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Forecast of oil spill transport 
and transformation 

OCEANOGRAPHIC	
  EULERIAN	
  MODELS	
  
(	
  Currents,	
  Sea	
  Surface	
  Temperature)	
  

MEDSLIK-­‐II	
  

ADVECTION-DIFFUSION 
+  

TRANSFORMATION 
PROCESSES 

ATMOSPHERIC	
  EULERIAN	
  MODELS	
  
(Winds)	
  

Waves	
  



  MEDSLIK-­‐II	
  is	
  based	
  upon	
  the	
  exis+ng	
  MEDSLIK	
  model,	
  developed	
  by	
  the	
  developed	
  
by	
  Lardner	
  and	
  Zodia+s	
  at	
  the	
  Oceanography	
  Center,	
  University	
  of	
  Cyprus	
  (Lardner	
  et	
  al.	
  
2006).	
  

  MEDSLIK-­‐II	
  predicts	
  the	
  transport	
  and	
  diffusion	
  and	
  oil	
  transforma+on	
  processes	
  
due	
  to	
  complex	
  physical	
  and	
  chemical	
  processes	
  occurring	
  in	
  the	
  sea-­‐water	
  at	
  the	
  surface	
  

  MEDSLIK-­‐II	
  uses	
  a	
  lagrangian	
  representa+on	
  of	
  the	
  oil	
  slick.	
  

  MEDSLIK-­‐II	
  includes	
  a	
  proper	
  representa+on	
  of	
  high	
  frequency	
  currents,	
  the	
  wave	
  
induced	
  currents	
  and	
  wind	
  fields	
  in	
  the	
  advec+ve	
  components	
  of	
  the	
  lagrangian	
  
trajectory	
  model.	
  

  MEDSLIK-­‐II	
  has	
  been	
  coupled	
  with	
  the	
  remote-­‐sensing	
  data. 
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The	
  model	
  splits	
  the	
  ac+ve	
  tracer	
  equa+on	
  
into	
  two	
  component	
  equa+ons	
  

ADVECTION	
  -­‐	
  DIFFUSION	
   TRANSFORMATION	
  

MEDSLIK-­‐II	
  solves	
  the	
  advec+on-­‐
diffusion	
  equa+on	
  using	
  par+cles:	
  
the	
  oil	
  slick	
  is	
  discre+zed	
  by	
  
PARTICLES,	
  which	
  are	
  
TRANSPORTED	
  by	
  the	
  water	
  
currents	
  and	
  the	
  turbulent	
  
diffusion.	
  

MEDSLIK-­‐II	
  solves	
  the	
  
transforma+on	
  equa+on	
  
considering	
  the	
  total	
  oil	
  slick	
  
volume,	
  which	
  is	
  TRANSFORMED	
  
by	
  the	
  physical	
  and	
  chemical	
  
processes.	
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TN:	
  THIN	
  SLICK	
  

TK:	
  THICK	
  SLICK	
  

(Mackay	
  et	
  al.,	
  1980)	
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SLICK	
  variables	
  

TRANSFORMATION	
  PROCESSES	
  solved	
  using	
  empirical	
  formulas	
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 	
  Each	
  par+cle	
  is	
  ‘advected’	
  and	
  ‘diffused’	
  by:	
  

DETERMINISTIC 
COMPONENT 

STOCHASTIC 
COMPONENT 

ADVECTION-­‐DIFFUSION	
  processes	
  solved	
  using	
  	
  

PARTICLE	
  TRAJECTORY	
  EQUATION	
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PARTICLE	
  variables	
  

 	
  a	
  posi+on	
  vector	
  

 	
  a	
  par+cle	
  oil	
  volume	
  

 	
  a	
  par+cle	
  status:	
  surface,	
  dispersed,	
  on	
  coast	
  and	
  sedimented	
  

The	
   par+cle	
   oil	
   volume	
   is	
   subdivided	
   into	
   ‘Evapora+ve’	
   and	
   ‘Non-­‐
Evapora+ve’	
  components.	
  

