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Understanding our emissions and how they change

contains modified Copernicus Sentinel data (2017), processed by KNMI/ESA

NO2

CO2

Observing atmospheric composition from space is a 
rapidly developing field. Many exciting new 
instruments, large and small, are being developed 
and launched.

Can we use Earth observations to improve our 
knowledge of anthropogenic emissions?

NO2 tropospheric columns observed by Sentinel-5p

CO2 emission estimates based on nationally reported data
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Earth System models are used to 
translate the observations into 

emission estimates.

Challenges of observation-based emission monitoring
Satellites do not measure emissions directly; they measure the impact 
of emissions on the atmosphere.

Satellites see only the total impact of anthropogenic and natural effects.
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CoCO2: Developing a new Copernicus CO2 monitoring service

5EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Observations

DLR, AGH, FORTH
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Priors

Annual for 1961-2019, 0.08o × 0.08o

Extended from Deng, Ciais et al., ESSDD, 2021
LSCE

Biofuel CO2
Development of weekly country-
dependent temporal profiles using 
TomTom congestion statistics.
BSC
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Global system

Global emission estimation capabilities in ECMWF’s IFS are being tested on CH4
observations from Sentinel-5p TROPOMI.

Change in CH4 emissions posterior/prior
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Local systems

New techniques to 
detect & separate 
(overlapping) plumes & 
characterize the 
background; tests on 
the SMARTCARB NOx / 
CO2 simulations.

EMPA

Simulations of NOx and 
CO2 plumes.

Wageningen University 
& Research
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Benchmarking for uncertainty estimation

GPP

Farquhar optimized

Farquhar prior

A-gs

Farquhar optimized

Farquhar prior

A-gs

• The Farquhar scheme is a biogeochemical photosynthesis model with a more mechanistic 
representation of processes than current empirical A-gs model. It also allows the use of Solar 
Induced Fluorescence (SIF) observations to constrain GPP (Global Primary Production).

• Large reduction in RSME and bias of GPP against FLUXNET observations.
• GPP is more realistic, but increased with respect to A-gs
• This means that the Respiration (Reco) needs to be revised as well to optimize the net flux. 

89 FLUXNET2015 sites

ECMWF, LSCE, IPMA
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Policy-relevant products

Annual CO2 flux from the 
AFOLU sector in ten large 
countries or groups of 
countries estimated by the 
1-σ uncertainty envelope of 
the two CAMS atmospheric 
inversions.

In situ-based estimate
Satellite-based estimate
UNFCCC estimate

LSCE
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Moving forward: from science to services

Innovation!

ESA/ATG medialab ESA/P. Carril

Horizon 2020 Horizon Europe

Sentinel-5p, OCO-2, GOSAT Sentinel-4&5 CO2M

OHB

Microcarb, Merlin, …

2021 2026
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Today



This project has received funding from the European Union’s Horizon 2020 research  
and innovation programme under grant agreement No 958927.

THANK YOU

coco2-project.eu
@CoCO2_project

This presentation reflects the views only of the author, and the Commission cannot be held 
responsible for any use which may be made of the information contained therein.


