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Abstract Adélie-George V Land in East Antarctica, encompassing the vast Wilkes Subglacial Basin, has

a configuration that could be prone to ice sheet instability: the basin's retrograde bed slope could make its
marine terminating glaciers vulnerable to warm seawater intrusion and irreversible retreat under predicted
climate forcing. However, future projections are uncertain, due in part to limited subglacial observations near
the grounding zone. Here, we develop a novel statistical approach to characterize subglacial conditions from
radar sounding observations. Our method reveals intermixed frozen and thawed bed within 100 km of the
grounding-zone near the Wilkes Subglacial Basin outflow, and enables comparisons to ice sheet model-inferred
thermal states. The signs of intermixed or near thawed conditions raises the possibility that changes in

basal thermal state could impact the stability of Adélie-George V Land, adding to the region's potentially
vulnerable topographic configuration and sensitivity to ocean forcing driven grounding line retreat.

Plain Language Summary East Antarctica's Adélie-George V Land has been relatively stable over
the last few decades. However, this region contains the Wilkes Subglacial Basin, which has a downward-sloping
bed inland of the grounding zone. This could make irreversible retreat possible if warming seawater off the
coast enters beneath the ice sheet. However, predicting the region's vulnerability is difficult, in part, because
there is limited information about the conditions beneath the ice sheet. In this study, we develop a new
statistical approach to synthesize radar sounding data and classify the conditions at the ice-bed interface into
frozen-bed and thawed-bed, which can then provide comparisons to ice sheet model output. We find that areas
near the outflow of the Wilkes Subglacial Basin, critical in maintaining the stability of the region, might consist
of mixed frozen-bed and thawed-bed or near-thawed conditions on the scale of tens of kilometers across. This
finding is important since the extent of basal thaw affects how easily ice can flow or slide over the bed. If

parts of the bed are close to thawed, this could make Adélie-George V Land more sensitive to climate forcing,
possibly resulting in mass loss.

1. Introduction

Adélie-George V Land in East Antarctica is an often overlooked candidate for major sea level contributions
since it has experienced limited changes—roughly O Gt/yr mass balance over recent decades (Lovell et al., 2017;
Rignot et al., 2019; Stokes et al., 2022). However, due to its retrograde bed configuration, this region has the
potential to become a large source of East Antarctica mass loss if changing climate conditions bring warmer
seawater onto the continental shelf (J. R. Jordan et al., 2023) where it could access the grounding zone causing
irreversible retreat (Mengel & Levermann, 2014).

Wilkes Subglacial Basin holds most of the sea level rise potential of Adélie-George V Land. This broad, sedi-
mentary basin extends almost 1,400 km inland (Figure 1a) and contains ice up to 3 km thick (Figure 1b), equat-
ing to 3—4 m of sea-level equivalent (Aitken et al., 2014; Ferraccioli et al., 2009; E. Rignot et al., 2019). This
is similar in ice volume to the closely monitored Thwaites Glacier drainage basin in West Antarctica (Scambos
et al., 2017). Wilkes Subglacial Basin has outlets in Cook and Ninnis glaciers along the George V Land Coast
(Figures 1a—1d) (Rignot et al., 2011). Both glaciers have retrograde bed slopes (Morlighem et al., 2020) and are
grounded below sea level (Constantino & Tinto, 2023) making them candidates for Marine Ice Sheet Instability
(Merecer, 1978; Schoof, 2007). Furthermore, small volumes of ice, referred to as “ice plugs” (Figure 1d) could be
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Figure 1. (a) Bed topography of Adélie-George V Land from BedMachine (Morlighem, 2022) with the dashed outline
depicting the study area and labels indicating Wilkes Subglacial Basin (WSB) and Astrolabe Subglacial Basin (ASB), (b) Ice
thickness of Adélie-George V Land from BedMachine (Morlighem, 2022), (c) Airborne ice-penetrating radar survey coverage
in the Adélie-George V Land region, (d) Observed surface velocity from MEaSUREs InSAR-based Antarctic Version 2
velocity map (Mouginot et al., 2012; Rignot et al., 2011) with glacier locations labeled and the dotted line outlining ice

plugs adapted from Mengel and Levermann (2014) Figure 2. The study area (dashed line) is defined as the zone of the D-D’
region (The IMBIE team, 2018) that is within 100 km of fast flowing (>100 m/yr surface velocity) ice (following Dawson

et al. (2022)).

the deciding factor for the stability of the marine-based ice, where previous work shows that eliminating the plugs
results in self-sustaining retreat (Mengel & Levermann, 2014).

