
Response to Community Comment 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 
 
 

Dear colleagues, 
 
 
 
Thanks for this great study. I'm always very happy seeing remote sensing work going in this 
direction (towards better statistics!). 
 
As I didn't get asked to review this time around, I thought I'd add my ideas for improvements 
here anyway after my read (I tried to keep them short): 
 
 
 
1. Interpretability 
 
Due to the background setup/learning of the GMRF, one can rapidly lose in interpretability 
(even though GMRF/GPs are widely considered "interpretable" mathematical models), and it 
definitely feels like this is the case here... Their ancestor, kriging, benefited from the good 
habit of computing/visualizing an empirical variogram (to visually check that the underlying 
covariance was reliable: expected form before choosing a model; not affected by outliers, 
etc). I know this is slightly more difficult to do with GMRF, but there are ways to do so 
(partial correlations), and interpreting the model could come a long way into making it more 
robust and widely understandable. 
 
 
 
2. Validation 
 
The current validation is lacking a core aspect in my opinion, which is that it doesn't validate 
uncertainties (while this is one of the strongest asset and main reasons for using GMRF/GP). 
 
To improve this, you might consider using spatiotemporal leave-block-out cross-validation 



(e.g., Roberts et al. 2017), which is common for such statistics, and that crucially allows you 
to control the temporal/spatial size of the area left out. This is important here because our 
final variable of interest is total volume change of the ice sheet for a given period, and so we 
need to know that the model is predicting reliable uncertainty when integrating in space and 
time (for very large areas/long periods) to get volume change, and not just predicting 
elevation correctly at the "pixel"/"location" scale. Correlated errors typically dominate all 
other sources when doing spatiotemporal prediction (e.g., uncertainty sources in Hugonnet et 
al., 2021), so this is really critical. 
 
 
 
I also noticed the following statement on processing for validation, l256: "which we regrid by 
averaging to a common 5 km grid". Elevation are typically considered "point" geospatial data 
(represents coordinates at a point, not an average over an area), and you can introduce 
significant errors  by averaging (usually equivalent to horizontal shifts, i.e. rigid 
coregistration errors). Consider using bilinear interpolation at the relevant coordinates. Or, if 
your objective is to reduce errors by averaging, explain the reasoning. 
 
 
 
3. Relevant references 
 
GMRF are Gaussian Processes/kriging (sometimes also called sparse GP, even though there 
are several facets of GP called this way so it's a bit confusing), math that has been around for 
a long time. You're not the first to apply this body of theory to glacier elevation change, and 
should acknowledge previous studies that have done similar work, and ideally compare the 
pro/cons specific to sparse GP and justify your logic a bit further. Applications in space go 
way back (e.g. one of the earliest might be Hock and Jensen, 1999, but there are many 
others), though slightly less relevant here. But for prediction in time of glacier elevation from 
remote sensing data, which is the main topic here, this has been explored recently in e.g.: 
Hugonnet et al. (2021) or Knuth (2023). Those go into quite a bit of detail to validate the 
results as well, and especially uncertainties for volume changes, so should be highly relevant. 
 
 
 
That's it, I hope this is helpful, and good luck consolidating the study! 
 
 
 
Response: 

 

We thank R. Hugonnet for the thoughtful and constructive community comment and for the 
encouraging feedback on the statistical framework. We appreciate the suggestions regarding 
model interpretability, validation strategies, and relevant literature. 

Regarding interpretability, we agree that understanding the spatial dependence structure is 
important. In this study, the spatial covariance is represented through the GMRF precision 
matrix, which enforces local spatial correlations between neighboring grid cells. While we do 



not explicitly analyze empirical variograms in the present work, we agree that further 
diagnostics of the spatial correlation structure could be useful and may be explored in future 
developments of the framework. 

Concerning validation, we agree that assessing the reliability of uncertainty estimates is an 
important aspect of spatiotemporal modeling. In the present study, we focus on validation 
against independent datasets including ICESat-2 ATL15, Operation IceBridge airborne 
altimetry, AWS observations, and the SERAC product. We also propagate the posterior 
model uncertainties through the full post-processing chain using a Monte Carlo approach. We 
acknowledge that spatiotemporal leave-block-out cross-validation (e.g., Roberts et al., 2017) 
could provide additional insight into predictive performance and uncertainty behavior at 
larger spatial and temporal scales, and we consider this a valuable direction for future work. 

We also appreciate the suggestion regarding interpolation strategies for validation datasets. In 
our case, the ATL15 product is first aggregated to the 5 km grid of the CryoSat-2 product to 
ensure spatial consistency between the datasets. We have clarified this procedure in the 
revised manuscript. 

Finally, we thank the commenter for highlighting additional relevant studies.  

We thank again for the constructive suggestions and for the positive perspective on the 
development of statistically robust approaches in remote sensing of glacier change. 

 
 


