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Abstract Subglacial water beneath the Antarctic Ice Sheet is often funneled via subglacial channels, which
inject freshwater into ice-shelf cavities where it interacts with ocean water. The temporal variability of this
system has been poorly observed, but its importance for ice dynamics is well recognized. Airborne radar data
show a subglacial channel evolving within a decade near of the grounding zone of the Roi Baudouin Ice Shelf
(East Antarctica), while topographic signatures on the ice shelf indicate prior inactivity for 60 years. Combining
our observations with subglacial hydrological modeling, we suggest that the interplay between episodic
subglacial water pulses and ocean water intrusion drive the opening and closing of the channels. Our findings
illuminate the short-term transient nature of subglacial channel activity. This impacts ice-shelf—ocean processes,
which are important for constraining increasing ocean warming onto ice-shelf basal mass balance, but pose
significant challenges for subglacial hydrological modeling at the grounding zone.

Plain Language Summary This study explores how water moves under the ice in Antarctica and
how it interacts at the ice—ocean boundary. Using radar, we studied a part of the Roi Baudouin Ice Shelf in East
Antarctica and found that water channels under the ice have changed significantly over the last decades. The
radar images from 2011 to 2019 showed that these channels open and close within a decade, likely due to
changes in water supply from the inland and intrusion of ocean water. This means that the water flow under the
ice is not steady, influencing melting at the underside and affecting its movement. These discoveries show that
the subglacial water system under Antarctic Ice Sheet is more complicated, making it harder to project future
changes in sea-level rise and the effects of climate change on the polar regions.

1. Introduction

Antarctica's ice mass loss primarily originates from the flow of ice from its interior toward the grounding
zone, where it meets the ocean (Rignot & Steffen, 2008) and is expected to significantly contribute to future
sea-level rise (Edwards et al., 2021). The grounding zone represents a region where the grounded ice sheet
transitions into the freely floating ice shelf, typically over several kilometres where the grounding line is
slightly moving with tides (Parizek, 2024). The floating ice shelves represent the seaward extensions of the
Antarctic ice sheet, which critically influence ice flow by impeding ice discharge into the ocean, particularly
at pinning points (Dupont & Alley, 2005; Fiirst et al., 2016). This buttressing effect significantly regulates
Antarctica's mass loss (Favier et al., 2016; Reese et al., 2018), and, hence, sea-level contribution, emphasizing
the importance of understanding the interplay between ice shelves, ocean, atmosphere, and grounded ice
sheet.

One of the principal mechanisms contributing to ice-shelf disintegration and subsequent reduction in effective
buttressing is melting at the ice-shelf base (van der Linden et al., 2023). This process is predominantly driven by
oceanic circulation patterns below the ice shelf within the ice-shelf cavity, generating warm meltwater plumes
(Holland et al., 2007; Jenkins, 1991). Next to the overall ice-shelf mass loss due to basal melting, along-flow
oriented basal channels develop in localized regions of enhanced basal melting, leaving distinctive curvilinear
imprints on the ice-shelf surface (Alley et al., 2016; Drews, 2015; Drews et al., 2020; Gourmelen et al., 2017;
Rignot & Steffen, 2008). These ice-shelf channels are critical in ice-shelf stability and freshwater input to the
surrounding ocean via the ice-shelf cavity (Alley et al., 2016; Cheng et al., 2024; Gourmelen et al., 2017).
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While subglacial channels are primarily sustained and deepened by meltwater plumes away from the grounding
zone, the initial formation of these channels remains subject to multiple hypotheses. Notably, many subglacial
channels align with locations where modeled subglacial water passes the grounding zone and leaves the grounded
ice sheet (Drews et al., 2017; Humbert et al., 2022; Le Brocq et al., 2013; Marsh et al., 2016). Here, fresh
subglacial water meets ocean water, giving rise to and entraining warmer ocean water, which induces larger
localized sub-ice-shelf melt rates. This can lead to the formation of water-filled cavities, sometimes hundreds of
meters high, reaching several kilometres landwards of the continental grounding zone (Whiteford et al., 2022).
High wall-melting rates maintain the cavity by preventing cavity closure through upstream ice advection (Drews
et al.,, 2017). Models coupling ice flow and subglacial channelized drainage produce channels which are
increasing in cross-sectional area by an order of magnitude through high-effective pressure upstream of the
grounding zone (Lu & Kingslake, 2024). However, even though the principal physical mechanism for this type of
channel formation is known, the spatial and temporal dynamics of such subglacial hydrological activities and their
interactions with the ocean pose significant challenges for characterization, resulting in a limited understanding of
these processes.

