Response to the Comments

Colour code:
comments of the reviewer
response by the authors

proposed changes in the manuscript

General comment:

The paper describes the analysis made to understand why ACE-FTS and
MIPAS data on the behavior of the 6D-H2O coming from the retrievals of the
H20 and HDO volume mixing ratio (VMR) profiles do not agree. In particular
MIPAS was finding a tape recorder behavior of 6D with an amplitude larger than
ACE-FTS and larger also than what was measured by SMR and predicted by
models. It is an interesting investigation and deserves to be published.

However, first of all | fill that the title of the paper and also the paper itself,
should clearly state that the MIPAS results discussed here are obtained with the
IMK/IAA processor, because the reported discussion is valid only for the results
obtained by that processor and not to MIPAS data itself. In fact, all the analyzed
causes are related to features typical of the IMK/IAA analysis method (the
starting altitude effect, the different vertical resolution, the Averaging Kernels)
and the same results do not apply to retrievals made with different algorithms.
This is my main concern. Below find my comments arranged by sections and
lines of the discussion paper.

General response:

For sure, this work focuses specifically on the MIPAS data set retrieved with the
IMK/IAA processor and its characteristics. The start altitude effect itself, is not
restricted to the IMK/IAA data set, nor MIPAS.

Overall, we are hesitant to add the processor information to the title for two
reasons: (1) It seems an unnecessary complication to add one more

abbreviation to the title. (2) We argue, that from the context it should be obvious
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which processor is used, given that this is basically a reassessment of the work
of Steinwagner et al. (2010) relative to results presented by Randel et al. (2012).
In addition, to our knowledge, there are only publications on HDO/6D based on
official retrieval products from the IMK/IAA processor (Lossow et al., 2011;
Hogberg et al.,, 2019). To our understanding the early work by Payne et al.
(2007) was only based on a test data set retrieved with the Oxford processor.
Later retrieval versions did not include HDO/&D.

We have additionally noted the IMK/IAA processor at two locations in the
revised version of the manuscript: the abstract and the last paragraph of the
Introduction that leads into the main part of the manuscript.

Abstract
Comment #1:

At line 14 it is said that the 6D annual variation is impacted by the start altitude
effect. However, in the text (page 12 line 7) it is said that this effect do not
removes the discrepancies with ACE-FTS. So, | suggest to change this
sentence clearly saying that the start altitude effect alone does not explain the
discrepancies among MIPAS and ACE-FTS. Also | would not say in the last
sentence that MIPAS confirms the signal amplitude but that MIPAS data are
consistent with the ACE-FTS signal amplitude

Response #1:

We have added an additional sentence to make clear that the start altitude
effect in itself does not explain the differences between the MIPAS and ACE-
FTS data sets.

We show that the 6D annual variation in the MIPAS data up to an altitude of 40
hPa is substantially impacted by a “start altitude effect”, i.e. dependency
between the lowermost altitude where MIPAS retrievals are possible and

retrieved data at higher altitudes. In itself this effect does not explain the
differences to the ACE-FTS data.

With respect to the last sentence of the abstract, we followed the suggestion of
reviewer #2.

Considering these MIPAS characteristics largely removes any discrepancies

between the MIPAS and ACE-FTS data sets and shows that the MIPAS data are
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consistent with a 6D tape recorder signal with an amplitude of about 25 %o in
the lowermost stratosphere.

Introduction
Comment #2:

When you introduce the concept of 6D-H2O | think it needs to be explained
what 6D stands for.

Response #2:

For completeness we have added now the equation to the Appendix, as done
for all other equations.

Comment #3:

Line 2 page 3 “The link to results above” -> “The link to results at altitudes
above”

Response #3:

The text has been changed accordingly.

Comment #4:
Line 8 page 3 “The remainder they” -> "The remainder was"
Response #4:

Again, the text has been changed accordingly..

Comment #5:

Line 18-19 page 3 “The observational database yields very different pictures to
this question” -> The reported observations show different answers to this
question

Response #5:

Thanks for the suggestion! The text has been changed accordingly.
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Comment #6:

Line 6 page 4 “newer data” -> different data (MIPAS data do not change, it is
the dataset that has changed)

Response #6:

We have not changed anything here, as we actually talk about data sets, not
data. We also prefer the word “newer” over “different” because it provides extra
information. “Newer” implicitly implies some optimisation of the data sets used
in this study with respect to the older data sets employed by Steinwagner et al.
(2010) and Randel et al. (2012). Despite these optimisations, the new MIPAS
and ACE-FTS 6D data sets still exhibit differences in the annual variation.

