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North Atlantic Ocean
Thermocline circulation (0-1000 m depth)
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r just below the surface layer is also shown (gray dashed).

Mediterranean Sea



South Atlantic Ocean
Thermocline circulation (0-1000 m depth)
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Who drives these currents?
What is the forcing field driving these currents?



Who drives these currents?
What is the forcing field driving these currents?

The wind



Atlantic Ocean
Wind Forcing

Westerlies Trade winds

Equatorward winds:
Upwelling-favorable
winds
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Wind-stress curl multiplied by -1 in the
Southern hemisphere



Munk (1950):
Currents driven by the wind in baroclinic ocean
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Munk (1950):
Currents driven by the wind in baroclinic ocean
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Ocean Circulation-Thermocline layers




Deep-layers (2000-4000 m depth)



eep-layers (2000-4000 m depth

DWBC




What is the forcing field for the Deep
circulation?



What is the forcing field for the Deep
circulation?

The buoyancy



Atlantic Ocean
Buovyancy Forcing

Buoyancy forcing = Heat flux + freshwater flux

freshwater flux = Evaporation — (Precipitation + river runoff)



Atlantic Ocean
Heat Flux

Loss region:
Nordic Seas
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Atlantic Ocean
Freshwater Flux (E-P-runoff)

Net
precipitation

Net Precipitation
associated with
Intertropical
Convergence
Zone (ITCZ)

Net
Evaporation — -
in the

subtropics '

In the Atlantic Ocean, ' - -40

E>P compared to the
Pacific Ocean. Then,
the salinity in the
Atlantic is higher
than in the Pacific.




Atlantic Ocean
Buoyancy flux




Deep Circulation

SLW  Surface Layer Water North Atlantic Deep Water

SAMW Subantarctic Mode Water AAIW  Antarctic Intermediate Water
RSW  Red Sea Water LSW' Labrador Sea Water

AABW Antarctic Bottom Water IODW Indian Ocean Deep Water
PDW  Pacific Deep Water BIW  Banda Intermediate Water

ACCS  Antarctic Circumpolar Current System NIIW  Northwest Indian Intermediate Water
CDW  Circumpolar Deep Water

Talley et al. (2011)



What is the effect of the buoyancy?
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What is it supposed to happen in a warmer
atmosphere due to tl”e chmate change?
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North Atlantic Circulation
Subtropical Circulation

* The subtropical western boundary current: The Gulf Stream System
and the North Atlantic Circulation

* The subtropical eastern boundary current systems: The Canary
Current System and the Portugal Canary System

* The northern boundary: The Azores Current
* The southern boundary: the North Equatorial Current
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How is the ocean study?

Atlantic Ocean (7.5°N = 24.5°N)
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Oceanographic Vessels




Instruments - Rosette
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Instruments - CID

Electronic
Conductivity,
Temperature Conductivity,
and Pressure Temperature

and Pressure
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Subtropical Gyre Subtropical Gyre

Vertical sections: Atlantic Ocean
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The Gulf Stream and the Florida Current

Gulf Stream extension

Cape Hatteras

......

Gulf Stream: ~ 100 Sv

e

Lotitude (N)

Florida Current: ~ 30 Sv
Between Florida and
Bahamas

9° 85° 8o° 75° 70°



How is the beginning of the GS?
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FIGURE 9.1 Atlantic Ocean surface circulation schematics. (a) North Atlantic and (b) South Atlantic; the eastward EUC
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The Caribbean Sea
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The Caribbean Sea

Acumulated Mass Transport
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FIGURE 9.1 Atlantic Ocean surface circulation schematics. (a) North Atlantic and (b) South Atlantic; the eastward EUC
along the equator just below the surface layer is also shown (gray dashed).
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Antilles Current

Meridional Velocity in the Western Boundary Current system east of Abaco . .
Highly variable current

from the surface to

/ — o ~1000m depth

Transports: -15 to 25 Sv
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Figure 4. Structure of the time-averaged western boundary current system east of Abaco out to an
offshore distance of 625 km. Mooring and instrument locations indicate where time-averaged
meridional velocities (cm s~ ') have been estimated to provide the basis for the contoured section.

Bryden et al. (2005)



Florida Current
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Transport [Sv]

Florida Current
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Mean transport: 32 Sv with a seasonal and interannual variability of 2-3 Sv

Baringer and Larsen, 2001



Gulf Stream
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Gulf Stream at Cape Hatteras
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Gulf Stream
- It extends to the ocean botoom with a high

barotropic component

- Width < 100 km
- Mass transport ~90 Sv (fed by a westward flow

from the Sargasso Sea and the recirculation gyre)

Deep Western Boundary Current



Latitude

Gulf Stream:

Gulf Stream DownStream
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Recirculation of the Gulf Stream
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FIGURE 9.1 Atlantic Ocean surface circulation schematics. (a) North Atlantic and (b) South Atlantic; the eastward EUC
along the equator just below the surface layer is also shown (gray dashed).

It is just south of the Gulf
Stream.

With the Gulf Stream, it
forms the recirculation gyre
also called Worthington
Gyre.

The recirculation of the Gulf
Stream was predicted by
Munk (1950).

It turns eastward to join the
westward flow of the NEC
and AC.

The entire recirculation form
the “C-shape” of the surface

gyre.



Slope Water Current
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- Westward flow

- Together with the Gulf
Stream form an elongated
cyclonic gyre called
Northern Recirculation Gyre

- The wind stress curl drives
upwelling

- The westward current is also
fed by the Labrador Current
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FIGURE 9.1 Atlantic Ocean surface circulation schematics. (a) North Atlantic and (b) South Atlantic; the eastward EUC
along the equator just below the surface layer is also shown (gray dashed).



Split of the Gulf Stream
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FIGURE 9.1 Atlantic Ocean surface circulation schematics. (a) North Atlantic and (b) South Atlantic; the eastward EUC
along the equator just below the surface layer is also shown (gray dashed).



Azores
Countercurrent
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The Canary and Portugal Current
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The Canary Current

The Canary Current

I Jis Recirculation of the
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Mean and seasonal variability of the Canary Current

Machin et al. (2006)



Mean transports of the Canary Current
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Seasonal transports of the Canary Current
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Transport in the Lanzarote Passage
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Transport in the Lanzarote Passage

NACW: -0.81+1.48Sv
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Transport in the Lanzarote Passage
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Latitude
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The eastern Subtropical Gyre of the North
Atlantic Ocean
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