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Data driven discoveries
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AI for investigating nature and feeding the world

Big data

Computational power
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Systems thinking, systems doing. Nature Food 1, 659–659 (2020)
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Remote sensing for precision agriculture and 
livestock farming (2000)

Image-based remote sensing 
for detecting 
vegetation density, 
water deficit and 
crop stress 

Moran M. Susan. Image-Based Remote Sensing for Precision 
Crop Management: A Status Report. Space 2000 185–193 (2000)

Photo Credits: Uthpal Kumar, PhD candidate, WUR.
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Machine vision for plant phenotyping (2014)

Tsaftaris, S. A. & Scharr, H. Sharing the Right Data Right: 
A Symbiosis with Machine Learning. 

Trends Plant Sci. 24, 99–102 (2019)

Leaf counting error (lower is better)

Photo Credit: NPEC, WUR.
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Hybrid ML improves phenology estimations

- Hybrid model mixes deep learning and PB components
- End-to-end training with gradient descent of both models

Evaluate on large dataset of 40 years of data in Japan, South Korea, Switzerland
Improves predictions compared to SOTA PBM both in time and in space

per location

R. van Bree, D. Marcos, I. Athanasiadis, Hybrid phenology modeling for predicting temperature effects on 
tree dormancy, Proceedings of the AAAI Conference on Artificial Intelligence, 37:28458-28466, 2025, 

doi:10.1609/aaai.v39i27.35068.

per cultivar
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CY-Bench
Sub-national crop yield forecasting benchmark

9

Protocol-based benchmarking 
Intercompare ML models and predictor added value

Establish best practices

Join us at: cybench.agml.org
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Farmer school chatbot

Janssen, Knapen

Together with FAO and WR we investigate the potential of AI 
to transform agricultural extension and education: multi-lingual, interactive, trustworthy 
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Tracking climate policy adaptation 
with Language AI

R. Biesbroek, S. Badloe, I. N. Athanasiadis, Machine learning for research on climate change adaptation policy 
integration: an exploratory UK case study, Regional Environmental Change, 20:85, 2020, doi:10.1007/s10113-020-

01677-8.

J. Bonenkamp, R. Biesbroek, I. N. Athanasiadis, Transforming adaptation tracking: benchmarking Transformer-
based NLP approaches to retrieve adaptation-relevant information from climate policy text, ACL ClimateNLP 2025, 

doi:10.18653/v1/2025.climatenlp-1.19

translates to a series of uninterrupted text separated by an
empty line. We therefore refer to these as ‘blocks’ of text
rather than paragraphs. To further clean the dataset, irrelevant
pages from the PDFs were removedmanually (title page, table
of contents, acknowledgement, reference lists), and a mini-
mum and maximum block length were established. The min-
imum block length (10 words) allowed for removing incoher-
ent blocks of texts, for example, headers and footers and con-
tent of tables and figures. Setting a maximum block length
(200 words) ensured topic specificity of the paragraph and
reduced the training time of the algorithm. Data was further

pre-processed by removing word classes deemed uninforma-
tive—prepositions, determiners, conjunctions, and pronouns/
prepositions using the Python module ‘Natural Language
Toolkit Perceptron Tagger’—and removing remaining words
containing fewer than 3 or more than 20 characters.
Dimensionality of the data was further reduced by removing
punctuation marks and converting all uppercase letters to low-
ercase. Finally, a dictionary of 15,148 unique words was iden-
tified from the training set.

