
Atmos. Meas. Tech. Discuss., referee comment RC3
https://doi.org/10.5194/amt-2022-264-RC3, 2022
© Author(s) 2022. This work is distributed under
the Creative Commons Attribution 4.0 License.

Comment on amt-2022-264
Anonymous Referee #1

Referee comment on "Validation of Sentinel-5P TROPOMI tropospheric NO2 products by
comparison with NO2 measurements from airborne imaging DOAS, ground-based
stationary DOAS, and mobile car DOAS measurements during the S5P-VAL-DE-Ruhr
campaign" by Kezia Lange et al., Atmos. Meas. Tech. Discuss.,
https://doi.org/10.5194/amt-2022-264-RC3, 2022

This manuscript provides an evaluation of TROPOMI NO2 vertical tropospheric columns
(VTCs) against airborne NO2 observations from the AirMAP imaging spectrometer, which
itself is compared with ground-based stationary and mobile DOAS instruments.

The study is excellent. The manuscript is very well written and clear and the topic fits well
within the scope of AMT. I can only commend the authors for this thorough study and
strongly recommend publication.

Excellence:

The study goes well beyond previous evaluation studies in several respects. The validation
experiment combining ground-based and airborne remote sensing is very well thought-
out: The ground-based measurements provide a high-quality reference and the airborne
observations, which effectively sampled the area covered by individual TROPOMI pixels
over regions with strong NO2 gradients, provide the link to the satellite data. This setup
allows for a quantitative (almost 1:1) comparison in contrast to more indirect/qualitative
comparisons previous studies. Furthermore, the extensive aircraft observations over three
different regions with varying NO2 levels allowed covering many individual TROPOMI
pixels necessary, which is necessary to compute robust statistics. Finally, the study does
not stop at presenting the comparisons but goes a long way towards explaining the
reasons for errors and biases in different versions of TROPOMI data. By replicating the
TROPOMI retrieval algorithm, the authors were able to analyze the influence of key input
parameters such as a priori NO2 profiles and surface reflectance on the data. The main
source of error was found to be the FRESCO cloud retrieval, which tended to place the
cloud tops at too low elevation probably due the inability of the algorithm to properly
account for the effect of aerosols. This finding is essential to guide further developments
of the retrieval algorithms and improvements of the operational TROPOMI NO2 product in
the future.



The study is very well written with almost no typos or grammatical errors, logically
organized, well balanced in terms of conciseness and detail, the figures and tables are of
high quality, and the Appendices add valuable information.

I have only two small points to consider:

The differences in the NO2 VTCs between the former operational offline algorithm
(OFFL V01.03.02) and the improved new algorithm PAL V02.03.01 are very large. The
authors mention that the main change was a switch from the FRESCO-S to the FRESCO-
wide cloud retrieval algorithm, but there is little information on what else changed what
the (potential) influence of these changes were. It would be useful to get some more
insight into the changes.
The comparisons between AirMAP and the ground-based mobile and stationary suggest
that the ground-based measurements (separately analyzed by the different groups)
provide a consistent set of reference measurements. Nevertheless the question arises
whether there has been no direct comparison between the ground-based instruments,
e.g. when a car DOAS passed by a the location of a stationary instrument or when
several car instrument were placed at the same location. If such intercomparisons have
been made, it would be good to learn about them and add the results e.g. in an
Appendix.

 

Small corrections:

Page 7, Line 148: Change "are retrieved" to "were retrieved"

Page 8, Line 179: I think the acronym DLER has not been introduced before.

Page 12, Equation 12: Why is the VDC_ref,trop not simply added to dSCD/AMF_trop? Why
do we need to multiply VCD_ref,trop with AMF_ref,trop / AMF_trop? Please explain.

Page 29, line 661: I think the recommended filter criterion of 0.5 applies to the cloud 
radiance fraction, not to cloud fraction.
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