RESPONSE TO REVIEWERS

We sincerely thank the reviewers for the helpful comments that will improve the
quality of our manuscript. We incorporated these suggestions and responded to
the inquiries which required clarification or argument-based opinion from our
side. Please see our responses below in regular font, while reviewers’ comments

are shown 1in bold.

RESPONSE TO REVIEWER#1

1. The methodology in this manuscript should be well-constructed, it should
work fine in this study. My main concern is the framework of this
manuscript, regarding the sequence of section 3.1 and section 3.2. Normally,
one should firstly verify the method proposed in this paper before the
statistical analysis. I mean, probably authors may think about describing

section 3.2 before section 3.1.

Response 1.1: We agree with you on this remark. We have now revised the
manuscript to present section 3.2 before section 3.1, as you suggested.
Additionally, we would like to highlight that the method has already been
validated on a limited scale in our previous work (Labzovskii et al., 2023;

https://www.nature.com/articles/s41598-023-44525-5), which provides a

foundational basis for its more extensive examination in the current study.

2. For the sections of “Discussion” and “Conclusion,” I propose the authors

to reorganize these two parts. Some information in the Discussion part


https://www.nature.com/articles/s41598-023-44525-5

should be moved to the “Conclusion” part. In the current manuscript, the

conclusion somehow looks like an outlook.

Response 1.2: Often, researchers read only introduction and conclusions, making
this section essential to inform them about key takeaways. In this light, we
believe that well-supported conclusions provide an excellent opportunity to offer
a perspective of researchers on the scientific findings in either the form of
summary or outlook. We opted to frame this perspective as an outlook because
the Aeolus mission was the first to apply this methodology to UV LSR. Since
Aeolus has been decommissioned we decided to provide in conclusions Aeolus-
based guidance and recommendations for future and upcoming satellites. This
decision aims to assist researchers interested in implementing such algorithms
but who may not be fully aware of the exact opportunities and challenges of
highly non-nadir UV LSR. Meanwhile, our discussion summarizes abundant
results this study provided in a convenient, short way. [ hope the current structure,

being supported by such rationale is acceptable.

Technical corrections:

3. The symbols of variables in the article should be consistent. For example,
qflag (sometimes quality flag)/LERG (sometimes LERG)/LSR (sometimes

Isr)/ODray (sometimes RayOD). Please make them consistent.

Response 1.3: We standardized all annotations here. Full name TROPOMI LER
(when no space — LERT), full name GOME-2 LER (when no space — LERG; full
name quality flag (when no space — qflag); RayOD was a typo. All

inconsistencies and subscripts addressed.



4. Line 317: Why 1-sigma but not 3-sigma is selected? Is 1-sigma too strict

for the calculation?

Response 1.4: The use of 1-sigma is appropriate in this context to ensure that we
capture statistically significant variations while maintaining robust results. It is
not uncommon to use 1 sigma as the uncertainty proxy for gridded atmospheric
datasets in  research (see Han et al, for example -

https://essd.copernicus.org/articles/15/3147/2023/essd-15-3147-2023 .html).

Note that this 1s arbitrary choice that has not affected results in any way.

5. Figure 3: Red frame: qflag > 0, but the QF in the attenuated case with

number 1 is 0. Please check it.

Response 1.5: The formulation on the figure caption was somehow misleading,
despite being technically correct. We rephrased the statement in the middle of
Fig. 2 for clarity like ‘clear observations: AOD < 1.0; gflag = 0)’. To clarify
here, only the cases with gqflag = 0 are considered clear and therefore, only such

cases are used in the final analysis.

6. Figure 4: I cannot see the histogram distributions with magenta color. In
the text, of course, you explain only a few numbers of strong return remain;
therefore, please find another way to show the distributions of water

reflectivity between -35 and 35.

Response 1.6: We have addressed the issue with Figure 4 and have updated the
histogram distributions to improve visibility. The new presentation on Fig. 4

illustrates three distributions with log y-scale, whereas water returns between -35


https://essd.copernicus.org/articles/15/3147/2023/essd-15-3147-2023.html

and 35 latitude are shown in red, rather than transparent magenta, which also

improves visual comprehension aspect.

