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Fig. S1. Buttressing flux response numbers based on 40km x 40km perturbation areas for Filchner-

Ronne Ice Shelf. As in Figure 1c, this figure shows the ratio of immediate change in ice flux across the 

grounding line over one year to the perturbation strength for Filchner-Ronne Ice Shelf. Here however, 

we perturb the ice shelf locally over 40km x 40km, i.e. areas four times as large as in Figure 1, showing 

that the buttressing response numbers do not depend significantly on the size of the perturbation areas.   
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Fig. S2. Homogeneity range of the grounding line flux response. Shown is the modelled response for 

different uniform thickness perturbations of Filchner-Ronne Ice Shelf. The line indicates a linear 

function through the perturbation of 1m.  
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Fig. S3. Interaction matrix for Filchner-Ronne Ice Shelf. The interaction matrix (a) shows the flux 

response ratio in area r for a thickness perturbation in area p. Perturbation cells are numerated along the 

grounding line as shown in Panel (b). Neighboring squares are listed nearby. Colorbar shows the flux 

response ratio (red indicates flux increase, blue indicates reduced flux across the grounding line).  
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Fig. S4. Interaction matrix for Ross Ice Shelf. The interaction matrix (a) shows the flux response ratio 

in area r for a thickness perturbation in area p. Perturbation cells are numerated along the grounding line 

as shown in Panel (b). Neighboring squares are listed nearby. Colorbar shows the flux response ratio 

(red indicates flux increase, blue indicates reduced flux across the grounding line). 
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Fig. S5: Inverted slipperiness distribution. The basal slipperiness distribution is obtained by inversion 

with the ice-flow model Úa assuming a Weertman-type sliding law with exponent m=3. The slipperiness 

is an element based value; hence the patches visible in the interior are values of single elements.  
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Fig. S6: Inverted ice rate factor. The ice rate factor A in Glen’s flow law is estimated by inversion, 

assuming the exponent in Glen’s flow law to be n=3. Similar as the basal slipperiness, the rate factor A 

is an element based quantity. The patches in the continent’s interior are values of single elements. 
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Fig. S7. Comparison of modelled and observed velocities and grounding line positions. The figure 

shows ice speed anomalies between the MEaSUREs data set1 and model results from Úa. In the model, 

the speed is slightly underestimated in ice streams and overestimated towards the ice shelf fronts. 

Differences occur mostly in fast-moving stream regions. Masked areas are missing values in the data set. 

Grounding lines in the Bedmap2 data set2 are shown in black and grounding lines in Úa in red (mostly 

superimposed with the back line). The average difference between modelled and observed ice speed is 

43.8 meters per year with a median of 17.7 meters per year and a root mean square error of 93.8 meters 

per year. 



Page 9 of 11 
 

 

Fig. S8. Examples of perturbation areas. Shown is the perturbation (of 1m) in one exemplary 

perturbation cell (in yellow) for (a) the perturbed area in Figure 2a and (b) the perturbed area in Figure 

2b. Red lines indicate the grounding lines, black lines the mesh. Nodes which belong to elements 

containing parts of the grounding line are not perturbed. This allows us to exclude possible effects of 

slope changes at the grounding line. 
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Table S1. Additivity of the grounding line flux response. The uniform shelf response (column 1), 

obtained by uniformly perturbing the entire shelf by 1m, compares well with the summed shelf response 

(column 2), obtained by adding the responses of all perturbations of cells belonging to the ice shelf. The 

response is thus additive. The biggest ice shelves Filchner-Ronne and Ross show the overall highest 

response, but smaller ice shelves, e.g. near Pine Island Glacier or Crosson Ice Shelf in the Amundsen 

Sea, show a relatively high response compared to their area (column 3). For most ice shelves modelled 

fluxes (column 4) are slightly lower than observed fluxes1. 
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