The ice shelves of Cook and Ninnis glaciers are currently in contact with relatively cold seawater (Adusumilli
et al., 2020; Thompson et al., 2018), however paleo-marine sediment core records show evidence of signifi-
cant retreat caused by warmer ocean temperatures in the past: during the Pliocene epoch ~4.8-3.5 mya, warm
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climatic intervals aligned with erosional evidence showing hundreds of kilometers of grounding line retreat
(Cook et al., 2013). Also, during Marine Isotope Stages 11, 9, and 5—approximately 400, 330, and 125 kya
respectively—geological evidence and sedimentology records show up to 700 km of retreat during interglacial
periods with warmer Southern Ocean temperatures and elevated global mean sea level (Blackburn et al., 2020;
Crotti et al., 2022). More recent satellite altimetry records between 1973 and 1989 capture the near complete
breakup of Cook West Ice Shelf and upstream thinning 33 + 12 cm/yr (Schroder et al., 2019), following oceanic
warming in the middle of the 20th century. Collectively, this provides evidence that the Adélie-George V Coast
grounding zone responds dynamically to sufficiently large climate and ocean perturbations.

Beneath the ice sheet, subglacial conditions also modulate ice flow in the Adélie-George V region. A 20062007
subglacial lake flood event in Wilkes Subglacial Basin has been linked to ice velocity increases of Cook East
(Miles et al., 2018). Similarly, the presence of multiple subglacial lakes in the Terre-Adélie section and in the
Astrolabe Subglacial Basin indicates basal ice at the pressure-melting point (Siegert & Glasser, 1997). Models
show basal thermal conditions ranging from frozen to thawed bed across Adélie-George V Land, but are poorly
constrained (Dawson et al., 2022; Pattyn, 2010; Wilch & Hughes, 2000). The basal thermal state is an important
constraint since frozen bed conditions inhibit basal sliding, while basal temperatures at, or close to, the pressure
melting point support the existence of subglacial water, basal sliding, and the formation of fast-flow of glaciers
and ice streams (Kleiner & Humbert, 2014; Kyrke-Smith et al., 2014). The basal thermal state can also transition
over time via thawing or refreezing (Engelhardt, 2004; Wilch & Hughes, 2000). While both basal thawing and
refreezing can modulate ice flow, recent analysis shows that the effect of thawing could lead to significantly
increased ice mass loss in Adélie-George V Land (Dawson et al., 2022). These findings suggest that the current
ice configuration of the region could be sensitive to changes in subglacial conditions.

Limited model projections for Adélie-George V Land combined with insufficient observational constraints on
the basal conditions along the coast, make it hard to accurately project the region's future evolution and potential
contribution to sea level rise. In this study, we use radar sounding data to provide a first observationally based
assessment of the englacial and subglacial configuration of the Adélie-George V Land coast (Figure 1). We
focus our assessment on areas of the D-D’ region (The IMBIE team, 2018) that are within 100 km of fast flow-
ing ice because of the risk that basal thawing poses there (Dawson et al., 2022). Then we apply a novel logistic
regression-based analytical approach based on the observed radar power to locate likely regions of frozen or
thawed bed, an approach that can enable linkages from observational analysis to needed model constraints.

2. Radar Sounding Methods and Results

Airborne radar sounding data provides powerful observational constraints on subglacial environments (e.g.,
Bingham & Siegert, 2007; Dowdeswell & Evans, 2004; MacGregor et al., 2015; Matsuoka, Pattyn, et al., 2012;
Schroeder et al., 2020). The radar signal energy encodes information about subglacial and englacial conditions,
including englacial temperature and the thermal, material, and hydrologic condition of the bed via reflectivity
and attenuation signals (Chu et al., 2021; MacGregor et al., 2015; Schroeder et al., 2020). As the radar signal
propagates through the ice, it experiences attenuation losses depending on variations in ice temperature and
chemistry, with higher attenuation rates through the warmer ice directly above the bed due to its exponential
relationship with temperature (Matsuoka, MacGregor, & Pattyn, 2012). While englacial attenuation is often
corrected for in radar analysis, it is also, itself, an indicator of temperature throughout the ice column with the
highest attenuation rates from temperate ice above the bed (Jordan et al., 2016; Matsuoka, Pattyn, et al., 2012;
Schroeder, et al., 2016). Additionally, the strength of the radar reflection from the ice-bed interface indicates the
subglacial environment (Christianson et al., 2016; Peters, 2005). The reflection intensity is often interpreted in
a relative sense and separated into two populations, where lower relative reflectivity indicates frozen dry bed
conditions while higher relative reflectivity indicates thawed wet bed conditions (e.g., Chu et al., 2018; Oswald
& Gogineni, 2012). Our study seeks to leverage these two temperature-dependent signals—depth average atten-
uation rate, and relative reflectivity—to empirically characterize the thermal state of the Adélie-George V coast.