In this study, we investigate the temporal dynamics of subglacial channel activity at and upstream of the
grounding zone of the Roi Boudouin Ice Shelf (RBIS). We utilize time slices of airborne radar data collected in
2011 and 2019, which provide insight into the internal structure of the ice sheet. Additionally, we analyze
morphological structures on the surface of the ice shelf. A comparison of radar repeat flights over the grounded ice
sheet around the grounding zone suggests that englacial features, which we interpret as oversized subglacial
channels, have undergone significant temporal changes over an eight-year period. Ice-shelf channels further
seawards are an archive for the location of the subglacial water outlet providing evidence for both spatial stability
over hundreds of years and temporal toggling of the outlet activity.

2. Data and Methods
2.1. Radar Data Acquisition and Processing

We used airborne radar data collected with two different radar systems by AWI (Alfred-Wegener-Institut
Helmbholtz-Zentrum fiir Polar- und Meeresforschung, 2016) to map englacial reflections in the vicinity of the
grounding zone of East Antarctica's Roi Baudouin Ice Shelf. The radar profiles are oriented orthogonally to ice
flow and roughly parallel to the grounding zone and cover both the grounded part of the ice sheet as well as the ice
shelf (Figure 1).

In austral summer of 2018/19, we acquired multi-channel ultra-wideband (UWB MCoRDS 5 system) radar data
(Hale et al., 2016; Rodriguez-Morales et al., 2014) in a frequency range of 150-520 MHz. The radar consisted of
an eight-element antenna array mounted on AWI's Polar 6 BT-67 aircraft (Alfred-Wegener-Institut Helmholtz-
Zentrum fiir Polar- und Meeresforschung, 2016) during the CHIRP DML survey (Channel and Ice Rise Proj-
ectin DML). Data acquisition consisted of staged linear modulated chirp signals (1 ps unamplified, 1 ps high-gain
and 3 ps high-gain) to sound the entire ice column at high resolution (Koch et al., 2023). For radar data processing,
we used the Open Polar Radar Toolbox (Open Polar Radar, 2023) and applied pulse compression, synthetic
aperture radar (SAR) processing, motion compensation, and array processing (Franke et al., 2021, 2022; Leu-
schen et al., 2000; Rodriguez-Morales et al., 2014). The data product has a range resolution of ~0.35 m and an
along-track trace spacing of ~ 15 m. The UWB data set comprises five profiles, where four are located a few
kilometers upstream of the grounding zone with a profile spacing between 1.5 and 3 km. The fifth profile is
located ~12 km downstream of the grounding zone on the ice shelf (Figure 1).

In addition, we use radar data acquired in January 2011 with AWI's airborne Electromagnetic Reflection (EMR)
system (Nixdorf et al., 1999). These data have been used in previous studies (Callens et al., 2014; Drews
et al., 2017), and we use them here to monitor temporal changes that have occurred since. The Aero-EMR
operates with a 150 MHz 60 ns burst transmit signal. The recorded radar signals were amplified, band-pass
filtered, and passed on to an analog-digital converter. Moreover, the radar data were stacked ten-fold along-
track to improve the signal-to-noise ratio. The EMR-60 ns data product has a range resolution of ~5.6 m and
an along-track trace spacing of ~60-100 m.