For fast data retrieval, a SQLite database was created to
store all relevant data. Alongside the blocks, the original text

Workflow overview

Pre-processing Model training
(TensorFlow) Model testing

Abstract overview

Detailed overview

Defining training data

PDFs
10 Adaptation
10 Mitigation
20 Non-climate

Trim less relevant
pages

Text cleaning and structuring

PDF to TXT
(Tika parser)

Split&Filter on
Blocks&Words
13,857 blocks

Blocks to Tensors
(Numberizing + padding)

15,148 unique words

Model training

(Re)Initialize
weights

Forward 
propagation

Compute loss

Back propagation

Model testing

Random selection 5-
fold cross-validation

Predict on 1.56M
blocks from 12,495

unseen policy
documents

Random subset test
panel evaluation

gov.uk

gov.uk

SQLite

gov.uk

A B C D

  Finalized
weights

SQLite database

- Training Data
- Testing Data

Text cleaning and
structuring

TXT
10 Adaptation
10 Mitigation
20 Non-climate

Pages
859 Adaptation
1289 Mitigation
990 Non-climate

Fig. 2 Workflow of the UK climate change adaptation case study

Reg Environ Change           (2020) 20:85 Page 5 of 13    85 

 
In the prompt variations used for classification with 
GPT-4o, it is observed that the prompt resulting in 
the best scores depends on what CST is applied. 
Although recall increases in all cases, the specific 
prompt (P2) lead to degraded performance when no 
CST was applied (i.e., CST0) or when a high 
threshold was used (i.e., CST80). For this zero-shot 
approach, a medium CST combined with a specific 
prompt (P2) results in the best scores, excelling on 
both recall and precision (see figure 4). 

 

4.3 Chunking strategy 
A comparison of the overall performance of each 
approach on the different datasets (see figure 5) 
shows that the best balance between maximized 
true positives and minimized false positives is 
achieved with the dataset of full-length text chunks 
(dataset 1). The models fine-tuned and/or evaluated 

on this dataset particularly excel on recall. 
Although the margins vary, the summarized dataset 
(dataset 3) resulted in the lowest F1 score for all 
approaches. The methods in non-fine-tuned 
settings do show an increase in precision for this 
dataset compared to the others. 

 
Comparing the two versions of the sub-chunk 
dataset, no major differences in performance 
between the original dataset (2a) and the one with 
resolved coreferences (2b) are observed. For the 
FEM approach, coreference resolution shows a 
slight increase in evaluation scores. However, in 
most other cases, as figure 5 also indicates, the 
models become less capable of identifying relevant 
items, hence a decrease in recall.  

4.4 Data cleaning strategy 
The results plotted in figure 6 reveal that adding a 
document type filter positively affects the F1 score 
for all approaches, except for the fine-tuned 
models. For this FEM approach, the results show 
that the data strategy (i.e. filtered versus unfiltered 
on document type) that outscores the other varies 
per model and CST. This is expected, as applying 
the filter lead to a more balanced dataset, typically 
improving classification performance, but the size 
of the training dataset decreases, meaning the 
model has less examples to learn from. Of all 
experiments conducted overall, both strategies 
occur in the top 20 (sorted by F1 score). The 
absolute numbers of a confusion matrix of the best-

 

Figure 3: Results of applying a low, medium, or high 
confidence score threshold (CST) on the dataset. The 
average performance metrics of the top five methods 
per approach, ranked by F1-score, are plotted. 

 

Figure 4: Results of classification with GPT-4o. The 
bars show F1-score, recall, and precision for each 
confidence score threshold (CST) and compares the 
scores of using a concise versus a specific prompt. 

 

 

Figure 5: Results of evaluating classification with 
four different datasets: dataset 1 (full chunks), dataset 
2a (sub- chunks), dataset 2b (sub-chunks with 
resolved coreferences), and dataset 3 (summarized 
chunks). The average performance metrics of the top 
five sub-methods per approach, ranked by F1-score, 
are plotted. 
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Diffusion of AI across scientific fields

Duede, E., Dolan, W., Bauer, A., Foster, I., & Lakhani, K. (2024). 
Oil & water? Diffusion of AI within and across scientific fields. http://arxiv.org/abs/2405.15828

Ag+food
275.37%

Biology
1108.80%

Env Sci
2343.47%

Philosophy
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Mind the (data) gap!
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Phenotypical traits