2.1. Bed-Echo Power Extraction From Radar Sounding Data Sets

The Adélie George V Land region was surveyed by three radar sounding campaigns: (a) the British Antarctic
Survey (BAS) Polarimetric radar Airborne Science Instrument (PASIN) with surveys spanning the 2005-2006
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Figure 2. (a) Example center point and attenuation fitting radius for the 2d adaptive attenuation method. (b) Variation in ice thickness and bed-echo power within the
example fitting radius. (c) Correlation coefficient from ice thickness and attenuation-corrected bed-echo power as a function of the attenuation rate for the example
center point. C; is the correlation coefficient magnitude without correction, C,, is the correlation coefficient magnitude at which the radiometric resolution requirement
is assessed, and C,, is the minimum correlation coefficient requirement, and identifies the attenuation rate fit (adapted from Schroeder et al. (2016)). (d) Map of
bed-echo derived depth averaged attenuation rates (processed with a radiometric resolution requirement of 1 dB/km) for Adélie-George V Land with a background
surface velocity map (Mouginot et al., 2012; Rignot et al., 2011) in gray scale, dotted outlines for the locations of ice plugs (Mengel & Levermann, 2014), and dashed
outline showing the study area. (¢) Corresponding relative reflectivity map. (f) Illustration showing relationship between radar attenuation rate and bed reflectivity, and
the basal thermal state.

austral summer (Ferraccioli et al., 2021), (b) the University of Texas Institute for Geophysics (UTIG) High
Capability Airborne Radar Sounder 1 and 2 (HiCARS) with surveys spanning the 2009-2011 austral summers
(Blankenship, Kempf, Young, Richter, Schroeder, Greenbaum, et al., 2017; Blankenship, Kempf, Young, Richter,
Schroeder, Ng, et al., 2017), and (c) the University of Kansas Center for Remote Sensing and Integrated Systems
(CReSIS) Multichannel Coherent Radar Depth Sounder 3 (MCoRDS) with surveys over the 2019 austral summer
(Hale et al., 2016). The surveys are shown in Figure 1c, and the radar system metrics are provided in Table S1 in
Supporting Information S1.

Our first step is to calculate the bed-echo power using the unfocussed Synthetic Aperture Radar (SAR) (Peters
et al., 2007) products from PASIN, HiCARS 1 and 2, and MCoRDS 3. This is done by extracting the peak power
within a moving window around the bed picks published with the radar surveys. Then we combine the bed-echo
power measurements from all surveys, following Chu et al. (2021) and Culberg et al. (2021), to reconcile radar
system differences with cross-leveling (Figure S1 in Supporting Information S1). This results in a data set with a
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total of ~800,000 bed-echo power measurements, ~35,000 of which fall within the Adélie-George V Coast study
area (see Figure 1c).

2.2. Attenuation Rate Calculation

Our study area has widely varying ice thickness and bed-echo power (example in Figures 2a and 2b) making our
region well suited for deriving englacial attenuation rates from bed-echo power following the adaptive empirical
fitting approach developed in 1D by Schroeder et al. (2016) and extended to 2D cross-profile analysis by Chu
et al. (2021). The strength of this method is its ability to constrain spatial variations in englacial temperature at
the glacier-catchment scale, captured in the depth average attenuation signal (Schroeder et al., 2016). However, to
accurately estimate the attenuation rate, this method requires that the survey region has sufficient variation in ice
thickness and bed-echo power within a fitting radius (Jacobel et al., 2010) (see Figures 2a and 2b).

