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1 Introduction

In this supplementary material, we provide in Section 2 a description of how sim-

ulated heat transports were calculated along with a Table (Table S1) of net heat trans-

ports across the seven Getz cavity openings. Movie S1 shows the modeled circulation

of warm water beneath the different parts of the Getz Ice shelf. In section 3, we also pro-

vide figures that highlight the geometry of the three cases considered in the ocean model

simulations (Figure S1, S3), and the simulated ocean properties along the ice shelf front

in those three cases (Figures S4 to S6). Figure S2 represent the differential interferograms

showing the retreat of Berry Glacier. Figure S7 is a model-data comparison using the

2007 dataset of Jacobs et al. (2013). Figure S8 illustrates a section for DeVicq Glacier

(similar to Figure 1).
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2 Heat transport

The net heat transport across the seven openings of the Getz Ice Shelf cavity is com-

puted from the model outputs according to the equation:

ρ0 cp

∫∫
uh

(
T − T fr

0

)
· dS, (1)

where ρ0 = 1028 kg m−3 is a reference density for seawater, cp = 4 × 103 J (kg K)−1

is the specific heat,
∫∫

dS is a surface integral for an opening of the ice shelf cavity, uh

is the modeled horizontal velocity (with uh·dS defined positive when exiting the cav-

ity), T is the modeled temperature of seawater, T fr
0 is a constant representative of the

freezing temperature of seawater, and T−T fr
0 represents the heat available in a water

parcel for basal melting. The calculation uses T fr
0 = −1.85◦C as in Jourdain et al. (2017)

so that the cold Winter Water (characterized by T ≈ −1.85◦C and occupying the up-

per 350 m of the Amundsen Sea (e.g., Sherrell et al., 2015)) is associated with a heat of

zero and thus does not contribute to the transport of heat. Similarly, the surface inte-

gral in Equation 1 runs from the ice shelf draft (positioned at a depth of 200–300 m) to

the seabed so that the shallow summer surface layer (warmed by sunlight) does not con-

tribute to the transport of heat. Equation 1 thus represents the heat transport (in Watts)

associated with modified Circumpolar Deep Water crossing the openings of the ice shelf

cavity, and allows us to quantify the contribution of each opening. The heat transport

is computed from the daily-averaged outputs of Cases I–III (see Methods) and then temporally-

averaged over the years 2006–2008.
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Table S1. Simulated net heat transports across the seven Getz cavity ice front openings (av-

erage of years 2006–2008). The values are negative for a net heat inflow to the cavity. Openings

with significant inflows (< −1 TW) are bolded. 1 TW = 1012 Watts.

Openings Case I Case II Case III

(from east to west) TW TW TW

Martin-Wright −0.38 −0.35 −0.25

Wright-Duncan 0.52 0.86 −0.20

Duncan-Carney 0.16 0 0

Carney-Siple 0.46 0.44 0.36

Siple-Dean −2.94 −2.91 −1.59

Dean-Grant 3.42 3.45 −0.12

Grant-Western edge −4.08 −4.06 −0.39

Sum −2.83 −2.57 −2.19
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Movie S1. (file video cdw cases123.mp4): The video shows a numerical Eulerian tracer

(”dye”) tracking warm sub-surface water within the model domain (units: parts per thou-

sand (ppt)). The tracer is conservative (it has no sinks) and is advected/diffused by the

modeled circulation. The tracer has no effect on the model’s prognostic variables and

is only used to illustrate the horizontal pathways of warm water. The tracer has an ini-

tial concentration (on January 1, 2006) of zero ppt on the continental shelf. The con-

centration is 1000 ppt off of the shelf and at the model’s open boundaries where the sub-

surface potential temperature is greater than 0.7◦C. The tracer is three-dimensional and

the video specifically represents the maximum concentration on the vertical at each hor-

izontal point (i.e., the core of the tracer field). The three cases depicted in the video are

described in section the Data and Methods section of the manuscript. For best results,

the video should be downloaded and played on a local device.

