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Overall comments:

The paper is excellently written and covers a subject of much interest in the scientific
community. The methodology employed appears sound and the obtained results are
adequately discussed. However, the way in which uncertainties are discussed and
represented could be improved. Here I think of a two specific issues.

In order to derive the emission ratios, using total column dry air-column mole fractions
from satellite sounders one needs the know to what extent the observed variations in
clean vs. urban air emissions are translated into the satellite signal. For NO2:CO ratios
this was done by Lama et al. (2020) using CAMS simulated profiles onto which the total
column averaging kernel was applied. Here the anomalies are divided by the surface
averaging kernel values (I assume it corresponds with the value in the total column
averaging kernel array that corresponds to the lowest altitude layer although this is not
that clearly stated). Using these column averaging kernel values to look into aspects
that pertain to a specific partial column, comes with its own set of uncertainties that
need to be discussed. For instance the column averaging kernel values correspond to
specific airmass layers with specific dimensions. These vertical dimensions could differ
between sounders (and retrieved species), the Planetary Boundary Layer under
consideration etc., and with that, biases could be induced into the analysis. This is
particularly relevant for NO2, which features relatively low kernel values near the
surface, but also CO which features an equally strong gradient near the surface (an
additional figure showing typical total column averaging kernel profile shapes would be
a useful addition to the paper).
Related to this, dividing the anomaly by the surface averaging kernel will only yield
correct results if there is no a priori contribution to the anomaly (i.e. the a priori used in
the satellite retrieval may not differ between what is considered background and urban
air). This needs to be verified and clearly stated.
Secondly, some of the obtained emission ratios are derived from a very limited set of
data. Foremost among these is Toronto with only one OCO-2/3 overpass. This begs the
question to what extent this affects the overall uncertainty. Valid indicative information



in this regard would be to perform the analysis for better sampled stations on an
overpass per overpass basis and see what the obtained range of results would be and
whether or not there is a temporal/seasonal aspect to the variability.

Specific comments:

Line 103: add references for each of these products
Line 188: concerning ‘points away’: Is there a degree threshold?
Line 194: how are these corrections implemented? Could the misdirection of the plume
also be related to the injection height of the emissions?
Line 228: Do you use certain fixed criteria to do this manual selection?
Line 291: assuming equal area?
Line 295: 20% of the uncertainty itself, the initial emission ratio, the final emission
ratio, the correction?
Line 357-364: It is stated that the differences between this study and Lama et al. prior
to the lifetime correction falls within 25% for most sites. Could you discuss these
differences in light of your (and Lama et al.)  uncertainty estimates? An additional
figure would also help the discussion. The authors also point to the difference in
sampling rate (each overpass vs. a limited number of days in Lama et al.) but this
aspect alone seems inconclusive to describe the particularly large discrepancies at
some sites.
Line 448: Are we referring to lifetime corrected or uncorrected data? This is sometimes
unclear in this section of the document. The agreement is sometimes different by
several factors. ‘Good’ might therefore be nuanced.
Figure 1: It is unclear to me what the red area points to. It seems that this would be
the downwind area that is considered for the analysis. But it also features some upwind
areas?
Figures 6: Particularly Delhi features a correction that is larger than a factor 6. Could
you elaborate why this particular city stands out?
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