
Reviewer 1 

In their manuscript „Finely-resolved along-track wave attenuation…”, Joey Voermans and coauthors 

perform an analysis of the apparent wave attenuation in the Antarctic MIZ based on satellite (ICESat-

2) derived along-track profiles of wave energy E(x) for four selected wave frequency bands 

(corresponding to wave periods of 9, 12, 15 and 18 s). From the original data, published earlier in 

Brouwer et al., 2022, the Authors extract 320 high-quality E(x) profiles and, assuming exponential 

attenuation, for each of them compute the corresponding profile of the attenuation coefficient (x). 

Based on that data, several statistics of (x) are computed, including the average 𝛼̅(𝑥) for all profiles 

and for individual months, as well as relationships between α(x) and ice thickness, concentration and 

x/xMIZ (i.e., the distance from the ice edge scaled with MIZ width). An important part of the analysis 

is related to the influence of spatial variability of sea ice and wave conditions, and of non-zero angles 

between the satellite tracks and the wave propagation directions on the observed shapes of E(x). 

1. My major comment on the manuscript is this: I fully agree with the Authors that they have at 

their disposal “a unique dataset of waves in sea ice obtained across a diverse range of Antarctic sea 

ice conditions” (lines 222-223). Going from a few (in many cases: only two) data points to high-

resolution profiles of wave energy is a big step forward. The new dataset makes it possible to find 

new patterns in the data, but also to verify assumptions that have been commonly used so far in 

analyses of wave attenuation in sea ice. However, to fully use the potential offered by the new data, 

new approaches are necessary – whereas my overall impression when reading the manuscript was 

that the Authors tried their best to make their study methodologically as close to the previous ones 

as possible, and to keep all old assumptions untouched. Neither the individual E(x) profiles nor the 

final, average attenuation 𝛼̅ are exponential. In particular, none of the E(x) curves presented in the 

figures resembles an exponential curve; in some cases, like e.g. in Fig.1a, the E(x) profile is concave 

rather than convex, so that the exponential approximation is particularly inadequate. Still, the 

Authors decide to “use of the commonly adopted assumption that wave energy decays 

exponentially” (line 105): their analysis begins with piecewise approximation of E(x) with exponential 

functions. First, as just said, even a quick look at the data is enough to say that this is a poor choice, 

and second, given the very high spatial resolution of the profiles, no a priori assumptions regarding 

their shapes are necessary. To the contrary, the shapes can be found as a result of the analysis. 

Several interesting questions could be answered this way. For instance, is there a one type of 

function that provides a satisfactory fit to the majority (or a large subset) of the analyzed profiles? Is 

the fit generally better in the inner MIZ than close to the ice edge? Which function provides a good 

fit to the average energy profile? Is it really exp(-bx2), as the analysis based on exponential 

attenuation suggests? If yes, how does this function perform for individual profiles? In previous 

studies, assumptions regarding the shape of E(x) were necessary given the large spacing between 

data points, and the choice of exponential shape seemed natural given what we know from theory 

about attenuation related to individual physical processes. However, the Authors themselves 

convincingly show in Section 3.2 and Fig. 4 (and 3 as well) that due to many different factors the 

apparent attenuation observed along “random” satellite tracks, and attenuation that would be 

observed along wave trains undergoing a certain physical process, are two very different things. In 

short, in my opinion the analysis can be made more convincing and more valuable for future 

applications if the Authors rethink their approach to the data and modify the manuscript accordingly.  

The reviewer highlights an important question in this field that is yet to be confirmed, i.e., does wave 
energy truly decay exponentially with distance into the MIZ? 
Despite its high spatial resolution, it is not straightforward to answer this question with the given 
dataset. The attenuation rate α is strongly dependent on the sea ice conditions. This implies that 



when sea ice conditions along the transect change, 𝛼 changes along the transect as well. If one were 
to measure the wave energy along a transect it may therefore not necessarily show any sign of 
exponential decay even if wave energy would truly decay locally as exp⁡(−𝛼𝑥). 
Considering that the wave energy 𝐸(𝑓, 𝑥) in our study was estimated based on a section length of 
about 8 km, and that multiple independent estimate of 𝐸(𝑓, 𝑥, ) along a transect are required to 
confirm whether wave energy really decays exponentially with 𝑥, sea ice conditions need to remain 
constant over multiples of 8 km before such an assumption can be reliably tested. 
While little is known about the sea ice conditions along each transect, it is unlikely that sea ice 
conditions are constant at scales of say 30-50 km, and thus, in our opinion, it is most logical to 
assume piecewise local exponential decay of wave energy in our calculations. 
 
