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Introduction 

The deliverable D3.3.2 is composed by three parts; the first describes the process followed to 
identify the numerical model that is used for simulating the dispersion of floating waste. This 
document reports this process and the sources of information considered to achieve the deliverable 
targets. The second part deals with the model implementation while the third focuses on the model 
features; both those parts are included in one document that is going to be release after this one. 

 

In the following, the surveyed dispersion models are going to be presented. There are two 
complementary approaches that can be used to simulate litters transport in the sea: the Eulerian 
and the Lagrangian frameworks. There are advantages and disadvantages on both Eulerian and 
Lagrangian approaches and they mostly complement each other. 

The Lagrangian formulation focuses on an individual particle’s trajectory which is driven by the 
mean fluid flow and the turbulence needs to be represented by ad hoc random motions. The 
Eulerian framework describes particles in terms of their mass or volume concentrations, that are 
advected by the ocean’s velocity field and diffused by parameterized and resolved turbulence [1]. 

The Lagrangian simulations use (pre-computed) Eulerian velocity data, which are derived from 
observations or hydrodynamic models, to compute the pathways of particles, by integrating the 
velocity field in time. 

These models’ applications to nearshore systems, with complicated geometry, are less mature with 
respect the Eulerian ones. Recently, it has been shown that the Lagrangian connectivity of nearshore 
flows depends strongly on the horizontal resolution of the underlying Eulerian hydrodynamic data 
[2].  

On the other hand, the effort required by Eulerian simulations, in particular for application in 
complex coastal areas, is huge with respect to the Lagrangian approach. 

 

Presentation of considered models 

Here below, the models that have been considered for the purposes of the MARLESS project, are 
described in summary and the main advantages and shortcomings are presented, with respect to 
their application to the marine litter transport e dispersion simulations. 

 

Delft3D model  

Delft3D model is an Eulerian one. It is developed by Deltares company and consists of a number of 
well-tested and validated programs, such as Delft3D-PART. 
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In Delft3D-PART two type of models are available: Tracer model and Oil model. In the Tracer model, 
particles are not allowed to be subjected to additional advection due to wind drag. Instead, with the 
Oil model, neglecting all oil specific processes in the module, the transport simulation of plastic litter 
of different types is possible. [3] 

Advantages 

 It includes sediment transport [2] 

Disadvantages 

 It does not resolve adequately surface processes such as wave breaking [2] 

This model is accessible from: https://www.deltares.nl/en/software/delft3d-flexible-mesh-
suite/#service-packages 

 

X-Beach model  

X-Beach model is an Eulerian model and it is developed by Deltares. No more considerations are 
needed since those reported on Delft3D suit also to this model. 

Advantages 

 It includes sediment transport [2] 

Disadvantages 

 It does not resolve adequately surface processes such as wave breaking [2] 

This model is accessible from: https://oss.deltares.nl/web/xbeach/downloads 

 

OpenFOAM model  

OpenFOAM model is an Eulerian one and it is developed primarily by OpenCFD Ltd. 

Advantages 

 It resolves wave breaking and particle-flow interaction (so it could potentially give insight in 
the small-scale processes) [2] 

Disadvantages 

 Its computational efficiency is still too limited to solve flow on a time scale longer than a 
few single wave events [2] 

This model is accessible from: https://www.openfoam.com/news/main-news/openfoam-v2106 

 

https://www.deltares.nl/en/software/delft3d-flexible-mesh-suite/#service-packages
https://www.deltares.nl/en/software/delft3d-flexible-mesh-suite/#service-packages
https://oss.deltares.nl/web/xbeach/downloads
https://www.openfoam.com/news/main-news/openfoam-v2106


 
 
 

 

4 

DualSPHysics model  

DualSPHysics model is an Eulerian one. 

Advantages 

 It resolves wave breaking and particle-flow interaction (so it could potentially give insight in 
the small-scale processes) [2] 

Disadvantages 

 Its computational efficiency is still too limited to solve flow on a time scale longer than a 
few single wave events [2] 

This model is accessible from: https://dual.sphysics.org/downloads/ 

 

SCUD model 

The (Surface CUrrents from Diagnostic) SCUD model was developed by the International Pacific 
Research Center (IPRC). The project goal was to model near-surface currents forced by satellite sea 
level height and wind data currents consistent with trajectories of Lagrangian drifters [4]. 

