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About

• Background in Earth Observation / Remote 
Sensing / Climate Sciences

• Use Jupyter notebooks since 2014

• Since 2019, I have developed 120+ educational 
notebooks on open Earth Observation data 
handling, access, visualisation and Machine 
Learning

• Trainings range from short webinars (1 to 1.5 
hours) up to a weeklong intensive training 
schools, but also Massive Open Online 
Courses
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Particularities of Earth Observation data education outside academia

Limited time
With the instructor and to set up the programming 
environment

Diverse training audience
With regards to (EO) data, programming language 
and experience and thematic applications

Flexibility of how it is taught
(online vs. in-site, instructor-led vs. self-paced)
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Jupyter notebooks are everywhere

There are more than 10*   million Jupyter
notebooks available on Github

* Perkel (2018): Why Jupyter is data scientists’ computation notebook of choice. Nature.
* Perkel (2021): Ten computer codes that transformed science. Nature.

Within 10 years, Jupyter became the de-facto 
standard for data exploration, analysis and 
training

Mostly used for research experimentation, 
development of machine-learning pipelines  
and education !!!



copernicus.eumetsat.int

EUM/OPS-COPER/TEM/15/813104, v2A, 26 January 2022 5

What’s the reality like? Some pitfalls and challenges, backed by research!

Out of order execution of code cells fosters 
poor coding practices

Grus, J. (2018): I don’t like Notebooks. JupyterCon 2018
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Slido poll

Pimentel et al. (2019): A Large-Scale Study About Quality and Reproducibility of Jupyter Notebooks. IEEE

Slido.com

#EUMSC39

Challenges to make notebooks reproducible 
and reusable
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What’s the reality like? Some pitfalls and challenges, backed by research!

Only      ??? notebooks on 
Github could be executed

Only ??? % produced the same 
result

Challenges to make notebooks reproducible 
and reusable

4

Pimentel et al. (2019): A Large-Scale Study About Quality and Reproducibility of Jupyter Notebooks. IEEE

1 out of 4 
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What’s the reality like? Some pitfalls and challenges, backed by research!

Annotations are not evenly distributed within a 
notebook

Most text at the beginning and 
hardly any text at the end

Resembles more a collection 
of lose scripts than a narrative

By far more code cells than
descriptive text

Rule et al. (2018): Exploration and Explanation in Computational Notebooks. In 
Proceedings of the 2018 CHI 1. Conference on Human Factors in Computing Systems, 
Montreal, QC, Canada, 21–26 April 2018

Pimentel, J.F. et al. (2021): Understanding and Improving the Quality and 
Reproducibility of Jupyter Notebooks. Empir. Softw. Eng.
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The need for best practices…

… how to write and share Jupyter notebooks

… how to make notebooks reproducible

… how to foster collaboration

… how to use notebooks in academic classrooms
Johnson, J.W. (2020): Benefits and Pitfalls of Jupyter Notebooks in the Classroom. In 
Proceedings of the 21st Annual Conference on Information Technology Education

Rule, A. et al. (2019): Ten Simple Rules for Writing and Sharing 
Computational Analyses in Jupyter Notebooks. PLoS Comput. Biol.

Quaranta, L. et al. (2022): Eliciting Best Practices for Collaboration 
with Computational Notebooks. Proc. ACM Hum. Comput. Interact.

Pimentel, J.F. et al. (2021): Understanding and Improving the Quality 
and Reproducibility of Jupyter Notebooks. Empir. Softw. Eng.
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Basis of 5 guiding principles for EO data education

Principles are founded in recognized best 
practices from the fields of scientific computing 
and Jupyter notebook research

Were selected based on their applicability for 
training and capacity-building
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Learning Tool for Python (LTPy) on Atmospheric composition

https://ltpy.adamplatform.eu
https://gitlab.eumetsat.int/eumetlab/atmosphere/atmosphere

Data from 6 different satellites
and 5 different model-based 
products

Over 70 notebooks related to (i) 
data access, (ii) data discovery, (iii) 
case studies and (iv) exercises

A collection of 14 reusable 
functions for effective 
visualization and data handling

Over 2000 learners 
trained in 41 training 

events
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Guiding principles to make educational and reusable notebooks

Leverage the ‘Literate Programming Paradigm’

Use of instructional design elements

Aim for Reproducibility

Take advantage of the full Jupyter Ecosystem

Follow best practices for scientific computing

Wagemann, J., Fierli, F., Mantovani, S., Siemen, S., 
Seeger, B. and J. Bendix (2022): Five Guiding Principles 
to Make Jupyter Notebooks Fit For Earth Observation 
Data Education. Remote Sensing 2022, 14(14), 3359. 

1
2

3
4

5
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1. Leverage the literate programming paradigm

Rule et al. (2018) à analysed > 1 Mio. Notebooks

Quaranta et al. (2022) à analysed > 1000 notebooks Median text/code ratio of 0.4

1 out of 4 had no text at all

3 times more text 
cells than code cells
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2. Use of instructional design elements
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3. Follow best practices for scientific computing

• Modularisation of code

• Import libraries at the 
beginning of a workflow

• Making code style and 
formatting consistent

• Using meaningful names for 
variables
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4. Take advantage of the full Project Jupyter ecosystem

• Do not rely solely on Github
rendering

• Make notebooks available as 
static and executable content
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5. Aim for reproducibility

• Greatly increases the ‘usability’ of 
notebooks

• In particular relevant when notebooks 
are used in an educational context

• Includes data, instructions for 
environment settings, package versions, 
dependencies, execution from top to 
bottom, remove empty code cells

REPRODUCIBILITY

Reproducibility is ‘going the extra mile’
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Thank you!

Wagemann, J., Fierli, F., Mantovani, S., Siemen, S., Seeger, B. and J. Bendix (2022): 
Five Guiding Principles to Make Jupyter Notebooks Fit For Earth Observation Data 
Education. Remote Sensing 2022, 14(14), 3359. 

@JuliaWagemann