Applying the 2D method, we select data points within an expanding radius (Figure 2a) until three goodness of
fit conditions are met: (a) the initial magnitude of the correlation coefficient between ice thickness and bed-echo
power is C;, > 0.7, (b) the minimum correlation, C,, < 0.01, and (c) the required radiometric resolution is achieved
at the width where the minimum is assessed, C,, = 0.1 (see Figure 2c), following Chu et al. (2021) and Schroeder
etal. (2016). We calculate attenuation rates using radiometric resolution requirements of both 1 dB/km and 2 dB/km
to explore the sensitivity of the attenuation estimates to the radiometric resolution of the radar sensors (Schroeder
etal., 2016). This attenuation fitting method is repeated for each data point in the study area, discarding points where

the fitting conditions are not satisfied (more on the method in Text S1 and Figure S2 in Supporting Information S1).

2.3. Relative Reflectivity Calculation

Finally, we calculate bed reflectivity using the radar equation, which is expressed in the decibel scale as
(Matsuoka, MacGregor, & Pattyn, 2012):

[Plag = [Slas —[Glas + [Rlag —[Llas —[Blas €))

where [P] ; is the measured bed-echo power, [S] ; is the system parameters (calculated following Chu et al., 2021),
[G], is the geometric spreading loss (calculated following Haynes et al., 2018), [R]; is the bed reflectivity, [L] g
is the englacial attenuation (calculated using methods in Section 2.2), and [B]j is birefringence losses, which we
neglect (Chu et al., 2021). We then calculate relative reflectivity, [R 1,5, as expressed in Equation 2:

[Rietlgp = [R]as —mean([R]a) 2)

where we subtract the local bed reflectivity, [R],g, from the mean over the study area.

2.4. Attenuation Rate and Relative Reflectivity Results

Our map of attenuation rates reveal variation across the Adélie-George V Land coast on the scale of tens of kilo-
meters (Figure 2d), while variation in relative reflectivity is finer scale (Figure 2e). The patterns are consistent
with heterogeneous basal thermal conditions (Christianson et al., 2016; Chu et al., 2018). Lower attenuation rates
and relative reflectivity values (~5 dB/km and —15—-—25 dB respectively, see Figures 2d and 2e) are generally
observed in the ice sheet interior and in slow moving areas between glaciers as expected for cold-dry-bed regions
(Matsuoka, MacGregor, & Pattyn, 2012). In contrast, the fast-flowing main trunks of Cook and Ninnis glaciers
have the highest attenuation rates (up to 25 dB/km) and relative reflectivity values (up to 30 dB), indicative of
thawed-wet-bed conditions. In between the ice sheet interior and margin and between fast flowing glaciers, we
find more intermediate attenuation rates and intermixed relative reflectivity values, leading to a more ambiguous
thermal state interpretation. Figure 2f illustrates the general attenuation rate and relative reflectivity pattens for
various basal thermal states.

3. Logistic Regression-Based Classification of the Basal Thermal State

To overcome the qualitative ambiguity in interpreting attenuation rate and relative reflectivity, we design a new
quantitative statistical framework. Our method uses binary logistic regression models (McCullagh & Nelder, 1989,
Ch 4) and the basal thermal signatures encoded in the radar data to predict the likelihood of a frozen or thawed
bed. Our study area contains patches of frozen and thawed bed to use as labeled training regions and we use the
radar derived attenuation rate, relative reflectivity, and ice thickness as predictors. We include ice thickness as
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a predictor to account for its potential impact on the relationship between attenuation rate and relative reflectiv-
ity. For any given measurement location, a trained logistic regression model takes the three predictors as input
and produces a prediction between 0 (frozen-bed) and 1 (thawed-bed). Then we linearly interpolate between all
measurement locations to generate a continuous prediction map and bin it into classifications of frozen or thawed.
Thermal state classifications from a single logistic regression model depend on the radar data used as predictors,
the regions chosen as labeled training data, and the thresholds chosen to bin the predictions into thermal state
classifications. We design a framework to be robust to these sensitivities.

