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2CoCO2 ςPrototype system for a Copernicus CO2 service

The road to estimating CO2 fossil fuel emissions from space

We do not see CO2 emissions directly from space, but we can see the CO2 plumes.
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The road to estimating CO2 fossil fuel emissions from space

We do not see CO2 emissions directly from space, but we can see the CO2 plumes.

Since CO2 accumulates in the atmosphere, relative variations of the CO2 columns 
are ~ 1 %.

Need much higher accuracy than these typical variations

- Target random errors ~ 0.25 %

- Target systematic errors ~ 1 ҉

Further, we need information about CO2 in the lowest layers

- Use reflected sunlight

- Clear sky, daytime

The remote sensing of CO2 is pushing the limits of remote sensing in general.

- First CO2-dedicated satellite launched in 2009 only (Japan)

- The situation is slightly less challenging for CH4 linked to a larger relative 
variability
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Pollution emissionsseenand quantifiedfrom space- TROPOMI
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S5P/TROPOMI: 
satellite+instrumentoperated
by ESA since2017, polar orbit, 
large swath(2600 km). Ground 
resolution= 19km2. NO2

columnestimatedin clear
skies, sunlit.Images from A Heraud(LSCE) after Rey-Pommier et al. (2022)
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CO2 emissionsseenand quantifiedfrom spaceςOCO-2

OCO-2: satellite+instrumentoperatedby NASA 
since2014, polar orbit, narrowswath. Ground 
resolution= 3km2. Column-averageCO2

concentration estimatedin clearskies, sunlit.

OCO-2 orbit trackEast of Ningdongcity, China, 
16 November2022, earlyafternoon.
The arrow indicatesthe estimated
wind direction close to the surface.
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CO2 emissionsseenand quantifiedfrom spaceςOCO-3

OCO-3: instrument operatedby NASA onboardthe 
International SpaceStation since2019, narrow
swathbut a samescenecan bescanned
successivelyseveraltimes. Ground resolution= 
3 km2. Column-averageCO2 concentration 
estimatedin clearskies, sunlit.

OCO-3 orbit trackEast of Baotou city, China, 21 
October2022, earlyafternoon.
The arrow indicatesthe estimated
wind direction close to the surface.
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CO2 emissionsseenand quantifiedfrom spaceςOCO-ѿ

Emission estimation 
+ quality control 
+ spatial disaggregation.

Ç49 individualcases of coal-fired power 
plants in the USA in the OCO archive 
(after QC). 

ÇComparisonof the emissionestimates
to the numbersreportedby the U.S. 
EnvironmentalProtection Agency 
(EPA). Differencesare mostly random
(wind direction, etc.).
o Spread (1 sigma) = 54%.
o Bias= 1%.

After Chevallier et al. (2022)
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CO2 emissionsseenand quantifiedfrom spaceςCO2M

CO2M: constellation of 
satellite+instrumentoperated
by ESA startingin 2026. Takes
the best of TROPOMI (swath) 
for CO2. CO2 columnestimated
in clearskies, sunlit.

Expecteduncertaintyreduction(%) after one CO2M July orbitŀǘ мнΥлл ¦¢/
(a) Morning emissionsof large industrialplants (goes> 50%)
(b) Othermorningfossilfuel emissions(goesto ~ 30%)

FromPotier et al. (2022)