In this study, we considered four radar profiles, which are mostly located at and upstream of the grounding zone
and have a profile spacing of ~13 km. The northernmost EMR radar profile overlaps with one of the UWB
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Figure 1. Survey region and overview of radar features. (a) Coastal eastern Dronning Maud Land with radar survey lines with color coding as indicated in the legend.
(b) Magnified view on the survey region with ice-flow velocity (Mouginot et al., 2019) in the background. (c) UWB radargrams from North to South (ice flow from
bottom to top), with annotations highlighting distinct englacial features discussed in the text. Numbers on top indicate profile labels for unique identification and are also

indicated in (b) The grounding zone (Mouginot et al., 2017) in (b) is indicated as a white band.
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profiles close to the grounding zone. The southernmost EMR profile is located ~45 km upstream of the grounding
zone (Figure 1). For conversion from time to depth domain for all radar data we used a constant relative dielectric

permittivity value of 3.15 for ice, which corresponds to an electromagnetic wave speed of 1.689 10% m s™'.

2.2. Ice Surface Elevation, Bed Topography and Flow Velocity

We used the ice surface elevation, bed topography, and ice surface flow velocity data to explore the englacial
features in the radar data, using the ice surface and subglacial topography signatures. Ice surface topography was
obtained from the Reference Elevation Model of Antarctica (REMA) digital elevation model (DEM) and
resampled to a resolution of 8 m (Howat et al., 2019). Based on the surface DEM we created a hillshade to detect
the imprint of subglacial channels in the ice surface. For bed topography, we use BedMachine Antarctica v3
(Morlighem et al., 2020) with a resolution of 500 m. In addition, we used the Antarctic-wide ice surface flow
velocity product from Mouginot et al. (2019) to calculate the advection time and distance of ice surface features.

2.3. Subglacial Hydrology Modeling

We applied subglacial hydrological modeling in the drainage basin feeding into RBIS to explore the linkage
between subglacial water and the features in our RES and remote sensing data. We used the MPI parallel version
of the Confined-Unconfined Aquifer System model (CUAS-MPI; Beyer et al., 2018; Fischler et al., 2023), which
can represent the physics of a distributed and channelized subglacial hydrological system over a large area and in
high temporal resolution. The model uses a single-layer equivalent porous medium approach, which solves a two-
dimensional Darcy-type groundwater flow equation, accounting for spatially and temporally evolving hydraulic
transmissivity and taking into account both confined and unconfined aquifer conditions (Beyer et al., 2018;
Fischler et al., 2023). The model adopts the classical channel equations (Nye, 1976; Rothlisberger, 1972) as in de
Fleurian et al. (2016) and cavity opening (Kamb, 1987; Walder, 1986) as in Werder et al. (2013) to evolve the
effective transmissivity. For further details see Supplementary Text S1 in Supporting Information S1.

In addition, we applied the CiDRE (Cordial Drainage Routing Engine) model (Beyer, 2020) to generate sub-
glacial water propagation pathways and flow accumulation based on the hydropotential (Shreve, 1972) and
subglacial water routing following the methods outlined by Schwanghart and Kuhn (2010). To account for un-
certainties in the input data sets (e.g., ice thickness and ice surface elevation), we follow Neckel et al. (2021) and
consider the uncertainty estimates of both data sets. The uncertainty limits were based on the information given by
the specific data sets and range from +2.4 m in ice surface elevation (Howat et al., 2019) and 10-1,000 m for ice
thickness (Morlighem et al., 2020). We conducted 1,000 calculations of subglacial routing pathways, adding a
random error to both input data sets within the uncertainty limits, and stacked the results to provide a compre-
hensive range of potential water routing pathways.

3. Results
3.1. Englacial Channels in Radar Data

Our UWB radar data from 2019 detected strong englacial reflections in the vicinity of the grounding zone at the
RBIS (Figure 1). Upstream of the grounding zone they appear as cone-shaped events with pronounced point-like
reflections at their apex, which reoccur systematically along the subglacial channels across individual radar
profiles (Figure 1c). At the grounding zone and on the ice shelf, we generally observe broader, step-like event
signatures following the reflection of the ice base.

