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0. Why do we need to model marine 
litter?

Among others…

• To predict the origin, circulation and fate of marine litter →
to impose measures to reduce the use of plastic

• To locate hotspots of litter accumulation → for cleaning 
purposes

• To design new ways/tools to reduce marine litter emission 
→ support stakeholders in the decision making



1. The modelling problem

http://www.tonywublog.com/journal/the-

problem-of-garbage-in-the-oceans

http://www.tonywublog.com/journal/the-problem-of-garbage-in-the-oceans


2. Conceptual model

•Position

•Shape

•Size

•Density

•…

Properties

•Transport

•Currents

•Waves

•Wind

•Diffusion

•Sinking

•Degradation

•Beaching

•Refloating

•…

Processes

Accidente del vuelo MH370



3. Computational model… Oh wait!

Chaotic problem

Heterogeinity

Unknowledge about
initial conditions.

Data 
uncertainty

There is not a 
“perfect” way to
describe some

processes

An example: 
beaching.



3. Computational model. Different scenarios

• Ensemble of simulations

• Different initial conditions
(vessels, rivers, costas/land,
etc)

• Probability to locate plastics in
the ocean (beaches, seafloor,
hotspots, etc)

•How to simulate the different types

of plastic litter?.

•Uncertainties in the marine litter

sources.

•Is it possible to know how much

litter is in the ocean, or how much

litter will reach the beaches?



4. The mathematical model: Equations

Position 
•x(t),y(t),z(t)

Size / 
shape

•R(t) / …

Density
• 𝜌(t)

Currents
•𝐯𝑝

𝑐 = 𝒗𝐟(𝒓 𝑡 , 𝑡)

Diffusion
•𝐃 = 𝐑𝐧 𝐷𝑓𝐊𝐡𝛥𝑡

Waves
•𝐯𝑝

𝑠𝑡 = 𝐶ℎ𝐮𝐡 = 𝐶ℎ
𝑔𝑎
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Wind
•𝐯𝑝

𝑤 =
𝜌𝑎

𝜌𝑤

𝐶𝑑𝑎

𝐶𝑑𝑤
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𝐴𝑤
𝐰𝐟

Sinking
•𝑣𝑏 = 0.223𝑅
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𝒓 𝑡 =(x(t),y(t),z(t),R(t),𝜌(𝑡), … )

𝒇(𝑡) = (𝒇𝟏 (𝒓(𝒕)), 𝒇𝟐(𝒓(𝒕)), 𝒇𝟑(𝒓(𝒕)), … )

𝑑𝒓/𝑑𝑡 = 𝒗𝐟 (𝒓 𝑡 , 𝑡) + 𝐑𝐧 𝐷𝑓𝐊𝐡𝛥𝑡 + 𝐶ℎ
𝑔𝑎
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Hot Spots in the Atlantic Ocean



Domain: Atlantic

Simulation:
2D (surface)
Time: 4years (2016-2020)
InputData: currents

Particles type:
lagrangian
Nº: ~2 x 106

Method: mean (particles/km2)
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Hot Spots in the Atlantic Ocean

Litter accumulation after 4 yrs

Also

modelled

separately

by IEO



• Not permanent patch

• Reproduced previously

https://www.independent.co.uk/news/scie

nce/now-atlantic-is-found-to-have-huge-

garbage-patch-2057402.html

Hot Spots in the Atlantic Ocean



Regional scenarios: River sources



Regional scenarios: Ireland

Strongly buoyant 

litter distribution 

after 2 years 

simulation. Particles 

were released from 

29 rivers 

implemented in the 

North East Atlantic 

model. The number 

of particles released 

is scaled by the 

discharge of each 

river. Simulations 

extends from 1st

January 2018 to 31st

December 2019.



Local scenarios: Mussel Rafts

• Mussel rafts in Galicia (NW Spain)

• Mussel ropes with pegs that break 

after extracting the mussels

• Pegs/debris end on beaches in Rias

gallegas

• Known: Location and period of time 

for extraction

• Model validation.



Comparison with observational data
Arousa survey
Professional survey
Drone survey

Pilled areas in Arousa depending on meteorological situations

Local scenarios: Mussel Rafts. Validation



Local scenarios: 3D model simulations



Weight Sources

Two options

1. Weight sources (just for cte sources) 
- Add a weight to particles emitted by the corresponding 
sources.
- One particle with more weight – it contributes more.
- One simulation can be weighted with different sources.

2. Emission rate
- Emission rate (fixed or variable) proportional to the 
quantities considered.

And if we
consider…

Sources with
emisión rates
based on …

Population

Harbour
activity

River discharge

Example: cities with high 
population weight more than 
those ones with lower 
population. 

Example: Particle emission and river flow.



Conclusions

• Our work inside of CleanAtlantic Project is to develop
mathematical models to describe the motion of
marine litter in the ocean.

• Mathematically, marine litter is a complicated object
to simulate due to the many physical and chemical
processes that may modify their transport.

• A tool has been developed to simulate scenarios
and provide useful information for those areas with
higher accumulations of marine litter to support
stakeholders in the decision making.



Thank you very much!
• www.cleanatlantic.eu

• @Clean_Atlantic

• @Cleanatlanticproject

• @CleanAtlantic project

http://www.cleanatlantic.eu/

