Regionale Ozeanographie

10 — Subduktion und Warmwassersphare
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Fig. A2-10. Annual mean oxygen (mi/l) at 200 m. depth
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Schichtung im Ozean
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Ventilation des Ozeans
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Equations of motion

Auftrieb von Tiefenwasser -- vertikale Diffusion
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Ventilation im Roten Meer
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Tracer experiment - mixing estimates

Evidence for slow mixing

across the pycnocline T
from an open-ocean I o 1
tracer-release experiment
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Equations of motion

X-momentum:
y-momentum:

z-momentum:

continuity:
density:
Geostrophic balance R,=0, >0
Cushman-Roisin, 1994
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Geostrophy
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Geostrophy

Specific volume anomaly 6 = a - a(35, 0°, p)
where a = 1/p is specific volume.

AD=-[5dp geopotential anomaly
f (v, -Vvy) = -0 AD/IX f(u, - uy) = 0 AP/oy
OR

AD =-A®/10=-[ddp /10 dynamic height
1 dyn m = 10 m?sec?
f(v,-v,) = 100 AD/dx f(u, - u;)) =- 10 0 AD/dy

Talley, 2010
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Geostrophy
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The total transport is the vertical integral of the velocities...
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which is exactly 90 deg to the right of the wind vector. Therman, 1996




Conservation of potential vorticity

conservation of angular momentum,
Potential vorticity Q= (f+QMH

1. Vorticity (“relative vorticity” ) due to fluid circulation

2. Vorticity (“planetary vorticity” f) due to earth rotation, depends on
local latitude when considering local vertical column

3. Stretching 1/H due to fluid column stretching or shrinking

Relative Relative H Relative Relative
H vorticity vorticity 1 vorticity vorticity
¢=0 C<0 g=0 >0
Latitude 6;  move northwards Latitude 6, Latitude 6, (same latitude) Latitude 6
Q=f(8;)H Q= (f(0,) + {/H=1(0,)H Q=1(64)/H, Q= (f(64) + {)Hy =1(6)/H,
Conservation of potential vorticity Q in the absence of Conservation of potential vorticity Q in the absence of
stretching (northern hemisphere): planetary vorticity change (northern hemisphere):
balance of planetary vorticity and relative vorticity balance of relative vorticity and stretching
Talley, 2010

Conservation of potential vorticity - Sverdrup circulation
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Prater, 2007




Ekman pumping

Fig. 4.3. Annual mean distribution of curl(z/f), or Ekman pumping, caleulated from the
distribution of Fig. 1.4 (10-3 kg m? 5-1). Positive numbers indicate upwelling. In the equatorial
region (2°N - 2°5, shaded) curl(/f) is not defined; the distibution in this regien is inferred from
the dynamical arguments of Fig. 4.1 and 1is not quantitative.

Subtropical Sverdrup gyre
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Ekman pumping and Sverdrup circulation
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Prater, 2007

North Atlantic Sverdrup gyre
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Global Sverdrup circulation

Tomczak and Godfrey, 2001

Atlantic upper ocean circulation

Schmitz and McCartney
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Temperature at surface, 500 and 2000 m
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Fig. 5.3. Sketch of water mass formation by subduction in the Subtropical Convergence. The T-
S diagram shows both the meridional variation of temperature and salinity between stations A
and D, and the vertical variation equatorward of station D from the surface down along the line
A'B'C'D'. For more detail, see text.

Price, 2001

Subtropical underwater
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= High-salinity waters in the subsurface layer of the subtropical gyre
= Generated in the high evaporation regions

= Subducts southward and forms a salinity maximum in the vertical.
Karstensen, 2007
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Subduction
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In this Lagrangian frame, the subduction rate into the main thermocline, S,

consists of avertical pumping contribution and alateral transfer dueto the

shoaling of the winter mixed layer. Isotherms subducted from the end of

winter mixed layer are depicted by the thin full lines. The base of the -

seasonal thermocline is marked by the thin dashed line. Willams et al., 1395
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Stommel’'s demon
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Ventilated thermocline 2-layers
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Fig.5.3.4 Mass fluxes (units of Sverdups) between
layers of the North Pacific thermocline indicated. The
northern boundary is to the top,and the Ekman
pumping is shown as the downward-directed double
arrow. From Huang and Russell (1995), Fig. 12.

Huang & Russel, 1995
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Shadow zones - Oxygen 200 m
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Shadow zones - Salinity 200 m
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Fig. A2-10. Annual mean salinity (PSS) at 200 m. depth.
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Marshall et al., 1993

Globale Subduktionsraten

B

Ekman Pumping /

Sverdruptransport
in der Deckschicht

Nordatlantik: ~20Sv
Sudatlantik: ~20Sv
Sudl. Indischer Ozean ~35Sv
Nordpazifik ~30 Sv
Siidpazifik ~45 Sv

gesamt ~150 Sv

Transfer aus der Deckschicht in die Thermokline
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Lateraler Eintrag durch
geneigt Bodenflache
der Deckschicht

Davon jeweils etwa die
Halfte durch
Vertikaltransporte und
durch laterale Eintrage

Karstensen & Quadfasel, 2002
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s EQ N
= volume transport — ixing-drit ling == deep-water formation
—» wind-driven upwelling -~~~ internal waves ~~p heat fluxes

®  wind <« vy diapycnal mixing -~ freshwater fluxes

profile of Drake passage

Wie kommt das subduzierte Wasser wieder zuriick in die Deckschicht?

Kistenauftrieb und aquatorialer Auftrieb

Ekman currents

wind
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Direction of
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Depth
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sdaptsd from Thurman, Herold V. Estentials of Deeanogrsphy, Sthed.
Prentice-Hall, Inz., 1396

The total transport is the vertical integral of the velocities...
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which is exactly 90 deg to the right of the wind vector. Therman, 1996
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Ekman currents

Ekman Spiral: tau:x = 1.0 Pa, tauyy =0.0 Pa
f=10e-04 1/s, Av=30e-02m%s, delta= 245m
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Coastal upwelling
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Coastal upwelling
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Equatorial upwelling
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