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Figure 1. Squeeze dispersion between two isotracer surfaces with tracer concentrations c and c + Δc. The diffusive
flux between the fluctuating surfaces is F = −!Δc∕h, where h is the separation between the surfaces and ! is the local
diffusivity across the layer. The spatially averaged separation between the two surfaces is ⟨h⟩. Introducing an effective
squeeze dispersion diffusivity !e = ⟨h⟩ ⟨!∕h⟩ implies that ⟨F⟩ = −!eΔc∕ ⟨h⟩.

An estimate for the vertical diffusive flux across a squeezed macroscale layer of fluid illustrates the basic
mechanism of squeeze dispersion. In this scenario, depicted in Figure 1, a layer of fluid between material
and isotracer surfaces with concentrations c and c + Δc is squeezed and stretched by a macroscale flow
with strain but no overturning. Microscale turbulent mixing across the layer associated with overturning on
scales much smaller than the separation between the two surfaces is characterized by the vertical diffusive
flux F = −!Δc∕h, where ! is the isotropic turbulent diffusivity and h is the vertical separation between the
surfaces.

The average vertical tracer flux across the layer is ⟨F⟩ = −Δc⟨!∕h⟩, where the angle brackets denote a
layer-following average that encompasseses fluctuations in both h and !. This formula for ⟨F⟩ reflects the
intuitive fact that, relative to a fixed ! distribution, an increase in squeezing and thus variations in h acts
to increase the average flux ⟨F⟩ across the layer. Increasing diffusive flux with increasing strain is the hall-
mark of squeeze dispersion. To express ⟨F⟩ in terms of the average separation between the surfaces ⟨h⟩, we
introduce the effective diffusivity,
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such that ⟨F⟩ = −!eΔc∕⟨h⟩.
The squeeze dispersion effective diffusivity in (1) is derived using a particular average that follows the ver-
tical motion of a strained layer of fluid. Squeeze dispersion and the effects of strain on tracer diffusion,
however, do not depend on the averaging method used to quantify their effect. We make this point concrete
in section 2, where we show that the effective diffusivity in (1) describes the dispersion of a tracer patch
advected by barotropic flow over undulating bathymetry. We show further in section 3 that (1) arises in the
thickness-weighted-average equation (10) for the dispersion of tracers on the scales of ocean circulation.

The effective diffusivity in (1) is a bulk diapycnal diffusivity obtained by averaging tracer flux over
macroscale fluctuations and along isopycnals and dividing the result by the thickness-weighted-average
tracer gradient. This interpretation of (1) in terms of tracer fluxes suggests a method for analyzing
microstructure observations that makes use of Osborn's (1980) hypothesized relationship between turbu-
lent dissipation rate and buoyancy flux: rather than “averaging !,” the computation of (1) requires averaging
the buoyancy flux Γ" along surfaces or layers of constant density, where Γ is the mixing coefficient, the
proportionality constant between turbulent dissipation rate " and local buoyancy flux.

In section 4, we implement this method for calculating !e in (1) in an analysis of microstructure observations
from the Samoan Passage and find that the effective diapycnal diffusivity of tracers advected through the
Samoan passage differs from the local diffusivity averaged on isopycnals by factors of 0.5–3. This difference
between bulk effective diffusivity and average local diffusivity in the Samoan passage suggests that realistic
variations in diffusivity and squeezing can modulate the dispersion of oceanic tracers and may contribute to
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