Review of the manuscript “Retrieval of nitric oxide in the mesosphere and lower thermo-
sphere with SCIAMACHY” submitted to Atmos. Meas. Tech. The authors present an
approach to retrieve nitrogen oxide number densities in the mesosphere and lower ther-
mosphere from limb measurements of the SCIAMACHY instrument on the ENVISAT
satellite. First results of their retrieval are presented and compared to retrievals from
the MIPAS instrument on the same platform. The authors chose a two-dimensional
retrieval approach based on the optimal estimation method, which is innovative. NO in
this altitude range had not been retrieved previously from SCTAMACHY and the initial
results presented here show promise for interesting science that will be enabled by these
data. The submitted manuscript certainly fits within the scope of AMT, and should be
publishable after two general comments and a few more detailed comments of mine have
been taken into account.

General comments:

- This paper presents a retrieval approach and its application to SCTAMACHY limb

measurements. As such, there is surprisingly little detail on the actual algorithm
that was developed and adapted to handle this problem. For a technical paper that
is to be published in a technical journal, more details on these procedures should
be given. For example, in the radiative transfer section, the authors state that
“absorption is taken into account by adjusting the emissivity”, without explaining
to the reader how this was done. The retrieval section outlines basic principles of
the optimal estimation method but falls short with explanations on the a priori
profiles and their co-variances or the regularization matrices and their effects on the
result. More details on these inputs are necessary to make this paper publishable,
and I will give some suggestions in my more detailed comments.
We thank the reviewer for this comment. Please note that more detail about
the ray tracing and retrieval method is presented in the related and newly cited
reference (Langowski et al. 2013). This manuscript presents the details, which are
outside of the scope of the current manuscript. The criticism, however, was taken
into account and more details were added where necessary. The cited sentence
addressed in the above comment was indeed misleading and has been re-written
to give a better understanding of what has been done. A more focused answer is
given below as a reply to the relevant detailed comment.

- The authors chose a two-dimensional retrieval approach which gives NO concen-
trations vs. altitude and latitude. This is innovative as it has not been applied
to many experiments that provide sequences of limb measurements. The material
provided in the manuscript suggests that mesospheric limb measurements were
performed every 6°-7° in latitude. This corresponds to a horizontal distance of
the order of 700 km between individual limb measurements. If we assume that
the radiance observed by the instrument originates from a 300-400 km long stretch
along the line of sight around the tangent point, this suggests that the individual



limb measurements should be nearly independent of each other. In that light, it is
unclear to me why the authors chose the 2D approach over a simple 1D approach
that retrieves individual atmospheric profiles assuming spherical symmetry. This
choice is not motivated by the authors but it should be. Because the 2D retrieval
is an innovative approach, it also should be quantified what differences (if any) are
introduced by the 2D approach compared to a spherically symmetric 1D approach.
This would be valuable information not only to retrieval specialists but also to fu-
ture users of these data. I assume that the authors have performed test retrievals
without the latitudinal dependence and its regularization, so a comparison of 1D
and 2D outputs for a few example profiles should not be too much effort.

The line of sight for a tangent point at 60 km through a modelled atmosphere
of 160 km is of the order of 2000 km going down to about 1500 km for tangent
altitudes around 120 km. This includes 2 to 3 limb scans in the line of sight.
Additionally, the limb scan distance is shorter at the beginning of the orbit mea-
surement sequence, as can be seen in the fitted slant column densities in Fig. 3.
More details about the motivation to do the retrieval in two dimensions and a
short comparison to the usual 1-D retrieval method was added to the paper as
(new) Sect. 4.3. The comparison shows that the results from both methods don’t
differ significantly, giving confidence in the presented approach and also leading
to smaller errors of the results. Since in the polar caps the NO density is largest
because of particle precipitation, this region is of particular interest in our studies.
A good horizontal resolution is at least not a bad thing, one might argue that
the chosen 2.5° grid is too optimistic, and indeed it leads to large matrices in the
inversion process. But on modern hardware this is not a problem and possible
future missions with a denser spacial sampling should always be kept in mind.

Detailed comments:

Title: Retrievals are not done “with” SCIAMACHY, so I'd suggest something like “Re-
trieval of nitric oxide in the mesosphere and lower thermosphere from SCIAMACHY
limb measurements”, which would also be more precise.

The title was changed to end in “... from SCIAMACHY limb scans”.

Page 6312, abstract, line 10: ‘compatible’ — ‘comparable’ ?
Changed to ‘in line with’ which conveys the meaning probably better.

