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The Southern Ocean is
central to ocean
ventilation

~43% of anthropogenic
carbon and ~75% of
excess heat uptake by the
ocean has entered the
ocean south of 30°S.

Frolicher et al. (2015)



N? anomaly (107 s79)

The Southern Ocean is increasingly stratified

Li et al. (2020)
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At the basin scale, stratification constrains future heat
and carbon uptake
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See also Newsom et al. (2023)
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Hewitt et al. (2022)

How do these
basin-wide
changes translate
to the ocean’s fine
scale?
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Ventilation at fine scales
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Ventilation at fine scales
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Ventilation at fine scales
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Ventilation at fine scales
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Fine scales may
be important for
carbon and heat
budgets across
the Southern
Ocean



Previous studies project that fine-scale ventilation
decreases in an increasingly stratified world

"Present day”’ ‘Future”
Viscous

Jan Apr

Brett et al. (2023)

See also Richards et al. (2021)



What are the mechanisms by which tracers ventilate at
fine scales?

How will changing ocean stratification impact fine-scale
ventilation?

Where do we go from here?
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Isopychnal slope is a
function of both
vertical density
gradient (b ) and
lateral buoyancy

gradient (b )
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depth [m]

We test different stratification regimes to observe
changes to ventilation

Decreased stratification Baseline Increased stratification
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What are the mechanisms by which tracers move from

the surface to the interior ocean?
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Think of tracers as a “dye’ - or pink phytoplankton
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The surface (10m) is highly energetic and tracer is rapidly
shaped by the small-scale flow
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The surface (10m) is highly energetic and tracer is rapidly
shaped by the small-scale flow

Tracer
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Tracers are punctuated to depth (350m) at the edges of eddies
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tracer concentration at depth

MLD: mixed layer depth
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When water subducts from the mixed layer, its "height” reduces

surface front

Adapted from Spall (1995)
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When water subducts from the mixed layer, its "height” reduces

|+
hy

surface front

Adapted from Spall (1995)
If the height of the parcel changes, the

G _f+G relative vorticity must change to

ho conserve PV.

Specifically, if h decreases, { decreases.
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Subduction occurs at steeply
sloping density surfaces and
anticyclones are the physical
subsurface signature of this
subduction
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How will changing ocean stratification impact ventilation?



How will changing ocean stratification impact ventilation?
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Greater
downward
flux
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Greater
downward
flux
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Decreased
stratification
leads to
enhanced
downward flux
of surface
tracer

But tracer flux
doesn't
decrease with
increasing
stratification!
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Average tracer flux [mol m=2 day~!]
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Average tracer flux [mol m=2 day~!]
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Strongly anticyclonic features
dominate downward fluxes
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Decreased stratification: more
ventilation via fine scales

Increased stratification: no change
in ventilation via fine scales
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Previous understanding: New understanding:

"Present day” “Future” Changes in ventilation are non-linear
SAlidd Viscous with changes in stratification
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Present-day ACC density
structure may represent some
kind of “inflection point”







How is the ACC's slope rea

and fres
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To our best knowledge,
the ACC’s isopycnal tilt is
staying constant (but
opinions vary!)
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Boning et al. (2008)



How do we parameterize fine-scale ventilation processes?

Ocean resolution of global models

S i ! Fine-scale ventilation
: may be of O(1)
V Hesoe s e importance for tracer
: . e - budgets, but is not
P | omesees e represented in most
climate models.

Year

Hewitt et al. (2022)



What about carbon and biogeochemistry?

Seasonal )
Multi-annual

Southern Ocean
Chlorophyll variance
explained on different
timescales

What plankton species are
being subducted and how
does changing stratification

Increased Impact carbon storage?
importance of

il fine-scale

= processes to
= ‘explaining”
" Chlorophyll

Sub-seasonal

Levy et al. (2024); see also Prend et al. (2022)
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The Antarctic Circumpolar Current is a dynamical barrier
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We test cases where the initial isopycnal slope is
constant and where it varies
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We test cases where the initial isopycnal slope is
constant and where it varies
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We test cases where the initial isopycnal slope is
constant and where it varies
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We test cases where the initial isopycnal slope is
constant and \x/here It varies

. Constant horizontal
Adapted horizontal buoyancy gradient (b,)
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Conversion of
potential
energy to

kinetic energy
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Greater
downward
flux

Average tracer flux [mol m~2 day~!]

Southern Ocean
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Average tracer flux [mol m=2 day~!]

Number of points where Ro < -0.5
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The number of strongly anticyclonic
features increases in decreased
stratification conditions.

However, there is not a change in
the number of subduction-relevant
features in increasing stratification
conditions
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Anticyclonic features which

typically have low internal
stratification are a key
physical signature of recent
ventilation

Figure by Maggie
Gonzalez
Brown Leadership
Alliance REU student
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