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& | [xecutive Summary

Jupyter notebooks @EUMETSAT

LTPy

https://gitlab.eumetsat.int/eumetlab/
atmosphere/atmosphere

TrainHub
https://trainhub.eumetsat.int/

Module on dust aerosol detection,

monitoring and forecasting
https://dustbook.ltyp.adamplatform.eu

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

copernicus.eumetsat.int

« Earth Observation training @EUMETSAT has

« EUMETSAT has developed a series of

, €.9. atmospheric composition
Learning Tool for Python (LTPy) on atmospheric composition consists of

TrainHub — EUMETSAT's Jupyter notebook portal
Jupyterbook on ‘Dust Aerosol detection, monitoring and forecasting’

that require the integration of didactical concepts, instructional

design patterns and best practices for coding

* Needed:
on how to make notebooks effective, reproducible and educational

Systematic use of recommended Python libraries

Modularisation of content, e.g. outsource functions

Use of instructional design patterns

Follow a naming nomenclature to order notebooks in a specific sequence

PROGRAMME OF
THE EUR

oreavonon (opernicus  weiewenreosy @ EUMETSAT 2



& [arth Observation training @ EUMETSAT

copernicus.eumetsat.int

Aim to increase use and overall uptake of EUMETSAT and Copernicus data

Target group and audience ‘g‘n 2 I Training types and needs

Different training types offered

: light-weight introduction to a

0 Lanle , Wh? W,OUId I o lfzetyy multiple days, aimed at experts and graduate
more about upcoming missions and data
. students

for a specific application

. Training has to
« Coming from

« cater for

« Offera
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& Jupyter notebooks - an introduction

copernicus.eumetsat.int

B Gooernicus & EUMETSAT

<<index
<< 231 - Metop-A/B IAS| - Ammonia - Level 2

20 - DATA DISCOVERY.

SEEALSO

- 30- CASE STUDIES
- 312 Siberian fires 2019
313~ Californian fires 2020
325 - AIr pollution - Tropospheric NO, anomaly map - Sentinel-5P TROPOM - Level 2
326 - Air pollution - Tropospheric NO, time-series analysis - Sentinel-5P TROPOMI - Level 2

Interactive web application that combines

40 - EXERCISES
- 411 - Sentinel-5P TROPOMI -

2.4.1 Copernicus Sentinel-5P TROPOMI - Carbon Monoxide - Level 2

code, computational output, explanatory
text and multimedia resources

A precursor satelite mission, Sentinel-5P aims to fill in the data gap and provide data continuity between the retirement of the Envisat satelite and NASA's
‘Aura mission and the launch of Sentinel-5. The Copernicus Sentinel-5P mission is being used to closely monitor the changes in air quality and was launched
in October 2017.

Sentinel-5P Pre-Ops data are disseminated in the netCDE format and can be downlog =~~~ = ===~~~ ~

Sentinel-5P carrios the TROPOMI Instrument, whichis a spectrometer inthe Uv-vis- 1 [7817 visualize scatter(xr_dataarray=iasi_co_masked converted,

ozone
8 ,

502
Formaldehyde
Rerosol
Carbonmonoxide
Methane

Clouds

‘The subsequent example Introduces you to Sentinel-5P data in general and the total co
specific. Garbon Monoxide is a good trace gas in order to monitor and track fire occure:
affected Australias East Coast end of 2019 and beginning of 2020,

Module outiine:

ntinel-5P TROPOMI Garbon Monoxide Level 2 data

Total Column Carbon Monoxide

conversion_factor=le-18,
projection=ccrs.Orthographic(-130,30),
vmin=0,

vmax=12,

point_size=8,

color_scale='afmhot r',
unit="molec./cm-2",

title='Total Column Carbon Monoxide')

 Became a popular tool for data exploration,
analysis and training. In 2021, there are

6 10 12
molec./cm-2

**x,
¥
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&  Beyond notebooks - the Project Jupyter ecosystem

copernicus.eumetsat.int

0

GitHub

Hosting of « E
Jupyter notebooks GitLab

~ jupyter —
IR —~—Jupyterhub

@ binder —
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& Jupyter notebook examples for EQ training @ EUMETSAT

Trainhub — EUMETSAT's Jupyter notebook portal

Different domains

@ EUMETSAT ATMOSPHERE

WEATHER

Advanced Search Get Started
Search

Discover Metop-A/B GOME-2 - Tropospheric Nitrogen Dioxide L2 - Pa...
Back to Default Search i

Filters
Domain

O Atmosphere (38)

Category
() Data Discovery (15)
[ Case Study (16)
O Exercise (7)
Variable
[ Atmosphere Mole Content Of Nitrogen Dioxide (9)
) Absorbing Aerosol Index (3)
() Atmosphere Optical Thickness Due To Ambient Aerosol Particles (6)

[ Mole Concentration Of Ammonia In Air (1)

[0 Atmosphere Mole Content Of Carbon Monoxide (6)
[ Radiance (4)

() Fire Radiative Power (7)

This notebook is the first of two 'data discovery' modules on Metop-A ...

