
RC2: 

This paper presents a new tool for inverting sub–ice-shelf bathymetry by using sequential 
Gaussian simulation to model the non-terrain gravity effect, thereby generating realizations of 
the terrain gravity effect. The gravity inversion is then solved using a Markov chain Monte Carlo 
approach. This provides an open-source tool for generating bathymetry ensembles with 
quantifiable uncertainties, which will be extremely useful for constraining basal melt rates. It is 
also very encouraging to see many open-source packages being used here to address new 
problems. Overall, this work represents an important contribution to the field, and I look forward 
to seeing this nice paper published following minor revisions. 

Main point: 

1. The introduction seems a bit long and contains many details about previous work. I suggest 
condensing the text to highlight the key message more clearly. 

The first two paragraphs nicely outline the importance and challenges of modelling bathymetry. 
The challenges addressed here can be summarized in three parts: 

1.​ the unknown terrain gravity effect; 
2.​ the unknown density contrast required to solve the gravity inversion (non-uniqueness 

reason No. 1); 
3.​ noise in the observations, which means that even with a fixed density contrast and a 

known target gravity signal, the inversion remains non-unique (non-uniqueness reason 
No. 2). 

You could then use examples to illustrate how previous studies have dealt with these challenges 
and conclude by introducing the new workflow. 

Alternatively, you could just try to condense the information from Line 45 to Line 118. 

2. In the text, it shows that the uncertainties in the Bouguer disturbance are the largest sources 
of error. However, keep in mind that the estimated Bouguer disturbance is also linked to the 
background density, which itself varies spatially. Rock densities can span a wide range—from 
sedimentary rocks (~2.4 to 2.6 g/cm³) to mafic and ultramafic rocks (~2.8 to 3.0 g/cm³). 
Including some discussion of these factors would be highly beneficial. 

​ Thank you for the helpful review. We have tried to make the introduction more concise 
and readable. We agree that the background included too many details specific to particular 
studies, overshadowing the main points. 

​ We attempted to analyze how uncertainty in the background density affected the overall 
uncertainty through the ensemble number 1 that included SGS interpolation of the background 
density and random sampling of the background density from a Gaussian distribution centered 
at 2700 kg/m^3 with a standard deviation of 80 kg/m^3. The main result of this is that the 



uncertainty was essentially the same between the 2 SGS ensembles, one with sampling of the 
background density and one without (Figure 7 d-e). Furthermore, we acknowledge that rock 
densities in this region could vary greatly and this is exactly the purpose of the SGS 
interpolation. The variability in the SGS interpolations reflects different crustal density anomalies 
(on top of the isostatic trend) that could arise from sedimentary rocks or mafic rocks that deviate 
from the background density used. 

  General comments: 

Line 17: Remove Introduction and Background. 

​ Removed 

Line 24–27: This part is a bit hard to follow. Consider changing “play in grounding-line retreat” to 
“control grounding-line dynamics”? 

​ Changed sentence 

Line 37: It not only has a large density contrast, but it is also close to the sensor. 

​ Mentioned flight altitude 

Line 51: The residual field (Bouguer) reflects all non-topographic contributions, including crustal 
density, crustal thickness, and mantle. Similar comments apply to lines 57 and 174. 

Line 165: Is this also the half-wavelength resolution for the ITGC data? 

​ The ITGC data was filtered to 5 km resolution. Made it clearer that this is also 
half-wavelength resolution. The two gravity datasets have essentially the same resolution. 

Line 171: Since everything is referenced to the ellipsoid, please double-check whether the water 
column is referenced correctly (sea level is not zero when referenced to the ellipsoid). 

​ The water column is referenced correctly. The surface and bed elevations were 
referenced to the ellipsoid throughout the project, except for in the final figures. 


