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ESA’s Climate Change Initiative: how space data 

support our understanding of climate change

Clement Albergel, European Space Agency (ESA)

Head of ESA’s Actionable Climate Information Section

Bonn, Germany | 9-10 April 2025

Workshop on ancillary data for land surface and 
Earth system modelling
Part of ECMWF's 50th anniversary celebrations
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Climate Change: UNFCCC & The Paris Agreement

▪ Lead the international effort to combat climate change

▪ Body responsible for driving global climate action

▪ Make decisions on climate change mitigation and 

adaptation

➔ Requires systematic observations of the climate     

system

Tasked with preventing 

’dangerous’ human 

interference with the climate 

system

“…to reach global peaking of greenhouse gas emissions as 

soon as possible … and to undertake rapid reductions 

thereafter in accordance with best available science...to 

achieve a balance between anthropogenic emissions by 

sources and removals by sinks of greenhouse gases in the 

second half of this century.”

Legally-binding treaty to limit global 

warming to well-below 2C, and 

preferably 1.5C
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SPACE FOR OUR CLIMATE
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ESA UNCLASSIFIED – Releasable to the Public

What is the European Space Agency?

23 
Member States

2024 Budget

7.79 billion =

15 per European

Make Space 

for Europe

7

6 000+

ESA Workforce

Promoting cooperation among 

European States in space research, 

technology and applications, for 

exclusively peaceful purposes
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ESA UNCLASSIFIED – Releasable to the Public

ESA-HQ

ESA-ESTEC

ESA-ESEC

ESA-ESRIN

ESA-EAC

ESA-ESAC

ESA-ECSAT

ESA-ESOC

EUROPE’S SPACEPORT

WHO
22* Member States, 2500+ staff members and total workforce of 
6000+

WHY For the peaceful use of space, benefiting all

WHERE HQ in Paris, seven sites across Europe & Spaceport in Kourou

BUDGET €7.79 billion = €15 (one cinema ticket) per European a year

ESA is committed to 

the peaceful exploration and 

use of space for the benefit of 

people society and our planet

ESA in a Nutshell
3
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Earth Observation Activities at ESA: ESRIN, ESTEC, ECSAT
Satellite Design & Development Missions Management Cal/Val & Data Distribution

Commercialisation

Digital Twins

Applying the Data 

for Earth Action

Earth System Science

Emergency Response

Climate Change

Innovation

Φ-lab
InCubed

Accelerate the 

future of EO 

with cutting 

edge research

Accelerate the 

future of EO

Via transformative 

innovation & 

commercialisation 

actions

Future Systems 

& Instruments 

activities
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ESA’s Earth Observation Missions  
Satellites

Heritage 08

Operational 16

Developing 40

Preparing 22

Total 86

World-class Earth 

Observation systems 

developed with 

European and global 

partners to address 

scientific & societal 

challenges
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ESA’s 7th Earth Explorer to be deployed in 2025

An interferometric, fully-polarimetric P-band SAR

Designed to observe forest height and biomass

The BIOMASS Mission
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Copernicus is the largest producer of EO data in the world 
with a Full, Free & Open Data Policy*

The Copernicus Space Component – Sentinels

12

2014 / 2016 / 2024

2015 / 2017/2024

2016 / 2018

2020

20252017

2024

20 TB of Daily Data 

Production by Sentinels

(august 2024)

> 700 PB of Sentinel 

Products Disseminated for 

Services to Society 

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

> 200.000 
Registered Users 

since Jan 2023

Land

Climate

Ocean

Security

Atmosphere

Disaster

Supporting 6 

operational services

All global 

landmass is 

observed every 

5 days at 10m 

resolution
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From a family of 6

To a family of 12

The Sentinel 

family grows
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Strengthening 

Copernicus Space 

with the Sentinel 

Expansion Mission 

observations
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ESA’S CLIMATE CHANGE INITIATIVE 
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Above-ground 
Biomass

Fire Land Surface
Temperature

Leaf
Area
Index

Land 
Cover

Ocean Colour Total Anthropogenic 
Water Use

Fraction of 
Absorbed 

Photosynthetically 
Active Radiation

Soil 
Moisture

LakesRiver 
Discharge

Clouds Upper Atmosphere 
Water Vapour

Ice Sheets Snow Permafrost Glaciers Aerosol Greenhouse 
gases

Ozone Precursors Other
 Long-lived 

GHGs

Sea Surface
Temperature

Sea LevelSea Ice SalinitySea State

GCOS defined 55 Essential Climate Variables | 36 benefit from space observations | 