Discover Metop-A/B/C GOME-2 - Absorbing Aerosol Index L3
(0 Fire Weather Index (3)

) Atmosphere Moles Of Formaldehyde (1)
() Atmosphere Mole Content Of Ozone (5)

() Atmosphere Mass Content Of Ozone (2)

Satellite

[ Metop-A (1)
O Metop-Ab (1)
[J Metop-Abc (6)
([ Sentinel-5p (7)
() Sentinel-3 (12)
(0 Sentinet-s (1)
[ Sentinel-2 (1)

Sensor
(J Gome-2 (15)

This notebook introduces you to Metop-A/B/C GOME-2 Ab:
O lasi (7)

) Avhre (1)

Search functionality based
on notebook metadata
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Discover Metop-A/B GOME-2 - Tropospheric Nitrogen Dioxide L2 - Pa...

This notebook is the second of two 'data discovery' modules on Metop...

Discover PMAp - Aerosol Optical Depth L2

This

Overview of training
notebooks available

on Aerosol Optical Dept...

Static rendering of the

Discover Metop-A/B GOME-2 - Tropospheric Nitrogen Dioxide L3

FECT p ~=

This notebook introduces you to monthly aggregated gridc

Discover Metop-A/B IASI - Ammonia L2

This notebooks lets you discover Level 2 Ammonia (NH3)

notebook

copernicus.eumetsat.int

Login to a Jupyterhub-based
processing platform

Discover Metop-A/B GOME-2 - Tropospheric Nitrogen Dioxide L3

Publisher: MEEO Created 18/01/2021

This notebook introduces you to monthly aggregated gridded (Level 3) Metop-A/B GOME-2 data. The notebook
h a the isation of ic Nitrogen Dioxide (NO2).

#Atmosphere #Data Discovery #Atmosphere Mole Content Of Nitrogen Dioxide #Metop-Ab #Gome-2 #L3

[2Logo EU Gopernicus EUMETSAT

Index

212 - Metop-A/B GOME-2 - Tropospheric NO, - Level 2 - Pre-processing

**x,
¥

214 - Metop-A/B/C GOME-2 - Absorbing Aerosol Index - Level 3 >>

20 - DATA DISCOVERY

SEE ALSO * *'30 - CASE STUDIES™ - [321 - Metop-A/B GOME-2 - Tropospheric NO, map and time-series - Level 3]
(/30_case_studies/321_air_pollution_map_time-series_Metop-AB_GOME-2_NO2Tropo_L3.ipynb) - [323 - Air pollution -
Tropospheric NO, anomaly map - Metop-A/B GOME-2 - Level 2]

(/30_case_studies/323_air_pollution_map_europe_2020_Metop-AB_GOME-2_NO2Tropo_L2.ipynb) - [324 - Air poliution -
Tropospheric NO, time-series analysis - Metop-A/B GOME-2 - Level 2(./30_case_studies/324_air_pollution_time-
series_europe_2020_Metop-AB_GOME-2_NOZTropo_L2.ipynb)

2.1.3 Metop-A/B GOME-2 - Tropospheric NO, - Level 3

Metop-A/B GOME-2 data records are monthly aggregated products (Level 3), regridded onto a regular latitude longitude grid.
Data records are disseminated in the data format netCDE .

Data records are processed for three parameters:
+ tropospheric ozone column,
« total and tropospheric nitrogen dioxide column,and

« total water vapour column.

‘This notebook guides you through how the data can be loaded and gives basic plotting examples.
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& Jupyter notebook examples for EQ training @ EUMETSAT

Trainhub — EUMETSAT's Jupyter notebook portal

copernicus.eumetsat.int

"metadata": {
"title": "Discover Sentinel-3 OLCI Level 1 data",
"description": "This notebook introduces you to ..",
NO extra "author": "Julia Wagemann",
database — "image": "./img/img 04.png",
all information "link": "link to jupyterhub/notebook.ipynb",
required for ‘the "github": "link to github/notebook.ipynb",
Trainhub protal "tags": {
are stored on "domain": "atmosphere",
notebook level "variable": "toa reflectance",
as metadata "satellite": "Sentinel-3",
"sensor": "OLCI",
"level”": "L1"}

