
Response to Reviewer 2 
 
We thank the editor, referees, and community contributors for their careful reading of our 
manuscript and for their constructive and insightful comments. We have revised the 
manuscript in response. In particular, we added a new intercomparison with published surface 
elevation change products with an evaluation against ICESat-2 ATL15 (new Section 4.1.2 and 
Table 3), strengthened the framing in the Abstract and Introduction, and expanded the 
Discussion to clarify modeling assumptions and limitations. We also clarified methodological 
details, and addressed all specific comments throughout the manuscript. We believe that these 
revisions have significantly strengthened both the technical clarity and the scientific context 
of the study. 
 
 
Reviewer comments in black 
Our response in blue 
 
Reviewer comment: 

The authors present an interesting approach for spatio-temporal interpolation of altimeter 
measurements, here applied to the GrIS using Crysat-2 data. The paper is well written, and 
most sections are clearly structured, and the methods are described well. 

There are a few minor issues, which are listed further down, but the major issue is the lack of 
a comparison to other products for the GrIS based on Cryosat-2 data. 

The authors list multiple other approaches and publications, but they compare their results 
only to lidar and AWS data. It would be valuable to show the advantages as compared to 
other approaches for Cryosat-2 data interpolation. So the authors can demonstrate the 
potential of their approach. 

Moreover, how do the other datasets perform against the Lidar and AWS data? Is the 
presented new approach better? 

They state that they can better capture short-term or small-scale features, but they did not 
prove this. Thus, I highly recommend including such a comparison in the revised manuscript. 

Moreover, a validation of the method by using e.g., the leave-one-out approach (using 
different sizes of the artificially generated gaps) would be highly valuable to demonstrate the 
capability of the model to reproduce measurements and to test its limitations regarding void 
size. This could be done in the spatial and temporal domains. 

  

Response 

We thank the reviewer for the thorough assessment and constructive suggestions. We 
appreciate the positive feedback on the structure and clarity of the manuscript. 



Regarding the comparison with other CryoSat-2–based SEC products, we agree that such an 
intercomparison is valuable. In response to similar comments from Reviewer 1 (see RC1), we 
have added Section 4.1.2 to include a quantitative intercomparison against published SEC 
products over the overlapping ICESat-2 period.  

Concerning performance relative to lidar (ATL15) and AWS data, the revised manuscript 
now more clearly distinguishes between (i) validation against independent reference datasets 
(ICESat-2 ATL15 and OIB) and (ii) methodological comparison with other SEC products. 
The validation results demonstrate reduced spread and lower median absolute deviation after 
post-processing, while maintaining negligible bias. 

With respect to the statement that the method can capture short-term or small-scale features, 
we have revised the wording to avoid overstatement and to more carefully describe the 
framework as providing temporally consistent, gap-filled fields without imposing a 
predefined seasonal model. The manuscript no longer implies demonstrated superiority in 
resolving small-scale features beyond what is shown in the validation analyses. 

Finally, we appreciate the suggestion of a leave-one-out or artificial gap experiment. Such an 
experiment would indeed provide additional insight into model. However, given the ice-
sheet-scale domain and computational demands of the framework, implementing a systematic 
spatial and temporal gap experiment would require substantial additional analysis beyond the 
scope of the present study. We consider a controlled gap experiment to be a valuable 
direction for future work. 

 

Minor Issues: 

  

L9: What do the values represent? R²? Absolute of difference? Please clarify 

We thank the reviewer for pointing this out. The reported values correspond to Pearson 
correlation coefficients between the detrended time series of surface elevation change. This 
has now been clarified in the revised manuscript. 

L12: Do you mean the smoothening due to the SSM framework, or did you apply it 
afterwards? 

The smoothing referred to here corresponds to the spatial and temporal post-processing 
applied to the dSEC fields after the state-space model estimation. We have clarified this in 
the revised manuscript by changing the sentence to : “Additional comparisons with ICESat-2 
and NASA Operation IceBridge airborne data confirm that the applied spatio-temporal post-
processing of the dSEC fields reduces the standard deviation by approximately 40–45% while 
maintaining minimal bias.” 

L74: at which spatial resolution? ATL15 is available in different resolutions? 

The ATL15 product used in this study is provided at 1 km spatial resolution and was 
regridded to a common 5 km grid to match the spatial resolution of the CryoSat-2 dSEC 



product. This information was previously described in Section 4, but has now been moved to 
the Data section to make the dataset description clearer. 

L76: Here you talk about 24 month SEC product, but in section 4.1.1 and table 2, yearly SEC 
from ATL15 are compared to your SEC product? Please clarify the difference. 

