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Introduction

Lagrangian instruments are frequently deployed throughout the 
Gulf of Mexico (GoM) to estimate regional oceanic statistics (e.g., 
GLAD of 2012 and LASER of 2016). Previous results from the Gulf of 
Mexico suggest that the convergence zones are strong functions of 
buoyancy-driven circulation within the domain of this project (e.g. 
[1]), and visual inspection of drifter trajectories reveal that drifters 
often get caught in jets and fronts, preventing them from effectively 
sampling the entire velocity field. Whether or not Eulerian oceanic 
statistics can be accurately estimated using Lagrangian drifter data 
is an open question. This study answers this question through 
analysis of Lagrangian and Eulerian second order structure 

functions, & 
demonstrates the 
effect of 
convergence zones 
on the statistics by 
calculating the curl 
and divergence 
structure functions. 

Figure 1. Trajectories of 
GLAD drifters with two-week 
tails released into the Gulf of 
Mexico in 2012 on a 
background of MODIS SST. 
Image credit: CARTHE.

Methods
• The second order velocity structure function (SF) is 

the variance of the velocity increments, and has 
important ties to the KE spectrum [4] 

• The Lagrangian velocity structure functions (LSFs) 
are calculated from synthetic trajectories, & the 
Eulerian velocity structure functions (ESFs) are 
calculated from the model grid

• Curl and divergence structure functions are 
calculated and supplemented by rotational and 
divergent structure functions to diagnose the 
impacts of convergent zones on the SFs.
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Model & Trajectories
• Numerical simulations are carried out with the Regional Oceanic Modeling System 

(ROMS) [2] using a one-way nesting procedure and focusing on solutions in the 
Northern GoM region with an approximately 500 m, nearly isotropic, horizontal 
resolution. Additional information about the numerical setup is provided in [3]. 

• Lagrangian tracers are advected off-line by LTRANS v.2b [1] with 30 minutes averaged 
velocity field produced by ROMS. All particles are released and confined at the surface 
through runtime, driven by the surface current, and the trajectories are sampled hourly 
for analysis. 

Results

Velocity Structure Functions

Rotational and Divergent Structure Functions

Figure 2. Synthetic drifters 
were released to mimic the 
GLAD and LASER 
deployments in season of 
launch (Summer or 
Winter), shape of launch 
(S-Shape or Clover), and 
location of launch (East or 
West). This resulted in 8 
sets of trajectories. The 
Eulerian datasets only 
varied by season.

Figure 3. Three month 
trajectories based on 
season for all locations and 
deployment patterns. A 
subsampled domain is 
used for the Helmholtz 
Decomposition.

Conclusions

• The Eulerian (ESF) and Lagrangian (LSF) structure functions 
are statistically different from one another in both slope and 
magnitude, especially in winter when the submesoscale is 
most active. This has implications for estimating turbulent 
regimes and the associated kinetic energy spectra using 
Lagrangian data.

• Seasonality accounts for the largest differences, followed by 
deployment location, however there is no seasonality seen in 
the observations.   Launch pattern plays less of a role, but 
this could be due to the 500m horizontal grid resolution.

• The Wilcoxon Rank Sum test suggests that when grouped by 
season, the medians are often within interquartile ranges.  
However, statistical similarity is not achieved due to high 
sample sizes.

• The curl and divergence structure functions reveal drastic 
differences between the ESFs and LSFS, particularly steeper 
slopes in the submesoscale below 5km. This is more 
prominent in the divergence structure functions, supporting 
the hypothesis that convergence zones bias Lagrangian
statistics.

Discussion

Figure 4. The second order velocity structure functions (a,b) and divergence and curl structure functions (c,d). Launch pattern differences can be determined within each set of dashed and dotted 
lines.  Guidelines with slopes of 2,1, and 2/3 from top to bottom are provided in the top left corner of  (a,b). These correspond to 2D/QG, front dominated, and 3D turbulence respectively. 

Helmholtz Decomposition
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Wilcoxon Rank Sum Test

u1 = u(x+ r) u2 = u(x)

�uL(r) = (u(x+ r)� u(x)) · r

||r||

�uT (r) = (u(x+ r)� u(x))⇥ r

||r||

u = ur + ud = �r⇥ (ez ) +r�

DR = hur · uri, DD = hud · udi

Ddiv = h�(r · ud)
2i

Dcurl = h�(r⇥ ur)
2i

Div(u) = r · ud, Curl(u) = r⇥ ur

Helmholtz Decomposition

Curl and Divergence Structure Functions

Figure 5. (a) Divergent and (b) rotational velocity structure functions. The Eulerian SFs were 
calculated by directly decomposing the velocity field. The Lagrangian SFs were calculated from the 
longitudinal and transverse structure functions following [5]. Note the divergent structure 
functions are often negative, a problem with the [5] method.

Figure 6. Medians of ESF2s and LSF2s in winter(a,b) and summer (c,d). The 
interquartile range is represented by shading. Circles represent rejection of the null 
hypothesis that the two datasets have equal medians. Stars represent acceptance of 
this hypothesis with a corresponding p-value of greater than 0.05. 

D2
R = D2

T +

Z r

0

1

r
(D2

T �D2
L)drD2

D = D2
L +

Z r

0

1

r
(D2

L �D2
T )dr

DL = h[�uL]
2i, DT = h[�uT ]

2i