Page 6312, abstract: I'd also consider including a sentence concerning the comparison
with the model and the differences found as it may provide a motivation for future
scientific study.

The comparison presented here was undertaken as a first comparison. However, we
mention the possible use of our results in climate models at the end of the abstract.

Page 3612, lines 24-25: Sentence structure is somewhat confusing. I'd suggest ‘The



SCIAMACHY measurements quantify ... as they are the only measurements...’
The sentence was changed accordingly.

Page 3613, line 3 onwards: This paragraph should be shortened. There is a lot of
description that’s not relevant. For example, lines 3-8 (until ‘...in phase B’) could be
completely removed. Although descopes are always painful, it is sufficient to describe
the capabilities as they are in relation to the presented work.

We consider that it is important for the reader to understand how SCIAMACHY came
to make measurements in the MLT mode, which is a limited data set. Understanding
the MLT mode, which has limited coverage, is required as an important step to improve
our exploitation of the retrievals of NO from the other observational geometries of SCIA-
MACHY. The MLT measurements were introduced for this reason. With respect to the
reviewer, we consider that this text should remain as it is.

Page 3615, line 17: Remove ‘first’, replace ‘real’” with ‘useful’
Changed in the updated version of the paper.

Page 3616, line 10: Gamma bands don’t have advantages or disadvantages by themselves,
they might have them when used for retrieval, so I’d suggest to add ‘for retrieval’ after
‘...disadvantages’.

Updated the text in the paper and added ‘for retrieval’.

Page 3616, line 12: Remove ‘having’
Changed in the updated version of the paper.

Page 3617, lines 1-7: This would be one of the places where more detail would be
adequate. What is the meaning of N7 — Nj/NO seems to be the population ratio of state
j vs. the ground state but this should be stated. Also, w is given as a dependence of 1’1",
not as j’j” as it describes a single scattering albedo for a vibrational transition, according
to the reference given by the authors. A little more detail would give everybody more
confidence that this has been dealt with correctly. As this is a technical paper, I also
think that the actual values used for these calculations should be given in a table to give
readers a better chance to follow what has been done and build future work on it.

This was a typo in the paper, w = w(v/,7"), and it has been corrected in the updated
version. We now define Nj and NO in the paper, and we give a reference in the text
following Eq. (1). The new Table 1 now lists the most important parameters for the
emissivity calculation, including the transition wavelengths, the oscillator strength, and
the branching ratio, aka single scattering albedo.

Page 3617, line 24-page 3618, line 4: This is a long and convoluted sentence. I’d suggest
to split it up in 2-3 sentences to make it clearer what the authors are trying to commu-
nicate.

This sentence has been re-written to make the main point clear.



Page 3618, lines 19-24: This is another place where more detail is necessary. The authors
state that the line of sight is optically thin. However, the definition of optically thin
is somewhat arbitrary and does not necessarily imply that self-absorption is negligible.
This should be quantified. In addition, stating that the ‘ozone and air absorption ... is
taken into account by adjusting the emissivity’ is not sufficient. It should be explained
in detail what has been done and how the authors arrived at their result.

More detail and an additional reference has been added to the paper. As discussed in
the opening comment, the expression chosen was misleading and has been changed to be
more understandable. In particular, the absorption along the line of sight modifies the
slant column emission, but it is independent of the NO number density and is therefore
only a constant factor that has to be taken into account. Eq. (4) and the text following
it has been adjusted to reflect that, with a new Eq. (5) to be even more precise.

Page 3619, lines 4-7: I'd remove the explanation of an overdetermined system, this is
boilerplate from optimal estimation theory and not relevant to the problem at hand.
This is a short sentence that helps to introduce the main variables, the Jacobian K,
the measurements y (= slant column densities), and the result values x (= number
densities) that are used later on in the more complicated expressions. The authors feel
that it improves the flow of the paper if it is left in.

Page 3619, line 12 onwards: More detail is needed here, too. How does a typical a priori
profile and its co-variances look like? The authors should given an example, maybe
Fig.4 would be a good place for it. How do the regularization matrices look like, and
what is their effect on the retrieval? Do they introduce a smoothing constraint, like in
the operational Mipas algorithm? Why is this needed for the altitude dimension if an a
priori profile is used as well? Scharringhausen (2008a) dealt with combined limb/nadir
measurements so the problem described in his work is quite different from the pure
limb measurements described here and the reference to his work is not sufficient. These
questions tie into my two general comments from above, and the authors should present
in detail what the effects of their approaches and constraints are and what motivated
their choice.