The model uses satellite sea level data (provided by satellite altimeters and distributed by AVISO) 
and wind data (provided by scatterometers QuikSCAT and ASCAT) to estimate on a quasi-global 1/4° 
grid near-real time near-surface currents, consistent with historical trajectories of satellite-tracked 
drifting buoys of the Global Drifter Program. 

The spatial grid of SCUD (1/4°) adequately resolves important ocean scales (i.e. the deformation 
radius and size of mesoscale eddies). However, such resolution may be too coarse for simulations 
in coastal areas and those around islands. To increase the resolution of drift in coastal areas and its 
accumulation on shorelines, the SCUD model can be blended with HYCOM3 data, then increasing 
the original 1/4° grid of SCUD to 1/12°. [5] 

Advantages  

 Tracers sensitive to windage [4] 

Disadvantages  

 The accuracy of the model deteriorates near shore due to higher errors in satellite data and 
increased complexity of dynamics.   

 It does not include nearshore processes, and, as it is a daily product, it does not account for 
differences in mixed, semi-diurnal tidal state [6] 

 

https://dual.sphysics.org/downloads/
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OSCURS model 

Ocean Surface CURrent Simulations (OSCURS) model is a Lagrangian particle tracking one.   

Advantages  

 It allows hindcasts [4] 

 It includes the adjustments for windage with two factors: a drag coefficient and an angle of 
deflection [7] 

Disadvantages 

 Available only in a limited area in the North Pacific Ocean 

The website to run the model is: https://oceanview.pfeg.noaa.gov/oscurs/ 

 

GNOME model 

The General NOAA Operational Modeling Environment (GNOME) model is a Lagrangian one.  

It is an interactive environmental simulation system designed for the rapid modeling of pollutant 
trajectories in the marine environment. 

GNOME is a modular and integrated software system that accepts input in the form of maps, 
bathymetry, numerical circulation models, location and type of spilled substance, oceanographic 
and meteorological observations and other environmental data. Spilled substances are modeled in 
GNOME as point masses, or particles, whose trajectories depend on “movers” (winds, currents and 
horizontal diffusion). 

Moreover, there is a set of python bindings (and utilities) called pyGNOME, that can be used to write 
customized models using the GNOME code base. 

Advantages  

 It allows hindcast [4] 

 It includes adjustments for windage [4] 

 It oncludes turbolent diffusive processes that spread particles horizontally which are 
simulated by a random walk [5] 

Disadvantages 

 No spatial variability in the horizontal diffusion, resulting in a uniform spreading of the 
particles over time [5] 

The desktop verison of the model is accessible from: https://response.restoration.noaa.gov/oil-and-
chemical-spills/oil-spills/response-tools/downloading-installing-and-running-gnome.html 

 

https://oceanview.pfeg.noaa.gov/oscurs/
https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/response-tools/downloading-installing-and-running-gnome.html
https://response.restoration.noaa.gov/oil-and-chemical-spills/oil-spills/response-tools/downloading-installing-and-running-gnome.html
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NEMO model  

Nucleus for European Modelling of the Ocean (NEMO) model is an Eulerian one; the version 3.6, 
configuration ORCA2-LIM3, simulates the 3-dimensional dispersion of plastics in the global ocean.  

Advantages  

 It allows hindcasts and forecasts 

Disadvantages 

 Its is computationally consuming and requires initial and boundary conditions 

The model is accessible from: 
https://forge.ipsl.jussieu.fr/nemo/chrome/site/doc/NEMO/guide/html/install.html# 

 

Parcels model  

Parcels (“Probably A Really Computationally Efficient Lagrangian Simulator”) model is an offline 3D 
Lagrangian one and it is developed by the MIT (Massachusetts Institute of Technology). 

It is a framework for computing Lagrangian particle trajectories, whose main goal is to process the 
continuously increasing amount of data generated by the contemporary and future generations of 
ocean general circulation models (OGCMs). 

The user interface is written in python, while the computational intensive integration is Just-In-Time 
(JIT) compiled into C. The code is formed around a flexible and customizable API that allows rapid 
model development, based on discrete time-stepping algorithms. It has a high-level abstraction that 
hides complexities from the user (field sampling, efficient loop scheduling, file I/O, etc.). [8] 

 

 
Figure 1 Taken from [9] 

https://forge.ipsl.jussieu.fr/nemo/chrome/site/doc/NEMO/guide/html/install.html
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Figure 2 Taken from [9] 

Advantages  

 Time-forward and -backward mode  

 It supports external field data from NetCDF files, with a configurable interface to describe 
the input data and variable structure [9] 

 It reads data from multiple fields discretized on different grids and grid types [10]  

 Allowed A-, B- and C- variable distributions, rectilinear and curvilinear horizontal grids and 
z- and s-vertical levels [10] 

This model is accessible from: https://oceanparcels.org/#installing 

 

TRACMASS model 

TRACMASS model is an offline 3D Lagrangian one. 