Using a set of logistic regression models with different combinations of radar data processing and training data
labeling, our method is robust to uncertainty in data preprocessing and training regions (Figure 3a; Table S2 in
Supporting Information S1). With respect to data preprocessing, the strictest requirement is the radiometric reso-
lution in the 2d attenuation fitting method. We processed data with 1 dB/km radiometric resolution as described
in Section 2.2, and a more relaxed 2 dB/km (Figure S3 in Supporting Information S1 shows attenuation rates
and relative reflectivity from the 2 dB/km requirement). The relative reflectivity and attenuation rates from both
processing variations are used as predictors for logistic regression models. With respect to labeled training data,
we use observed surface velocities to identify the fastest flowing regions in the study area, constituting parts of
glaciers where basal sliding and a thawed bed is expected, and the slowest flowing regions constituting ice ridges
where a frozen bed is expected. To be robust, the training data is chosen using both strict and relaxed thresholds
for surface velocities. The strict thresholds are the fastest 10% and slowest 10% of surface velocities, while the
relaxed thresholds are the fastest 15% and slowest 15% of surface velocities (Figure S5 in Supporting Informa-
tion S1). We train logistic regression models with each combination of predictors and labeled data, resulting in
four models with subsequent predictions for all measurement locations (Figure 3a).

Next, we interpolate the predictions and apply both strict and relaxed bounds for binning the predictions into ther-
mal state classifications, yielding eight total realizations (Figure 3b). As a relaxed binning threshold, we use <0.4
to define frozen-bed and >0.6 to define thawed bed; for a stricter binning threshold, we use <0.3 and >0.7. Then,
the realizations are stacked to show the thermal state classifications and agreement across realizations (Figure 3c).

To assess performance, each logistic regression model is evaluated against a common validation set—a subset of
the labeled data omitted from training. The validation set assesses regression performance by comparing known
labels with predictions, with metrics provided in Table S4 in Supporting Information S1. Coefficients for each
predictor are also evaluated using maximum likelihood estimation to quantify their individual influence on the
likelihood of a frozen or thawed bed and each predictor has an influence within one order of magnitude of each
other, with relative reflectivity having the most influence in our study area (Figure S7 in Supporting Informa-
tion S1). Finally, running a p-test shows that, for all models, all three predictors are statistically significant for
predicting the basal thermal state, with p-values <0.05 (Table S5 in Supporting Information S1).

4. Discussion

Our synthesis of the basal thermal state shows interleaved frozen and thawed bed conditions on the order of tens of
kilometers, across the study area (Figure 3c). Agreement across more regression realizations represents higher confi-
dence thawed and frozen bed regions. High confidence thawed-bed predictions are found in parts of Cook Glacier,
Mertz Glacier, and other smaller glaciers along the Terre-Adélie coast (Figure 3c). There are also interspersed high
confidence frozen-bed patches west of Cook glacier, between Cook and Ninnis glaciers, and extending toward the
interior. However, a majority of the study area has either lower confidence classifications, overlapping classifica-
tions, or no classification (see Figure 3c), which also provides useful information about the basal thermal conditions.

There are multiple scenarios that could produce intermediate predictions (close to 0.5). This could come from
regions where the bed is near-thawed (Dawson et al., 2022; Mantelli & Schoof, 2019) or intermixed frozen and
thawed-bed patches below the resolution of the radar observations (Chu et al., 2018). Alternatively, predictions
near 0.5 could be from unclear attenuation rates, relative reflectivity, or ice thickness, resulting from unresolved
ice sheet geometry, radar processing, or insufficient observations. Distinguishing between these scenarios will
require ancillary information about the basal conditions in the lower confidence regions to update parameter
ranges in labeling, radiometric resolution, and thresholding to refine classifications.

If the lower confidence classifications are interpreted as near thawed or intermixed frozen and thawed bed patches,
this has implications for the stability of George V Land. The ice plugs—regions that have been previously iden-
tified as critical in maintaining the stability of Wilkes Subglacial Basin (Mengel & Levermann, 2014)—show
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Figure 3. (a) Maps showing basal thermal state predictions along the radar lines from logistic regression models using different combinations of labeling and radar
processing. (b) Central four maps display the entire study area's thermal state classifications from contouring the radar line predictions; eight realization maps reveal
frozen-bed and thawed-bed classifications post-thresholding. (c) An aggregated map of frozen-bed and thawed-bed classifications (blue vs. red) displays agreement

across eight realizations (shading from light to dark). The dotted outline indicates ice plug locations and dashed outline shows the study area.
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low-to-high confidence thawed bed classifications. This transitions to low-to-high confidence frozen bed classi-
fications inland of the ice plugs (see Figure 3c). While some of the ice plug area intersects with labeled training
regions (Figure S5 in Supporting Information S1) limiting the interpretability within those areas, heterogene-
ous or near-thawed basal thermal conditions could imply sensitivity thawing leading to ice mass loss (Dawson
et al., 2022). This risk makes it pertinent to further investigate if the ice plugs could experience basal thawing,
such as via warm seawater intrusion or increased frictional heating.

