Varieties of variability:

Using simple statistics to characterize the mesoscale.
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As noted by Thompson and Demirov (2006),skewness of sea level variability shows
clear patterns associated with the strongest oceanic jets, such as the Gulf Stream,
Kuroshio and Agulhas Return Current. This prompted us to look at the next moment
of variability, the kurtosis, and indeed we found that the same jets are identified as
regions of low kurtosis too. This is understandable as, near a jet centre, as the jet
meanders, sea level tends to alternate between two values: the value south of the
jet, and that to the north. This results in a bimodal PDF of sea level, which has low
kurtosis.
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This works even better using vorticity (which is a local property where sea level Is
not). If we choose to highlight those places where skewness Is zero and kurtosis Is
small, we have a means of identifying meandering jets (see below).

Latitude —39.0 Longitude 34.0

Low kurtosis requires a step in sea level or vorticity, which is larger than the
background variability. Thinking in terms of potential vorticity, this is reminiscent of
the model of a jet as a PV front which forms a barrier to PV mixing. So, could low
kurtosis be indicative of the presence of a mixing barrier?

We tested this using data from 4 idealized quasigeostrophic channel model
simulations (with topography), which displayed a wide range of behaviours
(described in Thompson, 2010). In all cases (see below), low kurtosis occurred along
jet centres, and a scatterplot indicated that there is a strong relationship between
kurtosis and effective diffusivity, especially at low kurtosis values. The only thing
which was done to produce a similar relationship in all four cases was to normalize
the diffusivity by the domain-averaged eddy kinetic energy.

Conclusions

1) Structure In skewness and kurtosis
makes It possible to identify regions
where the variability 1s dominated by
the influence of meandering jets.

2) Kurtosis provides a simple way of
determining where mixing barriers
occur in the ocean
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Kurtosis of PV (colour scale), and
streamfunction (contours) for the
surface layer of 4 different
guasigeostrophic model runs.
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Scatterplot of kurtosis of top-layer P
from the 4 experiments, against
effective diffusivity (normalized by

domain-averaged EKE).
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