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I N T R O D U C T I O N

Main responses from a multinational sample of 10 countries (n=10,106) to a qualitative question that 
asked individuals to state the three main marine environment matters. 

Frequency of responses is illustrated by the size of the text, with pollution noted most often
reproduced from Buckley and Pinnegar (2011)
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O U T L I N E

1. Oil spill in the Baltic area - Seatrack Web (STW) oil drift calculation system 

2. Examples of oil spill/plastics modeling using CMEMS data in the Med Sea

• Operational forecast of oil spill drift (e.g. MEDESS)

• Hazard mapping for operational oil spills

• Plastic debris modeling



User
Uptake

C M E M S  B a l t i c  S e a  d a t a

http://marine.copernicus.eu/
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C M E M S  B a l t i c  S e a  d a t a

Some available products
• Physics and Waves Analysis and 

Forecast
• Biogeochemistry Analysis and Forecast
• Physics Reanalysis From SMHI (1989-

2015)
• Ocean Colour Chlorophyll (Daily 

Observation)
• Ocean Colour Optics Product (Daily 

Observation)
• Sea Surface Temperature Analysis
• Sea Surface Temperature Reprocessed
• Sea Ice Concentration And Thickness
• In Situ Near Real Time Observations
• Observations Yearly Delivery In 

Delayed Mode (1990-2015)
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S e a t r a c k W e b  o i l  d r i f t  c a l c u l a t i o n  s y s t e m  

Seatrack Web (STW) oil drift calculation system is the official HELCOM drift 
model/forecasting and hindcasting system which is used for calculating the fate of 
oil spills

• hosted by Swedish Meteorological and Hydrological Institute (SMHI) and 
developed together by SMHI and a group of partner institutions around the 
Baltic Sea Denmark (FCOO), Germany (BSH) and Finland (FMI)

• a three dimensional spill tracking model and an easy to use web interface
• available online for national authorities and certain research organisations
• STW system is able to make forecasts of how a cloud of particles (e.g. oil) will be 

moving and behaving on the sea surface
• combines modeling run in a backtracking mode with the HELCOM AIS (Automatic 

Identification System) data in order to identify which ships have passed the 
track of the oil spill



User
Uptake

S e a t r a c k W e b  o i l  d r i f t  c a l c u l a t i o n  s y s t e m  

HELCOM Seatrack Web 
showing an oil slick and its 
backtracking trajectory (in 
red) together with the route 
of a suspected ship

http://www.helcom.fi/action-areas/response-to-spills/helcom-seatrackweb-and-oil-drift-modeling/
http://www.smhi.se/en/services/professional-services/environment/high-resolution-oil-drift-forecasts-
1.7625

http://www.helcom.fi/action-areas/response-to-spills/helcom-seatrackweb-and-oil-drift-modeling/
http://www.smhi.se/en/services/professional-services/environment/high-resolution-oil-drift-forecasts-1.7625
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C M E M S  M e d - M F C  d a t a

• Ocean currents (hourly forecasts, daily analyses) for calculation of the 
oil spill and plastic transport

• Sea surface temperature (hourly forecasts, daily analyses) for 
calculation of the oil weathering 

• Mediterranean Sea physics as boundary conditions for nesting a high-
resolution model 
(Adriatic Forecasting System AFS)
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Online catalogue on http://marine.copernicus.eu/services-portfolio/access-to-products/

Select the area of 
interest and the 

parameter

D a t a :  h o w  t o  d o w n l o a d  t h e  p r o d u c t
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D a t a :  h o w  t o  d o w n l o a d  t h e  p r o d u c t

Download the product 
with the user interface
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MEDSLIK-II

O p e r a t i o n a l  f o r e c a s t  o f  o i l  s p i l l :  
m e t h o d o l o g y
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5-Polygon Oil 

Spill

in the Aegean 

Sea

20-01-2016

04:20

N o r t h w a r d  
t r a n s p o r t  

l e d  t o  
t h e  o i l  

c o n t a m i n a
t i o n  o f  
K i n a r o s

I s l a n d  
c o a s t l i n e  
( G r e e c e )

