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“Trajectories for virtual particles map out pathlines of the velocity field, often including the 
effect of subgrid scale diffusion. Statistics of the trajectories then define particle pathways 
and their associated time scales. By following the flow of virtual particles, and possibly 
assigning non-zero transports and other properties to them in post-processing, questions 
about pathways and flow connectivity can be addressed.”

Source: oceanparcels.org

http://oceanparcels.org


Source: nasa.gov

http://nasa.gov


Source: research.noaa.gov
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Source: hawaii.edu



2.5.1 Tracer Equation with subgrid scale transport 
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By definition of A,        is divergence free, and we can write the tracer 
equation in the flux form

v⇤
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Apply chain rule identity to get into Fokker-Planck form

Does not generally vanish which implies 
tracer stramtubes are not generally 
useful



“For volume transport pathways, one needs a non-divergent velocity field. A three-dimensional non-
divergent velocity can be produced by sampling a Boussinesq ocean model, thus offering a means to 
compute three-dimensional trajectories. To compute tracer transport trajectories, 
we need both a velocity field and a diffusion tensor. The diffusion tensor is a function of the often poorly 
known subgrid scale flow, and it is generally a complex function of the flow field. Consequently, the 
calculation of tracer transport pathways is somewhat less mature than volume transport pathways”

“As an alternative to velocities generated by OGCMs, we may use observation-based data from floats or drifters, 
which generally give a two dimensional surface velocity (e.g., Koszalka et al., 2011). We may
also diagnose a surface geostrophic velocity by differentiating gridded satellite observations of the sea surface 
height (e.g., Klocker et al., 2012b). Notably, both surface drifter/float velocities and surface
geostrophic velocities generally have a non-zero horizontal divergence (surface geostrophic velocities are non-
divergent only on an f-plane), and the corresponding surface trajectories do therefore not map volume
transport pathways. Nonetheless, the resulting surface trajectories do map preferred pathways of the surface flow, 
thus providing useful diagnostic information.”

What is the best way to validate these Lagrangian estimates? 



3.2 Explicit Virtual Particle 
Trajectories 

Many interpolation schemes and particle tracking 
schemes referenced in the paper. Several have 
been discussed in the seminar series. This figure 
is displayed to encourage discussion on the topic.



Stochastic trajectories using the Fokker-
Planck Equation

Deterministic drift Diffusion operator



3.3.2 Hierarchy of Markov Models: “Ad Hoc 
Method”

For divergent 
free:  



 can be random walk as in vnoise
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With many other flavors of this parameterization …



“It is also still open how the Fokker–Plank Equation approach 
(Section 3.3.1) and the ad-hoc Markov model approach (Section 
3.3.2) can be combined. While the first approach is more 
mathematically rigorous, the second provides an insight into the 
properties of observed or simulated oceanic turbulence on 
different scales and in different regions, and may be useful in 
building future parameterizations of eddy induced transport in 
terms of Lagrangian stochastic parameterizations.”



Particle Diagnostics

Lagrangian Coherent Structures
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Eigenvalue of Cauchy Green Strain Tensor



Hadjighasem et al. 2017





Basic Idea

• Use floats to predict where particles will go without models. Dynamics are baked 
in! 


• Evolution of the concentration vector can be described by the naive Markov Matrix

McAdam and Sebille 2018
Sevellec et al. 2017

Maximenko 2012
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Basic Idea



Courtesy of Erik Van Sebille

Surface Drift - Where do Coastal Plastics Go?  
(Based on surface drifter measurements)







Mean Transition





BGCArgo Network =

Takahashi et al. 

Network Design



Network Design

-1

BGCArgo Network =

Takahashi et al. 



⇢0(t) =

Everyone is happy!



Summary: 

•Lagrangian analysis can be a powerful tool for answering questions 
regarding pathways and tracer exchange 

•Transport tensor can be difficult to define rigorously 
•In practice stochastic terms may be added to estimate unresolved model 
physics 

•Markov matrices (transition matrices) offer naive estimates for particle 
PDFs and can be used for optimal network design 













“Using Lagrangian particles to temporally resolve for 
example the meridional overturning circulation (Blanke 
et al., 1999; Thomas et al., 2015b) or inter-basin 
connectivity (Blanke and Speich, 2002) can be difficult 
with many state of the art climate models. To address 
this problem, a commonly employed ad hoc method is to 
loop the model data in time such that the velocity and 
tracer fields are returned to the first time step once the 
end has been reached (e.g., Döös et al., 2008; van 
Sebille et al., 2012; Thomas et al., 2015b). This 
approach thus permits particles to be advected for longer 
time scales than available from the raw data. However, 
particle looping can only work if the model has no drift 
in the velocity or tracer fields, that there are no large 
unphysical jumps in the fields between the end and the 
beginning of the model run, and that any unphysical 
jumps will have a small net effect on the particle 
pathways.”


