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Supplementary Figure 1. (a) 2013-2018 mean ocean surface stress curl, smoothed by a Gaussian
spatial filter with 2◦ radius. (b) Correlation coefficient between the gyre strength, defined as the
mean value of the barotropic streamfunction within the −8 Sverdrup contour, and ocean surface
stress curl in each grid cell. In both panels the green contour marks the mean gyre boundary
and black contours denote sea level pressure. The dashed black box marks the region with high
correlations (i.e. the region that most strongly forces the gyre). The ocean surface stress curl
averaged over this box is presented in Fig. 2a and 6b.
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Supplementary Figure 2. (a) Monthly time series of gyre strength (blue) and area (black), defined
as the mean value of the barotropic streamfunction and area enclosed by the −8 Sverdrup contour,
respectively. (b) Monthly time series of Amundsen Sea Low central pressure (green), and latitude
(yellow) from reanalysis data1.

Supplementary Figure 3. 2018 minus 2014 sea ice concentration (i.e. negative values mean less
sea ice in 2018 compared to 2014). Black contours mark bathymetry in 1000 m intervals and
magenta lines denote the Polar Front (PF) and Southern Boundary of the Antarctic Circumpolar
Current (SBdy)2.
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Supplementary Figure 4. Advective heat transports, defined relative to 0◦C, through the (a) west,
(b) east, (c) north, and (d) south faces of the offshore heat reservoir (i.e. yellow box in Fig. 6a)
for 2014 (blue) and 2018 (red). A positive heat transport is defined as into the box regardless of
direction. Error bars denote the standard error.
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Supplementary Figure 5. (a) 100 randomly selected trajectories for particles released at the
continental slope in the Ross (blue) and Amundsen (orange) and run backwards with the full model
velocity fields for a 6-year integration time (for comparison with the looped velocity cases in Fig.
4). Underlying shading denotes bathymetry and black lines mark the 1000 m isobath, Polar Front
(PF) and Southern Boundary of the Antarctic Circumpolar Current (SBdy)2.
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Supplementary Figure 6. Meridional heat transport, defined relative to 0◦C, through the release
transect (130 to 135◦W at 67◦S) for the two end-member years (solid) and calculated transports
assuming that only velocities vary between the two years (dotted). (b) Same as (a) except dotted
lines now show the calculated transports assuming that only temperatures vary between the two
years. In both panels, a negative transport is southward.
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Supplementary Figure 7. 500 randomly selected trajectories for particles released at 600 m along
a transect that extends from 130 to 135◦W at 67◦S and advected by the full model velocity fields
for a 6-year integration time (for comparison with the looped velocity cases in Fig. 5). Underly-
ing shading denotes bathymetry and black lines mark the 1000 m isobath, Polar Front (PF) and
Southern Boundary of the Antarctic Circumpolar Current (SBdy)2.

Supplementary Figure 8. Time series of gyre strength based on defining the gyre boundary using
five different contours of the barotropic streamfunction. Gyre strength is taken to be the mean
of the streamfunction within that contour, so the transport values will necessarily differ for each
threshold. However, here we are primarily interested in the gyre’s temporal variations, which are
highly correlated for all threshold values (r>0.98).
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Supplementary Figure 9. (a) 2013-2018 mean depth of the γn = 27.9 kg m−3 neutral density
surface in winter. (b) Difference between the isopycnal depth and the depth of the winter mixed-
layer. In other words, regions that are blue (e.g. in the central gyre) are where the isopycnal
outcrops into the mixed-layer in winter. In both panels, the green contour represents the mean gyre
boundary. Gray lines in (b) mark bathymetry in 1000 m intervals.
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Supplementary Figure 10. Map of the annual mean temperature anomaly (relative to the 2013-
2018 mean) on the γn = 28.0 kg m−3 surface for (a) 2014 and (b) 2018, reflecting the contracted
and expanded gyre states, respectively. In both panels, the green contour represents the mean gyre
boundary for that year, while black contours mark bathymetry in 1000 m intervals. In other words,
the same as Fig. 3a,c but for a denser isopcynal.
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Supplementary Figure 11. (a) Map legend showing schematized version of the circulation (green
arrows) and the location of the larger transect that extends from 125 to 140◦W at 66◦S. (b) Cumula-
tive heat transport across this transect in the 400 to 1400 m layer plotted as a function of longitude
for the two end-member years, 2014 (blue) and 2018 (red).
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