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This manuscript compares TROPOMI carbon monoxide retrievals to data from the MO-
PITT satellite and in situ airborne profiles (ATom-4). The manuscript is well written and
falls into the scope of AMT. I recommend publication after the following comments have
been addressed.

General Comments

My main concern is that the significantly different vertical sensitivities of the instruments
and the different apriori profiles used in the algorithms are not taken into account in the
comparison of the TROPOMI and MOPITT data. It is alleged that the corresponding
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comparison methodology is not applicable to profile scaling retrievals. However, I do
not agree with this view as TROPOMI’s averaging kernels (AKs) take into account
that it is a profile scaling retrieval. The AK value of the i-th layer quantifies as usual
the sensitivity of the total column to a change of CO in the i-th layer. It is also not a
question of constraining the results with the apriori or not. If the AKs are not a direct
output of the retrieval, you can simply compute them for every kind of algorithm by
confronting the retrieval with simulated measurements and doing the following for each
layer i: 1) change the abundance in the i-th layer, 2) perform the retrieval, 3) compare
the retrieved column to the “true” column. For a meaningful comparison, at least the
individual apriori profiles of both retrievals should be replaced by a common prior by
using the AKs (see e.g. Section 4 of Rodgers and Connor (2003) or Appendix A of
Wunch et al. (2011)). The common prior can be the TROPOMI prior, the MOPITT
prior, or a different third prior. Please improve the comparison method by taking these
aspects into account or give a justification why the consideration of the AKs is negligible
in this analysis and prove by example that the figures of merit like the global bias
between the two data sets do not critically depend on whether the individual apriori
profiles are replaced by a common prior.

Specific Comments

Page 1, Lines 4-5: TANSO-FTS-2 on the GOSAT-2 satellite (launched in 2018) is also
deriving CO from solar reflected radiances in the 2.3µm spectral region.

Page 1, Lines 16-17: see general comments

Page 3, Lines 49-50: TANSO-FTS-2 on the GOSAT-2 satellite is also deriving CO from
solar reflected radiances in the 2.3µm spectral region.

Page 7, Lines 157-160: see general comments
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Page 8, Line 195: The units in Eq. (1) do not match.

Page 9, Lines 223-225: Why not use the actual TROPOMI averaging kernels here
instead of a binary step function?

Page 10, Lines 242-243: Why not use the actual TROPOMI averaging kernels?

Page 13, Lines 342-343: The negative bias could simply be a consequence of the
different sensitivities and apriori profiles used in the estimation of the true atmospheric
state for the two individual instruments. Thus, consideration of the averaging kernels
is important. Please note for example the change in sign for the biases in Figure 6 due
to the AKs.

Page 14, Lines 378-380: How do these error estimates change when considering the
averaging kernels and apriori profiles?

Page 14, Lines 384-386: In addition to the global accuracy and precision, it would also
be interesting to quantify the regional relative accuracy quantifying region-to-region
biases, e.g. the standard deviation of the individual biases for the regions of Figures
2-5. The precision requirement of 10 % is not satisfied.

Page 14, Line 390: To validate TROPOMI retrievals over land, ground-based measure-
ments from the Total Carbon Column Observing Network (TCCON), which are cali-
brated using aircraft profiles, can also be used. In contrast to aircraft data this would
also allow the validation of seasonal variability at a fixed location.

Page 14, Line 392-393: I would call a comparison to other satellite data sets verification
instead of validation. Has the seasonal variability of MOPITT also been validated, e.g.
by using TCCON or NDACC ground-based measurements?

Page 14, Line 395-396: TANSO-FTS-2 on the GOSAT-2 satellite is also deriving CO
from solar reflected radiances in the 2.3µm spectral region.

Page 14, Line 399: Please replace “do not fully account for” by “do not account for”.
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Page 15, Line 408: What about transport of CO from major sources in coastal regions
to the ocean?

Page 15, Line 411-412: or validation with ground-based measurements (TCCON or
NDACC)

Figures 3-5: Please add regional mean bias and standard deviation of the differences
to all individual subplots.

Figures 13-14: Please add the standard deviation of the individual regional biases as
a measure of the region-to-region bias to the plots (for TIR, NIR, and TIR+NIR).

Table 1: Please add region-to-region biases in case “all ROIs”.

Technical Corrections

Page 3, Line 50: Please rephrase “is key.”

Page 8, Line 195: Please replace Σi=n
i=1 by Σn

i=1 in Eq.(1).

Page 13, Line 340: Please add the unit % for the relative biases.
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