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We would like to thank the reviewer for their helpful comments. Below the
specific comments are listed in bold text. Our replies are in standard black
text and the changed passages from the paper are in blue.

L. 52-54: Why give the old spatial resolution upfront and current
resolution parenthetically? Consider reversing to give current specs
first.

The order was reversed in the final manuscript.

L. 61: Recommend defining the GMTED2010 acronym here.

We added the definition of the GMTED2010 acronym to the introduction.

In this paper we investigate noticeable features in the maps of retrieved XCH4

over Greenland which can be seen both in the operational S5P XCH4 product
and the S5P WFMD product. For this we investigate the digital elevation model
(DEM) used in both retrievals, namely the Global Multi-resolution Terrain El-
evation Data (GMTED2010) and compare it to new elevation data from the
ICESat-2 satellite mission.

L. 76: You use WFM-DOAS here but WFMD elsewhere.

WFM-DOAS will be changed to WFMD in the whole text.

L. 93-96: Bias of a few percent could be significant for inference
of regional emissions, no?

This is true and is one of the reasons for aiming to reduce the bias originating
from the inaccurate DEM.

L. 135: Recommend mentioning/defining the TROPOMI quality fil-
ter somewhere in Section 2.

We use the quality flags as defined by the product user guides of the opera-
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tional and WFMD product. We added information on the quality screening to
both sections.

Section 2.1.1:
The product includes a quality assurance value (qa) which is a continuous qual-
ity descriptor ranging from 0 (no data) to 1 (full quality data). As recommended
in the product user guide [citation] we exclude data with qa< 0.5.

Section 2.1.2:
In another post-processing step the data is quality filtered using a machine
learning approach based on a random forest classifier [citation]. We use data
with a quality flag qf= 0 (good) and don’t include data with qf= 1 (potentially
bad).

L. 141-142: What do you mean by “this effect merely shifts the ref-
erence point of the anomaly”. As written it’s not clear what the
“effect” is. I think you mean that the selection of reference area de-
fines the reference point for the anomaly, is that right?

Yes, the selection of the reference area defines the reference point for the anomaly.
We changed the sentence to be more clear.

Since the elevation stays virtually constant in the relevant time frame, the choice
of the reference area merely defines the reference for the anomaly. The seven-
day methane anomaly is denoted by ∆XCH4.

L. 147: Wouldn’t removing observations with quality flag > 0.1 re-
move most data? Should it not be < 0.1? (I’m not familiar with
ICESat-2 data conventions.)

According to the IceSat-2 ATBD quality flag= 0 (qf) is used for the highest
quality data. Data with qf= 1 doesn’t fulfill all the quality criteria (see product
user guide of ATL11 data). In the code we used the condition qf> 0.1 which
is of course identical to the condition qf= 1 since the qf is either 0 or 1. We
clarified this in the updated version of the manuscript:

We remove NaN’s and only include observations with quality flag qf= 0, mean-
ing high quality data...

L. 149: Are these weights inversely proportional to the errors? Us-
ing the errors as weights directly seems like it would more strongly
weight higher-uncertainty data.

The inverse errors are used as weights. This is clarified in the updated manuscript.
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Next we calculate the total error for each measurement in p̃x(t) according to
[citation] and calculate the average of the height measurements using the inverse
total errors as weights.

L. 150: Consider adding an equation here to unambiguously describe
the approach.

We do not consider it important to include the equations, since the precise
gridding method is not relevant for the results of this paper. For example one
can use either the mean or the median of all points in a grid cell with almost
identical results. Furthermore we showed that the differences between our grid-
ded data and the Greenland DEM also based on ICESat-2 data (which uses a
more sophisticated gridding method) (see Appendix A) is not relevant for the
conclusion of our paper.

L. 168-169: This phrasing seems to imply that the differences be-
tween ICESat-2 and GMTED2010 are due to ice sheet dynamics, but
isn’t 100-200 m too extreme for that to be the case? I don’t know
much about ice sheets, but from Section 2 the error seems mostly
related to the radar altimetry.

We clarified the phrasing. We believe that both effects are present in Greenland
with different contributions for different regions. However an attribution to
these error sources is out of the scope of this paper. Additionally the difference
in resolution of both data might play a role.

To compare GMTED2010 with the gridded ICESat-2 data we resample it to
the same 0.1◦ ×0.2◦ grid using cubic resampling. In Fig. 3 we show the height
difference ∆H between both elevation data. On the north-western coast (re-
gion one) we see a region of positive elevation differences of roughly 100–200
m. This corresponds to regions of elevation change reported by [citation], which
could explain part of this difference. On the south-eastern coast (region two)
we observe a distinct feature consisting of neighboring positive and negative
elevation differences. In both cases we assume that large uncertainties in the
GMTED2010 data (see 2.2) in combination with local ice sheet loss and/or
movement and difference in resolution of both datasets is responsible for the
observed differences.

L. 182: Recommend using “r” or “rho” for the Pearson correlation
coefficient, not “p”, because “p” can easily be mistaken for the p-
value of the regression. This confused me on my initial review of the
figures.

This is changed in the updated manuscript.
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Section 4.5: Is there a reason not to show maps of height-corrected
WFMD v1.5 ∆XCH4 (or XCH4) and height-corrected operational
∆XCH4 (or XCH4)? Perhaps these could be added to Fig. 10 or
Fig. 12, or made into a separate new Figure. I understand the paper
already has quite a few figures and you show how the scatter plots
improve from the linear height correction – but I was surprised not
to see how the final methane maps improve post-correction.

The height correction is used to account for the underlying actual height de-
pendency of methane and to thus improve the correlations between the height
difference ∆H and the methane anomaly ∆XCH4. This improvement can be
best seen in the already included scatter plots. One could also create methane
maps using the height-correction, however this is out of scope for this work.
The correction is not applied to the final data sets in general, it is just used
here for the correlation analysis to expose the DEM-related errors. The height
dependency of XCH4 is a real effect and not an artifact like the features we in-
vestigated and that stem from the erroneous DEM. To make this difference (and
the need to disentangle these two effects in the correlation analysis) clearer, we
have revised Section 4.3 accordingly:

Greenland is a region with very large elevation differences. We have to account
for the actual influence of the terrain height on XCH4 due to the elevation-
dependent weighting of tropospheric and stratospheric air. We aim to identify
potential artifacts in the retrieved XCH4 due to DEM inaccuracies. This real
impact of topography leads to decreasing XCH4 with increasing height. In Fig.
8 and Fig. 9 we show the corresponding correlation between the terrain height
used in the retrieval and the XCH4 for the WFMD data and the operational data
respectively. For both cases, as expected, we see a downward trend of XCH4

with increasing height. We calculate a linear fit for both cases and use the slope
as a linear correction factor in our plots (denoted as ’height corrected’). This
allows a more conclusive correlation analysis between ∆H and ∆XCH4 after
disentangling the described actual altitude dependency.

L. 210 & 222-229: Going back to my question about ice sheet changes
over time – can you say more about what causes the GMTED2010
data to be outdated? It would be useful to know what fraction of the
surface altitude errors are due to ice sheet dynamics vs. altimetry
errors.

To quantify the contributions of ice sheet dynamics vs. altimetry errors a more
detailed analysis would be needed. We assume regions with a more uniform dif-
ference (e.g. region 1) to be more influenced by ice sheet dynamics and regions
with large difference with both signs (e.g. region 2, east coast of Greenland)
to be more influenced by altimetry errors. However as we mentioned above,
attribution to these error sources is out of the scope of this paper.
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