However, to emphasize that this assumption is still to be verified experimentally, we have added the 
following limitation/recommendation to the discussion (L242-244, revised manuscript): 
“Such a validation should be broadened to include the verification of the various assumptions 
typically adopted in wave-ice interaction studies but are yet to be tested experimentally. This includes 
the impact of misalignment between measurements and incident wave direction, and the assumption 
of exponential decay of wave energy into the ice covered seas.” 
 
2. I have doubts regarding the widths of the MIZ used in the analysis. The Authors say they used 

xMIZ estimates from Brouwer et al (2022), which are “based on the depth of wave penetration 
into the MIZ” (line 85), but Fig. 2 and, especially, 3 suggest that these estimates might be 
inadequate for the present purpose. In Fig. 3b, a reasonable estimate of xMIZ seems to be 
between 0.6 and 0.7 of the actually used one – which makes a huge difference. At first, I thought 
that maybe this is just an unfortunately selected example, but the drop in the amount of valid 
data points in the inner MIZ (red line in Fig.5a) suggests that xMIZ used in the analysis is 
systematically overestimated. Wouldn’t it be more reasonable and consistent to compute 
xMIZ(f) as the largest x for which E can be reliably estimated (i.e., for non-grey parts of Fig. 2b 
and 3b), and only then take a median of those values? The proper estimation of xMIZ is very 
important, because the whole analysis is performed in terms of x/xMIZ. In its present form, 
considering what is presented in Figs. 2, 3 and 5, it is not very convincing.  

The definition of the MIZ width is indeed a topic of ongoing research. The frequency dependence of 
the wave attenuation rate means that short waves dampen faster than long waves, and a definition 
of the MIZ on the wave energy decay within different frequency bands is therefore problematic. In 
this study, we look closely at the wave energy contained in narrow frequency ranges rather than the 
total wave energy. The cutoff threshold of the wave energy presented in our Figure 3 and 4 (gray 
lines) should not be interpreted as an estimate of the MIZ width, as it strongly depends on the 
frequency bandwidth used to estimate the wave energy. In Brouwer et al. the frequency 
dependence is somewhat eliminated by looking at the total wave energy instead: “The inner 
boundary of wave penetration is defined as the location where significant wave height attenuation 
equals the estimated error in significant wave height.”, see Brouwer et al., 2022 (page 2327). 

The choice of the definition of Brouwer et al., 2022 is obviously debatable considering the lack of 
scientific consensus surrounding a definition. A definition based on the threshold of what a method 
can reliably measure seems, however, unwanted because the MIZ width would change based on the 
measurement method used (an instrument with higher accuracy would measure a larger MIZ width). 
However, the definition of Brouwer et al., 2022, could provide a more robust 
interpretation/derivation of the MIZ width, as this definition seems to be very close to where the 
wave dominated surface elevation transitions into an ice-structure dominated surface elevation (see 
Brouwer et al., 2022). Such a definition relies less on the accuracy of the measurement method 
involved.  

To provide further clarification on the adopted definition of the MIZ width in this study, we have 
added the following at lines 85-91 of the revised manuscript: 



“The dataset of Fraser et al. (2024) includes estimates of the MIZ width 𝑥𝑀𝐼𝑍 and will be used here as 

well. Following Brouwer et al. (2022), the MIZ width was defined as the depth of wave penetration 

into the MIZ: `where significant wave height attenuation equals the estimated error in significant 

wave height'. Specifically, we use the median value of the MIZ width determined in four wavelengths 

(165, 239, 345 and 498 m). In physical terms, this definition is close to where the variance of the 

surface elevation transitions from an outer wave dominated region to the inner ice-structure 

dominated region. The reader is referred to Brouwer et al. (2022) for further details on the dataset 

Fraser et al. (2024), the definition of the MIZ width, and initial quality control procedures.” 