The	
  oil	
  volume	
  is	
  broken	
  into	
  N	
  cons+tuent	
  par+cles,	
  characterised	
  
by:	
  

CHANGE	
  DUE	
  THE	
  
	
  ADVECTION-­‐DIFFUSION	
  PROCESSES	
  

CHANGE	
  DUE	
  THE	
  
TRANSFORMATION	
  PROCESSES	
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MFS	
  Mediterranean	
  Forecas+ng	
  system	
  
	
  (INGV)	
  

1/16°x1/16°	
  ~	
  6Km	
  

MEDSLIK-­‐II	
  	
  in	
  Italy	
  can	
  use	
  	
  
the	
  currents	
  fields	
  provided	
  by:	
  	
  

	
  	
  	
  	
  	
  	
  EULERIAN	
  CURRENTS	
  	
  	
  	
  	
  WIND	
  CORRECTION	
  	
  	
  	
  	
  WAVE	
  CORRECTION	
  	
  	
  	
  TURBULENCE	
  

DETERMINISTIC	
  COMPONENT:	
  CURRENTS	
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AFS	
  
	
  Adria+c	
  Forecas+ng	
  

system	
  
(INGV)	
  

1/45°x1/45°	
  ~	
  2.2Km	
  	
  

SCRM	
  	
  
Sicilian	
  Channel	
  
Regional	
  Model	
  	
  
(CNR-­‐IAMC)	
  

1/32°x1/32°,	
  ~3.5	
  
Km	
  

WMED	
  	
  
Western	
  Mediterranean	
  

Regional	
  Model	
  
(CNR-­‐IAMC)	
  

1/32°x1/32°,	
  ~3.5	
  Km	
  

Tyrrhenian	
  Sea	
  
Model	
  
	
  (ENEA)	
  

1/48°x1/48°,	
  ~2	
  Km	
  

Relocatable	
  model	
  
(INGV)	
  

	
  1	
  -­‐	
  3	
  Km	
  



• The	
  current	
  velocity	
  field	
  is	
  provided	
  by	
  OPERATIONAL	
  oceanographic	
  models	
  
that	
  usually	
  resolve	
  the	
  upper	
  ocean	
  layer	
  dynamics	
  (1-­‐3	
  m	
  resolu+on	
  and	
  
turbulence	
  closure	
  models)	
  
• If	
  necessary	
  a	
  first	
  correc+on	
  can	
  be	
  applied	
  to	
  consider	
  a	
  ‘Ekman	
  wind	
  drim’	
  
not	
  well	
  resolved	
  by	
  the	
  oceanographic	
  opera+onal	
  models	
  

	
  	
  	
  	
  	
  	
  EULERIAN	
  CURRENTS	
  	
  	
  	
  	
  WIND	
  CORRECTION	
  	
  	
  	
  	
  WAVE	
  CORRECTION	
  	
  	
  	
  TURBULENCE	
  

Wx,	
  Wy:	
  wind	
  velocity	
  components;	
  	
  
α :	
  percentage	
  of	
  the	
  wind	
  to	
  be	
  added	
  to	
  the	
  water	
  
currents	
  velocity;	
  	
  
β	
  :	
  deviaTon	
  angle	
  between	
  currents	
  and	
  wind.	
  

WIND	
  CORRECTION	
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DETERMINISTIC	
  COMPONENT:	
  WINDS	
  



a:	
  wave	
  amplitude	
  	
  
k:	
  	
  wave	
  number	
  
ω:	
  	
  wave	
  angular	
  frequency	
  	
  
S(ω):	
  	
  	
  wave	
  spectra	
  (JONSWAP	
  Spectrum)	
  

Wikipedia 

WAVE	
  CORRECTION:	
  STOKES	
  drim	
  

	
  	
  	
  	
  	
  	
  EULERIAN	
  CURRENTS	
  	
  	
  	
  	
  WIND	
  CORRECTION	
  	
  	
  	
  	
  WAVE	
  CORRECTION	
  

DETERMINISTIC	
  COMPONENT:	
  WAVE	
  INDUCED	
  CURRENTS	
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DIFFUSIVITY RANDOM 
INCREMENT 

STOCHASTIC	
  COMPONENT:	
  	
  TURBULENT	
  DIFFUSION	
  	
  	
  

	
  	
  	
  	
  	
  	
  EULERIAN	
  CURRENTS	
  	
  	
  	
  	
  WIND	
  CORRECTION	
  	
  	
  	
  	
  WAVE	
  CORRECTION	
  	
  	
  	