These reflections are observed up to more than 5 km upstream of the grounding zone, within a similar distance
(traveltime) range in the radargrams. Therefore, we rule out that these could be off-nadir reflections from
seawater-filled channels on the ice shelf or at the grounding zone (Jeofry et al., 2018), as the radar's beam angle
does not permit to detect reflections from such a distance at angles up to three times larger as its beam angle of
~21° in sounding mode (Franke et al., 2022). Moreover, the off-nadir reflections would appear in a much higher
range in the nadir-projected signal in the radargrams (approximately at 3 km depth; see Supplementary Text S2 in
Supporting Information S1). It is possible that the reflections may consist of a more complex signal that includes
off-nadir reflections from the immediate vicinity within a few tens to hundred meters radius (Jacobel et al., 2014).
However, the recurring signal along the radar profiles at similar locations and similar range suggests that this is an
englacial reflector on the grounded part of the ice sheet, extending parallel to the flow direction.
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Based on their spatial positioning and geometrical attributes within the radargrams, we categorize these re-
flections into coherent features designated as subglacial channels (CH1-CHS). Three of these subglacial channels
(CH3-CH5) were reported in previous surveys (Drews et al., 2017). We consider two possible configurations for
these channels that could produce the observed reflections: (a) they are water-filled cavities, several hundred
meters high and a few tens to hundreds of meters wide, similar to those observed by Whiteford et al. (2022);
Horgan et al. (2023); Fox (2023) at the Kamb Ice Stream and potentially filled with sedimentary material (Drews
et al., 2017); (b) they are smaller subglacial channels that have a vertical crevasse on their upper side (Vaughan
et al., 2012).

The UWB profile at the grounding zone from 2019 overlaps with an EMR profile acquired in 2011 (Figure 2). A
detailed comparison shows that the size and shape of some of these cavities have changed close to the limits of the
radar resolution. Two additional smaller channel signatures between CH4 and CHS5 are evident in the 2011 EMR
profile but not visible in the 2019 UWB profile. Most importantly, CH2 is completely absent in the 2011 EMR
profile (Figures 2c and 2d). In the UWB data, the cavity of CH2 is vertically incised by about 190 m with respect
to the surrounding ice-sheet bed reflection.

The subglacial channels exhibit variations in both spatial extent and radar backscattering characteristics. On the
grounded part near the grounding zone, some channels (CH3-5 in profile 20190106_01_004) exhibit gaps in the
basal reflection. Further upstream, however, a continuous basal reflection is observed, which could be explained
by the channels becoming narrower and the radar return additionally being influenced by side reflections. The
westernmost channel (CH1) appears solely at the grounding zone and on the ice shelf and has the lowest height
above the surrounding ice-sheet base. Channels CH3, CH4, and CHS are distinctly observable on the shelf and
extend up to approximately 10 km upstream of the grounding zone in our UWB data set. The height of CH4
exhibits a gradual increase with advection across the grounding zone, whereas CH3 and CH5 remain above 200 m
height (Supplementary Figure S2 in Supporting Information S1). For these three channels, we also observe an
increase in return power with decreasing distance toward the grounding zone. CH2 is clearly visible in the two
northernmost profiles (at the grounding zone and on the ice shelf). Its radar signature upstream of the grounding
zone is less distinct and weaker compared to the other channels, therefore we speculate if the reflection could
present the tip of a vertical crevasse (Vaughan et al., 2012) above a smaller subglacial conduit. Furthermore, CH2
is the only channel identifiable in the southernmost radar profile.

In addition to radar reflections from the subglacial channels, a distinct layer-like englacial reflector is located at
the eastern edge of the profiles. This reflection does not follow the bed topography and does not exhibit a
resemblance to the signatures of CH1-5. Instead, it resembles the shape of an anticline, with a wavelength of
~5 km and an elevation of roughly ~300 m and could be an indication of large-scale englacial folding providing
insights into the mechanical properties of the ice (Zhang et al., 2024). However, this reflection is not apparent in
the radar profile on the ice shelf.

