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In a previous paper by D’Asaro et.al, agglomerative hierarchical 
clustering was used to analyze a deployment of surface drifters in 
the Gulf of Mexico at the submesoscale. We refine the approach by 
considering a weighted graph to cluster the drifters. This allows us 
to study ocean transport processes in a more intuitive manner. We 
compare and contrast the two methods and highlight the utility of 
using the weighted graph to analyze ocean surface drifter data.

Abstract Trees vs Graphs
Although these two processes might seem very similar, they vary 
greatly in their structure. Trees for instance have a parent structure 
whereas a Graph is ambiguous. Graphs can contain loops while a 
Tree cannot contain a loop. The most important difference is that 
Trees contain many averages within them. For instance, you cannot 
compute the relative dispersion between all drifters directly from the 
Tree. Also, with the tree it is hard to interpret spatially. 

Introduction
In 2016, An experiment was conducted by CARTHE where 
hundreds of ocean surface drifters were thrown into the ocean to 
study the ocean at the submesoscale (100m - 10km). In the 
subsequent paper, agglomerative hierarchical clustering was used in 
order to group the drifters into clusters. The process involves 
creating a dendritic tree which pairs the closest drifters with each 
other and then averages their position to create a new pseudo drifter. 
You repeat this is process until you have one clustered object. For 
weighted graphs, we assign each node to a drifter and connect all 
the nodes with each other. Lastly, a value is assigned to each edge 
— in our case, we assign the distance between the two drifters. 
Going forward, average distance between all possible pairs of 
drifters will be known as the relative dispersion.

[Left]: Dendritic tree of 106 drifters at time ts. The dotted line is the 1km cutoff point used to create the subclusters at that time. 
[Right]: The upper right is the complete graph of the 106 drifters. The rest of the subgraphs were created by removing edges 
longer than our cutoff point of 1km from the complete graph.

Analysis
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Within the span of 10 days, 106 drifters with relative dispersion of 
6km converge and create a cluster with relative dispersion of 70m. 
To study this event, we choose a time ts in between the launch and 
this cluster date. Feb 11 at 4:30 AM is an ideal choice as it proceeds 
any major events and the drifters are positioned along an oceanfront. 
Regardless if we choose to cluster with the tree or the graph, we get 
the same result.  

We consider the graph and see there are only 6 subclusters that have 
at least 5 drifters. We plot the relative dispersion of these clusters and 
see they suddenly converge on Feb 15. To get a better idea of the 
geometry of this clustering, we can create a metric that defines the 
shape of a given subgraph. This metric will be known as 
completeness and will be defined as follows: 

Where Ne is the number of edges in the subgraph and N is the 
number of nodes for the subgraph. This metric ranges from 0, where 
the graph has the lowest possible edges and is stretched, to 1, where 
the graph has all possible edges and is folding. With the plot below, 
we see that the subgraphs were stretched and folded on their way to 
being clustered in the end.
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[Inset plot]: The positions of the 106 drifters at time ts with the 6 subclusters from our graph being colored.
[Main plot]: The relative dispersion of the different colored subclusters from before are shown through time. The black line 
represents the relative dispersion of all 106 drifters through time. 

Starting on Feb 11, the completeness is fairly stable as the groups lie on the oceanfront, however, once the drifters start 
converging, you see that the value jumps up and down. This indicates the folding and stretching we see if we plot the positions 
over time. 


