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Water mass transformation
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'j': Water mass transformation ‘heavy’ subduction
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Figure 3. Schematic diagram of the three phases of open-
ocean deep convection: (a) preconditioning, (b) deep convec-
tion, and (c) lateral exchange and spreading. Buoyancy flux
through the sea surface is represented by curly arrows, and the
underlying stratification/outcrops is shown by continuous lines.
The volume of fluid mixed by convection is shaded.
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Interplay between convection and baroclinic instability
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reminiscent of metrological flows

Eddies flux buoyancy vertically
to offset loss from the surface




Light subduction

Subtropical gyres!
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Building Blocks ﬁ-plane gyres
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Review aspects of Arctic Circulation

Russia

Courtesy of Jack Cook, WHO!



Simulation of the Arctic Ocean using MITgcm

Regional Arctic solution: Ocean model

2 « 50 vertical levels, volume-conserving, C-grid
» Surface boundary conditions: JRA-25
« Initial conditions: WOAOQ5

Sea ice model

« 2-category zero-layer thermodynamics [Hibler, 1980]
* Viscous plastic dynamics [Hibler, 1979]

» Initial conditions: Polar Science Center

» Snow simulation: [Zhang et al., 1998]

Regional Arctic solution
* 4.5, 9 and 18 km horizontal grid spacing.

» Boundary conditions from global solution.
+ Bathymetry: IBCAO
« Time: 1992 — 2009 (18 years)

ECCO2 Project: collaboration between MIT and JPL



ECCO2
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Blue circulation is sensitive to local atmospheric circulation

Anticyclonic circulation regime: JGR, 1997
Proshutinsky and Johnson



Wind stress Mean wind stress N/m**2
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Section through the Beaufort Gyre

Pumping down of fresh Fresh water
water by the wind lens
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Light subduction Vast stores of available potential
energy in the fresh water lens.

Expect vigorous baroclinic instability.



Arctic is seething with
baroclinic instability and
geostrophic turbulence
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Dynamics of the Beaufort Gyre

What sets depth and stratification of the freshwater lens?

WEL

Downward buoyancy flux could be balanced by

‘small-scale’ mixing or ‘eddy fluxes’.

Note — cannot use ‘classic’ thermocline theory

B=0



Laboratory experiment:
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Theory
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Numbers for freshwater lens
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In the correct ball-park
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Conclusions

Dynamical and water mass transformation
processes in the Arctic basin are complex:

--- observations reveal extraordinary detail
--- models (GCMSs) can capture only broad aspects

Geostrophic turbulence is ubiquitous
---- not just noise, surely there for a reason

Beaufort gyre is a beautiful example of ‘Light Subduction’

Geostrophic eddies likely play a role in
equilibrating the fresh water lens

Flow of Atlantic water at depth likely has very different dynamics
See, e.g., Nost and Isachsen, JMR, 2003