3.2. Channel Imprint on the Ice-Shelf Surface

Downstream of the grounding zone, we observe typically elongated surface troughs on the ice shelf in alignment
with the flow direction, which coincide with the locations of identified subglacial channels in the radar data. These
troughs start at the grounding zone for CH1, CH3, CH4, and CHS5 and some of these surface features exhibit
deviations from flowlines discussed elsewhere (Alley et al., 2024; Drews et al., 2020). However, CH2 presents a
different pattern: its surface depression is nearly absent up to approximately 10 km downstream of the grounding
zone (Figure 2e). Moreover, the location where the surface trough becomes clearly visible corresponds to a
deeper, topographically confined elliptical depression. This depression was investigated previously and tenta-
tively interpreted as an englacial lake (Berger et al., 2017), advected from the grounding zone area (Supple-
mentary Figure S3 in Supporting Information S1) where surface melting frequently occurs (Lenaerts et al., 2017).

3.3. Subglacial Hydrology Modeling

The CUAS-MPI simulations (Supplementary Figures S4 a—S4d in Supporting Information S1) lead to a small
band close to the grounding zone with low effective pressure (N = pice — Pwaer & 0 MPa) that is primarily
caused by the applied ocean boundary condition. In this band, the high effective transmissivity (Teff > 1m? s‘l)
would allow for efficient water transport. Since the water input into the model originates from geothermal heat
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Figure 2. Temporal changes of englacial features near the grounding zone. (a) EMR Profile acquired in 2011 (profile 20113139), (b) UWB Profile acquired in 2019
(profile 20190106_01_004). Magnified views on englacial features at CH2 in the EMR and UWB profile are shown in (c) and (d). (¢) Map view of ice-shelf surface
features at locations where channels were detected in the radar data. The grounding zone (Mouginot et al., 2017) in (e) is indicated as a white band.

flux and basal friction, this input increases downstream due to faster ice flow and is largest in an area of thick ice
that is grounded well below sea level (see —500 m bed elevation contour in Supplementary Figure S4 in Sup-
porting Information S1). High water input in addition to high effective transmissivity then leads to high subglacial
water flux toward the grounding zone that concentrates in the regions where we observe subglacial channels
(Figure 3a). Considering solely the gradient of the hydropotential (which does not provide information on flow
rates and water flow in channels), we note that at CH1, CH2, and CH3, the subglacial water precisely converges
toward the detected channels (Figure 3b).
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4. Discussion
4.1. Temporal Dynamics of Subglacial Channel Activity

Our radar data documents five subglacial channels on the grounded ice sheet, intruding into the ice sheet and
laterally extending into the Roi Baudoin Ice Shelf. Based on the available information, we cannot definitively
determine whether the observed features are (a) completely water-filled cavities (Horgan et al., 2023; Whiteford
et al., 2022) potentially filled with sediment (Drews et al., 2017), (b) smaller subglacial channels with vertical
crevasses (Vaughan et al., 2012), or a combination of these possibilities. However, the combination of our radar
observations, subglacial hydrological modeling, and features on the ice shelf, we consider it most likely that these
are cavities probably filled with ocean water mixed with subglacial outflow.

The increase in size of the incision with decreasing distance to the grounding line remains consistent with ob-
servations at the grounding zone of the Kamb Ice Stream (Whiteford et al., 2022). Nonetheless, we note that the
ice dynamic and topographic environment at the grounding zone of the Kamb Ice Stream is different from the
setting at RBIS. However, so far little is known about temporal changes in subglacial channel activity. The
geometry of the ice directly above the channels does not present a coherent pattern, as it appears as a mix of ridges,
valleys, or flat topography (Figure 1¢). Given our limited knowledge of the force balance within the channels and
the fact that the channels seem relatively narrow (a few tens to hundreds of meters and thinning upstream),
combined with the likelihood of a temporally varying water supply system and interactions with the ocean, a
valley in the ice surface above the channels should not necessarily be expected.

