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Welcome to the fourth joint school … 
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The program for these 2 weeks
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Introduction to the IV school

F. Fierli, C. Retscher, M. Parrington, C. Stewart + many contributors
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What are the main Areas?

Monitoring Atmospheric Composition and Climate

Support to Air Quality Monitoring 
& Impacts

Support to Emissions Monitoring

Natural Hazards 
Monitoring

Fires Dust and 
Volcanic Ash

Data 
assimilation
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Climate (processes) monitoring: volcanic eruptions

The Hunga Tonga-Hunga 
Ha'apai Hydration of the 
Stratosphere
L. Millán,M. L. Santee,A. Lambert,N. J. Livesey,F. Werner,M. J. Schwartz,H. 
C. Pumphrey,G. L. Manney,Y. Wang,H. Su,L. Wu,W. G. Read,L. Froidevaux
First published: 01 July 2022 https://doi.org/10.1029/2022GL099381

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mill%C3%A1n%2C+L
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Santee%2C+M+L
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lambert%2C+A
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Livesey%2C+N+J
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Werner%2C+F
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Schwartz%2C+M+J
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Pumphrey%2C+H+C
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Pumphrey%2C+H+C
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Manney%2C+G+L
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Y
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Su%2C+H
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wu%2C+L
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Read%2C+W+G
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Froidevaux%2C+L
https://doi.org/10.1029/2022GL099381
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Climate (processes) monitoring: Carbon monoxide

Emission reduction vs. wildfire increase

Air pollution trends measured from Terra: CO and AOD 
over industrial, fire-prone, and background regions

Rebecca R.Buchholz

Spatial and temporal expansion of global wildland fire activity in 
response to climate change

Nature Communications 

volu

https://www.sciencedirect.com/science/article/pii/S0034425720306489#!
https://www.nature.com/ncomms
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Limited monitoring / uncertain emissions
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Contribution to climate and policies
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Contribution to climate and policies - Pollutants emissions at EU
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Contribution to climate and policies: TOAR trends
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Nitrogen dioxide trends
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Ammonia trends
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CO2 Emission sources
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What Users may need …
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Current and future missions on 
Atmospheric composition
- Operational satellites
- Sentinels
- Earth Explorers

Unique ensemble of existing and upcoming data
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* ESA Sentinel Data Policy (Sep 2013) and 
EU Delegated Act on Copernicus Data and Information Policy (Dec 2013)

✔ Free, Full and 
Open*

✔ Over very long 
term

✔ Systematically & 
Operationally

Sentinel Data Policy, Production and 
Dissemination

20 TB of Daily Sentinel 
Data 

Production

300 TB of Daily 
Sentinel Data 
Dissemination

Copernicus 
observes 

ALL 
global 

landmass 
every 5 

days at 10m 
resolution

Copernicus is the largest producer of EO 
data in the world
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 Slide  21
ESA UNCLASSIFIED – For Official Use 

Copernicus – state-of-the-art EO to 
understand Earth

> 
370.000

250 TB satellite 
data distributed 
per day

6 operational services
registered 

users
= tip of the 

iceberg

full, free & 
open data 
policy

Climat
e

Ocean SecurityLand Atmospher
e

Disaster

8 Sentinels flying
S1 S2 S3 S4 S5P S5 S6

●● ●● ●● ● ●

preparing Copernicus 
4.0



Copernicus Sentinels (First Generation)

🡪 CHARTING 
SEA LEVEL     

300 TB 
of EO data 

disseminated 
daily to 
society
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Global & System View by Copernicus
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Global & Systems View by Copernicus
Chloroph
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Soil 
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Sentinel 1 (A/B/C/D)
SAR Imaging

Copernicus Sentinel Satellites

Sentinel 2 (A/B/C/D) 
Multispectral Imaging

Sentinel 3 (A/B/C/D) 
Ocean & Global Land Monitoring

Sentinel 4 (A/B)
Geostationary Atmospheric

Sentinel 5 (MF/B/C) & Precursor 
Low-Orbit Atmospheric

Sentinel 6 
Jason CS (A/B)

