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1 Introduction and general comments

We would like to thank the editor Rainer Volkamer and the two re-
viewers Ryan Thalman and Henning Finkenzeller for their comments,
suggestions and corrections. Robert R. Ryan commented offline to
the manuscript. All comments together improved greatly the dis-
cussion manuscript. We considered each of the points, which are
answered below together with a description of the related changes to
the manuscript. When reprocessing the data for the supplement of
the manuscript, I realized that the relative shifts mentioned in Section
3.3 were slightly wrong due to an inconsistency in using air/vacuum
wavelength calibrations for the shifted hypothetical O, absorption
cross-sections. This is fixed now, the respective peak absorption
cross-section values in the manuscript and the supplement file are
updated. Furthermore I included now the estimate for the absorp-
tion peak of O, at around 419 nm in the supplement file as well,
despite the large error of the estimate. Here the radiative transfer
effect on the absolute magnitude due to the wavelength dependency
of the AMF was previously not considered, but it is now.
(Numbers of equations, figures, lines and pages refer to the discussion manuscript,

if not mentioned otherwise. Authors’ reponses are written in bold face,
the referees’ text is shown in normal face.)



2 Review #1

Lampel and co-authors present evidence of oxygen O2-O2 collision induced ab-
sorption bands at 328 and 419 nm from a combined analysis of Multi Axis
(MAX) and Long Path (LP) Differential Optical Absorption Spectroscopy (DOAS)
field measurements. The work presents analysis of the effects of these minor ab-
sorption bands on the retrieval of other absorbers (HCHO, BrO, H20) in both
MAX and LP-DOAS applications. The analysis utilizes high signal to noise
retrievals to identify the band strengths in air to constrain interference with
other fitted absorbers. This is especially true with regard to the application to
satellite retrievals. The paper is well written and presents a compelling analysis
that should be considered in trace gas measurements as well as motivate fur-
ther laboratory studies to constrain these weak absorption bands. I recommend
publication after a few minor corrections as noted below.
We thank the reviewer for the overall positive assessement.

2.1 Specific comments

1. The report of the cross-section value for the 419 nm band is only found in
the Abstract, the estimate should also be included in the results. While
the 419 nm band value in the analysis is definitely uncertain (a point well
made by the authors), this should still be reported in the body of the
paper.

We added the following sentence to the end of the paragraph
about the observations around 419 nm: ’This then results in a

peak value of the O, absorption cross-section of (3.7+2.7) x 10748
cm® molec™? at a wavelength of 419.02 4 0.42.”.

2.2 Technical corrections
1. Page 2 line 21: Missing reference (?7 in parenthesis).

?? is now replaced by [Wang et al., 2017].

2. Page 2 line 23-24: The Vogel 2013 ([Vogel et al., 2013]) is referenced as the
retrieval method for the earlier 2012 ([Vogel, 2012]) paper, is this correct?

yes, this was the intended meaning of the sentence. The PhD-
thesis ([Vogel, 2012]) was finished earlier than the final version
of [Vogel et al., 2013]. The observations which led to the re-
striction of the fit range in [Vogel, 2012] were not included in
[Vogel et al., 2013]. We restructured the sentence to make this
clearer. It is now:

In addition to that, for the spectral retrieval of BrO, [Vogel, 2012]
found a lower limit for the choice of reliable fit intervals at about
330.6 nm, which could have been caused by the neglected O,
absorption at around 328 nm - the FWHM (Full Width Half
Maximum) of the known absorption peaks at 344 and 360 nm
amounts to 4 nm. The method from [Vogel et al., 2013] was ap-
plied here on measured atmospheric spectra along different light
path lengths.



3. Page 3 line 26: reword as The spectrometer, an Acton 300i,

done

4. Page 4 line 3: This paragraph needs some work (as follows:)
Thanks for pointing this out. It now reads as follows:

The measurement procedure was as follows: Spectra were ac-
quired alternatingly on both light paths. For each light path,
spectra were recorded at four different wavelength intervals. The
region of interest for this study is between 271 nm and 355 nm.
For each of those regions, 25 spectra with a saturation of 70%
were recorded, with a maximum duration of 1s per spectrum.
Typical exposure times for one spectrum were between 6 ms and
500 ms depending on the wavelength range, visibility conditions
and the used arc lamp.

