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• In this figure, Prior and Posterior NASA OMI inferred emissions are shown for GEOS-

Chem (year 2016) and CMAQ (year 2019)

• Spatial patterns and magnitudes of GEOS-Chem and CMAQ prior emissions are similar

• In the posterior, CMAQ 2019 emissions increase in much of the domain outside Europe 

and south China

• GEOS-Chem emissions decrease from the 2010 prior to the 2016 posterior, consistent 

with independently estimated trends

Figure S1 from Qu et al., 20203
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Figure S11a from Qu et al., 20203

Inversion comparison
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The inversions being compared cover different time periods
Springtime OMI NO2 is shown during each inversion for an apples-to-apples visual comparison

Prior and posterior emissions comparison

• Multiple retrieval algorithms exist for satellite NO2, even from the same instrument

• Differences in the retrieval algorithms lead to differences in the reported NO2 vertical column 

densities (VCDs), and these differences propagate to emissions inversions

• Here we are showing the retrievals used in the CMAQ inversion and in the Qu et al. inversion

• In CMAQ, OMI tends to increase NOx while TROPOMI tends to decrease. In GEOS-Chem, 

NASA OMI inferred NOx emissions are decreased compared to the prior.

• NASA-OMI retrievals lead to similar posterior emissions in both models
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• The impact of NOx emissions changes on ozone aloft is shown for each model in this figure

• Above ~900 hPa, emissions changes decrease ozone in GEOS-Chem (worse agreement 

with sonde) and increase ozone in CMAQ (improved agreement with sonde)

• Although not shown in this figure, additional analysis shows that LNOx emissions inversion 

in CMAQ leads to much of the impact on ozone aloft (East et al., in prep.) 

Conclusions

• Differences among satellite retrieval algorithms remain important in NOx inversions.

• Decreases in the CMAQ O3 bias aloft are driven by LNOx updates.

• Despite lack of apples-to-apples comparison between models, similarities in posterior 

emissions inferred with OMI-NASA NO2 with different priors (e.g., in China) suggest 

convergence of results between both assimilation methods.

Model & inversion framework comparison

CMAQ GEOS-Chem

Reference East et al. 2022 (in prep)1 Qu et al. 20172, 20203

Assimilation method 3DVAR + FDMB Adjoint-based 4DVAR

Model horizontal resolution 108km Polar Stereographic 2°×2.5°

Model vertical resolution 44 levels to 50 hPa 72 levels to 0.01 hPa

Tropospheric chemistry CB6r3 GEOS-Chem v10 standard

Stratospheric chemistry None GEOS-Chem v10 standard

Prior emissions and simulation comparison

Emissions (North America) 2017 EPA platform (v7.1) 2010 HTAPv2

Emissions (China) 2015 Tsinghua University 2010 HTAPv2

Emissions (rest of world) HTAPv2 (2010) scaled to 2014

by CEDS scaling factors

2010 HTAPv2

Meteorology 2019 WRF 2016 MERRA-2 Reanalysis

Satellite Observation year 2019 2016

Motivation
• Various atmospheric chemistry models including GEOS-Chem and CMAQ have been 

used with satellite observations to compute inverse NOx emissions estimates

• Each model has its own set of assumptions and characteristics which impact inversion 

efforts and subsequent emissions results, including NO2 vertical profiles, model vertical 

and horizontal resolution and extent, model chemistry

• Assimilation methods vary and include 4DVAR, Kalman filter variations, and 3DVAR

• In addition, documented differences among satellite retrievals may impact inverse 

modeled emissions and subsequent conclusions.

• To better understand the impact of all these differences on emissions estimates, we 

compare a new inversion framework using CMAQ and 3DVAR with an existing approach 

in the literature using GEOS-Chem, its adjoint, and 4DVAR

Multiple models

• In CMAQ, we assimilate NO2 slant columns from OMI and TROPOMI separately.

• We perform iterative finite-difference mass-balance (FDMB) inversions following Lamsal et 

al.4 for 2019 based on the difference between CMAQ NO2 with and without satellite data 

assimilation (ΔΩ).

• LNOx emissions are updated first, using background errors sensitive to the upper 

troposphere

• Then, to eliminate biases caused by upper tropospheric processes disconnected from local 

surface emissions, we only consider lower troposphere NO2 in the anthropogenic inference.

• Synthetic test results show the system largely recovers a synthetic emissions perturbation 

and achieves convergence.
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We compare NOx emissions inversion from 2 different model and inversion frameworks:

1. CMAQ model with 3DVAR assimilation and finite-difference mass-balance 

inversion (FDMB)

2. GEOS-Chem model with 4DVAR adjoint-based assimilation and inversion

CMAQ+3DVAR Finite-Difference Mass Balance framework

FDMB Inversion applied:
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