 7
Selection of 
Data Sources

Food
Security

Biodi-
versity



Step 7
Selection of 
Data Sources

Food
Security

Biodi-
versity

Link to sources



Data links

Item Web
Address
(hyperlinks)

Database
characteristics

ÑŸШĤĲШƓŔĦťĲĬШƨƓв



Data base
Example 1


