Physics of a Frozen Ocean
Measuring and modelling sea ice in supercool water
Sea ice is the skin of ice that
forms from ocean water when
it freezes. Freezing and melting
of Antarctic sea ice is spatially
the largest change to occur
annually in the oceans (Fig 1),
effectively doubling the size of
the continent in winter.
Highly-saline water rejected
during this process drives the
great ocean conveyor (Fig 2).
Ice shelves are a different type
of
ice.
They
form
when
the
Figure 1. Average summer (red) and winter (blue) sea ice
extent around Antarctica. Ice Shelves, which make up 44%
land-based ice sheet continues
of the coastline, are shown in grey.
flowing out over the ocean,
creating enormous platforms of floating ice. The largest of these is the
Ross Ice Shelf, which is roughly equivalent in size to France.

Figure 2. The global ocean conveyor, driven by dense waters created during
Antarctic sea ice formation, redistributes heat around the globe.
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We use observations and numerical modelling to explore mechanisms by
which an ice shelf cavity can increase the volume of sea ice formed. Using
the model helps to explain the origin of 75 m of supercooled water (Fig 4)
recently observed beneath the sea ice in McMurdo Sound, Antarctica.
Once released into the open ocean, this water can influence sea ice growth
patterns for up to 1000 km.
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Figure 3. Dense water from sea ice formation flows under the ice shelf,
can melt the base of the ice shelf, and emerge ‘supercooled’.
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Water flowing out from beneath the ice shelves (Fig 3) has been shown to
enhance sea ice growth by up to 20%, yet it is typically ignored in numerical
models of global climate. The ice shelves enhance sea ice because this
water can be 'supercooled' – i.e., colder than its freezing point – and is
therefore able to drive new ice formation.
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Figure 4. The influence of the adjacent ice shelf is evident in the
supercooled water (blue shades) beneath the sea ice cover, sustained to
75m over these 20 hours of continuous measurement.
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