Comment #7:

Line 7 page 4 “however the discrepancies . . ..” -> “ and we find that the same
discrepancies exist”

Response #7:

The text has been changed accordingly.

Comment #8:
Same line “aspects that could give rise to” -> “causes for”
Response #8:

We kept the text. The word “causes” seems a bit too definitive, given that it is
unclear beforehand if these aspects even play a decisive role.

Data sets and handling

Comment #9:

Line 19 page 4 “newer” -> “different”
Response #9:

Consistent with response #6 we did not apply any changes here.
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Comment #10:

| have tried to understand the difference between the old and new MIPAS
datasets. | could not find any real description of it. Could you please clearly
state where the difference is?

Response #10:

Given, that the differences in the 6D annual variation between the MIPAS and
ACE-FTS data sets are independent on the retrieval version we did not include
any comparison of the newer data sets used in our work and the old data sets
employed in the works of Steinwagner et al. (2010) and Randel et al. (2012).
Both the old and the new MIPAS and ACE-FTS data sets are described in detail
in the work of Hogberg et al. (2019). The MIPAS data set used by Steinwagner
et al. (2010) is essentially based on retrieval version 5. The only difference to the
retrieval version 20 used here, is the transition from the ESA calibration version 3
to version 5. For the ACE-FTS data sets also the calibration has changed. In
addition, there were optimisations with regard to the microwindows considered
in the retrieval.

Reassessment

Comment #11:

In this section Figure 3 is introduced before Figure 2, please check it.
Response #11:

That is true! We adapted the first paragraph of Sect. 3 as follows to fix this:

In this section the observational discrepancies in the annual variation of 6D in
the tropical lower stratosphere between the MIPAS and ACE-FTS data sets are
reassessed using three figures. Figure 1 shows the time series of the data sets
in form of contour plots. In Fig. 2 the focus is on the time series at 70 hPa, not
only for 6D but also HDO and H2O for the sake of attribution. In addition, fits
from a regression model to quantify the amplitude and the phase of the annual
variation (see Eq. 4 in the Appendix) are presented in this figure. Figure 3 shows
subsequently the derived amplitudes and phases for the annual variation, again
for 6D, HDO and H20O. In all three figures results from the SMR observations
and the EMAC simulation are shown as a complement.
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Comment #12:

Figure 1 shows the full datasets used in the work. For the sake of comparison |
would have liked to have Figure 1 reporting the results on similar time-scale, as
it is it is difficult to compare the behavior of 6D for the different instruments.
Maybe you can add a figure where the 4 datasets are shown on the same scale
(1 year should cover the same length of the x axis) something similar to figure
S2 but starting with the same month for all datasets.

Response #12;

As indicated in response #5 to reviewer #1 our idea was to keep consistency
among Figs. 1 to 3 in terms of time coverage. The data presented in Figs. 1 and
2 are the basis for the results shown in Fig. 3. In that sense we are unwilling to
change Fig. 1. Evidently, Fig. S2 was our approach to forego any discussion in
the direction of showing shorter time periods. However, we are really hesitant to
include this in the main part of manuscript. Showing just a single year is difficult
to due to limited tropical coverage of the ACE-FTS observations. We improved
Fig. S2 so that all data sets except MIPAS start in January and end in
December.

Comment #13:

Why you blame the start altitude effect on MIPAS and you do not mention the
same problem for ACE-FTS? | suppose the two instruments are affected by the
cloud coverage in the same way, since they measure in similar spectral regions
with the same observing geometry (limb).

Response #13:

Actually, there are some differences in the cloud influence between the MIPAS
and ACE-FTS observations, even though they measure in similar spectral
regions. They stem from the fact that MIPAS measures thermal emission at the
atmospheric limb while ACE-FTS utilises the solar occultation technique. In
terms of the start altitude effect other aspects are of importance. In general, a
link between the start altitude and the results at altitudes above can occur
through error propagation in a global fit retrieval approach, which is both used
for MIPAS and ACE-FTS. A tighter linkage can occur due to retrieval constraints.
Also, a retrieval on a fixed grid has the potential to cause a tighter linkage.
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These aspects only apply to the MIPAS retrieval which is why we do not put any
emphasis on ACE-FTS in this regard.

