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• The Deepwater Horizon oil spill of 2010 in the Gulf of 
Mexico was an environmental catastrophe with immediate 
and long term impacts. 

• Key unanswered questions in the aftermath of this incident
are “where will the oil go if another spill occurs?” and “how 
fast will it get there?” 

• Targeted launches of drifters were released during the 
LAgrangian Submesoscale ExpeRiment (LASER) in winter 
2016 [1] to identify key characteristics of the upper ocean. 

• Drifter statistics will help scientists improve oil transport 
models as well as better inform policymakers and 
incident management teams for future incidents.

2. Motivation

1. Introduction

3. Statistical Methods

Velocity Structure Functions Second Order

• The second order velocity structure 
function (SF2) is the variance of the 
velocity increments, and has important 
ties to the kinetic energy spectrum [6] 

• The third order velocity structure 
function (SF3) gives information about the 
mean energy dissipation rate, ! , through the 
normalized intercept [7]

• Joint probability density functions (JPDFs) show the 
values of divergence and separation distance most likely to
be sampled. These are supplemented by SF2 as a function of
divergence and separation distance.

6. Results & 
Conclusions

5. Previous Model Results 

Figure 5. The second order structure functions of (a) longitudinal and (b) transverse velocities. The 
Eulerian structure functions are shown in navy and all other colors are drifter structure functions. The 
structure functions are trimed to 5km as above this scale the SF2s flatten out.  Guidelines with slopes
of 1 and 2/3 are represented by gray dashed lines on each figure [2].

Figure 7. Second order structure functions from 
the gridded drifter releases (green) and Eulerian 
model grid (blue). Bootstrapped 95% confidence 
intervals for the Eulerian statistics from 10,000 
resamples are denoted by shading. 

Figure 8. Synthetic drifters were released to 
mimic the GLAD and LASER deployments in 
winter in the shape of launch (S-Shape or 
Clover), and location of launch (East or West). 
This resulted in 4 sets of trajectories. 

• The DSF2s generally 
overestimate the 
ESF2s, particularly the 
P2 and P3 launches.

• The slopes for the 
ESF2s and DSF2s 
differ systematically: 
ESF2s scale as r and 
DSF2s are shallower, 
generally scaling as 
r2/3

Figure 6. Third order structure function of longitudinal 
velocity increments. Positive values are shown as pluses, 

and the absolute values of negative structure function 
values is shown as a circle. A guideline with slope 1 is 

given in the gray dashed line [2].

Oil trajectories at the surface are impacted by mixed layer 
dynamics, wind, waves, and mesoscale currents. Among these 
features are fronts and windrows. Previous work paired with 
observations suggests that drifters tend to collect in 
convergent regions [4,5,8]. This prevents drifters from 
sampling the entire velocity field, and may lead to biased 
statistics.  

Comparison of surface drifter launches and X-Band 
radar provides insight into possible biases in
turbulence statistics relevant to pollutant dispersal.

4. Detection

Second Order Velocity Structure Functions 

• ESF3 scales as r (dashed line) but 
the DSF3s are more variable across 

scales, switching between pluses and 
circles, especially P1 & LDA  launches.

• A sign change is present in ESF3 just 
above the 5km mark where black circles 

change to black pluses.

• Most drifters are too variable to detect a 
reliable sign change, but those that do suggest 

it occurs at smaller scales than the ESF3.

• The P2 and P3 DSF3s overestimate  " derived 
from ESF3 (the normalized y-int) by an order of magnitude.

Key Point: 
Our study agrees with previous work [8] showing drifter 
structure functions have shallower slopes than Eulerian 
structure functions below 10km in the Gulf of Mexico.

The Eulerian and drifter structure functions are statistically different from one 
another in both slope and magnitude below 10km.

Differences between Eulerian and drifter structure functions are attributed to clustering of drifters 
in convergent zones, and therefore oversampling of larger structure function values as shown by Fig 9.

These biases have implications when using structure functions as tests of fidelity for models used in oil 
transport responses, as well as our understanding of upper ocean turbulence and it’s impacts on oil dispersion in 

the Gulf of Mexico.

Figure 9. Second order structure functions  dependent on divergence and scale are shown by 
the green to yellow colorbar. The joint probability density function of divergence and 

separation distance is shown by contours and the blue to red colorbar. Note that across 
scales where the probability is sampling divergence is highest (close to zero)  we 

expect steeper structure functions because of the dark green 
shading at small scales and bright yellow shading at larger scales. 

However, if drifters do sample more divergence, it is likely 
they will have shallower structure functions since they 

will only be sampling yellow regions.
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Figure 1. Drifter trajectories and X-Band Radar 
measurements. The domain of this study is the inset, 
where drifters are subsetted in time and space to 
coincide with X-Band data [2].

Figure 2. Schematic of processes affecting oil 
transport in the Gulf of Mexico [3].

Figure 3. Bamboo driftcards collecting in windrows 
during LASER from [2] 30 minutes after launch.

Figure 4. Schematic of mixed layer dynamics that 
affect oil dispersion at the surface [3].
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