I
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& [ xample: Learning Tool for Python on Atmospheric Composition

copernicus.eumetsat.int

Jupyter-based training course on open

satellite- and model-based data for
atmospheric composition

g Data from and
.
related to (i) data
— access, (ii) data discovery, (iii) case
I .: 1 studies, (iv) exercises and (v) thematic

modules

A
“\ for effective visualization and data

handling
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Data access

Data discovery

Case studies

Exercises

-
=
index.ipynb »

o=\
[ J
(Yl

o o ®
Jjupyterhub

Jupyterhub-based
learning platform

=l Datsaccess
M Data ciscovery
3l Casesudes
= IR

| Modues |
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¥ xarray

4

GitLab repository
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& | Best practices: A need for ‘educational’ and ‘reproducible” notebooks

copernicus.eumetsat.int

|
I}I for handling EO
u data
- e.g. to
» to make notebooks II [ outsource functions in a separate

—— notebook

» To cater for -

Ell 9k| such as navigation pane or a table
of contents

(e
order notebooks in an expected
sequence. Include an index notebook.
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& Best practices: Making educational notebooks ‘accessible

copernicus.eumetsat.int

& 3 © X = Contents
Why this course?

@ cumersat Bl Cocencos

What is the course about?

Dust Aerosol Detection, Monitoring and Forecasting T

Dust aerosol deteCtion: Who is the course for and what
mOﬂitOfing and are the prerequisites?
forecasting

Module on ‘Dust Aerosol
Detection, Monitoring and
Forecasting

OBSERVATIONS

Who has developed the

course?

Remote Sensing - Satellite 5

Fig. 1Impressions of dust storms (Source WMO)

Ground-based (remote sensing v
and in-situ)

JupyterbOOk FORECAST MODELS

Introduction to forecast models Why thiS Course?

CAMS global atmospheric

. Dust storms are common meteorological hazards in arid and semi-arid regions. They are usually caused by
composition forecasts

thunderstorms, or strong pressure gradients associated with cyclones, that increase wind speed over a wide
CAMS European Air Quality

Forecasts and Analyses

area. Monitoring, forecasting and early warning systems for airborne dust are crucial to evaluate impacts and

developing products to guide preparedness, adaptation and mitigation policies.

SDS-WAS regional dust forecasts

Learning verification Interaction of airborne dust with weather and climate:

PRACTICAL CASE STUDY « Airborne dust functions in a manner similar to the greenhouse effect: it absorbs and scatters solar
radiation entering Earth's atmosphere, reducing the amount reaching the surface, and absorbs long-wave

EXBIEISES Y radiation bouncing back up from the surface, re-emitting it in all directions.
Solutions g » Dust particles, especially if coated by pollution, act as condensation nuclei for warm cloud formation
and as efficient ice nuclei agents for cold cloud generation. Modification of the microphysical composition
Powered by Jupyter Book of clouds changes their ability to absorb solar radiation, which indirectly affects the energy reaching the

Earth’s surface. Dust particles also influence the growth of cloud droplets and ice crystals, thus affecting
the amount and location of precipitation.

**x,
#

e
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& | TPy: Feedback from training participants

Type of training Number Number of
of events | participants

Since 2019, Training schools 6 553

Thematic expert workshops | 2 130

Short courses 8 402
Total 16 1085

NEEL S

. More than half consider

and as helpful

Examples for basic

processing,
visualisation and 116

analysis

Training activities,

e.g. short courses,
webinars, recorded 107

videos

Scientific guidance
(e.g. published

articles, short term 434
visits, ...)

Data documentation and
data format description

Type of information

Information on
applications areas,
quality and limitations

o

50 100
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Training feedback

Feedback . Practical
training part with Jupyter notebooks is
particularly useful.

Would you recommend the training to a colleague/friend?

Q (0 48.6 [44.1]

60 54
49
40
c
20
8
0 0
0
1 2 3 4 5
Rating
What did you specifically enjoy or find useful in this session?
54.3] 34.3] [21.9]
60
40
c
20
57 36 23
0
Practical session in general, including Introduction to atmospheric composition Course structure, content and
introduction to Jupyter notebooks thematic and data, including scientific organisation

lectures
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Lessons learned - Things that work well and don’'t work so well

copernicus.eumetsat.int

» Accessing data and using Python in the

va ntages * Compromise between having a

— people « Compromise between
are more familiar with a browser than a

command line (fragmentation of data landscape a

barrier)
and also to describe
the workflow in richer ways

hosting notebooks, make notebooks well Cha”enges

suited as a teaching tool

Useful as training material
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& (Conclusion & Outlook

* Inless than a decade,
including analysing Earth observation data.

« Jupyter notebooks and the Jupyter ecosystem,
such as JupyterlLab,

that require the integration of
didactical concepts, instructional design patterns
and best practices for coding
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Pl

Defining, sharing and implementing quality
standards and best practices on how to make

notebooks effective, reproducible and
educational
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