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@' The road to estimating G@bssil fuel emissions from space

4 . .
N We do not see C@missions directly from space, but we can see the @@nes.
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We do not see C{@missions directly from space, but we can see the iidnes.

Since CQaccumulates in the atmosphere, relative variations of thg €&umns
are ~ 1 %.

Need much higher accuracy than these typical variations
- Target random errors ~ 0.25 %

- Target systematic errors =:1

Further, we need information about G the lowest layers
- Use reflected sunlight

- Clear sky, daytime

The remote sensing of G@3 pushing the limits of remote sensing in general.
- First CQ-dedicated satellite launched in 2009 only (Japan)

- The situation is slightly less challenging foy, [Bi#ed to a larger relative
variability



Mean TROPOMI NO:z columns data
on 2022/08
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EMISSION  gatellite+instrumenbperated
rate of NQ by ESAince2017, polaorbit,
largeswath (2600 km)Ground
resolution=19km?. NQ,
columnestimatedin clear

Imagesfrom A Heraud(LSCEfter ReyPommier et al. (2022) skies,sunlit.

1015 molecules.cm=2. h~1



OCQ2: satellite+instrumentoperatedby NASA
since2014, polarnrbit, narrow swath Ground
resolution= 3km?. ColumnaverageCQ
concentrationestimatedin clearskies,sunlit.

OCQ2 orbit track East ofNingdongcity, China,
16 November2022,earlyafternoon
Thearrow indicatesthe estimated

E= wind direction close to the surface.
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OCQa3: instrumentoperatedby NASAnboardthe
InternationalSpaceStationsince2019,narrow
swathbut asamescenecanbe scanned
successivelgeveraltimes. Groundresolution=

3 km?. ColumnaverageCQ, concentration
estimatedin clearskies,sunlit.

OCQ3 orbit track East of Baotou city, China, 21

.. October2022,earlyafternoon

Thearrow indicatesthe estimated

" wind direction close to the surface.
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Emission estimation
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+ quality control
+ spatialdisaggregation

C 49individualcases otoalfired power
plants in the USA in the OCO archive
(after QC).

C Comparisorof the emissionestimates
to the numbersreported by the U.S.
EnvironmentaProtection Agency
(EPA)Differencesare mostly random

I (wind direction, etc.).
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After Chevallier et al. (2022)



CO2M constellation of
satellite+instrumenwoperated
by ESAtartingin 2026.Takes
the best of TROPOMiwath)
for CQ. CQ columnestimated
In clearskies,sunlit.

Expecteduncertaintyreduction(%)after one CO2M Julgrbit & MHYnn | ¢/
(a) Morningemissionf largeindustrialplants goes> 50%)
(b) Othermorningfossilfuel emissionggoesto ~ 30%)

FromPotier et al. (2022)



