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Monitoring global change: scientific and societal challenges 
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Monitoring and 

understanding 

Earth systems
Societal needs

Observing Earth systems and their 

relationship

Understanding and modelling 

processes in space and time

Predicting trends and evolution

Assessing human impact

Forecasting the environment for 

the next days or weeks 

(precipitation, temperature, air 

quality, sea state, crop yield, …)

Predicting and anticipating extreme 

events

Addressing human needs for 

transportation, water supply, food, 

energy, communication…
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What is Copernicus?

A programme implemented and managed by the European in partnership with Member States, ESA and

EUMETSAT addressing environment and security issues, with the following objectives:

❖ Providing information services for public users on a operational basis

❖ Addressing national and European policies and societal challenges

❖ Managing and protecting natural resources with a sustainable perspective

❖ Mitigating and adapting to climate change impacts

❖ Better reacting to natural and industrial disasters

❖ Ensuring a continuous and long term access to data and information, under a full, free and open basis

❖ Opening new commercial and economic perspectives

Copernicus is based on an integrated system

❖ Earth Observations from space ➔ Coordinated by ESA

❖ “in situ” observations ➔ Coordinated by EEA

❖ Operational services ➔ Coordinated by the European Commission

(with delegations to entrusted entities)
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A outstanding endeavour that started 25 years ago
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Copernicus 2.0
1998

2001

2005

2006

2008

2011

2013

2014

Baveno 
Manifesto

EU Summit in 
Gothenburg

GMES - EU space 
policy

EC - GMES 
Bureau

EC-ESA 
Agreement on 

GMES

Copernicus data policy 
and regulations

GMES GIO start Start of operations

GMES →
Copernicus

2021

EU Space 
Regulation

Copernicus 25th

anniversary: 
8 June 2023, 
Stockholm

Copernicus is operational since 2014 with 6 operational 

services using high quality satellite and in situ data
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Copernicus governance 
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A huge effort over 25 years: 17 Bn €

MONITORING THE EARTH FROM SPACE: COPERNICUS

6Transdisciplinary research for a healthy planet Symposium – February 15-16, 2024 – Reims, France

20142007

≈ € 260 million

2000

≈ € 3 000 million 

≈ € 4 700 million 

EU

➔ € 100 million (FP6) for fast track

services

ESA

➔ € 130 million (GSE) and additional

studies

EU
➔ ≈ € 1 210 million from FP7 

(contribution to GSC, access to 
space, development of services, in 
situ component, Preparatory 
Actions), GMES Initial Operations, 
and other EC services

ESA
➔ ≈ € 1 730 million for GSC built-up, 

GSE follow-on and Climate 
Change Initiative

EU
➔ ≈ € 4 272 million (c.e.c.) 

from CPC Regulation for 
operating Sentinel satellites 
and core services, access 
to 3rd party data

ESA
➔ ≈ € 450 million for GSC 

built-up completion 
(Segment 3: S5, Jason-CS, 
other activities)

2021

EU
➔ ≈ € 6 000 million (c.e.c.) 

