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1. The Gulf of Mexico (GoM)
Large, productive, warm-water sea; home to a 
multitude of habitats and organisms 
The LC is a dominant oceanographic feature in 
the GoM.
Three main states: 

1. Retracted, direct entry and exit
2. Extended, LC extends northward before 

exiting
3. Detached, transitional state where the LC 

sheds an eddy
The Loop Current affects crucial processes 
within and outside of the GoM relevant to 
socioeconomically, including:
Ø biological transport
Ø retention processes
Ø and pollutant transport
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Figure 1: Loop Current System showing the Loop Current 
in a 1) retracted state, 2) extended state, with 3) a typical 
LC eddy (NASEM, 2018). Black text labels indicate areas 
of interest for this research.

Hypothesis: The LC sets up regular flow patterns in the 
Gulf of Mexico affecting transport and dispersal.

2. Lagrangian Flow Network (LFN)
TACC was used to run the LFN, which is a Lagrangian particle dispersal model 
paired with network theory tools (Rossi et al., 2014) 
Ø Transport by a continuous, time-dependent, 2- or 3- dimensional flow (ocean or 

atmosphere)
Ø Set of point-like objects (nodes) and pairwise connections among them (links)

Figure 2: Discretization: from continuous 
to point-like
Section of the GoM grid
Nodes are defined as 2-D boxes covering 
the whole domain.
Node size = 1/10 ∘

Figure 3: Network: links & weights Directional 
link is est. if an exchange of fluid occurs among 
2 nodes.
The weight of such link is proportional to the 
amount of fluid transported

Figure 4: Matrix Construction
a) Particles begin in node i . Trajectory integration is applied over 
timescale, 𝛕. Particles end in node j
b) Matrix output is grid j x i

[Rossi et al., 2014]

[Ser-Giacomi et al., 2015]

3. Hydrodynamic Provinces
Community detection with Infomap: finds the sets of nodes that are strongly connected among 
the set and weakly connected outside the set
Ø Hydrodynamic provinces in which particles are more likely to disperse within the province 

rather than to other provinces, for a given timescale, 𝜏.

[Rosvall and Bergstrom, 2008]

4. LFN Composites
Hydrodynamic provinces are determined by compositing matrix files from the LFN integration
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Abstract
Transport, connectivity, and dispersal both within and outside of the Gulf of
Mexico impact important processes such as biological and pollutant dispersal. The
Loop Current is a key flow feature within the Gulf of Mexico that affects transport.
This research pairs Network Theory and Lagrangian oceanographic modeling
(Lagrangian Flow Networks, LFN) to study the connectivity within the Gulf as a
function of the Loop Current state. Surface-following particles are used to simulate
Lagrangian transport over the observational record using a HYCOM ocean model
reanalysis simulation coupled with the LFN particle tracking model computed on
TACC supercomputers. The particle simulations are used to determine regions of
connectivity, or hydrodynamic provinces, as a function of the Loop Current state,
using machine learning. These provinces inform us about biological and pollutant
transport variability, such as larval connectivity and harmful algal blooms.

Figure 5: Community detection method

Figure 6: Retracted hydrodynamic provinces in the 
GoM

𝜏 = 15 days
March – November 2002

Figure 7: A composite of all the persisting a) extended states and b) retracted states from HYCOM GoM Reanalysis 
(1993 – 2012) with numbers notated on provinces for comparison between the two plots. 
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