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ESA Climate Change Initiative (CCI)

Objective:

To realise the full potential of the long-term global EO archives 

that ESA, together with its Member States, has established over 

the last 40 years…

... as a significant and timely contribution to the Essential 

Climate Variable (ECV*) databases required by the 

United Nations Framework Convention on Climate Change 

(UNFCCC)

* An ECV is a physical, chemical, or biological variable or a group of linked variables that critically contributes to the characterization of Earth’s climate.  

S. Bojinski et al., BAMS 2014, doi.org/10.1175/BAMS-D-13-00047.1
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GCOS Essential Climate Variables

https://gcos.wmo.int/en/gcos-status-report-2021
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ESA Climate Change Initiative

• 2010 - 2025
• €165 million
• 450 scientists
• 23 CCI ECVs in total
• 14 CCI ECVs operational under the Copernicus 

Climate Change Service (climate.copernicus.eu)
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CCI Project Activities
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CCI Open Data Portal:       climate.esa.int/data
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Education resources

climate.esa.int/educate cfs.climate.esa.int

Web-based visualisation toolTeaching packs
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Examples:
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Australian Bushfires

Sentinel-2 (31 Dec 2019)
Contains Copernicus modified data (2020) 
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Climate Feedbacks

Weiyi Tang et al., 2021

Nature, vol 597, p370

doi: 10.1038/s41586-021-03805-8

Phytoplankton Chla anomaly

MODIS aerosol optical depth
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A quick tour of some LST-related CCI ECVs

• Soil Moisture

• Fire

• Land Cover

• Vegetation Parameters

• Biomass

• Snow

• Permafrost
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▪ Annually updated global climate data record of soil 

moisture spanning more than 40yrs

▪ 0.25 deg spatial resolution

▪ 3 separate soil moisture products derived from active, 

passive and combined (active + passive) sensors

▪ 13 public releases to date

ESA CCI soil moisture v07.1 products utilize 5 active and 

12 passive microwave sensors (released May 2022)

climate.esa.int/en/projects/soil-moisture/
Led by the Earth Observation Data Centre (EODC), Austria
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The finer resolution (20m) of the FireCCISFD11 product allows detecting much 
smaller burned area patches (and hence a larger total BA) compared to 
medium-resolution sensors (e.g. FireCCI51 at 250m)

Global burnt area products 1982–2020 from:

• Copernicus Sentinel-3 (OLCI and SLSTR)

• NASA MODIS

• NOAA AVHRR GAC

Regional burnt area products

• Copernicus Sentinel-2 MSI (Sub-Saharan Africa, 20m, 2019 and 2016)

• Sentinel-1 SAR (Amazon basin, 40m, 2017)

• Sentinel-1 SAR (Indonesia, 10m, 2015-2016)

Key Result:  Ramo et al., PNAS, 2021.

doi: 10.1073/pnas.2011160118
Importance of small fires and their carbon emission

➔Over Africa, nearly double the number of fires were detected with Sentinel-2 

than with MODIS for 2016

➔Contribute 2.02 million km2 of the 4.89 million km2 total burned area detected

Corresponding Fire C emission estimated are 1.44 PgC

➔31-101% higher that previously thought

➔14% of global C emission from FF burning

Critical component of BA in Sub-Saharan Africa 

➔Raises the contribution of biomass burning to global GHG and aerosols

climate.esa.int/en/projects/fire
Led by U. Alcala, Spain
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CCI Land Cover

• Series of annual maps, 300 m, 1992-2020,

• UN Land Cover Classification System (22 classes)

• Consistent analysis-ready annual Plant Functional Type maps for 

climate modelling

• Generated operationally via C3S from 2016 onwards

• Led by UCL-Geomatics, Belgium

• Static subcontinental maps at 10m, long-term record of regional maps 

at 30m in the sub-regions every 5 years (with change information 

yearly)

• Led by U. Trento,

Italy

climate.esa.int/en/projects/high-resolution-land-cover

climate.esa.int/en/projects/land-cover
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climate.esa.int/en/projects/vegetation-parameters
Led by Vito, Belgium and the University of Twente, NL

New CCI project started in July 2022

Aims to develop improved LAI and FAPAR climate data 

records 

• Global maps, 2000-2021

• 300m to 1km resolutions

• Multi-mission merging: 

• SPOT-VGT

• PROBA-V

• Sentinel-3 OLCI

• Envisat MERIS

• Terra and Aqua MODIS

• MetOp AVHRR

• VIIRS
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• Data to inform the Global Stocktake for the UNFCCC Paris Agreement commitments and REDD+ 

• Series of maps to quantify the change in forest biomass over time (2010, 2017, 2018, 2020)

• cci.esa.int/biomass, led by University of Aberystwyth, UK
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(Pulliainen et al. 
2020)

Global Snow products:

• Snow Cover Fraction

• 2000 – 2020 (MODIS / SLSTR, 1km)

• 1982 – 2018 (AVHRR, 5km)

• Snow Water Equivalent: 

• 1979 – 2020 (SSMI/S, 12.5km)

• v2.0 available now

• v3.0 planned for mid 2023

Mountain Snow Products:

• Alps, Pyrenees, Scandinavia, Alaska, Iceland

• Wet snow maps at 100m from 1992 onwards

• Study snow melt onset and duration 

• Consistent with SCF products

• First release in mid 2023 

climate.esa.int/en/projects/snow
Led by ENVEO, Austria
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climate.esa.int/en/projects/permafrost
Led by Gamma, Switzerland and b.geos, Austria

Overview of study area  (100 km buffer zone) Background: average permafrost extent derived 

from Obu et al (2021b).

Aim:  To provide consistent global 

maps of permafrost parameters

• Extent

• Temperature

• Active layer thickness

• 1km, monthly resolution

Based on Earth Observation records 

ingested into a permafrost model:

• Land cover

• Land surface temperature

• Snow

https://iopscience.iop.org/article/10.1088/1748-9326/ac3176/meta#erlac3176bib35
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Thanks for your 
attention

Please visit climate.esa.int for more info