O p e r a t i o n a l  f o r e c a s t  o f  o i l  s p i l l  d r i f t :  
d e m o n s t r a t i o n
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H a z a r d  m a p p i n g  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
m e t h o d o l o g y

The oil hazard mapping methodology uses the following 
assumptions:

1. the traffic density distribution and the amount of oil 
operationally spilled

1. the oil spill simulations, performed using the past daily 
weather and oceanographic conditions from 2009 to 2013 
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H a z a r d  m a p p i n g  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
m e t h o d o l o g y

3 steps:
1. definition of the hypothetical 
oil spills (positions, starting 
dates, and number of oil spills) 
starting from the ship traffic 
maps; estimation of the oil 
quantity discharged along the 
selected shipping lanes 
2. oil spill model simulations
3. production of hazard maps
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S p i l l  l i s t
1 . 0 0 0 . 0 0 0  

s p i l l s / m o n t
h

Monthly Ship Traffic Maps provided by ITCG

Digitizing the ship traffic maps provided by the Italian Coast Guard

H a z a r d  m a p p i n g  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
m e t h o d o l o g y  - t h e  t r a f f i c  d e n s i t y  
d i s t r i b u t i o n
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Hourly Surface Oil Concentration CHOUR(x,y) Maps

H a z a r d  m a p p i n g  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
m e t h o d o l o g y  - t h e  o i l  s p i l l  s i m u l a t i o n s
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H a z a r d  m a p s  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
d e m o n s t r a t i o n
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At risk of chronic oil pollution: Marine Protected Areas 

(1) Capo Rizzuto MPA (Italy)

(2) Porto Cesareo MPA (Italy)

(3) Torre Guaceto MPA (Italy)

(4) Vjose-Narte Landscape 
Protected Site (Albania)

(5) Butrinti National Park (Albania)

(6) Kalama Delta Natural Reserve 
(Greece)

H a z a r d  m a p s  f o r  o p e r a t i o n a l  o i l  s p i l l s :  
d e m o n s t r a t i o n
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

Sources

• Cities

• Rivers

• Shipping lanes

Sea surface drivers:

• Currents

• Waves (the Stokes drift)

Transport and
interaction with 
the boundaries

• Sea surface

• Coastlines

• Bottom

Destination

Stochastic beaching and 

sedimentation

Ensemble simulations 2D Stochastic 

Lagrangian module
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations

River discharges: 

by Verri et al. (2017), PERSEUS Atlas (2015), 

Ludwig  et al., (2010, 2009), Tockner et al. (2009) 

PDFs of ship locations: 

by an original methodology of AIS traffic map 

digitizing (Liubartseva et al., 2015)

Coastal human population: 

by Brinkhoff  http://www.citypopulation.de   
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

Daily analyses of ocean currents and 

waves (Clementi et al., 2017) 

provided by CMEMS at a 1/16°×1/16°

(~ 6.5 km) horizontal resolution

Transport Mechanism = Sea surface currents + Waves

Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

1 200 000 virtual particles per day are 

seeded into the Mediterranean and 

tracked 2013 − 2017

(1) Advection by the surface currents and 

Stokes drift 

(2) Random walk technique for subgrid

turbulence

(3)   Stochastic algorithms for beaching and 

sedimentationStochastic Lagrangian modeling

Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations
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P l a s t i c  d e b r i s  m o d e l i n g  i n  t h e  M e d  S e a

28
Relief Map of the Mediterranean Sea by Nzeemin, 

https://commons.wikimedia.org/wiki/File:Relief_Map_of_Mediterranean_Sea.png

Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations

https://commons.wikimedia.org/wiki/File:Relief_Map_of_Mediterranean_Sea.png
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Sea surface plastics

Coastal plastics

Benthic plastics

Operational 

oceanography datasets

Inputs of plastics into 

the Mediterranean

2D Stochastic 

Lagrangian module

Ensemble simulations
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T h a n k  y o u !

F o r  f u r t h e r  i n f o r m a t i o n :

p a o l a . a g o s t i n i @ c m c c . i t
g i o v a n n i . c o p p i n i @ c m c c . i t
s v i t l a n a . l i u b a r t s e v a @ c m c c . i
t