Breeding trials

Agronomic trials

2005

1995

1985



Hallucinating anatomy
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The Evolving Job Market Landscape

Our jobs change

How we conduct research changes

Demand for new skills across industries

AI talent gap



Human-machine frontier

Human-machine frontier
% of tasks completed by predominantly people, predominantly technology, or a combination of both

Human Global Combination Global Technology Global

ALL TASKS

Now
51% 27% 22%

2030
35% 28% 3�%

Business Practice

Business practices to improve talent availability
Top practices with the greatest potential to improve talent availability (share of organizations surveyed)

Industry Global
INDUSTRY GLOBAL

Improving talent progression and promotion processes

67% 62%

Supporting employee health and well-being

63% 64%

Offering higher wages

58% 50%

Providing effective reskilling and upskilling

58% 63%

Articulate business purpose and impact

42% 37%

Key barriers for business transformation

Transformation barriers
Share of organisations surveyed expecting the barriers will hinder their organisation transformation

Industry Global
INDUSTRY GLOBAL

Skills gaps in the labour market

68% 63%

Outdated or inflexible regulatory framework

5�% 39%

Lack of adequate data and technical infrastructure

46% 32%

Inability to attract talent to the industry

43% 37%

Organization culture and resistance to change

38% 46%

Wage outlook

Wage trends
Share of organizations projecting the share of wages and other forms of workers’ compensation as
percentage of the company’s total revenues

Growing Global Similar Global Declining Global

63% 29% 8%

Talent availability outlook

Talent trend
Share of respondents who expect their talent availability to improve or worsen in five years

Improving Global average Worsening Global average

Talent availability when hiring

38% -100% +100% 33%

Talent development of existing workforce

0% -100% +100% 63%

Talent retention of existing workforce

13% -100% +100% 54%

DEI Actions

Share of employers surveyed planning to implement the diversity, equity and inclusion measure

42 Global 42

Set DEI goals, targets or quotas

38 Global 51

Run comprehensive DEI training for
managers and staff

33 Global 48

Targeted recruitment, retention and
progression initiatives

AI Strategy

Share of employers surveyed planning to implement the stated strategy in response to AI's increasing
capability and prevalence

61 Global 69

Hiring new people with skills to design AI
tools and enhancements appropriate for
the organization-specific skills

61 Global 62

Hiring new people with skills to better
work alongside AI

57 Global 77

Reskilling and upskilling your existing
workforce to better work alongside AI

2  /  2Industry Profile

Agriculture Forestry and Fishing
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24% Global 22�

/abour-marNet churn
Five-year structural labour-force churn

41% Global �9�

6Nill disruption
Shares of core skills which will change

67% Global 8��

2rgani]ations Zith '(, priorities
Share of organizations with DEI priorities

83% Global 88�

$, e[posure
Share of organizations running AI programmes

TrenG outlook

0acrotrends driving business transformation
Share of organizations surveyed that identified this trend as likely to drive transformation in their organization

Industry Global

Increased efforts and
investments to reduce carbon…

57%
47%

Increased efforts and
investments to adapt to climate…

57%
4�%

Rising cost of living, higher
prices or inflation

57%
50%

Broadening digital access 46%
60%

Increased geopolitical division
and conflicts

43%
34%

Ageing and declining working-
age populations

43%
40%

Increased focus on labour and
social issues

4�%
46%

Increased government subsidies
and industrial policy 

30%
2�%

Slower economic growth 30%
42%

Growing working-age
populations

24%
24%

Increased restrictions to global
trade and investment

22%
23%

Stricter anti-trust and competition
regulations

�9%
�7%

Technology trenGs

Technology trends driving business transformation
Share of organizations surveyed that identify the technology trend as likely to drive business transformation