27 generated by ESA’s Climate Programme

https://climate.esa.int/data

ESA EOs archived combined with 

data from third party and current

missions 

ESA’S CLIMATE CHANGE INITIATIVE 
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ESA CCI soil moisture v09.1 products utilize 5 active and 12 passive 

microwave sensors 

V09.1 (1979-2023), already available at:

https://climate.esa.int/en/projects/soil-moisture/ 

▪ Annually algorithmically updated global climate data 

record of soil moisture spanning > 40-yr

▪ 3 separate soil moisture products derived from active, 

passive and combined (active + passive) sensors

▪ 14 public releases to date

Soil moisture anomalies for the year 2023 derived 
from the ESA CCI COMBINED v09.0 product

https://climate.esa.int/en/projects/soil-moisture/

Now generated operationally via C3S

ESA’S CCI: SOIL MOISTURE ECV

https://climate.esa.int/en/projects/soil-moisture/
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Australian Bushfires

Sentinel-2

31 Dec. 2019
Contains Copernicus modified data (2020) Satellites permit to monitor different 

fire characteristics: areas that are dry 

and prone to wildfire outbreak, actively 

flaming and smouldering fires, burned 

area, as well as smoke and trace gas 

emissions

2 principles: thermal anomalies and 

changes in surface reflectance

ESA CCI : Fire ECV

https://climate.esa.int/en/projects/fire/
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ESA’S CCI: Burned Area

SR: Surface Reflectance

HS: Hot Spot

https://climate.esa.int/en/projects/fire/data/
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SR: Surface Reflectance

HS: Hot Spot

https://climate.esa.int/en/projects/fire/data/

ESA’S CCI: Burned Area
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ESA’S CCI: Burned Area

+27%

+107%

+116%

+48%

Lizundia-Loiola et al., 2022, RSE

FireCCIS311

➔ Detects globally 1Mkm2 more BA than previous products!

https://climate.esa.int/en/projects/fire/data/



22

SR: Surface Reflectance

HS: Hot Spot

https://climate.esa.int/en/projects/fire/data/

ESA’S CCI: Burned Area
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SR: Surface Reflectance

HS: Hot Spot

https://climate.esa.int/en/projects/fire/data/

ESA’S CCI: Burned Area
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BURNED AREA MAPPING:

RESEARCH TO OPERATIONS & Data as a Service

1 Research 2 Operational 3 Service

ESA Climate Change Initiative (CCI) high-res prototype 
algorithm has matured into a Data-as-a-Service to support 
wildfire disaster risk reduction & recovery mapping and fire-
related GHG emissions assessment

- Prototype algorithm 
Based on Copernicus
Sentinel-2
- Resolution 20m 

(ESA CCI Fire Project)

- Burned area 
processing service 
for commercial and 
non-commercial use 
via ESA nor-
discover.org

(Brockmann Consult 
GmbH)

- Open-source 
workflow developed 
for Disaster Risk 
Reduction & 
Management

(CopLAC consortium)

Burned area map improvement
ESA Climate Change Initiative’s Fire project
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https://nor-discover.org/
https://nor-discover.org/
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CLIMATE CHANGE INITIATIVE – FIRE EMISSIONS

ESA CCI latest fire product (FireCCISFD20 – 

small fires database)

▪ 20 m resolution using Sentinel-2 

observations

▪ Significantly improves total burned area 

detection compared to medium-resolution 

sensors (ESA FireCCI51 at 250m)

From Burned Area…

Modis-based Sentinel-3 based Sentinel-2 based
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CLIMATE CHANGE INITIATIVE – FIRE EMISSIONS

ESA CCI latest fire product (FireCCISFD20 – 

small fires database)

▪ 20 m resolution using Sentinel-2 

observations

▪ Significantly improves total burned area 

detection compared to medium-resolution 

sensors (ESA FireCCI51 at 250m)

Van der Velde et al., 2024

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GL106122

Constraining models such as the Global Fire Emission Database 

(GFED) with FireCCISFD20 improves analysis of fire emissions 

(van der Velde et al in prep)

▪ CO emissions (a measure of fire emissions) match TROPOMI 

observations (2019) (Green vs Black) in GFED’s simulations

▪ Aerosol optical depth results also improved

Given the impact that biomass burning aerosols have on the 

energy budget of the planet, this could in turn lead to improved 

weather forecasts and consequently better skill in downstream 

applications that rely on it.

From Burned Area…

…to Fire emission

Modis-based Sentinel-3 based Sentinel-2 based

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2023GL106122
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https://doi.org/10.1038/d41586-020-02306-4

Aerosols released from Australian bushfires triggers algal blooms

▪ Satellite fire data and modelled quantities of standing 

biomass : 275 million tonnes of carbon dioxide 

▪ Calculated from TROPOMI: 715 million tonnes 

https://doi.org/10.1038/d41586-020-02306-4
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Rondonia, Brazil

Sentinel-2

29 June 2022

Forest Degradation in Detail - Amazon

29
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Accurate estimates of LU & LCC: crucial to support GST