Our basal thermal state analysis is also comparable to ice sheet model output. While our framework outputs
binary classifications and ice sheet models use discrete temperature fields, the classifications offer observational
validation for model temperatures that are at, near, or below the pressure melting point (Figure 4). For example,
most of the model-inferred thermal states (Dawson et al., 2022; Seroussi et al., 2020) also show near thawed to
thawed conditions in the ice plug regions (Figure 4). However, the model-inferred thermal states tend to have
larger extents of thawed-bed conditions extending inland of the ice plugs. This could mean that the processing,
labeling, and thresholding bounds we use in our framework are overly cautious and more of the radar-inferred low
confidence thawed bed regions would be classified as high confidence with tighter bounds. It is also possible
that the discrepancy between radar observations and ice sheet modeling reveals a modeling bias inland of the ice
plugs. The spread in model results can partially be attributed to different model initialization procedures, simula-
tion purposes, and resolutions (Dawson et al., 2022; Seroussi et al., 2020), but should nonetheless be investigated
to improve understanding of the thermal state.

More broadly, our analysis highlights the need for robust measurements of basal conditions that are useable for
constraining ice sheet models. In thermally complex regions like the Adélie-George V Coast, resolving the subgla-
cial and englacial thermal state matters for accurately projecting mass loss and sea level rise (Dawson et al., 2022).
However, observations of the basal thermal state have not existed at the domain size and resolution needed to
constrain ice sheet models. Our radar-derived thermal state classifications provide advancements toward bridging this
gap. While our study area is a relatively small region, ongoing efforts to combine and increase radar-sounding data
coverage of Antarctica could make constraints across a larger scale or even ice-sheet wide viable. Bringing observa-
tions to the point that they provide useable model constraints is key to enabling further ice sheet model development.

Beyond data and model development, information can be gained from using existing ice sheet model simulations
and observations in unison. Observationally derived thermal state classifications can serve as a benchmark to
assess large scale model-inferred conditions or perhaps even the ability of smaller scale physics-based models
to capture thermo-mechanical processes (Mantelli et al., 2019). Additionally, sensitivity experiments comparing
initialization procedures (Reese et al., 2020) and boundary conditions (Seroussi et al., 2017), or ensemble runs
(Pittard et al., 2022; Pollard et al., 2016) could be expanded further using existing models.

Our logistic regression framework was developed to be applicable across a wide range of regions and scientific
applications. To produce meaningful binary classifications, preexisting knowledge is needed for defining a subset
of labeled data for training that is large enough to capture the statistical relationship between the input data and
output predictions. The geophysical data sets used as predictors should be evaluated in terms of their statistical
significance and individual influences on the predictions. It is also important to make sure the classes are balanced
in quantity within the training set. With this is mind, the framework could be applied to other regions with similar
conditions to distinguish frozen and thawed bed patches, though choosing bounds for processing, labeling, and
thresholding would need to be updated for the new region. The framework could also be applied to focused data
(Heliere et al., 2007; Peters et al., 2007) or other types of ice penetrating radar data (Schlegel et al., 2023), or
used to classify other subglacial environments including grounding zone locations or subglacial lake detection.
Additionally, the framework's ability to assess uncertainty could be further exploited, either by tracing individual
influences from subsampling existing surveys or adding synthetic data. Uncertainty quantification could identify
valuable regions for further geophysical surveying and accommodate future advancements in instrumentation and
processing approaches (Broome et al., 2021; Hills et al., 2020).

5. Conclusions

In this analysis, we present new observationally derived constraints on the basal thermal conditions along the
Adélie-George V Land coast along with levels of confidence in the thermal state classifications assigned by our
logistic regression framework. We find a range of basal conditions including high confidence thawed-bed patches
beneath fast flowing glaciers and high confidence frozen-bed along ice divides. Most notably, near the outlets of
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Figure 4. (a) Predicted basal thermal state along the George V Coastline from aggregating logistic regression realizations.
(b) Pressure adjusted basal temperature derived using ISSM from Dawson et al. (2022). (c—f) Pressure adjusted basal
temperatures from a subset of ice flow model output from the ISMIP6 control experiments (Seroussi et al., 2020).