3. One of the main results of this analysis is the average (over all profiles) attenuation in function of 
x/xMIZ: it is found that, if exponential attenuation is assumed, it increases linearly with x/xMIZ. 
This result is interesting, but it is hard to think how it could be used in practice (as the Authors 
suggest in the discussion). First, the relationship α(x/xMIZ) is useful only if xMIZ is known – 
which is possible only if we already know the waves! Notably, replacing the wave-based 
definition of the MIZ with another one (e.g., ice concentration based one) would make the 
whole approach inconsistent, so it doesn’t provide a solution to this problem (there are studies 
that show that MIZ width estimates based on different criteria can be very different). Second, 
this approach seems reasonably simple only in 1D. In 2D, given that the outer and inner 
boundaries of the MIZ are irregular curves evolving in time, using the scaled coordinate 
perpendicular to those boundaries would require solving Laplace’s equation (as in Strong et al., 
JPO, 2017) at each model time step. An approach that is anything but simple when one thinks 
about the details. I think therefore that the statement “it may provide alternative approaches to 
model wave attenuation in global models if the MIZ width is a known variable” is very 
misleading. 

We agree with the reviewer that this is more challenging than we anticipated and would require 
independent observations/parameterization of the MIZ width. 

We have therefore added this criterion to the abstract at line 15 of the revised manuscript: 
“However, independent parameterization of the MIZ width will be required to do so”.  

And at then end of the manuscript at lines 269-271: 

“As the scaling of 𝛼̅ depends on the MIZ width, which is defined based on the depth of wave energy 
propagation and typically unknown, it will require other means to parameterize 𝑥𝑀𝐼𝑍 independently 
before this is feasible.” 

4. I have a question regarding the data in Fig. 5a,b,c. In panels b and c, there are hardly any values 
of α larger than, say, 5 10-5 m-1. In panel a, values above 5 10-5 m-1 are common in the inner 
MIZ (x>0.7xMIZ). Are there no ice thickness and concentration data from those regions, so that 
they don’t appear in b and c? Or what is the reason for the different ranges of α in different 
plots? The increase of attenuation with ice concentration would be much steeper if all data were 
included, wouldn’t it? 

We can confirm that the same data is included in all these figures 5a and 5b. This is not the case for 
figure 5c as the maximum ice thickness based on SMOS is 50 cm. 

The wave attenuation data appears less sorted with sea ice concentration than with the distance 
into the MIZ because they are more uniformly distributed. For example, see a replotted Fig. 5b 
below. We note that the gray shaded area in Fig. 5 corresponds to the 25th and 75th percentiles, 
meaning that 50% of the datapoints are outside this area. In general, one would expect a much 
stronger correlation with sea ice concentration. This could therefore mean that either this 
correlation is not as strong in practice, or the data resolution of the ASMR-2 observations is 
insufficient. We note that based on the study of Montiel et al., 2022, it seems that there is no 
straightforward scaling of 𝛼 with sea ice concentration. 



 
 

5. In spectral wave models, cgdE/dx ~ ASice + See (cg - group velocity, A – ice concentration; ‘ee’ – 
everything else). If we forget ‘everything else’ for a moment, a measure of Sice can be obtained 
by dividing attenuation with ice concentration. I wonder how those profiles would look like. How 
much of the observed increase of dE/dx with distance from the ice edge can be attributed to the 
increase in A? Is there a zone of high Sice close to the ice edge, as suggested by some studies? (A 
note related to point 1 above: even if we expect that Sice represents a single process leading to 
exponential attenuation, dE/dx should be “corrected” for ice concentration before it can be 
treated as an estimate of Sice.) 