7. Actually, the authors should reproduce all the figures in this manuscript.

They are hard to be recognized, especially for the legends/values.

Response 1.7: We acknowledge that many figures were initially provided at a
resolution lower than dpi 300, while having misalignment issues and caption
ambiguities. All figures have been finalized; we have now replaced all figures
with higher resolution (dpi 300) to enhance clarity. We have modified most
figures to improve their readability, as specified below. For figures with multiple
panels, we have made efforts to optimize the quality at 100% zoom. Except dpi
enhancement and optimizing the font for 100% zoom at Microsoft Word (as
required by the AMT formatting guidelines), we list specific changed below (note
that we use the original figure numbering below from version 1 of the manuscript,

before sections 3.1 and 3.2 were flipped)

e Figure 1 (all panels and captions aligned)
e Figure 2 (the font of central panel is enlarged; unclarity on the remarks

about filtering procedure on ‘3’ is addressed; the statement rephrased to
“Filtering out low-quality LSR (clear observations: AOD < 1.0; QFLAG
=0))

e Figure 3 (only dpi and fonts changed)

e Figure 4 (For better visibility, we changed y-axis to log-scale visualization

and changed magenta transparent color for denoting no-ice water to red



non-transparent color; other changes are cosmetic and were applied to
improve the aesthetics of the figure)

e Figure 5 (observation points increased, panel annotations ‘abcd’ assigned,
captions aligned, frames created)

e Figures 6 — 8 (replotted with higher dpi, panels were annotated ‘abcd...’
and aligned)

e Figure 10 (the size is significantly enlarged; every panel was annotated as
a, b, c,d)

e Figures 11 — 13; 16 — 18 (Panels annotated as ‘abcd...’, panels aligned,
titles added, captions corrected; z-axis color annotated)

e Figure 14 (panels annotated, region annotations aligned, y-axis changed to
“LER” to avoid confusion)

e Figure 15 (the font size of correlation caption increased, the figure size

increased as well)

8. Figure 10: Is it necessary to use log scale for LSR?

Response 1.8: The use of a logarithmic scale for LSR is advisable due to the
exponential nature of the LSR signal, which changes significantly from water to
snow surfaces. Its behavior is in this aspect different from LER that changes more
linearly and uniformly as the surface becoming whiter. In sort, the logarithmic
representation effectively captures the wide range of signal variations. We have

documented this phenomenon in our previous study (Labzovskii et al., 2023).



9. Figure 13: Why only “LER snow TROPOMI” and “LER CLEAR GOME-
2” are compared? The authors should also explain why LER with other

features are not compared.

Response 1.9: This rationale stems from our previous study (Labzovskii et al.,

2023;  https://doi.org/10.1038/s41598-023-44525-5) and was previously
described. To quote the Data section from Labzovskii et al. 2023: We used LER

estimates, reflecting snow-affected areas as well because it is crucial to include
snow/ice regions in the analysis to evaluate the sensitivity of Aeolus LSR to the
strongest white reflectors. Note that for GOME-2 this is the only available type
of dataset at 354 nm we compared with. A more detailed explanation is given in

2.1.2 of the current manuscript.

10. Figure 14: Which y-label is designed for TROPOMI? Is the y-label of
"GOME-2 LSR" shared for TROPOMI and GOME-2? Please make it clear.

Response 1.10: The caption here was misleading. Y-axis reflects LER for both
GOME-2 and TROPOMI (despite being not identical, they are very similar in
average terms and let alone, similar by magnitude). We have corrected the y-axis

to ‘LER’ in this Figure 14.

11. Line 680: How the values of snow cover (SNW _1) are calculated? Is it a

proportion?

