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Diffusive interfaces

The archetype of internal mixing processes –
diffusive interfaces in the Amerasian Basin of the Arctic Ocean

Neal et al., 1969

Mechanism
The growth of the instability on either side of
the diffusive interface. When the instability
become critical the parcels convect.

Flux laws
If the transports depend upon the temperature
step as FS = (∆T)4/3 the fluxes are independent of
the layer depth.
There are no dramatic differences in the
transports given by the different laboratory or
theoretically derived 4/3 flux laws applied to
diffusive interfaces.
Most of them adopt the flux ratio Rρ determined
by Turner, which give a constant flux ratio given
by (κSκT−1)1/2 for Rρ < 2.
For smaller Rρ the flux ratio increases towards 1

Turner, 1973

To have a constant flux ratio RF = (κSκT−1)1/2 with κS = 1×10−9 being the diffusion coefficient of
salt, the transports must at some stage be by molecular processes. Assuming a combination of
heat and salt diffusion through a diffusive core and a balancing intermittent convection of heat
and salt into the layers, we have for the intermittent diffusion/convection into the layers
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To balance the transports and maintain the flux
ratio α∆T’ must be equal to β∆S’.
Forming a Rayleigh number Ra based on the
penetration depth δ ∼ (πκTt)1/2, where t* is the time
for the instability to become critical, given by:
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The thickness of the diffusive core is then determined from:
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Using a stability ratio of 2.1 and either 0.6oC or 0.2oC for the temperature step, H becomes
either less than 0.2cm or 0.3cm. To this the unstable layers δ on both side of the diffusive
core have to added, giving a total thickness of the diffusive interface of < 3cm or < 4 cm.
Such thin interfaces have been but are still
difficult to observe (Sirevaag & Fer, 2011).

Since the coefficient of viscosity is larger than the
diffusion coefficients, it is possible that the motions
are coupled across the interfaces and the
convection takes place as quasi-stationary plumes
(Foldvik & Rudels, 1996).

One exception is the expression given by Foldvik & Rudels (1996), which keeps the flux
ratio RF = (FβS)(FαT)−1 constant also for stability ratios Rρ <2.
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with C = 0948 R ρ−1.18

Here Q is the heat flux, c = 4000 Jkg−1oC−1 the heat capacity and ρ = 1000 kgm−3 the density of water, g =
9.8 ms−2 the acceleration of gravity, κT = 1×10−7 m2s−1 and ν = 1.5×10−6 the coefficients of heat conduction
and viscosity of water, α = 0.6×10−4 is the coefficient of heat expansion and ∆TA the temperature step. Rρ
= β∆S(α∆T)−1 is the stability ratio and β = 8×10−4 the coefficient of salt contraction.

Solving for ∆TA the temperature step needed to transport e.g. 15 Wm−2 is 0.6oC and for
5 Wm−2 a step of 0.2oC is necessary.

Large diffusive steps observed north of Svalbard in the inflow area for Atlantic water
passing through Fram Strait.
These could transport heat from the Atlantic water to the mixed layer.

Intrusive layers

Intrusive layers are found almost everywhere in the Arctic Ocean

The intrusive layers are found in every possible stratification, also when both properties
are stably stratified and no energy can be release by double-diffusive convection in the
initial stratification.
No density compensating smooth initial fronts are observed.
This suggests additional formation mechanisms other than those described by the linear
instability teories, such as differential mixing and baroclinic instability.

Heating a stratified fluid from the side (Thorpe, Hutt & Soulsby, 1969)

Ruddick, 2003

Could this be a model for the formation of interleaving in the Arctic Ocean and how heat
is lost from the boundary current into the deep basins?

What would the interleaving look like for different stratifications?

An idealised picture of the heat exchange across a front between a warm, saline and a colder,
fresher water mass. The flow across the front is directed into both water masses.
Determine the maximum vertical excursion in the boundary layer.
This is reached when two parcels in the boundary layers have the same temperature.

the TS structure generated by the interleaving
cold

warm

Deducing the properties of the interleaving structure from the slope of the TS curves
in a TS diagram (linear equation of state)
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Properties at the two interfaces as a function of φ (arctan k) and maximum excursion
Maximum excursion is highly unlikely
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Inversions formed in a stable-stable stratification

The inversions formed in a diffusive stratification

With the assumption of maximum
excursion no inversions will form
in a finger stratification.

Intrusions initially generated
by external disturbances?

The thickness of the layers determined by the distance an unstable parcel from the diffusive
interface can move in the stratification.
Layer above and below the diffusive interface can for small stability ratios grow indefinitely large.

diffusive
finger

Stable-stable

The density change in the layers depends upon the divergence of the fluxes through the two
interfaces, which one transports buoyancy most efficiently.
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For small stability ratios the finger interface may grow unstable and overturn

Interleaving driven by double-diffuve fluxes – diffusive buoyancy transports dominate
if initial stability is weak.
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the interleaving must take place across a front to be maintained

The slope across the front is necessary to drive the flow in the layers in the
gravity field.
The slope along the front, given by f/N, is needed to balance the Coriolis
force.
The along front slope is the largest.

Garrett, 1982

The along slope of the density surfaces and the finger and diffusive interfaces
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Because the flow direction is
reversed above and below the
different interfaces the density
surfaces must have a wave
formed shape and the diffusive
and finger interface slopes are
larger than the density surface
slope.

Hardly any lateral gradients are present across the Gakkel Ridge and the Amundsen Basin, and
there are no indications of along front slopes.
This makes effective cross basin transports in interleaving layers unlikely.
Polarstern 2011

Interleaving observed on the basin side of the
FSB
Polarstern 2007

Polarstern 2011

Interleaving observed on the slope side of the
FSB

Changes in water mass characteristics in the eastern Eurasian Basin 2011
Lomonosov Ridge – Nansen Basin
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Summary of changes in water mass characteristics in the eastern Eurasian Basin
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Implications?:
The intrusions are in most part of the Arctic Ocean tracers of the main
circulation, not actively redistributing heat and salt.
Most of the heat in the Fram Strait inflow branch stays in the Nansen Basin.
That heat might be lost to the mixed layer and to the atmosphere by doublediffusive transports through diffusive interfaces.
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