Comment #14:

Also | think that discrepancies between ACE-FTS and MIPAS could also arise
from the fact that MIPAS observes along track (therefore its LOS covers several
degrees of latitude) while ACE observes the Sun trough the atmosphere
(therefore its LOS covers several degrees of longitude). The horizontal gradients
experienced by the two instruments are different, and can cause part of the
discrepancies in the results.

Response #14:

It is certainly possible that this aspect has some influence. To provide some
rough assessment we performed the following comparison of the characteristics
of the annual variation between the MIPAS and ACE-FTS data sets:

MIPAS (15°S- 15°N) minus ACE-FTS (15°S- 15°N) versus

MIPAS (10°S- 10°N) minus ACE-FTS (15°S- 15°N)

Considering MIPAS data only in the latitude range between 10°S and10°N
should reduce latitudinal gradients and resulting in a better consistency with the
ACE-FTS data set. Overall, the comparison does not vyield any obvious
differences, indicating that the different latitudinal gradient between the MIPAS

and ACE-FTS observation are of secondary importance (in particular to the start
altitude effect and the vertical resolution mismatch).

Comment #15:

Line 24 page 6. | suggest to insert “Running the model over” before the
sentence starting with "Other time periods"”

Response #15:

We have not changed any text with respect to this comment. Actually, the
model simulation was run over time period from 1982 to 2010 (Eichinger et al.,
2015). We simply picked the time period 2000 to 2005. In that sense we are not
sure how to implement “Running the model over”.
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Comment #16:
Line 15 page 7 “Exemplarily” -> As an example
Response #16:

The text has been changed accordingly.

Comment #17:
Line 18 page 7 “as function of” -> as a function of
Response #17:

Again, the text has been changed accordingly.

Comment #18:
Line 19 page 7 “row” -> rows
Response #18:

Thanks for spotting this! The text has been corrected.

Discussion
Comment #19:

| will clearly say in the first paragraph of this section that you are investigating
only the possible cause of errors for MIPAS analyses and check if any of them
explain the differences between MIPAS and the other datasets.

Response #19:

In the first paragraph of the discussion we state that we clearly focus on the
MIPAS data set and list the aspects that we will consider. The term “only the
possible cause of errors for MIPAS analyses” feels a bit harsh because
differences in the sampling or the vertical resolution between the MIPAS and
ACE-FTS data sets are no one’s fault. The analysis of the sampling differences is
done with the MIPAS data sets, because is the only suitable one. For the
differences in the vertical resolution ACE-FTS is used, for the very same reason.
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Comment #20:

Page 10 line 6 | do not agree that an ideal kernel is symmetric around its peak
for limb observations

Response #20:

We agree that the word “ideal” can be misleading. We have replaced it with
“‘exemplary” which is less strict in describing a desirable model.

An exemplary kernel may peak at the considered retrieval altitude and is
symmetric around it. Such behaviour is however not observed for the MIPAS
retrieval of HDO and H20O in the tropical lowermost stratosphere.

Comment #21:

In section 4.2 | suppose that the start altitude effect is caused by the use of a
fixed vertical (altitude, pressure?) grid in IMK/IAA analysis. | suppose ACE-FTS
and SMR use a different strategy. Is it true? The global fit is used at least by
both IMK/IAA and ACE-FTS retrievals, so it should affect the results in similar
ways.

Response #21:

As written in response #13 both retrieval constraints and a fixed vertical grid can
be of importance. These aspects are not of relevance for ACE-FTS. SMR also
uses a global fit retrieval approach, with constraints but a retrieval grid that is
aligned to the observed tangent altitudes. In that sense there may be also some
start altitude effect in this data set, but we have not investigated that. In general,
we were only interested in the overall effect in the MIPAS data set. Investigations
of the contributions of different retrieval aspects to this overall effect were not
performed.

Comment #22:

| have another comment of this section: you test the start altitude effect on real
observations. Why don"t you use simulated observations where you have all the
parameters under control?
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Response #22:

Not that this is not a good idea, but admittedly it never came to our minds.
From the beginning we worked primarily on this specific set of data.

Comment #23:

In Section 4.3 you say that "ACE-FTS retrievals are unconstrained at the
expenses of not considering effects by the finite field of view" | do not agree with
this statement. Unconstrained retrieval does not disregard the field of view
effects if they are properly included in the computation of the spectra and the
Jacobians of the measurements.

Response #23:

This is just a characteristic of the ACE-FTS retrieval, not directly related to the
unconstrained approach. The half sentence has been removed.
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