The effect of the different regularisations are discussed in more detail in Sect. 3.4 now
and the new Table 3 lists the used regularisation parameters. The new Sect. 4.3 explains
in more detail the motivation for the use of the 2-D approach and discusses the difference
between a 1-D version of the retrieval algorithm and the 2-D retrieval presented in this
paper. In the new Fig. 10, we compare the profiles in different geographic regions of a
sample orbit. This comparison figure also shows the a priori profile as a reference.

Page 3620, line 6: Why is the model use questionable below 100 km? This should be
explained and/or a reference given.

The empirical model is constructed from SNOE observations in the lower thermosphere,
from 100 km to 150 km, only. The (constant) extension upwards and downwards should
be used with care. A note and an explanation has been added to the paper to Sect. 3.5.



Page 3620, line 11: Do the authors mean ‘...using the ... model ..., which has as input
parameters...”?
This was the intention, the sentence was re-written and is now hopefully clearer.

Page 6322, line 2: T wouldn’t call it ‘quite constant’ if the FWHM jumps around between
7 and 12 km. Is this related to the sampling along the orbit? The authors might want
to elaborate on this a little, and state what averaging they used to obtain the green line.
The jumps in the resolution figure are because of the retrieval grid latitude spacing. This
is discussed now in Sect. 4.2, and the averaging method, a smoothed cubic B-spline fit,
is now mentioned in the relevant places, in the main text and in the figure captions.

Sections 4.3 and 4.4: I'd suggest to swap these two sections so that the comparison with
Mipas is presented before the time series. I think this would improve the flow of the

paper.
This suggestion has been taken into account in the updated version of the paper.

Page 6322, line 10: I find the agreement actually pretty lousy so maybe the authors want
to remove this statement, especially as they elaborate on the disagreements in 2008 and
2009 later in the same paragraph.

The statement was intended to consider only the order of magnitude of the number
densities. It has been re-written to reflect that.

Page 6322, line 20 onwards: I agree with the statement that direct comparisons with
Mipas are desirable. As both instruments retrieve profiles that overlap in a consider-
able altitude range, I was surprised that the paper only compares averages of vertical
columns. Direct comparisons of a few individual profiles of coincident measurements
should be presented. I was also surprised about the choice of 70-140 km for the partial
column. The reference BermejoPantaleon (2011) shows Mipas profiles between 100-170
km altitude, so I was wondering whether a comparison over, say, 100-150 km would be
more suitable. If there is a reason to choose 70 km as a starting altitude, the authors
should state it in the paper.

The comparison of the vertical columns in the region of SCIAMACHY’s best resolution,
which ranges from 70 km to 140 km, was one of our foci. Sect. 4.4 now discusses the
desired profile comparison in more detail. The two instruments have different vertical
resolutions, and both are broad in the context of NO vertical variability. For this rea-
son, NO columns have been compared. This requires merging two different MIPAS NO
products (below 100 km using temperature retrieved at 15 ym and above from a joint
T-NO retrieval at 5.3 um) which result in different biases. Nevertheless, possible incon-
sistencies related to this merging are considered to have a smaller impact on the column
comparisons than the different vertical resolutions would have on profile comparisons.

Page 6323, lines 9-14: I don’t understand the meaning of this paragraph. Does ‘com-
patible’ mean comparable? Does the ‘standard deviation in the bin means’ mean the
standard error? 1 suggest rewriting this paragraph using shorter sentences to make it



understandable.

The ratio of the vertical columns is close to one, and the error bars indicate the standard
error of the mean. The paragraph has been re-written and the reasons for the deviations
of the column ratios from one are discussed in a clearer way.

Page 6323, line 22: Remove ‘and’ before ‘using...’
Changed in updated version.

Page 6323, line 26: ‘compatible’ — ‘comparable’ 7
Changed to ‘consistent’.

Page 6324, lines 5-6: I suggest mentioning the comparison with the model and pointing
out the differences found. This would provide a nice motivation for future scientific
study.

The conclusions now mention the comparison to the empirical model and also the possible
future use of our results in climate models.

Page 6324, lines 10-12: I'm not sure I understand this sentence, does it refer to a new
instrument or a new measurement sequence (which would be obsolete now that Envisat
is lost)? Does the orbit-to-orbit variation suggest the need for information at different
azimuths, what I assume is meant by longitudinal resolution? The paper in the present
form shows results only from one orbit and otherwise averages, so this would have to be
fleshed out, otherwise this statement should be removed.

The sentence in question was about possible future missions with improved performance.
The text was changed to reflect that.