It can be used to calculate trajectories using velocity and tracer fields from a variety of ocean models 
and it can handle a wide variety of vertical grids and data formats. 

Advantages 

 trajectories are unique and if a trajectory is calculated forward and then backward the 
solution will be the same up to numerical noise due to round-off errors [8] 

https://oceanparcels.org/#installing
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Disadvantages 

 Comparing the simulated drifter trajectories with observed surface-drifter trajectories has 
showed coarse-resolution ocean models lack variability in the surface currents, which is very 
likely due to the omission of stochastic noise to mimic sub-grid scale diffusion [8] 

This model is accessible from:  

https://www.tracmass.org/docs/configuration/installation/index.html  

 

CMS model  

Connectivity Modelling System (CMS) model is an offline 3D Lagrangian one.  

It is an open-source Fortran toolbox, created at the University of Miami. The tool is multiscale, 
allowing for the seamless moving of particles between grids at different resolutions. 

The CMS uses RK4 (Runge-Kutta 4) time-stepping and tri-cubic interpolation and it is designed to be 
modular and probabilistic, thus it is relatively easy to add additional behaviors.  

Advantages 

 Modules including random walk diffusion, mortality, vertical migration, mixed layer mixing, 
and a seascape module designed to generate a connectivity matrix output from the source 
to the final destination of the particles. [8] 

Disadvantages 

 The model is mainly oriented for biological applications  

This model is accessible from: https://github.com/beatrixparis/connectivity-modeling-system 

 

MITgcm 

The Massachusetts Institute of Technology general circulation model is a Lagrangian one. 

Advantages  

 It allows hindcasts and forecasts 

Disadvantages 

 Its is computationally consuming and requires initial and boundary conditions 

 It is poorly documented [8] 

This model can be downloaded following the guidelines in:  

https://mitgcm.readthedocs.io/en/latest/getting_started/getting_started.html  

https://www.tracmass.org/docs/configuration/installation/index.html
https://github.com/beatrixparis/connectivity-modeling-system
https://mitgcm.readthedocs.io/en/latest/getting_started/getting_started.html
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HYCOM model  

The HYbrid Coordinate Ocean Model is an online Lagrangian one. [8] 

It is a generalized (hybrid) vertical coordinate ocean model (isopycnal, bottom following, and/or 
pressure). It includes online code designed to follow numerical particles during model run time and 
has the ability to follow a fluid particle in three dimensions. 

Advantages 

 It has the possibility to release both isobaric and isopycnic floats [8] 

Disadvantages 

 Its is computationally consuming and requires initial and boundary conditions 

This model is accessible from: http://ccrm.vims.edu/w/index.php/How_to_download_HYCOM  

 

ROMS 

The Regional Ocean Model System (ROMS) is an Eulerian one with online Lagrangian extensions. [8] 

It includes a module called floats, which allows the release and tracking of numerical particles during 
model run time. Passive floats can be of three different types: neutral density 3D Lagrangian, 
isobaric or geopotential. [8] 

This model is developed and supported by researchers at the Rutgers University, University of 
California Los Angeles and contributors worldwide. 

Advantages  

 possibility to add a random walk to simulate sub-grid scale vertical diffusion [8] 

 clusters of floats with user defined distributions can be released at specified locations [8] 

 possibility to release particles multiple times, at defined time intervals throughout the run 
[8] 

Disadvantages 

 Its is computationally consuming and requires initial and boundary conditions 

This model is accessible from: https://www.myroms.org/index.php?page=RomsPackages  

 

MEDSLIK-II Model 

MEDSLIK-II model is a Lagrangian one.  

http://ccrm.vims.edu/w/index.php/How_to_download_HYCOM
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/geopotential
https://www.myroms.org/index.php?page=RomsPackages
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It is applicable to surface passive tracers that simulates the behavior of floating plastic debris at a 
first approximation. 