➔ Role of land for storing carbon and its future potential for offsetting 

carbon emissions 

*LC: series of annual maps, 300 m, 1992-2022,

Consistent analysis-ready annual PFT maps for climate modelling

* Generated operationally via C3S from 2016

https://climate.esa.int/en/projects/land-cover/data/

ESA Climate Change Initiative ECVs: Land Cover CCI
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Accurate estimates of LU & LCC: crucial to support GST

➔ Role of land for storing carbon and its future potential for offsetting 

carbon emissions 

*LC: series of annual maps, 300 m, 1992-2022,

Consistent analysis-ready annual PFT maps for climate modelling

HRLC: static map at subcontinental level at 10m (HRLC10), long-term 

record of regional maps at 30m in the sub-regions of HRLC10 every 5 

years (HRLC30), change information yearly (HRLCC30)

* Generated operationally via C3S from 2016
https://climate.esa.int/en/projects/high-resolution-land-cover/

HRLC10

HRLC30 and HRLCC30

ESA Climate Change Initiative ECVs: Land Cover CCI
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Accurate estimates of LU & LCC: crucial to support GST

➔ Role of land for storing carbon and its future potential for offsetting 

carbon emissions 

*LC: series of annual maps, 300 m, 1992-2022,

Consistent analysis-ready annual PFT maps for climate modelling

HRLC: static map at subcontinental level at 10m (HRLC10), long-term 

record of regional maps at 30m in the sub-regions of HRLC10 every 5 

years (HRLC30), change information yearly (HRLCC30)

* Generated operationally via C3S from 2016
https://climate.esa.int/en/projects/high-resolution-land-cover/

ESA Climate Change Initiative ECVs: Land Cover CCI
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Expanding on results from 

RECCAP-2 and working with 

operational climate services

New activities in response to UNFCCC Paris Agreement

Bastos, A., Ciais, P., Sitch, S. et al. On the use of Earth Observation to support 

estimates of national greenhouse gas emissions and sinks for the Global stocktake 

process: lessons learned from ESA-CCI RECCAP2. Carbon Balance Manage 17, 15 
(2022). https://doi.org/10.1186/s13021-022-00214-w https://climate.esa.int/en/supporting-the-paris-agreement/reccap-

2-climate-space/

https://eur05.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1186%2Fs13021-022-00214-w&data=05%7C01%7CSusanne.Mecklenburg%40esa.int%7C96e2e13252ee44f4c26b08daa6f0a6c7%7C9a5cacd02bef4dd7ac5c7ebe1f54f495%7C0%7C0%7C638005849755457936%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=KEXSkiTfcdTfWTcyIzrRy00avSdgN7dElYYsshllm3E%3D&reserved=0
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EXPANDING ESA’s CLIMATE CHANGE INITIATIVE
Duration: 2023-2029 | Funding:  phase 1 ~90 Meuro ; phase 2 – TBD at CMIN 2025

▪ Providing physical evidence for 
a changing climate, R&D for 
operational climate services

▪ Earth observation 
data support and 
verify the UNFCCC 
Paris Agreement 
pledges

▪ Linking observations 
with modelling 
provides trustworthy 
climate predictions 
and projections 

▪ Cross-ECVs and 
Tipping Points 

Policy drivers for CLIMATE-SPACE
▪ GCOS & WCRP requirements

▪ UNFCCC Paris Agreement

▪ IPCC Assessment Reports

▪ New users: tipping points, biodiversity & ecosystems, health 

+ Knowledge Exchange 
(data management and 
curation, comms, 
outreach, education)  
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CCI R&D in Operational Services

*LOng-LIved greenhouse gas PrOducts Performances
** Precursors for aerosols and ozone CCI
     Methane Emissions Detection Using Satellites Assessment
*** Precursors supporting the aerosol and ozone ECVs
**** In discussion with CMEMS re. Sea State

The R&D of 21 CCI projects has been taken up by operational services.

****

CCI Project GCOS ECVs 
Operational 

Service
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Working with operational services

CCI-C3S dedicated cooperation agreement 

▪ Provision of CDRs

▪ Coordination of R&D activities

▪ Collaboration on pre-operational 

developments 

• Regular interactions with C3S, CAMS, (CMEMS and CGLS) 

providing R&D and pre-ops support

• ESA presentations at C3S and CAMS general assemblies

• C3S and CAMS presentations at CCI colocation

• Membership on science advisory boards (CSAB, MEDUSA)

• Coordination as part of 4Es meeting on European Capacity 

for Climate Observations – LPS2 agora

• As part of CEOS/CGMS WGClimate: collaboration and 

coordination internationally

• Common topics

• Supporting DG-CLIMA 

• CMIP: prep for AR7 and forcing data provision

• Adaptation and health
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Thanks!

Clement Albergel, European Space Agency (ESA)

Head of ESA’s Actionable Climate Information Section

Clement.albergel@esa.int

Bonn, Germany | 9-10 April 2025

Workshop on ancillary data for land surface and 
Earth system modelling
Part of ECMWF's 50th anniversary celebrations
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