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Introduction

This document includes an extended description of methods, four additional figures,
one table supporting the Data and Methods and Results sections of the paper, and
references.



Text S1. Data and Methods

Uncertainty in basal melt rate parameterization

To determine the uncertainty in parameterized melt s, we used standard analytical
error propagation methods (Taylor, 1996) with specified uncertainties for each
parameter:
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where sco represents the standard error of the constant Cy, propagating the standard
deviation of m, U and T in Eq. (1). sy represents the standard deviation of the current
velocities U and st represents the standard deviation of the ocean temperatures T. By
assessing these potential sources of errors, the maximum vertical root-mean-squared
uncertainty was calculated to be £0.6 m yr™".

Since we lack temperature data from the upper sensor during the ApRES period, we
have ignored the effect of temperature variability on melt rates. We can estimate its
contribution to the mean melt rate and the variability in melt by considering U =
Umean + U’, and T*=T*nean+T* where "mean” denotes deployment mean. We then get:

UT* = UmeanTr:lean + UmeanT*, + U’Tr:lean + U,T*, (2)
and

(UT*)mean = (UmeanT;Lean) + (U,T*’)mean (3)

(since U'mean=T*mean = O per definition). Using the data from the period with both
temperature and velocity measurements from the upper sensor, we get that the
contribution from (U’ T)mean to (U T¥)mean (and hence to the mean melt rate) is about 1
% and the term can safely be neglected when estimating Co. We lack information
about T* for the ApRES-period and we are thus forced to simplify Eq. (4):

U T*resolved = Umean T;lean + U’ T*mean (4)

The correlation between U T*esonvea and the full U T* is high (for the period 2009 to
2016) as T* mainly modifies the size of the peaks (Fig. S4). The standard deviation of
the residuals, std(U T* - U T*.esoiveq) is Smaller than the standard deviation of the full
U T* by a factor of about 1/3, whereas the standard deviation of U T*esoes roughly
equals that of U T*.
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Figure S1. Basal ice draft and contour lines from a 2014 mosaic derived from the
Reference Elevation Model of Antarctica (Morris et al. in prep., Howat et al. 2019) and
bathymetric elevation (thick black lines; Arndt et al., 2013). The M2 site is marked in
the map, where the ApRES and mooring is located.
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Figure S2. ApRES profiles with vertical strain rate estimation: (a) Return amplitude
profile from a chirp averaged over the two-year-long record. (b) Standard deviation
of the vertical displacement time series. (c) Mean cross-correlation coefficient with
shading showing one standard deviation. (d) Mean velocity of internal reflectors. Blue
dots mark velocities used to derive the vertical strain thinning at the base by fitting a
linear (red) or quadratic (black) function. The F-test value is displayed for the
preferred quadratic fit (Vankova et al., 2021).
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Figure S3. Magnitude squared coherence between 36-h filtered (a) basal melt and
upper current sensor, (b) basal melt and lower current sensor, (c) basal melt and
lower temperature sensor, and (d) upper and lower current sensor. The black dashed
lines mark the 95 % confidence level.
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Figure S4. Influence of variable T* on parameterized melt for the pre-ApRES period.
Mean values shown with a dashed line.



Symbol Parameter Value

Ci Heat capacity of ice 2.0x103) kgtect
Cw Heat capacity of water 4,0x10%Jkgtect
L Latent heat of fusion of ice 3.4x10°) kg
T+ Temperature in ice —6 °C
Ca¥2T7s Stanton number 4x10™*

I7s The heat exchange coefficient 4x1073

Table S1. Physical constants used for melt parameterization and estimated effective
thermal Stanton number.
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