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Figure A1. Asymptotic solution for a small extraction flux: (a) Flux with distance, showing a transition to the small q solution. (b) The small

flux solution for the effective pressure agrees with the full solution.

pressure. We showed that creep closure dominates the time it takes for the pumping to reach steady state and similarly recover

following pumping, with typical response times on the order of days. Building off these results, we presented coupled subglacial

hydrology–ice dynamics simulations of Helheim Glacier, Greenland and Thwaites Glacier, Antarctica using SHAKTI-ISSM.435

We found that the velocity reduced about 1% for a reasonable pumping strategy. Overall, we demonstrate the utility of studying

water extraction as a way to learn more about the subglacial hydrologic system as well as to determine its efficacy as a glacier

intervention strategy.

Code availability. Code and analysis scripts for the SHAKTI-ISSM simulations as well as solutions to the fixed and variable flux problems

can be found at <https://github.com/colinrmeyer/water-extraction>. We will add a public-release Zenodo doi after review.440

Appendix A: Asymptotic solution for a small extraction flux

In Fig. 4, we observed that for small extraction fluxes, that fluid can enter from the outer edge of the domain. We can describe

these dynamics in the asymptotic limit of a small extraction flux and ignore dissipation, i.e., M → 1, R → 1, W ↑ 1, and

D = 0. In this distinguished limit, we can reduce Equations (11)-(14) to

Mq (1 + Rq) = ↓N
→9 dN

dr
, (A1)445

1

r

d

dr
(rq) = ↓W. (A2)
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