As outputs, it provides the particle concentrations in two states: at the surface and on the coast. 
Particle concentrations at the surface and coastline are calculated on a finer grid in respect to the 
one used in the hydrodynamic model. [11] 

Advantages 

 capability to simulate the adsorption of particles into the coastal environment, taking into 
account a probability that particles may be washed back into the water [11] 

 turbulent fluctuation parametrized with random walk scheme [11] 

 particles can change due to various physical and chemical processes (evaporation, 
emulsification, dispersion in water column, adhesion to coast) [11] 

 the Markov chain allows the forward-in-time simulation and allows to perform correctly the 
backwards-in-time simulation [11] 

Disadvantages 

 Its requires singnificant customization on the code before to apply it to specific realities 

This model is accessible on request from: http://www.medslik-ii.org/users/login.php 

 

PELETS-2D 

PELETS-2D model is an offline Lagrangian one. 

Particle trajectories on the sea surface are calculated on a 2-dimensional triangular grid. 

Advantages 

 It allows forward and backward in time simulations 

Disadvantages  

 the trajectories simulated close to shorelines involve much uncertainty arising from limited 
resolution of coastline details and from difficulties to model the subscale process of beaching 
and potential resuspension [12] 

 vertical transport (e.g. sinking of particles) is not included. [12] 

 

 

 

 

 

http://www.medslik-ii.org/users/login.php
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Tables with some summarized information 

 

 
Figure 3Taken from [8] 

Figure 4 Taken from [8] 
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Figure 5 Taken from [13] 

 
Figure 6 Taken from [13] 
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Conclusions 

 

Looking at the overall advantages and disadvantages of the considered models, for our purpose the 
Lagrangian framework is preferable. We will consider the GNOME and the pyGNOME models as the 
most suitable candidates to achieve the MARLESS objectives. The MEDSLIK-II model is a tool that 
could improve the results obtained by means of the GNOME and pyGNOME implementation and 
runs, but it needs a customization that requires a longer implementation time with respect the 
GNOME and pyGNOME. Moreover, the Parcels model is considered the best code on which to 
develop new features for trajectory and back trajectory marine litter computations, as it is a new 
tool for the Lagrangian particle trajectories framework which offer the opportunity to exploit the 
high computational efficiency on the code. 

 

References 
 

[1]  A. S. Mountford and M. A. Morales Maqueda, Eulerian Modeling of the Three‐Dimensional 
Distribution of Seven Popular Microplastic Types in the Global Ocean, vol. 124, Journal of 
Geophysical Research: Oceans, 2019.  

[2]  E. van Sebille and et al., The physical oceanography of the transport of floating marine debris, 
vol. 15, Environmental Research Letters, 2020.  

[3]  E. J. F. van Utenhove, Modelling the transport and fate of buoyant macroplastics in coastal 
waters, 2019.  

[4]  National Oceanic and Atmospheric Administration Marine Debris Program, 2016 Report on 
Modeling Oceanic Transport of Floating Marine Debris, Silver Spring, MD, p. 21. 

[5]  N. Maximenko, J. Hafner, M. Kamachi and A. MacFadyen, Numerical simulations of debris 
drift from the Great Japan Tsunami of 2011 and their verification with observational reports, 
vol. 132, Marine Pollution Bulletin, 2018, pp. 5-25. 

[6]  H. S. Carson, M. R. Lamson, . D. Nakashima, D. Tolou, J. Hafner, N. Maximenko and K. J. 
McDermid, Tracking the sources and sinks of local marine debris in Hawaii, vol. 84, Marine 
Environmental Research, 2013, pp. 76-83. 

[7]  C. C. Ebbesmeyer and e. al., Marine debris from the Oregon Dungeness crab fishery 
recovered, Marine Pollution Bulletin, 2011.  

[8]  E. van Sebille and e. al., Lagrangian ocean analysis: Fundamentals and practices, vol. 121, 
Elsevier, Ed., Ocean Modelling, 2018, pp. 49-75. 



 
 
 

 

14 

[9]  M. Lange and E. van Sebille, Parcels v0.9: prototyping a Lagrangian ocean analysis 
framework, Geoscientific Model Development, 2017.  

[10]  P. Delandmeter and E. van Sebille, The Parcels v2.0 Lagrangian framework: new field 
interpolation, Geoscientific Model Development, 2019.  

[11]  S. Liubartseva, G. Coppini, R. Lecci and S. Creti, Regional approach to modeling the transport 
of floating plastic debris in, Marine Pollution Bulletin, 2015.  

[12]  D. Neumann, U. Callies and M. Matthies, Marine litter ensemble transport simulations in the 
southern North Sea, Marine Pollution Bulletin, 2014.  

[13]  L. Zhao, Z. Chen and K. Lee, Modelling the dispersion of wastewater discharges from offshore 
outfalls: a review, 2015.  

 
 
 