Response 1.11: Snow cover information is taken from MERRA-2; an
atmospheric reanalysis system from the NASA GMAO efforts (Gelaro et al.
https://journals.ametsoc.org/view/journals/clim/30/14/jcli-d-16-0758.1.xml).



https://doi.org/10.1038/s41598-023-44525-5
https://journals.ametsoc.org/view/journals/clim/30/14/jcli-d-16-0758.1.xml

MERRA-2 uses the GEOS-5 model to simulate atmospheric processes like
radiation and convection on a grid. It employs Gridpoint Statistical Interpolation
(GSI) to integrate observational data, adjusting the model’s outputs to reflect real-
world conditions every six hours. In terms of sea ice, MERRA-2 assimilates
recalibrated versions of some of the satellite observation types like for sea ice
observations, primarily obtained from satellite passive microwave sensors,
provide data on sea ice concentration and extent. We added this rephrased remark
from GEOVANNI website description of snow/ice cover extent: “...where the
extent of snow or ice cover on the Earth's surface is used (the fractional amount

of a land surface covered with snow and ice within a tile, ranging from 0 to 1).”

12. Figure 17: Please recheck this figure. The titles (month information) of

the graph in the first row have been obscured and are not displayed entirely.
Response 1.12: We have revised all figures, see Response 1.7 please.

13. Line 738: Discussion should be listed as section 4.

Response 1.13: Discussion is now labelled as section 4.

14. Line 809: Conclusions should be listed as section 5.

Response 1.14: Conclusions are now labelled as Section 5.

RESPONSE TO REVIEWER #2

Specific comments (addressing individual scientific questions/issues):



Line 1: Why is “Phase-F” mentioned so prominently in the paper title? Isn’t
“new” enough information? As “Phase-F” appears only one more time in the

whole manuscript, I recommend deleting this term from the title.
Response 2.1: We deleted this from the title.

Line 10: The term “incidence angle” might need additional reference
information (incident onto what?). Maybe consider using the term “off-

nadir” angle. (Further cases in lines 67, 97, ...)

Response 2.2: We provided the definition of incidence angle at the first
occurrence in the introduction, to quote the introduction “incidence angle of
satellite instrument is the angle between the satellite sensor and the normal to
the surface of the target cell.” We kept the incidence angle in the abstract without
explanation which is not uncommon for lidar studies. Namely, Kassalainen et al.,
2018 i1s one among many examples we can provide -

https://royalsocietypublishing.org/doi/full/10.1098/rsfs.2017.0033.

Line 22: Why are the reference orbits only from the period where Aeolus
used its laser A? What about data from laser B with L1B 7.12? Please
mention this including the used baseline version. See also line 107 and Table

1. Are different results or performances expected from FM-B data?

Response 2.3: Regarding the baseline version, we used the #3 reprocessing
results in baseline 14 for FM-A period. We incorporated this remark in the
methodological description where you pointed out. We used only FM-A period
in this paper, from the reprocessing perspective, we have data input dependence
with not only Aeolus L1 and L2A data, but also AEL-PRO algorithm alongside
AEL-FM mask within. At the moment of the manuscript submission, we could

rely only on the input from the FM-A period (before June 2019) in data


https://royalsocietypublishing.org/doi/full/10.1098/rsfs.2017.0033

dependency. For the reprocessing #2 (FM-B) baseline 11 was used. These
products did not contain the necessary variables to run the AEL-PRO (prototype)

algorithm. Reprocessing #4 (FM-B part) was not yet released during this work so

could not be used. Moreover, thus far, we have officially produced LSR datasets
only for FM-A period using the #3 reprocessing and baseline 14 only, available
for open access sharing but the FM-B period datasets should be produced soon
from our side and we’ll analyze this aspect independently. Some differences
between FM-A and FM-B LSR outputs will be plausible according to our

previous experience.

Line 36: It might be worth noting shortly here that Calipso measured at a

different wavelength than Aeolus.
Response 2.4: We included this remark.

“By taking together nadir-looking CALIPSO and highly non-nadir Aeolus
experiences, a framework on effective LSR utilization using future lidar missions

such as EarthCARE and Aeolus-2 can be effectively designed.”

Line 67: What do you refer to here specifically with “unique Aeolus setup”?
In which way does it constitute a challenge to retrieve robust LSR?