Broadly speaking the locations of CH3-5 have remained stable in the time interval (2011-2019) given by our
repeat radar transects, although some changes in the geometry of the ice-shelf cavity are evident. The stable
locations are in line with the ice-shelf channel lineations further seawards, which appear near parallel to ice-shelf
flow lines for hundreds of years of ice advection. CH2 (which was not evident in the 2011 EMR radar transect) has
a distinctly different pattern in this regard because the corresponding ice-shelf channel extends far in the ice shelf
but is disconnected to the contemporary grounding zone. This distance gap corresponds to approximately 60 years
of ice advection.

We define “activity” in the sense that subglacial water is transported from the ice-sheet interior toward the
grounding zone, creating Rothlisberger channels in a high-pressure system (Rothlisberger, 1972), potentially also
combined with Nye channels (Nye, 1957), where it interacts with ocean water that primarily deepens and sustains
the subglacial channel, and causes basal melting of the ice shelf in the direction of ice flow (Le Brocq et al., 2013;
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a (1) Situation before ~ 1960: b (2) Situation at ~ 1960:
A subglacial channel was active and Shutdown of upstream water supply causing

maintains an ice-shelf surface depression
starting at the grounding zone (GZ).

the channel to collapse. At the grounding zone
a circular depression forms due to the
collaps at the glacier base.

2. Subsidence on
the ice shelf

(3) Situation between ~ 1960 and < 2011: d
The subglacial channel is inactive and the (4) Situation between 2011 and 2019:
surface lake advects downflow. Also, no
channel-like surface depression evolves.

A subglacial channel upstream of the
grounding zone evolves at the same location
(reactivation). Corresponding surface
depressions will evolve in the future.

Figure 4. Sketch of the temporal evolution of subglacial channel activity at CH2 based on ice-surface and radar-feature interpretation.

Marsh et al., 2016; Rignot & Steffen, 2008). As soon as the combination of the water pressure, flux, and the
contribution of ocean water can no longer maintain the subglacial channels open, the basal melting on the un-
derside of the ice shelf also ceases, and with it, the basal channel signature at the ice shelf's surface (Alley
et al., 2016).

Based on the radar and ice surface features associated with CH2 (Figure 2), we hypothesize the following
temporal evolution scenario (summarized in Figure 4). (a) Subglacial channel CH2 was active many hundreds of
years prior to ~ 1960 C.E. based on the current flow field and the trough extent on the ice shelf. Considering that
we observe a clear ice surface trough up to a distance of ~5-10 km from the grounding zone along ice flow, the
advection time corresponds to approximately 60 years with the present-day flow field. (b) The channel was
deactivated around 1960 (60 years before the ice surface DEM date). We hypothesize that a substantial change of
the subglacial characteristics caused a lowering at the ice surface and infill of supraglacial meltwater in a circular
depression at the ice-shelf surface (Figure 2e). (c) As we observe no englacial reflection in our 2011 EMR data
(Figure 2c), we suggest that the subglacial channel at CH2 remained inactive at least until 2011, that is, water flow
and ocean water intrusion were too low to result in sufficiently high melt rates to cause incision of the channel into
the ice-sheet base. (d) Between 2011 and 2019, the inland channel system of CH2 was reactivated, which we infer
from characteristic englacial reflection in the 2019 UWB data (Figure 2d).

4.2. Potential Channel De- and Re-Activation Mechanisms

Our observations suggest that the subglacial hydrological system influences the subglacial channel location, and
combined with direct interaction with the ocean, acts as the driving force behind the subglacial channels both on
the grounded side as well as at the ice-shelf base. This is supported by our subglacial hydrological modeling and
observations at other Antarctic grounding zones (Alley et al., 2016; Whiteford et al., 2022) and general modeling
approaches (Lu & Kingslake, 2024). The system controls the location and melt rates at the ice underside on the
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grounded channel as well as the melt rates of the plume. We consider two fundamental mechanisms that can lead
to episodic changes in subglacial water supply at the same location:

If the subglacial hydrological system further upstream could predominantly be characterized as a distributed
system, small changes in ice sheet geometry (top and base) will cause a shift in subglacial water flow. The water
supply would thus follow the gradient of the hydropotential, which is most sensitive to gradients of the ice surface
elevation. Possible explanations for changes in ice surface on timescales of less than 100 years could include
changes in spatial snow accumulation patterns, changes in drainage geometry, or intense basal melting, resulting
in relative lowering or raising of the ice surface or erosional and depositional sedimentary processes at the ice-
sheet base. However, a mere relocation of water flow in the order required to make the ice-shelf imprints of CH2
disappear would have likely required another outlet feature to appear in the nearby environment.

