
Comparison Between Full Physics and Machine Learning XCO2 Retrievals
Over Large Plumes

Fundings:

CAMS2_52b_bis

The French MicroCarb mission (to be launched in 1 month and 1 day) will provide estimates of the column-average dry-air mole fraction of atmospheric carbon dioxide (XCO2)
at 5×8 km² spatial resolution.
A high spectral resolution infrared grating spectrometer will scan the atmosphere in four spectral bands: 3 spectral bands (O2@0.76μm, weak CO2@1.60μm and strong
CO2@2.04μm, absorption bands) similar to the OCO-2 (NASA) instrument plus an additional band around 1.27 µm centered on an O2 absorption band.
The operational processing chain to retrieve XCO2 will rely on a full physics radiative transfer model (4A/OP) inversion based on optimal estimation with the 4ARTIC
software, accounting explicitly for absorption and scattering processes in the atmosphere.
In parallel, we have developed a computationally efficient AI-based retrieval method using neural networks, trained on actual L1 radiance spectra and XCO2 products from
the CAMS (Copernicus Atmosphere Monitoring Service) global atmospheric inversions.
We assess the performance of these two approaches applied to OCO-2 observations over pre-identified plumes of CO2 resulting from strong localized emissions.
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• Optimized parameters: atmospheric CO2 and H2O profiles (19 layers), surface
pressure, surface albedo, aerosol parameters

• Spectral bands considered: O2, wCO2, sCO2

Artificial Neural Networks (ANN)

• ANN are able to observe and quantify XCO2 plumes
from industrial activities, even though there are no
such plumes in the training dataset. The noise of the
estimates appears larger than that of the full physic
inversions.

• For the plumes investigated here, 4ARTIC retrievals
is closer to ACOS Lite estimates than ANN ones.

• There are larger differences between estimates for
the "Pingshuo Gangue" plume with significant
systematic differences.

• The variability of XCO2 retrieved by 4ARTIC (without
any bias correction) is lower than ACOS "raw" data.

• Strong impact of the bias correction of ACOS (Lite
version) which also reduces the variability of the
retrievals.

Full Physics Radiative Transfer Model Inversion  

• OCO-2 soundings at Nadir over Land
• Clear soundings only & AOD ≤ 0.3

• XCO2 from CAMS: 3.5°x1.875°/3h
• loss function: mean square error

data distributed worldwide over the period 2014-2020Training 

• 4ARTIC Python tool (CNES, Thalès Services) to inverse the 4A/OP radiative 
transfer model (LMD, NOVELTIS, CNES)

• Optimal Estimation Method and Levenberg-Marquardt approach to iteratively estimate
the state vector of parameters x that minimizes the difference between observed (y) vs
simulated (M(x)) radiances, weighted by their error covariance (R), while also
considering an a priori regularization term (parameter values xb and errors B).

Hi: 4A/OP Jacobian
𝛾: Levenberg-Marquardt regularization parameter

• Spectral bands considered: O2, sCO2

Matla & Secunda CTL
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Latitudinal transects

• OCO-2 v10r data: 
– L1 radiance data 
– ACOS XCO2 estimates for evaluation: L2Std (raw) and Lite 

(bias corrected) versions

• 3 plumes identified from Chevallier et al. (2022)
– sampling of the soundings along the orbit for 4ARTIC inversions

• Variability (VAR) of the retrievals along the orbit for each product defined as
the standard deviation of deviations from smoothed latitudinal means

• Root Mean Square Difference (RMSD) relative to ACOS XCO2 Lite data

Outline
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