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Please note that for the Figures look at the supplementary file attached below.

The paper presents NOx/CO emission ratios as derived from satellite observations of
NO2 and CO. It demonstrates the high potential of TROPOMI for atmospheric research.
The paper is generally well written. However, the details of the method lack some
details, and the robustness of the results is hard to evaluate with the given information.
Thus, before publication, major revisions are necessary. The method description has
to be extended. In particular, the two approaches have to be illustrated for real data
rather than just for a schematic plot. In addition, the definitions of background and
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upwind areas have to be made consistent for all cities. If this is not possible add a
discussion of uncertainties due to the a-priori settings. Error bars only account for
statistical day-to-day variations, but ignore the impact of a-priori settings and the CER
procedure.

Author Response:

Thank you for your time and suggestions, particularly concerning details of the method
that we used, which helped to improve the manuscript.

Detailed comments:

- Line 117: Is this bias in NO2 accounted for in your study? How would the results
change if NO2 would be scaled up accordingly?

Author Response:

The bias in S5P NO2 retrieval has been assessed for European cities. However, since
we don’t know yet how representative this estimate is for the cities that we study, it was
decided to account for the impact of the bias as an additional the source of uncertainty
of 30% of the TROPOMI inferred NO2/CO ratio (see Table S3). If the 30 % bias would
apply to all the cities, then the TROPOMI derived emission ratios increase by factor of
1.30. In that case, TROPOMI-derived ratios remain in line with the emission inventories
but the agreement would shift between EDGAR and MACCity depending on the city, for
example in favor of EDGAR in case of Cairo and Riyadh. For Los Angeles, the differ-
ence between TROPOMI and the inventories would decrease, but remain significantly
lower for TROPOMI.

Table 1 settings: I am puzzled by the different definitions for different cities, especially
as Line 146 states that the settings are "not critical". So why are they different at all?
Do you need to tune the area definitions in order to get the right results??? How do the
results look like if a consistent setup is chosen for all cities? Why is the upwind area
for Riyadh different for dlat and dlon by a factor of 30?
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Author Response:

The following sentence was added (line 154-163): “Every city has a different size and
different neighboring CO and NO2 emission sources and therefore the appropriate
choice of radii for the background and outskirt areas varies between cities (see Sup-
plements Section 1 for details). Since the same regional definition is used for NO2 and
CO, the enhancement ratio is not sensitive to the details of the region selection. Most
important for the choice of radii is to catch the local enhancement in CO and NO2 to its
full extend, to optimize the signal over noise and thereby the detection limit for urban
emissions.” We performed a sensitivity test in which the background and outskirt radii
were increased by 10km in four steps resulting in the ratio changes by < 15 % for all
the cities (see Figure S20). There was a typing error for ∆lat and ∆lon of Riyadh. To
maintain the consistency now, I am using 1.0◦, 1.0◦ ∆lat and ∆lon for all the cities.

Page 6:

the methods are explained in plain words, but not illustrated for real data. So Fig. S2
should be moved to the main text, and the background/upwind regions etc. should be
marked in this plot. In addition, the ERA wind vector should be added. The rotated
patterns and the percentiles used for the second approach should be provided in a
separate figure.

Author Response:

Figure1 is added in the paper, to illustrate the upwind background method for real data
as suggested by the reviewer. For the plume rotation method, see the Figure S8.

both methods compare columns "upwind" and "downwind" of the investigated cities.
This approach requires that there *is* transport taking place. Wind speeds for Mexico
City are quite low, as can alsobe seen in Fig. S2. So did you consider a minimum
threshold for the wind speed? I expect that it would help to remove inconclusive days.

Author Response:
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In this study we do not use a minimum threshold for the wind speed, because depend-
ing on the choice which would inevitably be quite arbitrary and a substantial amount
of useful data may be lost. However, as explained before, by studying the ratio be-
tween NO2 and CO we are less sensitive to transport issues. Most important is to
have a method the quantifies the difference between city and background in a way that
is consistent between CO and NO2.

- Line 157: with Eqs 2&3, daily ratios are calculated. But how is the total ratio (shown in
Fig. 3) derived? Is it the mean of all daily ratios? This is by definition different from the
second approach, where first CO and NO2 are averaged and then the ratio of means
is calculated. Thus, also for approach 1, the ratio of means should be taken.

Author Response:

In the upwind background method, the mean is taken of daily ratios. This method is
favorable over the use of mean NO2 and CO in the plume rotation method, because
it accounts for temporal correlations between NO2 and CO. However, for the plume
rotation method we choose to stay consistent with Pommier et al (2013), which aver-
ages first since it is important when using noisy MOPITT data. The implication is that
there is the inconsistency that the reviewer mentions. However, by including it in the
comparison, we also implicitly test the robustness of the TROPOMI derived ratio to this
methodological difference.

- Line 196: What emission database is used by CAMS? EDGAR? MACCity ? Or
something else ? How far does this affect the following interpretation and discussion
of CAMS OH? How do CAMS spatial patterns of CO and NO2 compare to TROPOMI?
Please provide a Figure in the Supplement. Is TROPOMI CO and/or NO2 assimilated
in CAMS?