DAWSON ET AL.

9of 12

d ‘T FTOT "LO0SKH61

:sdny woxy papeoy

QSUDOIT SUOWWO)) dANEAI) d[qeorjdde ayy £q pauIaA0S a1e sa[onIE V() oSN JO SINI 10§ AIRIqIT QUI[UQ AS[IA\ UO (SUOTIIPUOD-PUL-SULIA) W0 AS[IM"AIRIqI[dUT[UO//:sd))T) SUONIPUO)) PUB SULId I, 3} 39S [$Z0T/H0/€0] U0 A1eiqi auruQ A[IA\ ‘ANSIOATUN PIOJURIS AQ OSHSOTTOET0T/6TO1 01/10p/W0d" KI[Im.



A7oN |
MN\\JI
ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters 10.1029/2023GL105450

Acknowledgments

E.D. was supported by the NSF GRFP
under Grant DGE-1656518. D.M.S was
supported by NASA Grant NNX16AJ95G
and the NSF Grant 1745137. H.S.

was supported by a grant from

NASA Cryospheric Science Program
(80NSSC22K0383). E.M. is Funded/
Co-funded by the European Union (ERC,
PHAST, project number 01076793).
Views and opinions expressed are those
of the authors and do not necessarily
reflect those of the European Union or
the European Research Council. We
acknowledge the use of data repositories
from CReSIS, UTIG and BAS. We thank
Riley Culberg for providing resources and
advice on the radar processing analysis
and Stuart Farris for offering helpful
discussion. We also gratefully acknowl-
edge the comments and advice from
Editor Harihar Rajaram, as well as Ben
Hills and an anonymous reviewer.

the Cook and Ninnis glaciers and extending inland, our results show lower confidence thawed-bed and frozen-
bed classifications. This could represent highly intermixed frozen-bed and thawed-bed patches or an intermediate
state that is frozen but close to thawing. Our basal thermal state classifications have the benefit of being compa-
rable to thermal states inferred from ice sheet models, which show varying near thawed or intermixed frozen and
thawed conditions. A heterogenous basal thermal state has the potential to be more sensitive to future climate
forcing and just a small increase in basal temperatures could result in more thawed-bed regions, thereby acceler-
ating ice flow and mass loss from Adélie-George V Land. Our evidence for especially heterogenous basal ther-
mal conditions adds to previous findings that the region could be sensitive to the removal of ice plugs (Mengel
& Levermann, 2014; Miles et al., 2018), ocean forcing driven grounding line retreat (J. R. Jordan et al., 2023),
and basal thermal state (Dawson et al., 2022). Taken together, these components will likely determine how the
Adélie-George V region responds to changes in the climate system.

Data Availability Statement

The processed data and logistic regression analysis results from this study are available on Zenodo (Dawson, 2023).
The SAR processed radar sounding data sets used by this study are all freely downloadable from their respec-
tive sources. MCoRDS data can be downloaded from the CReSIS website (CReSIS, 2021). HICARS data can
be downloaded from the National Snow and Ice Data Center archive (Blankenship, Kempf, Young, Richter,
Schroeder, Greenbaum, et al., 2017; Blankenship, Kempf, Young, Richter, Schroeder, Ng, et al., 2017), and
can be searched and visualized on the Operation IceBridge Data Portal by filtering for the IceBridge HICARS
1 L1B Time-Tagged Echo Strength Profiles VOO1 and IceBridge HICARS 2 L1B Time-Tagged Echo Strength
Profiles VOO1 surveys from 2009 to 2011 that cover the Adélie-George V Land study area. The PASIN data is the
WISE-ISODYN survey (Ferraccioli et al., 2021), which can be accessed through the Airborne Geophysics Data
Portal. The bed topography and ice thickness maps are available on the National Snow and Ice Data Center under
MEaSUREs BedMachine Antarctica, Version 3 (Morlighem, 2022) and the MEaSUREs InSAR-based Antarctic
Version 2 velocity map (Mouginot et al., 2012; Rignot et al., 2011; E. J. Rignot et al., 2017). The thermal model
output from Dawson et al. (2022) can be accessed through Zenodo (Dawson, 2022), and the ISMIP6 thermal
model output is also available on Zenodo (Seroussi, 2019).
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