Presumably you mean the coarse vertical resolution.

Response 2.5: We literally meant the highly-non nadir incidence of ~35° and 355
nm wavelength. This combination is unique itself for atmospheric lidar research
regardless vertical resolution or other characteristics that may differ from

CALIPSO for example.



Line 120: Table 1. As you introduce the “reprocessing product” in line 107,
it would be good if you add the Baseline to the column “Version” at least for

the L1B.

Response 2.6: The remark on the reprocessing # and baseline added in the

paragraph over Table 1.

Line 139: Could you provide a reference that shows how real surfaces can

behave in terms of angular dependent reflection?

Response 2.7: We added a reference from Maignan et al,
(https://www.sciencedirect.com/science/article/p1i/S0034425703003808 ?casa_t
oken=cdF2rkOM74YAAAAA:JK-mZidv_9D7788JC6KoH{f]61syOHmMO-

2noc7fQFxkemMCn8TMFolg Rfr6Ru946M4moD_zC) study, who elucidated,

to quote how to ...”to measure the bidirectional reflectance of a large variety of
Earth targets”. For 22 000 sets of measured targets and evaluated reflectance

models using real observations.

Line 149: Why do you perform a resampling from 0.25° to a coarser

resolution of 2.5°?

Response 2.8: Because at 0.25°, there is an insufficient amount of Aeolus data to
fill the grid cell. Therefore, grid comparison between LSR and LER should be
done at a realistic resolution like 2.5°. This decision was made based on our
previous experience from Labzovskii et al. (2023) that set our expectations for
the balance between data abundance and the realistic resolution, of potential LSR

L3 gridded product.

Line 165: Why can’t NDVI become negative (see equation in line 164)? Is
the absolute value of NIR always equal to or larger than that of VIS?


https://www.sciencedirect.com/science/article/pii/S0034425703003808?casa_token=cdF2rk0M74YAAAAA:JK-mZi4v_9D7788JC6KoHfj61sy0Hm0-2noc7fQFxkemMCn8TMFoIq_Rfr6Ru946M4moD_zC
https://www.sciencedirect.com/science/article/pii/S0034425703003808?casa_token=cdF2rk0M74YAAAAA:JK-mZi4v_9D7788JC6KoHfj61sy0Hm0-2noc7fQFxkemMCn8TMFoIq_Rfr6Ru946M4moD_zC
https://www.sciencedirect.com/science/article/pii/S0034425703003808?casa_token=cdF2rk0M74YAAAAA:JK-mZi4v_9D7788JC6KoHfj61sy0Hm0-2noc7fQFxkemMCn8TMFoIq_Rfr6Ru946M4moD_zC

Response 2.9: In short, yes, for most vegetated areas, it cannot be negative
because healthy vegetation reflects more NIR light than red light, making the
difference between NIR and Red positive. Negative NDVI can occur over water
or urban areas for example; both irrelevant to our study. We added a remark on

this

“Negative NDVI values occur in scenarios where the reflectance properties are
not typical of vegetation, like water, but such areas are outside of the scope of

our analysis.”

Line 187: To my knowledge, the Aeolus mission uses the ACE-2 DEM:

https://sedac.ciesin.columbia.edu/data/set/dedc-ace-v2.

Response 2.10: We corrected the description to ACE v.2 DEM.

Line 189 ff.: To my knowledge, the Aeolus ground detection looks for signal
drops going upwards (in terms of altitude) first and then looks for signal

drops going downwards.

Response 2.11: Perhaps, our description was too vague. Please see if our current

description incorporating your simpler, plainer explanation is Dbetter

“The height of the surface of the Earth with regard to the reference ellipsoid is
used. Subsequently, the lower edge of each altitude bin is being sought, where the
height of the bin should be below height of DEM. In short, the Aeolus ground
detection looks for signal drops going upwards (in terms of altitude) first and

then looks for signal drops going downwards. If ground bin candidates are more


https://sedac.ciesin.columbia.edu/data/set/dedc-ace-v2

than five, the ground detection is not successful and therefore no ground bin is

assigned for the respective observations [Lux et al, 2018].”