Industry Global

AI and information processing
technologies (big data, VR, AR…

84%
86%

Robots and autonomous systems 60%
58%

Energy generation, storage and
distribution

57%
4�%

Biotechnology and gene
technologies

4�%
��%

Sensing, laser and optical
technologies

32%
�8%

New materials and composites 30%
30%

Semiconductors and computing
technologies

�9%
20%

Satellites and space
technologies

�4%
9%

Quantum and encryption 8%
�2%

-obs outlook

.ey roles for business transformation
Roles most selected by organizations surveyed, ordered by net role growth, and their net growth and
structural churn (percent)

NHW�JURZWK +ob Growth +ob displacement /et Growth Global net growth

1. /et growth 2. Global net growth 3. Churn
NET GROWTH

1. 2. 3.

AI and Machine Learning
Specialists

�� �� 42

Farmworkers, Labourers, and
Other Agricultural Workers

�� �� 31

General and Operations
Managers

�� � 13

Assembly and Factory Workers �� � 20

Accounting, Bookkeeping and
Payroll Clerks

��� ��� 26

Administrative Assistants and
Executive Secretaries

��� ��� 30

Skill outlook

6Nills of increasing use by ����
Skills of the most increase in use by 2030

Industry Global

&25(�6.,//6�2)�2�25

Systems thinking
63%

Analytical thinking
59%

Leadership and social influence
56%

Creative thinking
56%

Resilience, flexibility and agility
56%

6.,//6�2)�,1&5($6,1*�86(�%<�2���

Resilience, flexibility and agility
83%

Environmental stewardship
71%

Technological literacy
71%

AI and big data
70%

Creative thinking
65%

Workforce Strategy outlook

.ey components of your ZorNforce strategy by ����
% surveyed organizations selecting the macrotrend to drive workforce transformation

Industry Global
INDUSTRY GLOBAL

Upskill your workforce

88% �5%

Hire staff with new skills to meet emerging business needs

7�% 70%

Complement and augment your workforce with new technologies

67% 63%

8Sskilling anG reskilling outlook

54 Global 41

Would not need training by
2030

21 Global 29

Would be upskilled in their
current role

16 Global 19

Would be upskilled and
redeployed

10 Global 11

Would be unlikely to upskill

1  /  2Industry Profile
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Essential AI Knowledge for Students

- Foundational concepts: 
AI, machine learning, data, algorithms

- Relevant for all learners

- Critical Thinking and Problem Solving

- Problem-solving in AI-infused environments



How do we bring AI in the classroom?
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How do we bring AI in the classroom?

- Learning by doing
- Practice a lot, slow pace

- Interactive notebooks
- Good infrastructure

- Mix theory with practice

- Understand the principles
- Discussion exercises

20



We work in teams of two

Share notebooks, data, and documents

21



Make room for different student profiles

22



Converstations
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Peer-feedback

24

Seat on a table 
with no people 
from your team

5 people max on 
each table 

Each presents 
their work and 

ask for feedback

Tops and tips
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Collaboration, Plagiarism, 
and the Difference Between the Two

Collaborating
- Collaborating is good.

- You are encouraged to collaborate on ideas 
and program design.

- Programming is often a social effort, 
and there is much you can learn by talking 
out the ideas in this class with each other.

- You can by all means talk to each other, 
look at each others' programs to help fix 
problems, and share ideas.

Plagiarism
- Plagiarism is bad. DON'T DO IT!

- Any programs that you turn in should be 
your work.

- Even if you work with someone else and 
share ideas, you must still write your own 
program.

- If a piece of your program utilizes someone 
else's idea, you must make sure to give 
that person credit in program comments.

- Do not hand a printout of your program to 
other students. I encourage you to work 
together to help debug your code, but you 
should do so sitting together

Adapted from D. Musicant’s syllabus 
https://www.cs.carleton.edu/faculty/dmusican/cs217w04/syllabus.html
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Collaboration, Plagiarism, 
and the Difference Between the Two

The following are examples of plagiarism:
- Taking someone else's program, changing comments and variable names, 

putting your name at the top, and turning it in.

