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Outline

Water-masses / THC in the Southern
Ocean

Climate change impacts?
— Via wind-forced mechanisms

— Via freshwater perturbations
Tipping points for the Southern Ocean?

Conclusions



Southern Ocean water-masses
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Antarctic water masses dominate
the oceanic interior
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The Southern Ocean Is a major
sink of atmospheric CO,

Anthropogenic COy Column Inventory (mol m-2)




Climate change appears to be buffered by the Southern Ocean THC
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We know that surface fluxes are
changing over the Southern Ocean

Total trends Congruent with SAM
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Modes of interannual to multi-century water-mass
variability in the Southern Ocean
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Observations of temperature at intermediate depths
show a warming at high latitudes and a cooling at
mid-latitudes of the Southern Ocean over the last 50
years (e.g. Bindoff and Church, 1994; Gille 2002,
Wong et al., 1999 ...).

Figure 3 from Gille, S. T., 2002.
Warming of the Southern Ocean
since the 1950s. Science, 295,
1275-1277.

Temperature trends between
700 and 1100 m depth from
ALACE floats.




Role of the poleward shift in subpolar westerly winds?

Oke and England [2004, J Clim]
Zonal mean zonal wind stress:
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Implications for the observed cooling at intermediate depths

50-year temperature change at 900 m depth
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Composite properties during years of
high salinity WSSW

An imprint
of the Southern
Annular Mode

Santoso and England (2008) JPO, in press



Link from SH climate modes to
Southern Ocean water masses?

Sea IeveI pressure anomaly (hPa)
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Regression of the Southern Annular Mode onto
sea surface temperature
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Southern Annular Mode

60°S 40"3 20°s

>cloud cover.
rASITIE )

Subs [nin,r

Antarctica Boundary
layer
Ekman
layer
o | Baratropic
— flow
<«— Weak
:J' return flow |
60°S 40°S 20°s
Sen Gupta & England, el i el
J. Climate, 2006 Surface heat flux, Ekman transport and MLD

changes act in concert to produce SST changes



So....

e The Southern Annular Mode forces an

annular response In ocean circulation and
SST

« The SST response Is significant due to a
conspiring of ocean circulation (dynamic)
and air-sea heat fluxes (thermodynamic)

e This favours enhanced meridional SST
gradients that should act to re-enforce the
Intensification of the SWW'’s



DOES THE OCEAN MATTER FOR THE SAM??

Autocorrelation of the SAM index in model experiments
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Fig. 3. Autocorrelation of SAM index for fully coupled integrations: PD (continuous
thick red) and PI (continuous black) and prescribed ocean/ice integrations: AL_obs,
AL_climo and A_climo (dotted lines). Thin red lines represent PI -4 experiments. 95%
confidence intervals are also shown (horizontal lines — lower line for coupled 200yr
experiments). (sam_index.ncl)



Impacts of freshwater flux changes?
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Does the Southern Ocean THC exhibit
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FW flux (atmosphere) FW ﬂ“(‘mhm}

Southern Ocean Equator North Atlantic

Trevena, Sijp & England, 2008



(a) FWSD (150 years) sat (b) FWSU (4000 years) sat
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Southern Ocean THC response
to sea-ice melt
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... consistent with findings that Antarctic sea-ice Is

“difficult” to melt back in coupled climate models

(Richardson et al. 2005, Goosse and Fichefet, 2006,
Aiken and England, 2008)
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Negative feedback loop stabilises the system:

enhanced air sea heat loss
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Southern Ocean THC response to land-ice melt

AABW Formation (Sv)

AABW

Transport (Sv)

—
in
=

130

ACC

—
L —
o o

Transport (Sv)

Sea-lce

— s —r . —t—aa—_n]

Change (%)

Aiken and England (2008)

MADW Formation (Sv)

NADW

Transport (Sv)

50 100 150 200 250 300 350 400
Time (years)



Conclusions....

« Changes In the Southern Annular Mode
likely to have a major impact on Southern
Ocean water mass properties

* FW perturbations will also have an impact
but may be reversible wrt the THC cells on
century time-scales

o Carbon cycle feedbacks perhaps pose
largest risk for “Tipping Points”
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Global map of the average annual exchange CO, flux (mol-C m* al) across the sea
surface. Reprinted from: Takahashi T. ot al., Net sea-air CO, flux over the global
oceans, Proceedings 2°¢ International Symposium CO, in the Oceans. CGER-1037-°99,
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(b) Sensible heat flux

(a) Net surface heat flux
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(d) Net radiative flux

(c) Latent heat flux
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Antarctic Bottom Water

Representation of AABW Overturning variability linked
formation and outflow to surface buoyancy

by Antarctic overturning anomalies

(a) Global meridional overturning
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Role of the poleward shift in subpolar westerly winds?

Oke and England [2004, J Clim]
Zonal mean zonal wind stress:
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Circumpolar Deep Water
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