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Figure S1: Comparison of the normalized distributions of the training dataset (red) for the February model and
satellite observations of the indicated species for February 2017 (blue). Purple indicates regions of overlap.
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Figure S2: Regression of the indicated species from the MERRA2 GMI simulation against observations from the
satellites listed in Table 1 for Feb. 2017. The r? of a linear least squares regression as well as the normalized mean
bias is also indicated.
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Figure S3: Same as Figure S2 except for the remaining water vapor layers.
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Figure S4: Same as Figure 2 except for the remaining water vapor layers. Regressions are for 2005 —2019.
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Figure S5: The percent difference between TCOH predicted from the GBRT model and from the MERRA2 GMI
simulation for Feb. (a), May (c), and Oct. (e) 2017 is shown on the left. The regression of TCOH from MERRA2 GMI
against that predicted from the GBRT model for those months is shown on the right. In addition, the r? of a linear
least squares fit, the normalized mean bias, and the normalized root mean square error for each month is also

indicated.
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Figure $6: TCOH from MERRA2 GMI for Feb. 2017.
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Figure S7: Distribution of observed (a) and GBRT calculated (b) TCOH columns for the four ATom deployments. Only
columns with the required GBRT model inputs are shown. Indvidual ATom deployments are shown with circles
(ATom 1), squares (ATom 2), diamonds (ATom 3), and triangles (ATom 4).
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Figure $8: Same as Figure 5 except using NO; calculated with a box model. While there is significant overlap in the
columns represented, because of data availability for box modeling, the columns evaluated here are a slightly
different subsample of the ATom columns than those shown in Figure 5.
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Figure S9: Normalized 1o uncertainty in the satellite TCOH product due to uncertainties in the indicated retrievals
for February 2017.
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Figure S10: Same as Figure S9 except for the water vapor layers.
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Figure $11: Regression of the indicated species from TROPOMI against retrievals from the satellites listed in Table 1
for May 2018. Both the KNMI (c) and MINDS (f) TROPOMI NO; retrievals are shown. We also indicate the r? of a
linear least squares fit to the data as well as the normalized mean bias of TROPOMI with respect to the other satellite
product.
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Figure S12: Same as Figure 7 except using the MINDS NO; retrieval for TROPOMI.



Table S1: Estimated uncertainty and source for each satellite retrieval.

Species UE:ct:Ienrqtaatil:m‘tiy Uncertainty Source and Notes

Total O3 Column 5% Based on agreement with other observations
(Labow et al., 2013)

Tropospheric NO, 100% Typical uncertainty of a single retrieval in the

Column remote atmosphere (Choi et al., 2020)

CO Column 5.3% Median reported uncertainty in L3 data file for
study area

HCHO Column 100% Median reported fit uncertainty of a single
retrieval in data file for study area.

H,0) Column 12% Median reported uncertainty in L3 data file for
study area.

SST 0.35K Mean bias of dataset when compared to other
SST records (Chin et al., 2017)

AOD at 550 nm 0.05 + 0.157 Reported value in (Sayer et al., 2014)

H,0) Layers 30-40% Median reported uncertainty in L3 data file for
study area.
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