Another possibility that could induce changes in channel activity is spatially fixed but temporary changes in water
supply due to the filling and draining of subglacial lakes. Active subglacial lakes in this region have not been
identified so far, but a large number of subglacial lakes and their network likely remain undiscovered (Neckel
et al., 2021), with recent discoveries also made in this Antarctic sector (Arthur et al., 2024). The filling and
draining of a subglacial lake would modulate melt rates and could thus explain the cessation and reactivation of
subglacial channels at the same location.

The shutdown of subglacial channels near the grounding zone suggests a rapid and extensive change in the steady-
state interaction between subglacial and ocean water. This could potentially have been caused by a subglacial
flood (Marsh et al., 2016), resulting in extreme local melting and subsequent cessation of subglacial water supply.
The consequences of such floods have recently been documented in a channel cavity on the Kamb ice stream
(Kim et al., 2016; Whiteford et al., 2022). Especially in the context of the reactivation of the CH2 system, we
consider substantial activity of a subglacial lake as reservoir for the subglacial water supply on time scales of
decades instead of an overall shift in the subglacial hydrological system as more plausible.

4.3. Significance for the Antarctic Ice-Shelf System

The flow of substantial volumes of freshwater from subglacial hydrological channels into ice-shelf cavities has
been demonstrated to play a crucial role in basal melting of ice shelves at the grounding zone (Dow et al., 2022;
Wei et al., 2020). Subglacial water flux from the inland alone cannot create and sustain the observed hundred-
meters high subglacial channels observed here. Nonetheless, we find strong indications, that it impacts the
initiation and evolution of basal channels, in turn affecting ice-shelf stability, and the occurrence of calving events
(Dow et al., 2018). Moreover, subglacial channels imprint changes in ocean and atmospheric forcings at the ice-
shelf surface (Alley et al., 2024; Drews et al., 2020). Our observation of the transient behavior of channels up-
stream of and at the grounding zone over timescales of decades makes it even more challenging to project their
impact on Antarctica's ice-shelf systems in the future and their contribution to the vulnerability to grounding zone
retreat (Chartrand et al., 2024; Lu & Kingslake, 2024; Rignot et al., 2024). It highlights the need for fully coupled
ice-sheet-hydrology simulations as (re-)activation of channels can trigger ocean plumes at the grounding zone,
and their deactivation can also cease or weaken the interaction with the ocean. Such processes thus also influence
ice-shelf thinning and thickening and the interaction of the ice shelf with pinning points (Berger et al., 2017;
Whiteford et al., 2022).

5. Conclusions

Subglacial signatures from repeated radar measurements and morphological features on the ice-shelf surface near
the grounding zone between the West Ragnhild Glacier and Roi Baudouin Ice Shelf in East Antarctica reveal
temporal changes in the subglacial hydrological system. We inferred that subglacial channels can shut down and
reactivate at the same location around the grounding zones within decades, indicating an interaction between
subglacial water supply and ocean water intrusion undergoing episodic phases of activity and shut down. These
are potentially more likely linked to the filling and draining of subglacial lakes than the relocation of water routing
due to ice-sheet geometry changes, as well as changes in ocean plumes, although we do not have evidence which
process prevails and causes the temporal change. Variability on such short timescales has not been observed in
this region before, providing new insights into the transient nature of the subglacial system around the grounding
zone of the Antarctic Ice Sheet, which profoundly affects ice-shelf—ocean processes. A better understanding of
these temporal changes in the hydrological system incorporating lake drainage mechanisms is necessary to
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