 
This is an interesting suggestion of the reviewer and based on this comment we have plotted 𝛼/𝐶 
against 𝑥/𝑥𝑀𝐼𝑍 for 𝑇 = 12⁡s, see below. We may still observe an increase of 𝛼/𝐶, which suggest that 
there are also other variables are involved in the damping of wave energy with distance into the 
MIZ, most likely, sea ice thickness and floe size distribution. We note that this is consistent with our 
reasoning in the manuscript of the increase in 𝛼 with distance into the MIZ. 
We note that interpretation of 𝛼/𝐶  near the ice edge is unfortunately not possible due to the 
limited number of observational points present here. This is because estimates of both 𝐸(𝑓, 𝑥) and 
𝛼 are taken over a finite distance along the transect, and thus no observations of either can be 
obtained exactly at the ice edge. 



 
  



Reviewer 2 

The paper estimates wave energy attenuation rates from preprocessed IS2 tracks around Antarctica. 

It discusses the advantages and caveats of such an estimate and provides the wave attenuation 

coefficient as a function of non-dimensional MIZ distance. It paper is well-written, has a clear outline, 

and derives plausible attenuation coefficients of wave energy in the MIZ around Antarctica. It 

provides evidence that wave attenuation is a function of frequency. However, a few major points 

must be raised after reviewing the manuscript: 

1. The paper uses a preprocessed data set from Brouwer et al. 2022 and Fraser et al. 2024 that is 

based on the ATL07 product. One ATL07 segment contains the median (or mean) of 150 photon 

retrievals, which leads to varying segment lengths depending on the photon density of the data. The 

paper re-samples the segment heights of varying lengths to 8m, which can lead to substantial 

aliasing of the wave signal, especially in marginal ice zones where the photon retrieval can be below, 

but wave amplitudes are high. That is not discussed.  

In addition, the most recent versions of ATL07 filter the wave signal on purpose to remove surface 

wave effects, as they are considered noise for sea ice products. The use of other, lower-level products 

would be necessary when this analysis is applied at scale. (see Issue 3 in version 6 if the data release:  

https://nsidc.org/sites/default/files/documents/technicalreference/icesat2_atl07_atl10_known_issu

es_v006.pdf) 

Based on the reviewer’s comment, we have sub-sampled the 8 m resolution signal to a resolution of 

16 and 24 m to identify the impact of the sample length on the average attenuation rate 𝛼̅. We refer 

to the figure below for the comparison for different wavelengths. As the observed differences are 

very small, we don’t think that the issue highlighted has implications for our results nor the 

interpretation thereof. 

We are also aware of the changes to the ATL07 filter now unfortunately excluding the MIZ. We 

suggest that SlideRule (https://slideruleearth.io/) could be used to produce heights similar to the 

earlier ATL07 releases, although we have not yet investigated this.  

https://nsidc.org/sites/default/files/documents/technicalreference/icesat2_atl07_atl10_known_issues_v006.pdf
https://nsidc.org/sites/default/files/documents/technicalreference/icesat2_atl07_atl10_known_issues_v006.pdf
https://slideruleearth.io/


 

2. Sample uncertainty 

In one same paragraph (L89), they describe the section length L as 128 data points and/or a section 

length of 2048, 8192, or 16384 meters, but an L with 128 data points with 8-meter spacing results in 

1024 meters. This needs to be clarified.  

We have used 128 sample points (1024 m) as the window, but used longer section lengths L to obtain 

smoother statistics. We acknowledge that this may not be clear in the manuscript and have 

rephrased the start of this paragraph to read: 

“Here, the wave energy density 𝐸(𝑘, 𝑥), where 𝑘 is the wave number, was estimated for section 

lengths 𝐿 along each transect using Welch's method with Hamming windowing, 50% overlap and the 

section length 𝐿 was segmented into windows of 128 sample points, i.e., a length of 1024 m.” 

Further, they say the choice of L is arbitrary but then acknowledge that the scatter between 

estimates is "reasonably large" (L179). A better quantification and accounting for how many samples 

one would need per wavenumber for a good estimate would strengthen the paper. 

Indeed, the choice of L is arbitrary, as per the reasons discussed in section 2. The scatter referred to 

in L179 is not necessarily related to the arbitrariness of L, but more likely to the variability of sea ice 

conditions between ICESat-2 transects. 

