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Some effects of topography and wind stress on the following two issues:
(1) The effective capacity of the Nordic Seas as a dense-water reservoir for
overflow;
(2) The overflow pathways around Greenland-Scotland Ridge, especially the
Northwest Icelandic Jet.

The large capacity of the dense-water reservoir in the Nordic Seas stabilizes the
overflow transport (Käse, 2006; Hansen and Østerhus, 2000; Hansen et al., 2008). :
(i)

The Nordic Seas is a large reservoir of dense water for overflow;

(ii)

It could supply many years of stable overflow even without renewal of source water;

(iii)

The large potential capacity stabilizes the overflowh0
transport and reduces its responses
to climatic variations in the Nordic Seas.

potential capacity
of the reservoir

What is the effective capacity of the reservoir?
How is this capacity affected by topography and wind stress?

Model: nonlinear, 2-layer and wind-driven model with a resolution of 1/12 degree
and forced by the annual mean wind stress.

A Dam-break
experiment:

A majority portion of the dense water is trapped inside closed geostrophic contours
and not easily available for overflow. The effective capacity of the reservoir is small.

Modify the basin depth in the Nordic Seas to alleviate the topographic
constraint (setting the deep basin to 700m).

The vast majority of the dense water is trapped inside closed geostrophic contours and not
easily available for outflow;
Ageostrophic processes, i.e., bottom Ekman layer transport, would slowly leak the dense water from
interior to overflow-ready boundary current. But the process is slow (the transport to boundary current
increases when use a larger viscosity or bottom drag);
Eddies can potentially play an important role in fluxing water mass to boundary current (Spall, 2004).
But without renewal, the baroclinic instability becomes less effective when boundary current weakens.

without wind

with wind

Why does wind stress reduces the overflow in the dam-break
experiments?

When wind-stress is removed, the effective capacity of the reservoir
expands considerably (Yang and Pratt, 2011)

A DSO Pathway - Northwest Icelandic Jet

Jonsson and Valdimarsson, 2004, GRL

Våge et al., 2011, Nature Geosciences

Is there any dynamical constraint that mandates the existence of the NIJ?

Source- and sink-driven experiments without wind forcing
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Flow in the lower layer:

NIJ-like flow

It is almost impossible to remove the NIJ-like flow when outflow occurs in two shallow straits!

Why the overflow pathway is insensitive to how and where the dense
water mass is formed? Is pathway constrained by dynamics?

First dynamical constraint: the potential vorticity

Is PV conserved
from the deep basin
to the sill?
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In Whitehead et al (1974):
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So a unidirectional outflow from a marginal sea transports a nontrivial planetary PV.
This contradicts with any PV-conserving hydraulics solution (e.g., Whitehead et al.)
Yang and Price (2000, JMR; 2007, JPO) concluded that the friction must play an
instrumental role in `permitting’ an outflow over the sill. (But outflows in YP model
were not hydraulically controlled.)
Helfrich and Pratt (2003, JPO) revisited a hydraulics model and concluded that the PV
is indeed not conserved and must be re-set by friction before reaching the sill. A hydraulic
solution (e.g., Whiteheadet al., 1974) is valid only if the upstream PV is set at the
entrance of the strait (instead of in the deep basin as previously assumed).

Why does this PV stuff has anything to do with NIJ?

shallow

deep

The water mass must increase PV when it approaches a shallow sill.
So the boundary current that feeds the overflow tends to be anti-cyclonic
in region upstream to the sill. For the Denmark Strait Overflow, it means
that the outflow current approaches the sill along the northwest coast of
Iceland
The pathway can be changed by (1) wind stress; (2) eddies flux into the strait
(non-unidirectional flow can transport relative PV); (3) high PV source of the
dense water (a thin layer high PV inflow from the Arctic Ocean through Fram
Strait); (4) …….

Second constraint: the Kelvin theorem:
A closed isobath C

Iceland-Faroe
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So:
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If the wind stress forcing is small in the lower layer, then:
Or:
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The flow can not be unidirectional around C.
If C is a closed contour that goes through both Denmark Strait and Faroe
Bank Channel, the anti-cyclonic FBC overflow around Iceland-Faroe Ridge
will requires a cyclonic companion flow along C. This companion current
would resemble the NIJ:

Iceland-Faroe

Summary:
(1)

The effective capacity of the Nordic Seas dense-water reservoir is much smaller
than the potential capacity due to topographic constraint.

(2)

The positive curl of wind stress further reduces the effective capacity;
Implication: the overflow could be more responsive to climate variations than what
was previously thought.

(3)

Variation in wind-stress curl affects the overflow transport (not shown);

(4)

The Northwest Icelandic Jet exists possibly due to two constraints, the requirement
of PV modification and the Kelvin theorem.
Other mechanisms, e.g., dense-water formation on Icelandic shelf (Våge et al.,
2011), could also be responsible for the NIJ existence.

(5)

Wind stress, which modifies PV and affects the Kelvin theorem, is effective
in changing the model pathways (not shown).
Caution: buoyancy forcing is excluded in our model. We don’t know how these
two constraints are affected by buoyancy flux.

