Characteristics and variability of ocean ventilation in the high-latitude North Atlantic
in an eddy-permitting ocean model

Or where and when is NADW ventilated?!
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North Atlantic ocean ventilation is
important for mean climate and for the
response to anthropogenic forcing
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Variability in atmospheric conditions affects the ocean surface mixed layer...
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...but how is this translated into the ocean interior?



Questions

When, where and how does ventilation of North Atlantic Deep Water (NADW) happen?
How is variability in atmospheric forcing communicated into the ocean interior?
Approach

Backwards-in-time trajectories in an ocean model hindcast.
Determine where and when NADW was last in the surface mixed layer.
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Sanity check!

NADW age distribution agrees well with
estimates from CFC measurements.

Depth averaged age-distribution for water in 2012
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(a) Volume subducted ;

Location of subduction -

Labrador Sea boundary
current dominates.

Lab Sea interior S+
also plays a role.
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Boundary current subduction occurs via lateral fluxes across the sloping late-winter ML base.
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Interannual variability in NADW ventilation

(a) Average age distribution of NADW 32
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Ventilation variability compared with atmospheric forcing and ML response
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Anomaly in ventilated volume for open ocean (l) compared with boundary current () subduction

1.0

o
u

0 to 500m
500 to 1500m
1500 to 3000m
3000 to 3900m
3900 to 5900m

I
o
U

E__ =0 »
i iI . IIII II.II Bathymetric range:

Normalized volume anomaly
o
o

I
=
o

1980 1985 1990 1995 2000 2005 2010 2015

Ventilation variability depends on variability in the sub-
surface retention of newly ventilated water in addition to
variability in the amount subducted each year.

Re-entrainment associated with Labrador Sea open
ocean convection dominates the ventilation variability.
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Conclusions

Ocean ventilation is a fundamentally Lagrangian process, requiring subduction out of the
surface mixed layer and subsurface retention. Mixed layer depth is not always a good proxy!

NADW ventilation in the model is predominantly due to subduction in the Labrador Sea
boundary current.

Variability in ventilation is driven by atmospheric forcing changes related to the NAO, and is
heavily influenced by year-to-year variations in subsurface retention in the Lab Sea interior.
An interannual version of Stommel’s Demon is at work!
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