For the impact of 𝐿 on the results we refer to Fig. 1c in the manuscript, specifically, comparing the 

red and blue lines. Steep changes in wave energy around x=90 km causes loss in spatial detail due to 



increases in number of samples per wave number. This is, however, not everywhere the case, and an 

optimum number of samples is therefore unlikely to be a fixed number. Without ground truth 

observations of the wave spectra or wave attenuation, it is unlikely that a scientific based optimal 

number can be provided for the quantification of wave energy. 

The impact of ice edges and step-like changes in sea ice height on the FFT is also entirely ignored, 

which can substantially impact the estimated wave spectra when doing FFT (Hell and Horvat, 2024). 

In this study we adopted the definition of the MIZ as proposed by Brouwer et al., (2022). In physical 

terms, this definition may be interpreted as the position where the surface elevation variance 

transitions from wave dominated to ice dominated. We expect that if the sea ice freeboard (or any 

other feature of sea ice) introduces substantial errors in the estimates of the wave spectra, this will 

be outside the MIZ as defined by Brouwer et al. 

We did a simplified test to see what happens to the estimated wave energy with distance into the 

MIZ by taking a simple monochromatic wave and adding artificial sea ice contours on top. We 

approximated the sea ice by means of 500 ice floes, where the length of the floes increases and the 

open water between floes decreases with distance into the MIZ. The ice thickness was assumed to 

increase linearly with distance into the MIZ from 10 cm to 5 m, and the freeboard was assumed to be 

10% of the ice thickness. 

In the two figures below, we show two different sea ice cases. For the first, the distance between ice 

floes varies between 300 and 30 m, the second it varies from 100 to 0.1 m. We can see that only for 

the first, and for very low incoming wave energy, the sea ice has impact on spectrum estimates. In 

the top left subplot, we may see a strong deviation from the expected curve (wave dominated to sea 

ice dominated variance). In the other cases, we don’t see clear deviations from the wave-only case, 

and as such, we don’t expect differences in wave attenuations estimates. For the only case that is 

impacted, such a transition would have been marked as the end of the MIZ. While this analysis is 

based on a major simplification of sea ice, we don’t expect that sea ice freeboard has significant 

impact on our results given the currently used definition of the MIZ. 



 

 

 

 



 

3. angle projection uncertainty 

The authors establish the projection of the true wave number k_a on the observed wave number k 

through the incident angle \theta but then state that they follow the "common assumption" of 

waves propagating in the direction of the IS2 tracks. The authors argue that the circumpolar nature 

of Antarctica favors waves in the north-south direction. I'm afraid I have to disagree with the 

argument, and I would like to see evidence for that statement. Think it is the most common that the 

incident angle must be addressed when measuring spectra from IS2 because the main wind/storm 

direction is east-west. The median zonal wind direction over the southern ocean is about 5 m/s, 

while the mean meridional wind direction is near zero. In other words, it would be surprising if the 

dominant incident wave energy comes from the north in line with IS2 tracks. We would expect a 

mean wave direction going southeastward, leading to systematic biases in the wavenumber 

estimates. The wave climate may also substantially vary by region as the southern ocean storm has a 

clear climatological pattern (Hoskins and Hodge, 2005, for example). The assumption that wave 

travels in the north-south direction might be common, but there is evidence that using this as a 

general assumption for analyzing IS2 around AA is wrong. 

We agree with the reviewer that wave energy travels along the north-south direction may not 

necessarily be true. Unfortunately, it is not straightforward to obtain such information. As discussed 

in the same section, we acknowledge that wave hindcast data may provide guidance but comes with 

uncertainties by itself, where different datasets can provide distinctly different values. Ultimately, 

only in-situ observations can provide ground truth estimates of the associated uncertainties and 

biases, as discussed in Section 4. 

To acknowledge the potential bias from the missing wave incident angle, we have altered the 

sentence at line 93 (original manuscript) to read: 

“While this is a common and often necessary assumption in wave-ice interaction studies, this may 

lead to a systematic bias if the dominant wave direction is not in the north-south direction.” 