We thank the reviewer for pointing out this potential ambiguity. ATL15 lag-8 provides 24-
month elevation-change rates (dh/dt) centered on each observation epoch, rather than yearly 
SEC estimates. To ensure a consistent comparison, we derived comparable 24-month dh/dt 
estimates from the CryoSat-2 dSEC height time series centered on the same ATL15 
timestamps. We have clarified this in the manuscript and revised the description of the 
comparison accordingly. In addition, Table 2 and its caption have been updated to explicitly 
state that the statistics correspond to ATL15 lag-8 epochs, and that the ranges listed represent 
the span of ATL15 midpoint epochs included in each comparison, rather than annual periods. 

These revisions clarify that the comparison is performed between biennial (24-month) 
elevation-change rates derived from ATL15 and equivalent rates computed from the dSEC 
product. 

L84: at which spatial resolution? 

The OIB Level-4 data consist of irregular airborne laser altimetry measurements rather than a 
fixed-resolution grid product. For the comparison with the CryoSat-2 dSEC dataset, the OIB 
measurements are spatially aggregated onto the 5 km CryoSat-2 grid using a median binning 
approach, requiring at least 10 observations per grid cell. We have clarified this in the revised 
manuscript. 

L216: Why are units in brackets? Looks awkward. 

The brackets have been removed. 

L231: What is the general trend of the ablation area? 

The sentence has been clarified to explicitly refer to the mean ablation-zone trend reported 
earlier in the manuscript (−0.314 ± 0.009 m yr⁻¹). 

Fig. 3: To me, it seems that the uncertainties are time invariant. If I interpret the right panel 
correctly, there are some observations for the grid cells B and C. I would assume that the 
uncertainties are smaller if an observation is close-by (temporally). If this is not the case. You 
should explain this in the paper somewhere. 

We thank the reviewer for this observation. The uncertainties shown in Figure 3 (Figure 4 in 
the revised manuscript) are derived from the posterior variance of the reconstructed elevation 
field estimated by the state-space model. In this framework, the uncertainty reflects both the 
spatial–temporal covariance structure of the model and the overall data coverage within the 
region. Because the CryoSat-2 observation density in this area is relatively consistent over 
time pr gridcell, the resulting uncertainty estimates remain stable between months. In the 
revised manuscript, the posterior variances are also propagated through the same spatial and 
temporal filtering applied to the model output, which further contributes to the smooth 
appearance of the uncertainty envelopes. We have clarified this point in the manuscript. 



L268: How did you do the comparison? Who did you account for temporal offsets, or how 
did you select the fitting time steps from your product? Using the same month as the 
Icebridge flights? Please clarify this in the methods. Why not also show MAD for the IceSat-
2 data comparison? 
 
The comparison with Operation IceBridge (OIB) data is performed by matching the temporal 
span of each OIB elevation-change estimate with the corresponding period in the dSEC 
product. Specifically, OIB provides elevation change between two flight campaigns defined 
by a start and end month. For each OIB measurement pair, the corresponding elevation 
change is computed from the dSEC product using the same start and end months. The OIB 
measurements are first spatially binned to the dSEC grid before the comparison is performed. 
We have clarified this temporal matching procedure in the Dataset section. 

Regarding the suggestion to include the median absolute difference (MAD) for the ICESat-2 
comparison, we note that MAD is already reported in Table 2 together with the other 
summary statistics.  

 

Fig.6: Why do you show here GEMB? What does it stand for? Not mentioned in Section 
4.1.2. Be consistent with the naming! 

The abbrevation GEMB refers to the Glacier Energy and Mass Balance firn model 
(GEMBv1.0; Gardner et al., 2023), which is used here as part of the SERAC–GEMB fusion 
time series shown in Figure 6. While the model is introduced in the Data section, we agree 
that this was not clearly explained. We have added the abbrevation in the data section in the 
revised manuscript. 

L301: What about a Laser-Altimeter like IceSat-2? 

The proposed framework is not limited to radar altimetry and could also be applied to laser 
altimetry data, such as ICESat-2. In this study, we focus on CryoSat-2 in order to demonstrate 
the reconstruction of a continuous radar-altimetry-derived elevation change record, while 
ICESat-2 is used as an independent validation dataset. We have clarified this point in the 
revised manuscript. 

L330: What about citing here any study that shows the dynamic changes, on checking some 
ice velocity data from e.g. ITSlive or other products? 

We thank the reviewer for this suggestion. We agree that dynamic ice-thickness changes near 
fast-flowing outlet glaciers such as Sermeq Kujalleq can influence local surface elevation 
signals. We have therefore added references to studies documenting strong velocity and 
dynamic thickness changes in this region (e.g., Joughin et al., 2014; Mouginot et al., 2019), 
which help explain why surface instruments such as AWS may not fully capture these 
dynamic contributions to elevation change. 

L389: The tiling should be mentioned in the main manuscript 

We agree that this implementation detail should be mentioned in the main manuscript and 
have added a short explanation in the Methods section in the revised manuscript. 



 


