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Caeloscope
Sentinel-5P atmospheric products

for integration in Terrascope
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Why Sentinel-5P?

STATE-OF-THE-ART FOR AQ

• Launch: October 2017.

• First Copernicus Sentinel dedicated to air quality, ozone, and climate.

• Relatively high spatial resolution of 3.5 × 5.5 km2.
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ERS-2/GOME –
1995-2011 Metop-ABC/GOME-2 –

2006-

Sentinel-5p/TROPOMI –
2017-

AURA/OMI –
2004-
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How it began… The Belgian Institute for Space Aeronomy has a

strong involvement in S-5P/TROPOMI activities.

• PI for prototype developments and maintenance of S5P SO2 and H2CO data products,

and Co-I for total ozone developments.

• Co-I for L2 Algorithm Evolution in ESA’s Mission Performance Center (MPC),

as Level-2 Expert Support Laboratory (ESL-L2).

• Lead of the MPC-Validation Data Analysis Facility (VDAF)

• PI of “Sentinel-5 Precursor Level 2 Processor Component Development – BIRA and RAL contributions”,

ESA Contract No. 4000107744/13/NL/IB/lf (2013-2018).

• => Series of ESA PRODEX contracts (TRACE-S5P)

First Terrascope-related activities proposed for TRACE-S5P IV (PEA 400010559):

integration of NO2 and CO L3. Release in 2021.
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What’s already there…

➢ Daily, monthly, and yearly averages of:

CO, CH4, HCHO, NO2, SO2

➢ Several products provide vertical column data

❑ Useful to seasoned EO community

❑ Broader society needs derived parameters,
like surface concentration.

Average methane mixing ratio for the year 2025.

Average sulphur dioxide column for August 2025.
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CAELOSCOPE: What will come…

➢ 2×2 km2  Ozone surface concentration.
from machine learning algorithm.

AQ, Health authorities

Surface O3

3D NO2

Synergetic satellite /in-situ surface NO2

➢ 2×2 km2  3D NO2 concentration [0m – 5000m]
from machine learning algorithm.

Scientific community: high-res NO2 profiles.

➢ 1×1 km2 seasonal + yearly NO2 surface concentration (Belgium) 
from TROPOMI + in situ observational data.

Policy, health, local authorities.

➢ Trace gas trend data and methodology.

AQ, climate, health, ....

Trends

DERIVED PRODUCTS: A STEP CLOSER TOWARDS THE USER COMMUNITY
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CAELOSCOPE: What will come…

Guiding the user

1. Think of non-expert users

2. Gradually increase detail:
From simple README file,
via Notebook examples, 
to in-depth information: ATBD, papers

DERIVED PRODUCTS: A STEP CLOSER TOWARDS THE USER COMMUNITY
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Using the data

A JUPYTER NOTEBOOK STORY.

Options:

1. Do your analysis at 
notebooks.terrascope.be

2. Run in your own Jupyter environment and  
use openEO API to interact with 
Terrascope.

Story on Nitrogen Dioxide (NO2):

- Discover the different NO2 datasets.

- Define your regions of interest.

- Ingest the data as timeseries.

- Discover events and trends for the areas.
Thank you, Isabelle De Smedt
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Using the data

A JUPYTER NOTEBOOK STORY.

1. Authenticate first (obtain token).

2. Find the S-5P datasets in the catalogue.



www.terrascope.be 10

Using the data

A JUPYTER NOTEBOOK STORY

Define your areas of interest.
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Using the data

A JUPYTER NOTEBOOK STORY

Average NO2 surface concentration for 2024 
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Using the data

A JUPYTER NOTEBOOK STORY

Operational tropospheric NO2 for 2023 (Copernicus) ‘Improved’ tropospheric NO2 for 2023 (CAMS profile, KNMI) 

Ingest 2 topospheric column NO2 data sets.
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Using the data

A JUPYTER NOTEBOOK STORY
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Using the data

A JUPYTER NOTEBOOK STORY

NO2 surface vs. NO2 operational NO2 surface vs. NO2 EU
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Using the data

A JUPYTER NOTEBOOK STORY

COVID-19
Belgian lockdown 18 March to 18 May 2020.

From: Bauwens et al., 2020.

Nice use case for the Viewer!
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Using the data

A JUPYTER NOTEBOOK STORY

Formaldehyde local trends with P-values

Trends

Note: So far for formaldehyde
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Outlook

PRODUCT INPLEMENTATION

Sentinel-5 (LEO, morning overpass)

Sentinel-4 (GEO over Europe, North Africa, hourly data)

Both still in commisionning. 

o "Now": 3D NO2 concentration

o September: S-5P/in-situ NO2

o September-December: Trends

o December: Ozone surface concentration.

2027: User promotion and interaction 
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