from EU Space Regulation, 
Copernicus part and UK 
contribution

ESA
➔ ≈ € 3 000 million for GSC 

built-up completion 
(Segment 4), Expansions, 
Preparation of Next 
Generation

≈ € 9 000 million 

http://www.google.fr/imgres?imgurl=http://www.jive.nl/wiki/lib/exe/fetch.php?media=expres:fp6-oval-large.jpg&imgrefurl=http://www.jive.nl/wiki/doku.php?id=expres:eu_logo&usg=__IjWpGoyv_C2_YZQ5WuCjcyH1kAw=&h=635&w=1213&sz=51&hl=fr&start=9&zoom=1&tbnid=GBDPshiM7GQiSM:&tbnh=79&tbnw=150&ei=7uOCTuyCCcbn-gbCmpjtAg&prev=/search?q=logo+FP6&um=1&hl=fr&sa=N&tbm=isch&um=1&itbs=1
http://www.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/fr/f/fa/Logo_ESA.png&imgrefurl=http://fr.wikipedia.org/wiki/Fichier:Logo_ESA.png&h=551&w=1378&sz=17&tbnid=sB5IKVg8j-Iu6M:&tbnh=60&tbnw=150&prev=/search?q=logo+ESA&tbm=isch&tbo=u&zoom=1&q=logo+ESA&hl=fr&usg=__r7NCenH3B7ZbLmLILpTv1olq51U=&sa=X&ei=viSDTryrO4_m-gat8YS8Dw&ved=0CB0Q9QEwBQ
http://www.google.fr/imgres?imgurl=http://www.bioliquids-chp.eu/uploads/images/FP7-logo.jpg&imgrefurl=http://www.bioliquids-chp.eu/&usg=__YrCxUDmwg60dSQUlRTwtrQEHdcg=&h=641&w=788&sz=73&hl=fr&start=6&zoom=1&tbnid=xN53tEnfQ2u43M:&tbnh=116&tbnw=143&ei=FOSCTqO8M8ej-gaP6djKAw&prev=/search?q=logo+FP7&um=1&hl=fr&sa=N&tbm=isch&um=1&itbs=1
http://www.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/fr/f/fa/Logo_ESA.png&imgrefurl=http://fr.wikipedia.org/wiki/Fichier:Logo_ESA.png&h=551&w=1378&sz=17&tbnid=sB5IKVg8j-Iu6M:&tbnh=60&tbnw=150&prev=/search?q=logo+ESA&tbm=isch&tbo=u&zoom=1&q=logo+ESA&hl=fr&usg=__r7NCenH3B7ZbLmLILpTv1olq51U=&sa=X&ei=viSDTryrO4_m-gat8YS8Dw&ved=0CB0Q9QEwBQ
http://www.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/fr/f/fa/Logo_ESA.png&imgrefurl=http://fr.wikipedia.org/wiki/Fichier:Logo_ESA.png&h=551&w=1378&sz=17&tbnid=sB5IKVg8j-Iu6M:&tbnh=60&tbnw=150&prev=/search?q=logo+ESA&tbm=isch&tbo=u&zoom=1&q=logo+ESA&hl=fr&usg=__r7NCenH3B7ZbLmLILpTv1olq51U=&sa=X&ei=viSDTryrO4_m-gat8YS8Dw&ved=0CB0Q9QEwBQ
http://www.google.fr/imgres?imgurl=http://upload.wikimedia.org/wikipedia/fr/f/fa/Logo_ESA.png&imgrefurl=http://fr.wikipedia.org/wiki/Fichier:Logo_ESA.png&h=551&w=1378&sz=17&tbnid=sB5IKVg8j-Iu6M:&tbnh=60&tbnw=150&prev=/search?q=logo+ESA&tbm=isch&tbo=u&zoom=1&q=logo+ESA&hl=fr&usg=__r7NCenH3B7ZbLmLILpTv1olq51U=&sa=X&ei=viSDTryrO4_m-gat8YS8Dw&ved=0CB0Q9QEwBQ
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The Sentinel constellations : the unstinting guardians of our planet
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SAR imaging - 4-40m 
resolution, 6 days revisit time
All weather, day/night applications, flooding 
and sea ice monitoring interferometry
April 2014 / April 2016

Multispectral imaging -
10-60m resolution, 5 
days revisit time
13 bands at 10, 20, 60m
Land applications: urban, forest, 
agriculture,..
Continuity of Landsat, SPOT
June 2015 / March 2017

Altimetry and 
multispectral imaging -
300-1200m resolution, 
<2 days revisit time
Wide-swath ocean color, 
vegetation, sea/land 
surface temperature, sea height 
Ocean and global land monitoring
February 2016 / April 2018

Low-orbit atmosphere 
monitoring - 7.5-50km 
resolution, 1 day 
revisit time
High resolution  spectrometer 
covering ultraviolet, visible and 
near–infrared bands
Air quality, ozone, surface UV, 
climate protocol monitoring 
> 2024 / 2030 / 2038

Altimetry - 10 day revisit time
Low inclination orbit altimetry mission 
for monitoring  sea surface height
November 2020 / 2025

Geostationary atmosphere monitoring - 8km resolution, 60 min revisit time
High resolution  spectrometer covering ultraviolet, visible and near–infrared bands
Air quality, ozone, surface UV, climate protocol monitoring over Europe
> 2024 / 2032

Low-orbit atmosphere 
monitoring - 7-68km 
resolution, 1 day 
revisit time
High resolution  spectrometer 
covering ultraviolet, visible and 
near–infrared bands
Air quality, ozone, surface UV, 
climate protocol monitoring
October 2017

FULL, FREE 
AND OPEN
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S-1

Radar

A
3 Apr 2014

B
25 Apr 2016 (to 

be de-orbited)

S-2

High Res. 

Optical

A
23 Jun 2015

B
6 Mar 2017

S-3

Medium Res. 

