
Results

Acknowledgements

This work was supported by FAPESP grant number 2006/06241-6.

Data

In order to validate the method we computed the asymmetry factor for 2 drifter trajectories from
the NBC ring experiment (Glickson et al. 2000), trajectories number 04888 and 09636:

The figure above show the calculated Fa for drifter 09636. The figures to the right show the
coefficient calculated for both trajectories, plotted on the map. A cutoff value of 0.77 = (16−9)/9
is used to differentiate between water parcels inside an NBC ring and water being transported by
the basic flow.
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Summary

In this work we describe a technique for the programmatic identification of water parcels that are
part of rings produced by the North Brazil Current (NBC). We use the Gradient Pattern Analy-
sis (GPA) asymmetry operator to characterize the Lagrangian flow as laminar or quasi-periodic
(Assireu et al. 2002); water parcels composing NBC rings exhibit a quasi-periodic behavior that
breaks the velocity vector asymmetry, resulting in lower values for the coefficient. We are now
combining this technique with Lagrangian tracers (Marsh and Megann 2002; De Vries and Döös
2001) in order to quantify the interhemispheric heat and mass transport that is performed by NBC
rings in a fully coupled numerical simulation.

Methodology

This poster describes part of an ongoing work in quantifying the interhemispheric heat and mass
transport performed by North Brazil Current (NBC) rings using Lagrangian tracers in a fully cou-
pled ocean–atmosphere model run. The first step consists in the determination of water parcels
that are part of the NBC rings. This is done by calculating an asymmetry factor Fa, an estima-
tion of the flow velocity vector assymmetry. Using Fa we are able to qualify the water parcel
flow in two different regimes: a quasi-periodic regime and a laminar flow.400 A.T. Assireu et al. / Physica D 168–169 (2002) 397–403

Fig. 2. (a) A typical (9−1)τ variability pattern extracted from a nonstationary time series of a generic variable V (t), and its corresponding

(b) MX9 matrix; (c) gradient (with nine asymmetric vectors) and (d) triangulation (with 20 connecting lines) patterns.

the highest value of 1.333. Indeed, the only possible

values for the parameter FA, calculated from ∇MX9 ,

are all restricted to the discrete domain D9 composed

of {0.778; 0.889; 1.000; 1.111; 1.222; 1.333}, and

the uniqueness of D9 can be proved by geometrical

considerations [4].

As an example, one can see in Fig. 2 the oper-

ation on a nine point set that belongs to a typical

nonstationary pattern. The gradient field is totally

asymmetric and its value ofFA is equal to (I−L)/L =
(20 − 9)/9 = 1.222. Note that, when the variability

of the nine point set is totally regular (periodic with a

constant second moment) the corresponding gradient

field is totally symmetric and therefore FA = 0. It is

worth noting that, for a given X(t) composed by N

points it is possible to calculate the integer of N/9.

This number (called here as NFA) gives the amount

of FA(∇MX9) and all the NFA values will belong to

the six value domain D9. It means that the most com-

plex variability pattern can be detected by 6× 9 = 54

points. In order to characterize the robustness of such

a regime we need, by means of an average of 〈FA〉, at
least two intervals of 54 points, so that this technique

starts to be useful for N ≥ 108 points. Therefore, the

choice of the 3×3 matrix dimension represents a good
compromise between the robustness of the method

and a possibility of obtaining an adequate resolu-

tion, which allows the application of the method to

short time series. Taking bigger matrix sizes (4 × 4,

5×5, . . . ) we have bigger sets of FA values and some
of these values may be redundant, unlike 3×3 matrix
where there are always a unique set of six distinct FA
values.

As a preliminary validation of the AAF operator

for time series analysis, we present two canonical

time series together with the results of the mean 〈FA〉
parameter as well as the first and the second moment

statistics for long segments of the series separated by

vertical lines as shown in Fig. 1a and b. The first exam-

ple (Fig. 1a) represents a high frequency time series of

purely turbulent velocity regime. These turbulent data

(100,000 points) were obtained in the atmospheric sur-

face layer during the large scale biosphere–atmosphere

experiment in Amazonia (LBA). The fast response

wind speed measurements, sampled at 60Hz, were

performed by means of three-dimensional sonic

anemometers [7]. The second example (Fig. 1b) rep-

resents a time series generated by varying the damp-

The coefficient Fa is calculated from a delaunay triangulation of a 3 × 3 composition of the
velocity vector field: Fa = (I − L)/L. We use a 9-point running mean to reduce noise from
spurious data values.
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