1. It is an interesting result to show that the main reason for the differences between GEMS and
TROPOMI NO2 VCD lies in the AMF calculation. The relatively good agreement between the
reprocessed columns shows that the NO2 SCD retrieval are consistent. Concerning the GEMS
NO2 AMF, since the AK are taken from the GEMS CHOCHO L2 product, we cannot exclude
another issue than a wrong use of the GEOS-Chem vertical coordinates.

P6, line 166: “much of the discrepancy in the L2 products stem from different vertical shape
factors”. Please remind the reader that a large part could also come from an incorrect use of the
vertical coordinates in the GEMS NO2 operational product.

We agree on pointing out the issue, which will eventually be corrected in the next operational
GEMS product. We added the following sentence (lines 167-169):

“Incorrect use of vertical coordinates in the L2 version 2.0 GEMS product will be corrected in the
next operational product with the GEOS-Chem profiles used here for reprocessing.”

2. It is not shown that the ML model improves the diurnal variation comparison with the
PANDORA (mainly from Figure 3). There is no evidence that including the TROPOMI VZA up
to 50° actually helps to “build an ML model relevant to GEMS observations at different times of
day”, as stated p6, line 185, in the abstract and in the conclusions. Please comment on the
possibility to further improve the GEMS diurnal variation using ML technique.

Related to this point, it is not clear why the diurnal variation is more affected by the ML model
during warm months than during cold months. I expect larger angles during cold months, and
therefore a larger correction. Maybe it is because the days are longer during warm days?

We agree that it is unclear that the ML correction improves the diurnal variation comparison to
Pandora, however it reduces the biases. We clarified in the conclusion section as follows (line 247):
“It also resulted in better agreement with the ground-based Pandora observations.”

Despite the fact that we only used collocated data at TROPOMI’s overpass time (~13:00) to train
the ML model this model produces reasonable data at other times of the day, which was one of our
largest concerns on applying it to rest of the GEMS data. This implies that the ML model is valid
for EZA values ranging up to 75° so that it can be applied to the full diurnal range of GEMS
observations. We clarified this as follows (lines 187-188):

“This allows us to build an ML model valid for a sufficient range of EZAs, as is necessary for
application to GEMS observations over their full diurnal range.”

Pandora or MAX-DOAS observations may serve as reference to further correct biases associated
with the diurnal profile retrieved by GEMS. However this may introduce spatial discontinuity to
the GEMS data since the ML correction will be limited to only the regions where ground-based
observations are available.

The plot below shows that large EZA (> 50°) drives the downward correction during the early
morning and late afternoon during the warm season. Since the EZA is always relatively large
during the cold season, we see a uniform downward correction for all hours of the day. We added
the following to the manuscript (lines 230-237):

“The correction in the warm season dampens the diurnal variability because EZA varies from 50°
at local noon to 65° at 07:00 or 17:00 LT, a range limited by the constant VZA set by latitude. The
corrected diurnal variability improves agreement with Pandora in late afternoon while degrading



it in early morning. By contrast, the correction in the cold season decreases GEMS by similar
increments for all hours of the day, resulting in no change in the diurnal profile but better
agreement with Pandora. The lack of diurnal variability in the correction is because EZA varies
over only a limited range. The VZA averages 44° for the Northeast Asia Pandora sites, and the
SZA ranges from 52° at local noon to 65° at 08:00 or 16:00 LT, so that the EZA varies only from
60° to 68°.”
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3. Figure 2: The GEMS NO2 columns seem to be cut for negative values. Is it an effect of the
GEMS quality flags? This cutting effect seems to be amplified by the reprocessing and ML
correction steps. The correlation is degraded from step 1 to 2. Have you tried to apply an improved
quality filtering for GEMS? Or would it make sense to filter negative TROPOMI columns as well?
We did not apply any flags that filter out negative values in both GEMS and TROPOMI, as
negative VCD values commonly appear in satellite retrievals and are usually treated as valid data.
However we found that there are actually no negative values present in the GEMS total VCDs
(although there are negative values in the tropospheric VCDs as a result of subtracting the
stratospheric columns), whereas TROPOMI has negative values even in the total VCD product.
We revised the manuscript for clarification as follows (line 149):

“No other filtering is used.”

And in Figure 2 caption (line 481):



“Negative TROPOMI values reflect noise in the SCD spectral fitting. The GEMS L2 product has
no negative values.”

4. Figure 3a: The corrected GEMS columns do agree better with PANDORA than the reprocessed
GEMS columns. However, it is not obvious that they agree better with the reprocessed TROPOMI
columns (it is the case for Jan/Feb, but not in May or June). It looks like the ML model tend to
decrease the GEMS columns but has difficulties to increase them even when there is a negative
difference with TROPOMI. Can you comment on this?

Zooming into Figure 3a looking only at TROPOMI and GEMS at the Pandora sites and compare
during separate months as shown below, we find that the ML model performs an upwards
correction during May to August, and a downwards correction during rest of the months. The
downward correction during the colder months deviates the corrected GEMS from the reprocessed
TROPOMI (resulting in a low bias of 3.9%), however the reprocessed GEMS product displays a
similar bias but in the opposite direction of +3.2% compared to TROPOMI during these months.
During the warm months the upward correction (~1%) is indeed smaller than the downward
correction (~7%) during September to April. We included additional explanation on Figure 3a as
follows (lines 215-217):

“Comparison of the monthly mean variations of GEMS VCDs at the Pandora sites in Northeast
Asia also shows that the ML model performs an upwards correction during May to August, and a
larger downwards correction during rest of the months, resulting in an overall low bias of ~5%
compared to TROPOMI (Figure 3a).”
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5. Legend of figure 3: It should be mentioned explicitly that all the NO2 columns are total VCD,
including the PANDORA columns.
We revised the captions in all figures accordingly.



