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Understanding Ocean
Variabllity

Using OGCMs and satellite data to understand the
Atlantic meridional overturning circulation
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The global overturning circulation GEOMAR -

e Geeat Ocean Conveyor Belt

Large-scale circulation in the Atlantic
(cold and warm flows)

Schematics by Broecker/Deacon, Lumpkin, Boning and Scheinert # wermnourz
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The global overturning circulation GEOMAR -

Mesoscale variability in the Atlantic Large-scale circulation in the Atlantic
(from satellite altimetry) (cold and warm flows)

Schematics by Boning and Scheinert # weLmnovrz
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The Agulhas Current System 1

...and its embedding in the large-scale circulation
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The Agulhas Current System
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Goodhope Line

Agulhas leakage =
Amount of Agulhas Current
entering the South Atlantic
(~15 Sv in upper 1000 m)
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Modelling the Agulhas Current System
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The Oceanic Mesoscale GEOMAR

Sea surface height (SSH) of modelled ]
and observed for 1 July 2000 R
AVISO SSH data : gridded product )
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Verification through Sea Surface Height GEOMAR

SSH s.t.d. [cm]

Caution: different
scales for absolute

Time-mean SSH [cm] .. '

-
-

Observed SSH (AVISO) Modelled SSH (INALTO01)

Biastoch et al. (2015) # weLmnovrz
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Large-scale impact from the Agulhas System: \&
wave processes GEOMAR
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AMOC response due to Agulhas mesoscale  Atlantic meridional overturning circulation (AMOC)

Biastoch et al. (2008), Weijer et al. (2002) # newmnovrz
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Large-scale impact from the Agulhas System: \&
wave and advective processes GEOMAR
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Biastoch et al. (2008), Weijer et al. (2002) a veLmnour
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Increase of Agulhas leakage in the past decades = GEOMAR
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Modeled increase in Agulhas leakage

(Agulhas transport crossing GoodHope section)

Biastoch et al. (2009), Durgadoo (2013)
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Increase of Agulhas leakage in the past decades = GEOMAR
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Southern Annular Mode (SAM) and
contributions to Agulhas leakage in a 1/12° model
Backeberg et al. (2012), Loveday et al. (2015) # weruwoLrz
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A 145-year long timeseries of
Agulhas leakage

Biastoch, Durgadoo, Morrison, van Sebille, Weljer, and
Griffies (Nature Commun., 2015)



§
R

Sea Surface Temperature and Agulhas leakage GEOMA
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Time-mean SST and SSH Linear SST trend (1965-2000) and SSH s.t.d.

Biastoch et al. (2015) # weLmnovrz
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High-resolution models to simulate \\)

Agulhas leakage GEOMAR

1/10° INALTO1 nested
ocean model with

CORE forcing Global coupled model CM 2.6 with

1/10° ocean and 50-km atmosphere/land

GFDL CM 2.6 Ocean Simulation

1/10° quasi-global
ocean model OFES
with NCEP/NCAR
forcing

Biastoch et al. (2015) a ﬁ;;douc?g&
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Lagrangian quantification of Agulhas leakage GEOMAR
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Lagrangian particles (example Gr4v. 0160 0180 0200
trajectories) to quantify Agulhas leakage
Biastoch et al. (2015) # weLmnoLrz
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Correlation of Agulhas leakage and

Indian Ocean — Atlantic SST gradient
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Agulhas leakage

Correlation between Agulhas leakage and NST* in the high-resolution ocean
models INALTO1 and OFES, and SST in the coupled climate model CM 2.6

Biastoch et al. (2015)

* NST = near-surface temperature (~15 m)
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Correlation of Agulhas leakage and \K

Indian Ocean — Atlantic SST gradient GEOMAR
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Annual Agulhas leakage vs. SST/NST (Atlantic Ocean
minus Indian Ocean) for INALTO1, OFES and CM2.6

Biastoch et al. (2015) # weLmnoLrz
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A 145-year long historic time series of

Agulhas leakage GEOMAR
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Biastoch et al. (2015) 7 wermnoLrz
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Spreading of Agulhas leakage GEOMAR
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Riihs et al. (2013) # weLmnoLrz
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Import of heat and salt through Agulhas leakage GEOMAR
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Biastoch et al. (2015) 7 wermnoLrz
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Agulhas leakage and North Atlantic heat content GEOMAR
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Biastoch et al. (2015), Levitus et al. (2012)
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Current and future evolution of
Agulhas leakage




\

Agulhas leakage in the past decades GEOMAR

Indian
Ocean
area

Africa

Satellite

Schematic of vectors along satellite track used to
separate Indian Ocean from South Atlantic Current (SAC)

N AVISO SSH data: along-track data
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Mean and s.t.d. of SSH
in observations and model

Le Bars et al. (2014) # weLmnovrz
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Agulhas leakage in the past decades GEOMAR
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| ASSOCIATION



Agulhas leakage reconstructed from HadISST (Sv)
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GEOMAR

The strength of the global over-turning circulation
south of Africa, ‘Agulhas leakage’

is linked with Southern Hemisphere winds (SAM)
on decadal timescales

is lag-correlated with North Atlantic variability
(AMO) on multidecadal timescales (15 yrs lag)

Satellite data sets (SSH and SST):

* Model and observations decoupled because
of oceanic mesoscale

» SSH statistics used for verification

» Satellite record too short for decadal
timescales - combination with in situ data
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