Author Response:

CAMS uses MACCity for the anthropogenic emission. CAMS OH depends upon the
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chemical scheme used for the simulation in addition to the emission inventories (V.
Huijen et al., 2019). We do not discuss or interpret CAMS OH. We only use it to derive
an estimate of the NO2 lifetime, which is valid within the uncertainty bounds of the
reanalysis. The spatial patterns of CAMS and TROPOMI NO2 are in reasonably good
agreement for the six different cities (see Section 5 in Supplements Fig S12 to Fig
S17). However, larger differences are found for CO over Tehran, Cairo, Riyadh and
Lahore (see Section 5 in Supplements Fig S14 to Fig S17). CAMS is using MOPPIT
for CO and for NO2, SCIAMACHY, GOME2 and OMI data are assimilated. TROPOMI
CO and NO2 are not yet included in CAMS.

2.6.1: The bootstrapping approach evaluates the statistical uncertainty for the results
with the chosen approach. But on top, there are also other uncertainties, like system-
atic effects introduced by the definition of radii etc. In particular the uncertainties of the
wind direction and wind speed have to be discussed as well.

Author Response:

As suggested by the reviewer, we tested the sensitivity to the wind speed and direction
by choosing different heights (i.e. 200m to 1000m), resulting in differences ≤10 % for
all the cities (see Figure S18, S19).

We also performed a sensitivity analysis in which the background and outskirt radii
were increased by 10km in four steps resulting in an uncertainty of 7 to 15 % in
TROPOMI column enhancement ratios for the six megacities (see Figure S20).

Figure 3: Please estimate the uncertainties of NO2 lifetime and AK correction and
provide error bars for the CER results as well. I expect that these uncertainties are far
higher (and thus more relevant) than the purely statistical bootstrap uncertainties.

Author Response:

Table S3 shows the different sources of uncertainty (i.e. NO2 lifetime, Ak correction,
wind direction and their contribution to the TROPOMI derived emission ratio). Error
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bars indicating 1σ uncertainties in TROPOMI derived emission ratios are added in
Figure 4. The following sentence is added to line 355 to 360 explaining the different
sources of uncertainty and their effect on TROPOMI derived emission ratios:

“Additionally, TROPOMI underestimates the NO2 column by 7 % to 29.7 % relative to
MAX-DOAS ground based measurement in European cities (Lambert, et al., 2019).
However, since we don’t know yet how representative this estimate is for the cities that
we study, the impact of this bias has been accounted for as an additional source of
uncertainty of 30% in the TROPOMI inferred NO2/CO ratio (see Table S3). Compared
to this number, other sources of uncertainty such as in the wind direction and speed
(FigS18 and S19), boundary layer OH concentration, Ainfluence correction and the pre-
defined background setting (Fig S20) make only small contributions to the TROPOMI
derived emission ratio. The total uncertainty in the TROPOMI derived emission ratio is
calculated using error propagation (see Table S3) and ranges between 33 to 35.6%.”

- 3.2ff: Please check the discussion and conclusions (a) for NO2 probably being biased
low and (b) according to the quality of CAMS emissions and the agreement between
TROPOMI and CAMS

Author Response:

Discussion section: Lines 355-360 discuss the importance of the bias in NO2. The
sentence is as follows:” Additionally, TROPOMI underestimates the NO2 column by
7 % to 29.7 % relative to MAX-DOAS ground based measurement in European cities
(Lambert, et al., 2019). However, since we don’t know yet how representative this
estimate is for the cities that we study, the impact of this bias has been accounted for
as an additional source of uncertainty of 30% in the TROPOMI inferred NO2/CO ratio
(see Table S3).”

CAMS use multiple datasets i.e. MACCity emission inventory, SCIAMACHY, GOME2
and OMI data for CO and NO2. We don’t know the influence of each of these datasets
on the result. Therefore, we decided not to include CAMS in the comparison to

C6



TROPOMI derived emission ratios.

Conclusion Section:

- Lines 435 to 436 explain about the uncertainties due to NO2 being biased low:” The
total uncertainty on TROPOMI derived emission ratio ranges from 33 to 35.6%.The bias
in S5P TROPOMI NO2 retrievals has the most important contribution to the uncertainty
in the TROPOMI derived emission ratio”.

Minor comments:

- Lines 40-42: The references stating the high uncertainty of Chinese emissions are
from a time period where development in China was vastly increasing. Meanwhile,
NOx emissions have been reduced, and the awareness of air pollution has increased
in China. I would thus assume that these high uncertainties do not hold any longer.

Author Response:

- We have modified the sentence to clarify which years the uncertainty estimate referred
to.

- Lines 60-61 Please provide refs to SCIAMACHY (Bovensmann) and TROPOMI
(Veefkind).

- Changed as suggested

- Line 70: Should be NOx emission.

- Changed as suggested

- Line 75: Transport disperses NO2 and CO similarly, but the lifetime of NO2 is far
shorter! See the different plume extents shown in Fig. S2.

Author Response:

The reviewer is right that the plume extents are different due to the difference on life-
time, which is the reason why we focus on the core city area rather than the full extent
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of the plume.

- Line 117: Avoid misreading as "the bias is low", e.g. "NO2 is biased low by about

- Changed as suggested

- Table 1 lat/lon: Please provide consistent number of digits for lat/lon. .01_ should be
accurate enough.

- changed as suggested

- Fig. S1: I don’t understand why there is a need for separating 4 different wind direc-
tions in the formalism; rotation matrix should work the same for all four cases!?

Author Response:

-changed as suggested and see Figure S7.

Please also note the supplement to this comment:
https://www.atmos-chem-phys-discuss.net/acp-2019-1112/acp-2019-1112-AC6-
supplement.pdf
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