All weather, day/night applications, 
interferometry

Land applications: urban, forest, agriculture, 
… Continuity of Landsat, SPOT

Wide-swath ocean colour, vegetation, 
sea/land surface temperature, altimetry

Atmospheric composition monitoring, 
pollution; instrument on MTG satellites

Atmospheric composition monitoring; 
instrument on MetOp-SG satellites

Altimetry reference 
mission



* ESA Sentinel Data Policy (Sep 2013) and EU Delegated Act on 
Copernicus Data and Information Policy (Dec 2013)

Copernicus Sentinel Data Policy

Sentinel data are available:

✔  Free, Full and Open*
✔  Over very long term
✔  Systematically, 

Operationally



28

ESA Climate Change Initiative: 21 
Essential Climate Variables (ECV) Being 
Monitored
• CCI is a response 

to UNFCCC’s 
need for 
systematic global 
climate 
observation

• ECV datasets 
provide 
long-term 
empirical 
evidence to 
predict & 
understand key 
parts of the 
climate

• 54 defined ECVs, 
36 monitored from 
space, 21 under 
development by 
ESA
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Data for Copernicus Services

Build an innovative data value chain
A wide range of unique data and products

To be applied in different domains
To fit with different application and needs
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Data for Copernicus Services

Build an innovative data value chain
A wide range of unique data and products

To be applied in different domains
To fit with different application and needs

atmosphere.copernicus.eu

climate.copernicus.eu
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Atmospher
e

Monitoring

COPERNICUS ATMOSPHERE MONITORING SERVICE

CAMS is one of six 
thematic 
information 
services provided 
by 
the Copernicus 
Earth Observation 
Programme of the 
European Union.
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From data to applications

Observations are essential, but require care:

Gaps in space and time

Observed quantities may not be directly relevant
🡪 Is that what I need ?
Complex and numerous

Copernicus improves usability:
Integrate observations
� satellite and non satellite, models 
Understand User’s needs
Generate added value products
Provide Guidance
Ensure Quality and usability



33

Atmospher
e

Monitoring

Earth observation data essential for monitoring and forecasting atmospheric composition



34

Atmospher
e

Monitoring

CAMS - Generate global reanalysis
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Atmospher
e

Monitoring

Near-real-time versus reanalysis
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Atmospher
e

Monitoring

EMISSION MONITORING - AMBITIONS OF THE EUROPEAN COMMISSION

Ursula von der Leyen: “You should 
explore ways in which we can make 
the most of 
our assets to deliver on climate 
objectives, including the use of 
Copernicus to monitor 
CO2 emissions.”



Atmospher
e

Monitoring

TIMELINE OF COPERNICUS CO2MVS

2015

2017 20192017 201
8

2021
CO2

M 
MRD

201
8

202
1

202
6

From expert groups through 
dedicated research funding to 
operational services.
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New paradigms emerging – data 

Sentinel 4 is much awaited as first geostationary 
instrument …

A massive increase in 
amount of data and 
information



The Big Data Revolution

Daily Data Production 
Sentinels

Daily Data 
Dissemination 

Sentinels

25 TB

250 TB

Copernicus is the largest producer of EO data in the 
world

All global 
landmass is 

observed 
every 5 days 

at 10m 
resolution

This has never 
happened 

before

All this data is available:

Freely and openly 
worldwide

With long-term 
continuity well beyond 

2030
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Amount of data and dissemination

Increased data rates and volume 
New format 
Adapting local software
Ingesting data and products into applications
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Joint schools EUMETSAT-ESA-ECMWF-CAMS

Overall > 800 applications for three events

Limited number of attendees to grant 
interactivity

Address a wide range of concepts and data

Balance between lectures and practical
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What typically happens in a course like this ?

Work in groups / teams 
Alternate lectures, data discovery, coding
Present real cases
Support to develop small projects from scratch
Support networking 
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Short Courses and Webinars

Address a wider range of users 

Based on data discovery

On average > 200 Users per event

Since 2019 about 15 events

May be joint with conferences / events

Fitted to discover one dataset and the 
applications
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Massive On-line Courses - most recent ones