Section. 3.2: 

The study then tries to access the impact of wave direction on the attenuation rate using some test 

cases using Sentinel-1 SIC as a tracer for the \alpha. What is \alpha_p? This variable is not 

introduced. Further, while it is plausible to model variation in α as a function SIC, the functional 

relation between α and SIC is not given. The authors realize that even slide incident angles will create 

different wave amplitudes along the transect due to the strong sea ice heterogeneity along the 

propagation path. While I share their statement about the resulting uncertainty of the wave 

attenuation rates, I don't follow their argument about negative attenuation rates, i.e., wave energy 

growth. Without energy input, wave action can only stay constant or decay with distance into the sea 

ice; however, here, the quantity used is wave energy, which can increase while the action is 

conserved. This can be done by wave-current or wave-sea ice interaction (Squire, 2018, or similar). 

The discussion about "negative attenuation rates" is not very physical without adhering to these 

wave actions and is confusing to the reader.  

In Section 3.2 we aim to show that the misalignment between the incident wave angle and ICESat-2 

transect, and sea ice heterogeneity can lead to apparent negative attenuation rates. These are not 

physically real (i.e. wave growth), but methodological artefacts. Waves measured at different 

positions along the transect may have experienced critically different sea ice conditions, which may 



appear as negative attenuation rates when processing the data, but they are not (necessarily) 

physical. 

In L150 (original manuscript) we define 𝛼𝑝 as the proxy attenuation rate. The functional relation of 

𝛼𝑝 is not parametrically provided but its values can be distilled from the colour bar above Figure 4a. 

The reason why it was not provided is because SAR backscatter images are a poor estimator of the 

true local attenuation rate and to avoid general adoption in future studies. Particularly, the choice of 

𝛼𝑝 is merely to demonstrate the methodological artefact of negative attenuation rates that may 

appear in the attenuation curves derived for individual ICESat-2 transects. 

However, to improve readability of this section we have provided the functional relation at Line 157 

(revised manuscript) and discussed the considerations of the functional relation used in Appendix A 

(revised manuscript). 

3. Sample tracks 

section 3.3: Here, the authors try to give a best guess of the overall attenuation rate from all 

transects derived in Brouwer et al. The Authors hope that the noise (or randomness in direction) cuts 

down enough that the mean is a reliable estimate of the attenuation rates. They do not discuss or 

quantify: a) how many transects they use, b) how those are spatially distributed, or c) what criteria 

are chosen to select these tracks. It is then questionable if this dataset is a representative sample of 

wave attenuations around AA, even though the text suggests that. This section needs more context 

on how representative this sample is. The reader would need to use two other papers to get that 

information —Brouwer et al derived 304 tracks in 4 months of one year. Given the amount of data 

IS2 provides, this is then a small test set of data samples with substantial uncertainties in the 

underlying metrics. 

We acknowledge the reviewer’s sentiment that more data is better. Nevertheless, we believe that 

304 tracks provides a large enough dataset to derive trends in wave attenuation (i.e., see uncertainty 

bounds in Figures 6 and 7, original manuscript, or 7 and 8 of revised manuscript). There is, however, 

a seasonal bias in the observations as we have considerably more transects available from May and 

September (see section 3.4). 

We note that the number of observations were provided throughout the manuscript, and like to 

refer the reviewer to Fig. 5a, where in red (see right axis) the number of observations are provided. 

In Figures 6 and 7 (original manuscript, or 7 and 8 in revised manuscript) they were provided in the 

subplots (b). 

To provide an overview of the spatial distribution of the observations, we have included a map of the 

Antarctic continent and the distribution of the corresponding transects, see Fig. 2 in the revised 

manuscript. 

4. Unknown error due to unknown other metrics The attenuation rates are estimates in the 

normalized distance x/x_miz, while how x_miz is derived is not described. (likely defined in one of 

the other papers). This metric is important because of the misalignment and sampling uncertainties, 

the attenuation rates will also depend on the robustness of the x_miz measure, as this appears in the 

denominator of \alpha. Uncertainties in x_miz can have a large impact on the estimated attenuation 

rate. From section 3 in Brouwer et al. the x_miz is based on co-aligned daily SIC products of 6.25km 

depending on the total length of x_miz (not given, but often less than 50 km). Could this lead to 

additional substantial biases in the attenuation estimate? The authors should be more explicit about 

what is done here and what the impacts are.  