Line 200: Northern or southern hemisphere winter in general, or both? Or

do you refer to cases b and c?

Response 2.12: We rephrased that we did refer to the northern hemisphere here.

“According to our previous experience [Labzovskii et al. 2023], more detected
cases in winter in northern hemisphere are explained by the presence of sea ice
over ocean. As we are interested in land surface signal, we applied the surface

flag mask”

Line 226: Assuming that the ground signal (disregarding the atmospheric
contribution to the signal of the bin) emanates from a more or less
infinitesimally thin layer, why shall it make sense to multiply here with the
thickness of the whole bins (apart from getting a useful unit)? Doesn’t the
variation of the range-bin-thickness (0.25 km — 2 km, line 97) inadequately

affect the LSR’?

Response 2.13: Apologies for uploading an empty response to this comments,
I’ve accidentally uploaded the older version without this comment being
implemented The problem is that the units and names of variables were mixed up
in the previous version. We updated the description here by adding units for

clarity, see the inclusion as :



In calculating LSR, we used all ground bin numbers marked as containing surface (see
‘ground_bin_num’in Aeolus L1A data). As in Labzovskii et al. [2023], we took the attenuated
backscatter (B, sr! m™) from the AEL-PRO L2 data at the bins where ground was detected
and multiplied it to the width of the surface range bin of Aeolus (Arsur, m). In this way, we
obtained the uncorrected Surface Integrated Attenuated Backscatter (SIAB’, sr™) or, in terms
of this paper — the uncorrected Lidar Surface Returns (LSR’, sr'), reflected as (y’) in Eq. 1.
The ground location was determined using the lowest bin where the ground is located (Smin, m)

and the highest bin where ground is located (Smax, m)

Line 365: Can sea ice already be expected close to these latitude thresholds,

e.g., around +/-40°?

Response 2.14: The result here can vary depending on the methodology applied
and on the assumption. For your interest, we duplicated the figure with -40 to
+40 latitude boundaries below. Since only miniscule differences between two
choices and respective distributions are seen, let us keep the original figure with

-35 < lat < 35 boundaries.
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Line 367: What should be the reason for a low amount of sea ice right after

the southern hemisphere winter?

Response 2.15: There are some studies we examined. To name one, Holland,
(2014;
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014GL060172)
showed that “the ice-albedo feedback causes instability during spring and

summer, whereby ice cover perturbations grow” (e.g. spring ice loss is heavy
due to perturbations). Other reasons are wind trends and temperature eftects

(reduction trend starts exactly after winter in southern hemisphere near

Antarctica).


https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1002/2014GL060172

Line 429: Do you have any idea what could be the reason for the ocean
returns being placed exclusively in such regions? Algae (might explain the
seasonality), white caps (maybe rather the cyan values around -60°
latitude?), microplastics, ...? It might be worth putting the info from line

474/476 already here?

Response 2.16: It is a very difficult pattern to disentangle because the official
Aeolus algorithm filters out what is labeled as weak signal. However, we have a
working hypothesis based on the letter we are preparing on ocean returns
(mentioned in response 2.14), where we evaluated also assumingly weak ocean
surface returns. It is a complex interplay between chlorophyll concentration and
ocean surface conditions. In short, Aeolus ocean LSR is strong if chlorophyll is
low and ocean mixing is low (tropical and sub-tropical gyres) with ~0.2 mg/m?
of chlorophyll as a threshold. Otherwise, once chlorophyll grows above this
threshold, complete attenuation of Aeolus UV signal occurs and the signal
becomes too weak or statistically disappears. We are trying to prove the validity
of this pattern in the aforementioned letter and, unfortunately, cannot focus on
this aspect more or provide this hypothesis without additional analysis and

figures in the current paper.