5. Page 14 line 31: is obtained when ignoring. . . (remove the first actually).

done

6. Page 15 line 1: molec2 cm-5 goes into the margin.

done

7. Page 15 line 11: resolved (one s).
fixed

8. Page 15 line 29: was likely the O4 absorption which. . . Drop the first
rather.

fixed

3 Review #2

This study applies regression analysis to data sets of atmospheric spectra to find
evidence for the incompleteness of currently available oxygen associated absorp-
tion cross sections around 328nm and 419nm. Specifically, no spectrally resolved
absorption cross sections are available for these bands. While the study does
not claim to generate accurate new cross sections, it gives approximate values
for the peak absorption strength and peak wavelength for the bands at 328nm
and 419nm. The data sets and methods used seem to be well suited for the
purpose of the study. Wavelength ranges are motivated from earlier studies.
Band shapes are transferred from neighboring bands in a zeroth order approx-
imation. I do not see a significant potential to extract more information from
the data sets for the purpose of the study by using additional or other methods
than those presented in the study. The study is a helpful contribution moving
the remote sensing technique forward, underlining that better knowledge about
oxygen collision induced absorption cross sections is necessary to overcome cur-
rent limitations. I recommend publication after a few minor adjustments, as
described below.

We thank Henning Finkenzeller for his evaluation and implemented
most of his suggestions in the revised manuscript. We like to point
out that the extraction of more detailed spectral information of the



absorption bands could be possible by regression analysis of resid-
ual spectra on a channel-by-channel basis. However, due to the low
signal-to-noise ratio and the number of overlaying absorbers these
attempts failed during the preparation of the manuscript.

3.1 Specific comments:

1. Given the scope of the article, the publications by Dianov-Klokov 1959,
1963, 1964, and 1965 seem to be relevant and should be included in the
publication to give the reader a more complete overview of the available
literature. The findings in this publication about absorption strengths (of
liquid oxygen) are in agreement with the findings presented here.

Thanks for pointing this out, we now also cite [Dianov-Klokov, 1959,
Dianov-Klokov, 1964] in the revised manuscript.

2. The assignment of absorption bands to transitions (e.g. in table 2) seems
to be incorrect, following e.g. Salow and Steiner 1936, Dianov-Klokov
1959, or the mentioned Greenblatt et al 1990 reference. E.g., for the 328nm
band, the initial state is °% &%, and the final state is 'S &S (v = 3)
. When updating the states throughout the paper, I would recommend to
use the full state description for the sake of completeness.

yes, indeed, we made an error and interchanged the ¥ and As
at some point. We fixed this and also used now the full state
description in the revised manuscript.

3. Figure 3: The figure, respectively the analysis, would benefit from an
additional fit where the offset is constrained to 0 (assuming the same light
path at 328nm and 343nm).

We added an additional fit with an offset constrained to zero to
the figure and additionally incorporated this information in the
text and in table 3. The result of the fit which is constrained
to zero for the reference measurements actually fits the M AX-
DOAS observations better than the other, previous fit, which
was not constrained for the reference measurements. This makes
sense as reference measurements have by definition all column
densities at zero.

4. The wording of the article is sometimes not ideal. While not essential for
publication, it would benefit from being revised and fine tuned by a native
English speaker. The comments below pertain to obvious glitches.

We read through the article again and removed some of these.
‘We hope that this is now acceptable. Additionally the article will
be copy-edited during the final preparation of the manuscript.

3.2 Technical corrections/suggestions:

1. page 2, line 16: extra parentheses, remove

done



2. page 2, line 21: incorrectly formatted reference
fixed

3. page 3, line 6: rephrase "play a role” to ”are responsible for the observed
structures” for more clarity

We replaced it by ’are responsible for the observed absorption
structures’.

4. page 3, line 12: ”... a measurement campaign in Antarctica was under-

taken based at the New Zealand station Scott Base.” Rephrase for more
clarity.

We now write ’In 2012, a measurement campaign was under-
taken based at New Zealand’s research station Scott Base in
Antarctica.’

5. page 10, line 1: rephrase ” As can be seen, ... is visible.” | and the following
sentence

We removed ’As can be seen’ in the revised manuscript.

6. page 15, line 29: correct "rather ... rather than”

Nothing to correct as far as I can see.
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