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Motivation & Objectives
Predictions of oil pathways and general dispersion patterns in the ocean are necessary to
ensure speedy and appropriate responses to catastrophic incidents, such as the Deepwa-
ter Horizon (DwH) oil spill in April of 2010. The Consortium for Advanced Research on
Transport of Hydrocarbon in the Environment (CARTHE) has conducted the Grand LA-
grangian Deployment (GLAD) in an effort to increase understanding of the response of
surface dwelling oceanic materials to currents, topography, and forcing over various spatial
and temporal scales.

Figure 1: a) Synthetic Aperture radar
(SAR) image of DwH spill from May 17,
2010. (b) The proposed pattern is the black
clusters and the actual pattern obtained is
the red clusters. (c) Chlorophyll-a con-
centration as an estimation of planktonic
drifter patterns. (d) The time evolution of
the number of drifter pairs at given separa-
tion distance for the S2 release [3].

For this experiment, a deployment of 297
GPS equipped CODE drifters (Figure 2)
were released over the span of 11 days from
July 20, 2012 to July 31, 2012 near DeS-
oto Canyon in the Gulf of Mexico (GoM).
Structure function analysis provides infor-
mation about the energy cascade of a flow,
which is unique to a given type of turbu-
lence. Theoretical predictions for several
types of turbulence regarding this relation-
ship are given in Table 1. In order to assess
the turbulence present in the flow, the ob-
jectives of this work were to:

• Calculate the second order spatial ve-
locity structure functions (Figure 3).

• Bootstrap to determine uncertainties
for each structure function.

• Compare observed slope and magni-
tudes to current working theory (Ta-
ble 1).

Methods: Structure Function
The second order spatial velocity structure function is calculated by first considering the
separation distances between all drifters at a given time. Bins are generated to represent pos-
sible ranges of separation. In this work, both the longitudinal velocity (DL) and transverse
velocity (DT ) structure functions were calculated by the following equation:

Di(s) = [ui(x)− ui(x+ s)]2, i = L or T

ui = velocity, x = position vector, s = displacement vector [1]
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Figure 2: Satellite image of drifters after ~6 days.

1. The differences at each
time are sorted to deter-
mine which displacements
fall into which bin.

2. The corresponding veloc-
ity difference for each dis-
placement in a given bin is
squared.

3. The mean squared velocity
difference, D(s), is calcu-
lated for each bin.

Methods: Bootstrapping
Let the number of data points in a given bin be N and let the parameter of interest
be the arithmetic mean, µ.

Figure 3: Diagram of bootstrapping.

1. From the original data, draw 1000 sam-
ples with replacement of size N.

2. Compute µ̂ for each sample, to construct
the sampling distribution.

3. Doubling the standard error yields the
95% confidence intervals.

Results

Figure 4: The transverse (blue) and longitudinal (red) velocity structure functions. A
dashed slope of 2/3 and dotted slope of 1 guideline are drawn in the upper right. The
grey shadings represent 95% confidence intervals.

• DT and DL are of roughly equivalent magnitudes. There are, however, some
interesting geometries to consider:

1. At the scales smaller than 500m, DT is slightly larger.

2. There is a transition period between 500m and 1000m for which they are
most closely in line with one another, paired with increased uncertainty in
this region.

3. At scales larger than 1000m, DL dominates.

• Neither guideline adequately matches the observed slope, i.e the true slope falls
between 2/3 and 1.

Structure Function Slope Predictions

Turbulent Regime Structure Function Slope Magnitude of DT vs. DL

Surface QG (constant N) 2/3 DT = 5/3DL

Interior QG 0 DT = 3DL

Internal Wave Continuum 1 DT = DL

Table 1: Summary of the current theories of structure function slopes and magnitudes
for submesoscale range turbulent regimes [2].

Conclusions
A simultaneous comparison of slope and relative magnitudes of the transverse and
longitudinal structure functions to the theories proposed in Table 1 is made. The
following conclusions may be drawn from the results in Figure 4:

1. No predicted slope fits the observed slope.

2. While similar magnitudes suggest the internal wave continuum is an appropriate
fit, the slope does not agree with the predictions.

The conclusion that this particular set of structure functions does not comply with
the current theoretical predictions suggests that more work needs to be done to
revise and refine current predictions towards better classifying regimes of turbulence
based on structure function analyses.

Future Work
• Compare structure functions calculated from new LAgrangian Submesoscale

ExpeRiment drifters launched this month in the same vicinity as GLAD.

• Compare to structure functions generated from high resolution models.

• Investigate higher order structure functions.
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