Line 440: Figure 6, top left panel: Could you comment on the apparent
increase of valid data in Africa (Sahel zone, region south of African
rainforest, Mozambique), South America (north and south of the rainforest),
and South East Asia from September to November? Is it related to the
general unavailability of data, or could it have a meteorological (or another)
reason, such as the movement of the ITCZ or cloud climatology? Or are lines

453-457 sufficient for explanation?



Response 2.17: It can be related to ITCZ and also to the seasonality of west Africa
biomass burning. We internally discussed a lot on this phenomenon. However,
we do not have numerical arguments to prove this except for the actual result of
these phenomena—namely high AOD from Aeolus. Due to this, we restricted
ourselves to the explanation in lines 453-457 that is based on numerical AOD
findings we have. In other words, we do not do deeper into the explanations we

cannot prove here.

Line 460: Did you encounter a decrease in the number of valid LSR data
over the FM-A period correlated with the decrease in the laser energy of

Aeolus?

Response 2.18: We suspected this in terms of correlation and abundance, but it
was not the case. See below the statistics of the successful ground detections (GD,
official algorithm), cloud-free detections with aerosols (second column) and clear
LSR estimates for the final analysis (third column). The abundance is more
driven by cloudiness around the world, while for the global reflectivity, starting
from January, global signal starts decreasing towards September (absolute

minima), so downward trend towards May is plausible for this kind of data.

date All Ground Detected (GD) GD & gqflag=0 GD & qflag=0 & AOD <1
2018/09 5,480,310 465,044 393,218 366,529
2018/10 6,398,400 645,696 520,056 482,108
2018/11 5,937,690 1,115,751 874,464 808,765
2018/12 6,213,600 1,255,028 972,504 898,912
2019/01 2,760,390 605,257 470,673 436,531
2019/02 2,659,800 520,681 359,191 330,899
2019/03 6,512,100 1,324,018 1,128,701 1,026,869
2019/04 6,263,430 1,168,668 949,454 859,650




2019/05 6,507,330 959,369 728,891 660,989

Line 466/467: To me, this doesn’t look localized, but rather like a clear trend
for the whole Arctic region for these three months, as also Greenland shows
this behavior. But can a potential “wetting” of the ice/snow with warmer
temperatures be consistent with increasing LSR? By melting snow leaving

behind the below ice surface?

Response 2.19: We have incorporated this remark into the text; it sounds

interesting as a suggestion.

“While snow-related clusters nearly disappeared from the northern hemisphere
in May 2019, strong LSR signal remained over the Arctic, perhaps indicating a
localized peak in sea ice seasonality in the region. Alternatively, there can be an
effect of potential wetting of the ice/snow with warmer temperatures behind the
increasing LSR because by as snow melts, the below ice surface emerges,

potentially contributing to this signal.”

Line 490: It would be good to have this rough classification and allocation of

LSR values to surface types already before Fig. 6.

Response 2.20: Please note that it is not allocation of colors to certain surface
type but the result of Jenks clustering, which yielded from visual point of view

highest cluster (red-orange) to snow, mid-clusters to land and low reflectance



cluster (blue), mostly to water. See the explanation paragraph about Jenks

clustering at pages 22-23.

“Since Aeolus LSR has been previously shown to reasonably reflect several land
cover-related gradients on the map such as: water — land, vegetation — arid, no
snow — snow gradients, we used a clustering method to classify the LSR signal
for better illustration purposes. To this end, we used natural breaks-based
clustering of LSR data for plotting (e.g. Jenks clustering method) for identifying
breakpoints between different clusters of LSR data [Sadeghfam et al., 2016]. The
method minimizes the average deviation (e.g. variance as well) of each class from
its respective mean, concurrently maximizing the divergence of each class from
the means characterizing the other classes [Jenks, 1967]. Note that we simply
applied this approach for clustering and visualization purposes without intention
to disentangle physical differences behind reflectivity patterns of different

b

regions.’

Line 498/499: Why only the Southern Ocean? I see a lack of valid signals

over all ocean areas between +/-70° lat.

Response 2.21: If you look closely on Fig. 10 and Fig. 11 (a,b), you see some
ocean returns from Atlantics and many ocean returns from Pacific Oceans. This
is not the case for Southern ocean though with the lowest number of returns

among all oceans (visually) which prompted us to make this remark.