Optical & 

Altimetry

A
16 FeB 2016

B
25 Apr 2018

S-4

Atmospheric 

Chemistry 

(GEO)

A

>2024

B

2032

S-5P

Atmospheric 

Chemistry 

(LEO)

A
13 Oct 2017

S-5

Atmospheric 

Chemistry 

(LEO)

A

> 2024

B

2030

S-6

Altimetry

B

2025

Copernicus – Sentinels Status

C
2023

C
>2024

D
> 2026

C
>2025

D
> 2027

C
> 2030

D
> 2024

A
21 Nov 2020

C

> 2032
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Copernicus is the largest producer of EO data in the world

The Big-Data Revolution with First Generation Sentinels

9

2014 / 2016

2015 / 2017

2016 / 2018

2020

20252017

2024

25 TB of Daily Data 

Production by 

Sentinels

300 TB of Daily Sentinel 

Products Disseminated for 

Services to Society 

All global 

landmass is 

observed 

every 5 days 

at 10m 

resolution

> 700.000 
Registered Users

Land

Climate

Ocean

Security

Atmosphere

Disaster

Full, Free & Open 
Data Policy*

Supporting 6 

operational services
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Research priorities : improved continuity for both observations and services

MONITORING THE EARTH FROM SPACE: COPERNICUS

10Transdisciplinary research for a healthy planet Symposium – February 15-16, 2024 – Reims, France

Continuity is essential for monitoring long 
term trends of key climate variables

3 cm / decade since 

the 1990s
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At different spatial and 
temporal resolution

Addressing biogeochemical cycles and 
Earth system interfaces
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Service Terres émergées et son volet sur les zones côtières

OBSERVER LA TERRE DEPUIS L’ESPACE : LE PROGRAMME COPERNICUS

11Observer la Terre depuis l’espace : le programme Copernicus – 11ème séminaire du Réseau d'Observation du Littoral de Normandie et des Hauts-de-France – Caen, 24/11/2023

Strengthening Copernicus Space with the Sentinel Expansion Missions
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A necessary continuum and integration between European EO programmes
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The Copernicus contributing missions

MONITORING THE EARTH FROM SPACE: COPERNICUS

13CODIS DS – 13/02/2024
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Copernicus services
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-

Marine monitoring
Mercator-Océan

Atmosphere monitoring
ECMWF

Gestion des urgences - JRC

Security services Land monitoring - EEA Climate change - ECMWF

State of the Blue (physical),

White (sea ice) and Green

(biogeochemical) ocean, on

a global and regional scale

174 Produits 

Geospatial information on land cover and its

changes, land use, vegetation state, water

cycle and Earth's surface energy variables

Wind - waves

See ice

biology

• Air quality and atmospheric composition

• Ozone layer and ultra-violet radiation 

• Emissions and surface fluxes

• Solar radiation

• Climate forcing

Authoritative information about the past, 

present and future climate in Europe and 

the rest of the World (essential variable, re-

analysis, seasonal forecast, climatic 

predictions, …)

©
 D

G
 J

R
C

, 
E

M
S

Management of natural disasters, man-made

emergency situations, and humanitarian

crises with timely and accurate geo-spatial

information (mapping and early warning)

•Border surveillance; Frontex

•Maritime surveillance; Emsa

•Support to EU External and Security 

Actions; Satcen
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Copernicus,  world leader for monitoring the state of the planet

❖ Continuum between research and services / downstream applications: the scientific community is a key
actor for specifying the space missions and for supporting the development of services and products, with two
priorities: improved continuity of observations, and increased spatial and temporal resolution

❖ Trust and reliability with a guaranteed continuity, data and service quality, transparency and long term
visibility

❖ International reference for UN COP meetings and for the international community (most research projects
on the Earth system are using Copernicus data)

❖ Soon 800 000 users, 600 PB of data downloaded

MONITORING THE EARTH FROM SPACE: COPERNICUS
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Future challenges

❖ Safeguarding top operational priorities: improved continuity, data and

information access under a full, free and open basis

❖ Ensuring sustainability with increasing costs for operating 12 Sentinel

families in a context of growing needs of European space programmes

(resilience and security, new programmes such as IRIS², governmental

services…)
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7 8 8 8 8 8
10 9 9

15 16

20 21 22 23
25 25 26

29

24
27

22

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

NUMBER OF COPERNICUS SATELLITES 
IN ORBIT

❖ Defining a good balance between « Make or buy » : hybrid approach combining reference missions

(Sentinels) and contributing missions / Newspace

❖ Reinforcing governance : EU, ESA, EUSPA, dual use for governmental services
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Concluding remarks

❖ Copernicus : flagship of the EU, outstanding international success international strongly 
relying on previous and long term research activities for specifying space-based observing systems 
and developing operational services with high quality data
➔ observing, understanding, modelling, predicting and scenario analysis (Digital Twin Earth)

❖ The unstinting Sentinels are real game changer, enabling outstanding new developments in so 
many scientific and economic domains

❖ Enhanced continuity is key for monitoring the essential climate variables 
and understanding global change processes, including improved 
spatio-temporal resolutions

❖ Calibrated/validated observations are crucial for the quality 
of output information

❖ State-of-the-art services cannot be maintained 
without the continuous involvement of research 

MONITORING THE EARTH FROM SPACE: COPERNICUS
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Long term 
research

Service 
development / 
improvement

Operational 
services
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