- Finding a similar program on the Internet, changing the variables and 
comments around, putting your name at the top, and turning it in.

- Finding a similar program in a book, changing the variables and comments 
around, putting your name at the top, and turning it in.

- Generate a program with AI (i.e. using ChatGPT, co-pilot, and similar GenAI 
tools), changing the variables and comments around, putting your name at the 
top, and turning it in.

Adapted from D. Musicant’s syllabus 
https://www.cs.carleton.edu/faculty/dmusican/cs217w04/syllabus.html
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Red – Minimal Allowance

- Students are explicitly forbidden to use 
generative AI tools in their work.

- Students may use generative AI tools 
only for brainstorming or ideation, but 
not for submitted work.

Version 1 2025/2026

AI Traffic Light
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Yellow – Restricted Use

- Students may use generative AI tools for 
assistance (e.g. grammar checking, 
paraphrasing), but must disclose usage 
and avoid content generation

- Students may use generative AI as a 
supplement or companion for writing or 
creating images with clear attribution, 
but human authorship must be primary 
by rewriting AI-generated text and code 
actively, and editing AI-generated 
images.

Version 1 2025/2026

AI Traffic Light
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Green – Extensive Use

- Students can use generative AI 
throughout their work, as long as they 
disclose usage and critically reflect on its 
contribution.

- Students are actively encouraged to use 
generative AI tools as part of learning 
outcomes and skill development with 
proper attribution.

Version 1 2025/2026

AI Traffic Light
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Generative AI for programming in life sciences
an e-learning module

Learning goals:
1. Understand and explain what genAI is and how it works.

2. Recognise and explain ethical and privacy concerns related to genAI 
use.

3. Be able to write functional scripts using genAI (write, test, validate).

4. Be able to optimise scripts with genAI.

5. Apply strategies for responsible use of genAI in 
programming/learning how to program.

H. Nijveen, V.M. Pham 2025
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Generative AI for programming in life sciences
an e-learning module

H. Nijveen, V.M. Pham 2025

- An example exercise
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Threats to scientific software
from overreliance on AI code assistants

- Vulnerability to Errors

- Scientific software is at increased risk of undetected errors

- Decline in Code Understanding

- Compromise reproducibility and scientific integrity

- Loss of Scientific Transparency: 

G. O’Brien, Threats to scientific software from over-reliance on AI code assistants, 
Nature Compoutational Science, 2025, doi:10.1038/s43588-025-00845-2

 

https://badge.dimensions.ai/details/doi/10.1007/s10113-020-01677-8?domain=https://www.athanasiadis.info
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Effective Integration Strategies

- Project-based, hands-on learning

- Interdisciplinary collaboration

- Use of AI-driven tools for practice and feedback

- Practice responsible AI use

- Discuss ethical, legal, privacy aspects

34
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Developing an AI-Infused Curriculum

- Align with learning goals and job market needs

- Scaffold progression: introduce concepts early and deepen 
later

- Infuse AI across subject areas

- Add a course on foundational concepts on AI for research
(i.e. AI in Science and Engineering)

All students—not just future programmers—need 
exposure

35
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Building capacity and infrastructre

- Training and resources for teachers 

- Ongoing professional development

- Arrange access to infrastructure

- Ensuring inclusivity for all learners and teachers
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Prepare for the future

- AI literacy does not come for “free”

- Lifelong learning is essential

- Encourage adaptability and upskilling

- Role of micro-credentials
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Summary

- AI is changing the job market, creating new skill demands

- Foundational AI concepts as machine learning, data, and 
algorithms are essential for responsible use of AI

- AI-infused education involves project-based, hands-on 
learning, and interdisciplinary approaches

- Curriculum development should scaffold AI learning from 
early education through higher levels

- Building educator capacity and access to infrastructure is 
key to successful AI integration

- Real-world case studies show benefits and methods of AI 
curriculum integration



Ioannis Athanasiadis


