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1 Freshwater Transport
The Antarctic Coastal Current and the Ross Gyre (Figure 3b in the main
manuscript) carry some freshwater westwards from the Amundsen-Bellinghausen
Sea into the Ross Sea, adding to the freshwater that enters the Ross Sea directly
at the ice shelf front. The sea ice response in the Ross Sea is therefore a re-
sponse to additional freshwater from the Ross Ice Shelf and from the Amundsen-
Bellinghausen Sea. Sea ice in the Amundsen-Bellinghausen Sea responds to a
freshwater forcing representing meltwater from the ice shelf front, minus the por-
tion that is transported into the Ross Sea. This explains why there is a greater
sea ice response in the Ross Sea than in the Amundsen-Bellinghausen Sea (Fig-
ure 5b, c in the main manuscript), despite a greater volume of freshwater en-
tering the Amundsen-Bellinghausen Sea (Figure 4b, c in the main manuscript).
Figure S1 shows the eastward freshwater transport for a line of constant lon-
gitude at 130° W, which separates the Amundsen-Bellinghausen and Ross Seas
(see Figure 3a in the main manuscript), averaged over the final 30 years of the
simulations. The freshwater transport was calculated by considering the ocean
mass transport across the boundary and removing the portion accounted for by
salt following Wijfels et al. 1992: freshwater transport = ocean mass transport
× [1 - salinity / 1000], where ocean mass transport and freshwater transport
are in kg /s and salinity is in ppt. In all the simulations, freshwater close to the
Antarctic coast is transported westwards from the Amundsen-Bellinghausen Sea
into the Ross Sea. The transport shifts to an easterly transport further north
from the coast and strengthens as the flow quickens with the Antarctic Circum-
polar Current. Freshwater transport between the Amundsen-Bellinghausen and
Ross Sea is higher in FW than in PIControl close to the Antarctic coast, re-
flecting the higher volume of freshwater entering the Amundsen-Bellinghausen
Sea from ice shelf melt in FW. In FWCO2, freshwater close to the Antarctic
coast is still transported west from the Amundsen-Bellinghausen Sea into the
Ross Sea, but the transport is weaker than in PIControl, despite the higher
volume of fresh water in FWCO2. This reflects changes to ocean transport that
are attributable to increasing CO2 in CO2, which are only slightly offset by the
increased volume of freshwater in FWCO2.

S1. Vertically integrated eastward freshwater volume transport between the
Amundsen-Bellinghausen Sea (ABS) and the Ross Sea (RS), averaged over the
final 30 years of the simulations.
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2 Seasonal Cycle Plot
The mean seasonal cycle for sea ice volume for the final 30 years of all simula-
tions.

S2. Shading shows +/- one standard deviation.

3 Zonal Mean Density Anomaly Plot

S3. (a) Zonal mean density in PIControl. (b)-(d) Zonal mean density anomaly
for the final 30 years of: (b) CO2, (c) FW, and (d) FWCO2.
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4 Surface Salinity Anomaly Plot
Changes in surface salinity attributable to increasing CO2 are not greatly af-
fected by the increasing freshwater fluxes and in general, surface salinity changes
in CO2 and FWCO2 are similar except at high southern latitudes, where the
effect of the freshwater forcing on SSS is greatest (Figure S4). Freshening at
very high latitudes in FWCO2 is slightly greater than the sum of the freshening
in FW and CO2, illustrating that the effects of the two forcings do not always
combine linearly.

Surface salinity is partly regulated by sea ice. Where additional freshwater
drives increased sea ice formation, the freshening effect is offset by brine rejec-
tion associated with sea ice formation. In FW, there is therefore less surface
freshening at very high latitudes than may occur in the absence of sea ice. In
FWCO2 there is less sea ice than in FW and therefore a stronger direct surface
freshening from the additional freshwater at very high latitudes.

Surface freshening at slightly lower latitudes, where the sea ice melts, may be
expected to be higher in FW than in FWCO2 since there is more sea ice to melt
in FW. However, at the end of the simulations, not all iceberg mass has melted
and higher temperatures in FWCO2 mean that the persisting iceberg mass is less
in FWCO2 than in FW. Another effect of the reduced sea ice cover in FWCO2,
relative to FW, is an increase in precipitation reaching (and freshening) the
surface ocean, and this is compounded by increases in precipitation itself that
are driven by increasing CO2 levels. Surface freshening from iceberg melt and
precipitation is therefore greater in FWCO2 than in FW, but surface freshening
from sea ice melt is higher in FW. These competing effects seem to largely
balance each other so that the surface freshening at the latitudes where sea
ice melts is similar in FW and FWCO2. Note that freshening effects at these
slightly lower latitudes (beyond the maximum sea ice extent) are weaker than at
very high latitudes where the freshwater input is more spatially concentrated.
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S4. (a) Mean sea surface salinity (SSS) in PIControl. (b)-(d) SSS anomaly,
averaged over the final 30 years of: (b) CO2, (c) FW, and (d) FWCO2. Stippling
marks anomalies not significant at the 95% confidence level (using a student’s
t-test for related samples).
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