Line 504: I could well imagine here a 4-by-4 plot with maps of the number
of valid Aeolus observations per grid point, in order to get an idea of the

distribution and significance of the comparison for certain regions.



Response 2.22: We provide an additional plot with this statistics here for 2019-
03 (as example); we have not added such plots in the study because the article

contains >15 figures only in the main text and becoming very long to read.

COUNT OF OBSERVATIONS FOR GRIDDING (2019 — 03 ) WITH QFLAG = 100% (CLEAR OBSERVATIONS)

Line 524: What’s the reason for showing the y-axes in log scale, unlike for

Fig. 11+12?

Response 2.23: We replotted scatterplot figures (that were 11 and 12 in previous
version) in log-scale as well. See response 1.8 above please to see the reason

behind choosing LSR log-plotting.

Line 814: I would recommend explicitly mentioning the excellent sensitivity

of Aeolus LSR to white surfaces (snow/ice conditions) in your abstract.

Response 2.24: See new remark in the abstract:



“Regionally, the LSR-LER agreement can vary and yields the highest correlation

values in regions where snow is present in winter, indicating the excellent

bl

sensitivity of Aeolus LSR to white surfaces such as snow.’

Technical corrections (typing errors, etc.):

Line 12: Although well known, the first appearance of the abbreviation

“UV?” could be written out.
Response 2.25: Fixed.

Line 24: Assure consistency for LERG and LERT naming with (1. 137 ff, 1.
518 ff., 540 ff., 572, 604 ff.) and without subscripts.

Response 2.26: Fixed, in long version — LER GOME-2 and LER TROPOMI, in
short versions — only LERG and LERT, without subscripts.

Line 33: The “we demonstrated” seems to be either a leftover or misplaced

(parentheses?) to me.

Response 2.27: This part of abstract was rephrased

Line 49: ... at the lidar ...

Response 2.28: Fixed.

Line 100: T assume the either “both” or “two” is redundant.
Response 2.29: Fixed.

Line 111: As you explain in line 114 that FM stands for feature mask, you
might also want to state what PRO stands for.

Response 2.30: Explanation is given.



Line 119: described

Response 2.31: Fixed.

Line 150/151: No comma needed between “estimates” and “reflected”.
Response 2.32: Fixed

Line 152/153: Because of the use of “although” this seems to be an unfinished

sentence.

Response 2.33: Fixed.

Line 176: ... where the DEM ...

Response 2.34: Fixed.

Line 179: ... from the ground ...

Response 2.35: Fixed.

Line 182: Comma after “Aeolus bin” really necessary?
Response 2.36: Fixed here and elsewhere.

Line 188: Is “sought” correctly used here? Alternatively: “searched”,

“looked for” or “sought for” (also line 176).
Response 2.37: Fixed.

Line 189: ... below the height of the DEM ...
Response 2.38: Fixed.

Line 189: Proposal: “The algorithm searches for the highest bin that
contributes to the ground signal, starting from the first bin with non-

negative useful signal.”



Response 2.39: What about this formulation from Response 2.11 where you had

already provided some simple suggestion:

“In short, the Aeolus ground detection looks for signal drops going upwards (in

terms of altitude) first and then looks for signal drops going downwards.”
Line 191: Proposal: “... in upward direction.”

Response 2.40: This is reformulated according to 2.11

Line 191: lowermost

Response 2.41: This is reformulated according to 2.11

Line 199: What shall be expressed by the “-” between “potentially” and

“noise”?
Response 2.42: See rephrased version:

“However, most cases with no ground bin detected originate from ocean areas
with very weak water returns, manifesting a signal of very low magnitude

(potentially, it is noise).”
Line 222: ... and the highest ...
Response 2.43: Fixed.

Line 226: Eq.1 should most probably start with “LSR’” instead of “y,”.

Otherwise, introduce y’ in the text here, as done with y before Eq.4.

Response 2.43: Fixed, explanation provided in the text.



