& > Summary
Supercooled Southern Ocean Waters

Key points:

* Potential and in-situ supercooling occurs in large parts of the Southern Ocean
seasonal sea-ice zone (Argo, MEOP, and ship-board observations)

* Deep coastal supercooling from below 100 m to the ocean bottom is associated
with melting ice shelves and dense shelf water formation

* Shallow supercooling is associated with sea-ice formation and can penetrate as
deep as the permanent pycnocline
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Definitions of potential and in-situ supercooling

SOCCOM profile off the continental shelf: Ship-based measurement in Terra-Nova Bay
® Potential supercooling (blue 71.34° S, 16.§§ W; 5 June, 2019 during PIPERS: 74.97 . S, 164.03° E; 11 May, 2017
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Hydrographic data from the
Southern Ocean south of 55°S
over the period 1972 to 2020

All: 309,387 profiles
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MEOP: 196,268 profiles
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Data uncertainty (T, S, P):

Argo 10.002°C, £0.01 PSU, £2.4 dbar
MEOP £0.02°C, £0.03 PSU, %3 dbar
CTD 0.002°C, £0.002 PSU, %3 dbar




Potential and in-situ supercooling < [& D>
Potential supercooling: 5.8% In-situ supercooling: 2.6%
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e 5.8% of all profiles (10.4% if uncertainties are ignored)
e 2.6% of all profiles (5.9% if uncertainties are ignored)




Two different types of supercooled profiles <& >

Salinity [PSU] Salinity [PSU]
35).6 33.8 340 342 344 346 361.0 34.2 34.4 34.6 34.8
: : ’ : : T I ...__MI:E_)
50l 47 N o ) 100777~ B N A 1 __ Potential temperature
_- c._._._._._.g _________ R |5 ........ | - (0 dbar)
; ; ; : 200p----- o B G YEROEIng Surface-referenced
10o0tMLD i N g : —— (0 dbar) freezing point
_ i 300 oo i N | temperature
£ . | | £ | i i Potential supercooling
=, onlyenochine /i N p= s s s - lnsi
£ 150F i e R — Vo | - - - In-situ temperature
@ 0] ' ' __ In-situ freezing point
0 ; | ; | ool A N |~ temperature
7]0]0]| ISR SRRURO SO0 SRR S A — . 5 5 5 In-situ supercooling
E E E E 600\ _________________ _______________ | Salinity
_Vertical mean
250 oo 00 : mixed-layer depth
’ ’ ’ ’ T N 1 Vertical mean
J s | permanent pycnocline

300 i i i i 800 . i
-1.92 -1.90 -1.88 -1.86 -1.84 -1.82 -2.00 -190 -180 -1.70 -1.60 @ ®
Temperature [°C] Temperature [°C]




Sinking plumes of supercooled seawater from sea-ice formation

-1.85¢
-2.001
-2.157
-2.311
-2.46

-2.621

In-situ freezing point temperature [°C]

South

Supercooled sinking plumes could locally account for
a large portion of the subsurface heat loss
They could also be an important process for the vertical
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Dense and buoyant ice-shelf water along the continental shelf
Expanding previous picture of the occurrence of Ice-Shelf Water from
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Seasonal cycle of supercooling omom
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— “Sea-ice” potentially supercooled profiles
— "Ice-shelf” potentially supercooled profiles | ¢ Sea-ice potentially supercooled profiles approximately follows
— gea—!ce a;e:,tc[:"hange with a slight delay the seasonal cycle of sea-ice growth and decay
ea-ice gro e The seasonal cycle of ice-shelf supercooled profiles peaks at the
Sea-ice melt
end of the austral summer




Conclusions and implications

e Potential and in-situ supercooling occurs in large parts of the Southern Ocean

seasonal sea-ice zone
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* Deep coastal supercooling from below 100 m to the ocean bottom is associated with melting
ice shelves and dense shelf water formation

* Shallow supercooling is associated with sea-ice formation and can penetrate as deep as the

permanent pycnocline

“Sea-ice” supercooling could
be an important process for
extracting heat from deeper
layers and for the vertical
transport of salt, carbon,
oxygen, and nutrients
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