The MIZ is defined by means of the depth of wave penetration into the sea ice and has a significantly 

finer resolution than that of SIC products. While this is briefly mentioned in Section 2, we 

acknowledge that the manuscript can improve with further clarification on this definition. Lines 85-

91 now read: 

“The dataset of Fraser et al. (2024) includes estimates of the MIZ width 𝑥𝑀𝐼𝑍 and will be used here as 

well. Following Brouwer et al. (2022), the MIZ width was defined as the depth of wave penetration 

into the MIZ: `where significant wave height attenuation equals the estimated error in significant 

wave height'. Specifically, we use the median value of the MIZ width determined in four wavelengths 

(165, 239, 345 and 498 m). In physical terms, this definition is close to where the variance of the 

surface elevation transitions from an outer wave dominated region to the inner ice-structure 

dominated region. The reader is referred to Brouwer et al. (2022) for further details on the dataset 

Fraser et al. (2024), the definition of the MIZ width, and initial quality control procedures.” 

Additionally, the majority of the transects considered here are from May and September, where the 

MIZ is about 200 km wide. An error of 6.25 km in the ice edge position is unlikely to cause 

considerable bias. 

Despite the paper's shortcomings, the paper provide evidence that attenuation rates vary with 

frequency and with distance in the MIZ. These are new finding for IS2 observation but not in general 

(Meylan et. al 2014, Thomson et al 2021, MONTIEL et al. 2022, and a few others). 

The authors respectfully disagree with the reviewer’s view that the findings are not new in general. 

Neither Meylan et al. 2014 nor Thomson et al. 2021 identifies nor discusses explicitly wave 

attenuation rates as a function of distance into the MIZ, or any parameters that may be considered to 

be strongly correlated to 𝑥/𝑥𝑀𝐼𝑍. While Montiel et al. 2022 discusses changing attenuation rates in 

terms of sea ice concentration, this is not necessarily reflective of 𝑥/𝑥𝑀𝐼𝑍. Additionally, in Montiel et 

al., no straightforward variability of 𝛼 and sea ice concentration is found. 

Whereas it is well known that wave attenuation tends to increase with sea ice thickness, sea ice 

concentration, floe size etc, and each of these are likely correlated with the distance from the ice 

edge or latitude, to the best of the authors knowledge, there are no experimental studies available 

that show this quantitatively. 

In addition, to the best of the authors knowledge, this is the first study to use the ICESat-2 

observations to obtain frequency-dependent attenuation rates, to obtain attenuation rates across 

large spatial scales and across the entire Antarctic, and to observe seasonality of the estimates 

attenuation rates. 

 In summary, even though it is novel to derive attenuation rates from IS2, this paper has 

methodological flaws that leave questions about the accuracy and validity of the estimate, as 

discussed in other publications already (Hell and Horvat, 2024). If this paper wants to describe a new 

method for calculating attenuation rates, the stated concern give reason why this method is 

problematic; if the paper wants to derive actual attenuation rates for later use, it needs to qualify its 

sampling and give reason why this estimate is robust. 

 

additional remarks 

I would reword the statement in L.6 that this samples "over a wide range of sea ice 

condition". 



We respectfully disagree with the reviewer. As this study looks into more than 300 cloud-free tracks, 

and capturing sea ice conditions across the MIZ, we are confident that the dataset captures a wide 

range of sea ice conditions. 

L 161: "completely different attenuation rates" - that is strong wording, I would remove that. 

On the suggestion of the reviewer we have removed ‘completely’ from this sentence. 

L 244: How do we see wave-current interaction in figure 4? I don't follow 

This sentence was removed from the discussion to improve readability of the respective paragraph. 

Fig.8: the coloring choice is unfortunate. 

Based on the reviewer’s suggestion the colour of the lines were changed. 

 

 