3 Figures
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Figure S1. Geometry used in the simulations with the ocean model. (a,d) Case I: Seabed

from the new bathymetry and ice shelf draft from BedMachine. (b,e) Case II: Seabed from the

new bathymetry and ice shelf draft of RTopo-2. (c,f) Case III: Seabed and ice shelf draft of

RTopo-2. Gaps in case III corresponds to water column of less than 15 m. The black and red

curves represent the front and grounding line of BedMachine Antarctica (respectively).
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Figure S2. Differential interferogram over Berry Glacier obtained from Sentinel-1 satellite

imagery using a repeat cycle of six days (Acquisition time of pair 1: 2018-08-14 and 2018-08-20,

Acquisition time of pair 2: 2018-08-26 and 2018-09-01). The 2018 grounding line is delineated

in dark blue. The 1996 grounding line is delineated in red and was obtained from pairs of ERS

SAR images (Acquisition time of pair 1: 1996-02-08 and 1996-02-09, Acquisition time of pair 2:

1996-03-14 and 1996-03-15). The background is an amplitude image from Sentinel-1 scene from

2018-08-04 on grey color scale. The inset map shows the position of the interferogram.
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Figure S3. Map of the Getz Ice Shelf front with the distance along the ice shelf front labeled

in kilometers (red). This distance corresponds to the horizontal axes of Figures S4-S6.
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Figure S4. Modeled ocean properties along the ice shelf front of the Getz Ice Shelf in Case I

(new bathymetry from gravity and ice shelf draft from BedMachine Antarctica). Results show an

average of years 2006–2008. (a) Temperature above the in situ freezing temperature, (c) salinity,

(e) velocity (positive out of the cavity). (b,d,f) Same as a,c,e but from observations collected in

2007 (figures modified from Jacobs et al. (2013)). The scales in (a) and (b) are in Kelvin rather

than ◦C to emphasize that temperature is referenced to the in situ seawater freezing point.

White dashed lines show the surface-referenced 27.47 potential density anomaly. White dotted

line represent the ice shelf front.
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Figure S5. Same as Figure S4 but for Case II (new bathymetry from gravity and ice shelf

draft from RTopo-2). (a,b) Temperature above the in situ freezing temperature, (c,d) salinity,

(e,f) velocity (positive out of the cavity).
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Figure S6. Same as Figure S4 but for Case III (bathymetry and ice shelf draft from RTopo-2).

(a,b) Temperature above the in situ freezing temperature, (c,d) salinity, (e,f) velocity (positive

out of the cavity). In a,c,e, the white gap near the sea floor is due to the fact that the model

bathymetry of Case III is shallower than in Cases I–II.
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Figure S7. Model-data comparison for temperature and salinity using the 2007

dataset of Jacobs et al. (2013). The model results are from Case I and are averaged

over years 2006–2008. The cruise data were obtained from World Ocean Database

(https://www.nodc.noaa.gov/OC5/WOD/pr wod.html) and cover the period Feb.,18, 2007 to

March 18, 2007 (austral summer/spring). Casts collected west of Dotson Ice Shelf (i.e., west of

114◦W) were selected and divided into two groups: casts from the shelf break and continental

shelf (north of 73.8◦S; 78 casts), and casts near the Getz Ice Shelf front (i.e., south of 73.8◦S, 60

casts; note that these numbers include both upcasts and downcasts). The modeled temperature

and salinity were extracted from the grid cell positioned closest to each cast. (a) Observed (light

blue) and modeled (light red) temperature casts at the shelf break and on the continental shelf.

The average of the individual casts is represented with a thick dark blue line (observations) and

a thick dark red line (model). The black line is the average model bias. (b) Same as a, but for

salinity. (c) Same as a, but for the casts collected near the Getz Ice Shelf front. (d) Same as c,

but for salinity.

–11–



manuscript submitted to Geophysical Research Letters

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Distance (km)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Distance (km)

-1000

-500

0

500

1000

El
ev

at
io

n 
(m

)

Ice

Water

 Bed

IBCSO 
Bedmap2

This study

DeVicq gl.

RTopo-2

Water temperature (°C)

-1.5 -1 -0.5 0 0.5 1 1.5

Figure S8. Surface elevation along C-C’ (cf figure 1 for profile position) with bed elevation

from this study (black), BEDMAP-2 (red dotted line), and multibeam echo sounding (dashed

green) of DeVicq Glacier. Ice is light blue, seabed is light brown, and the ocean is shaded with

the water temperature from the 3D ocean model (average of years 2006-2008). The inversion

boundaries are shown as black triangles.
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