  TURBULENCE	
  

TURBULENCE:	
  RANDOM	
  WALK	
  PROCESS	
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x	
  

y	
  

xT	
  

yT	
  

δxT	
  

δyT	
  
σ=	
  -­‐Li	
  

Li=LN	
  

Li=1	
  

δL	
  

-­‐	
  HB	
  
BoYom	
  

xT	
  

yT	
  

zT	
  

δxT	
  

δyT	
  
σ=0	
  

σ=1	
  

-­‐	
  HB	
  
BoYom	
  

σ=2	
  

MEDSLIK-­‐II	
  CONCENTRATIONS	
  RECONSTRUCTION	
  

x	
  

y	
  

z	
  

BoYom	
  

(xk,	
  yk,	
  zk)	
  

Oil	
  tracer	
  grid	
  for	
  concentra+ons	
  reconstruc+on	
  Oil	
  tracer	
  grid	
  for	
  	
  
advec+on-­‐diffusion	
  
processes	
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  MEDSLIK-­‐II	
  computes	
  three	
  different	
  classes	
  of	
  oil	
  concentra+on:	
  

 at	
  the	
  water	
  surface:	
  

 	
  in	
  the	
  water	
  column:	
  

 	
  on	
  the	
  coast:	
  

x	
  

y	
  

z	
  

A)	
  

-­‐	
  HB	
  
BoYom	
  

CB	
  

CD	
  

CC	
  

CS	
  

LC	
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MEDSLIK-­‐II	
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Observa(on	
  (me	
  

WEATHERING	
  PROCESSES	
  INIZIALIZATION:	
  
evaporaTon,	
  dispersion,	
  emulsificaTon	
  
considering	
  the	
  wind	
  and	
  SST	
  
in	
  the	
  area	
  where	
  the	
  spill	
  is	
  observed.	
  

ADVECTION	
  +	
  WEATHERING	
  PROCESSES	
  WEATHERING	
  PROCESSES	
  

AGE	
  of	
  the	
  SLICK	
  

FORECAST	
  

Observa(on	
  (me	
  –	
  slick	
  age	
   Observa(on	
  (me	
  +	
  Simula(on	
  length	
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INITIALIZATION:	
  SHAPE	
  OF	
  THE	
  SLICK	
  
FROM	
  SATELLITE	
  IMAGES	
  	
  	
  

MEDSLIK-­‐II	
  reads	
  the	
  slick	
  polygonal	
  
coordinates	
  from	
  satellite	
  data	
  and	
  
distributes	
  the	
  spill	
  parcels	
  randomly	
  into	
  the	
  
slick	
  area.	
  	
  



INITIALIZATION:	
  SHAPE	
  OF	
  THE	
  SLICK	
  
FROM	
  SATELLITE	
  IMAGES	
  	
  	
  

INITIAL	
  POSITION:	
  
FROM	
  SATELLITE	
  

COMPARISON	
  BETWEEN	
  
	
  SIMULATION	
  AND	
  

	
  SATELLITE	
  OBSERVATION	
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Sensi+vity	
  study	
  to	
  the	
  temporal	
  and	
  horizontal	
  spa+al	
  resolu+on	
  of	
  the	
  current	
  field.	
  	
  

MODEL	
  VALIDATION	
  USING	
  DRIFTERS	
  TRAJECTORIES	
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Trajectory	
  simulated	
  
adding	
  the	
  Stokes	
  dri^	
  velocity	
  

Sensi+vity	
  study	
  to	
  the	
  Stokes	
  drim	
  term	
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MODEL	
  VALIDATION	
  USING	
  DRIFTERS	
  TRAJECTORIES	
  

(MFS)	
  



The	
  PRIMI	
  cruise	
  objec+ve	
  was	
  to	
  verify	
  in	
  situ	
  the	
  oil	
  slicks	
  
detected	
  by	
  satellite,	
  presumably	
  being	
  the	
  result	
  of	
  illegal	
  tank	
  
washing,	
  in	
  order	
  to	
  acquire	
  in	
  situ	
  data	
  for	
  valida+on	
  of	
  the	
  oil	
  
spill	
  model	
  and	
  the	
  satellite	
  detec+on	
  system.	
  	
  

Period:	
  6	
  August	
  2009	
  –	
  6	
  September	
  2009	
  

4	
  oil	
  slicks	
  were	
  found	
  in	
  
the	
  posi+on	
  predicted	
  by	
  
the	
  oil	
  spill	
  model 

MODEL	
  VALIDATION	
  USING	
  IN	
  SITU	
  DATA:	
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Satellite	
  ObservaTon	
  
07.08.09	
  04:48	
  UTC	
  	
  

MEDSLIK-­‐II	
  forecasted	
  posiTon	
  
08.08.09	
  10:00	
  UTC	
  	
  

MEDSLIK-­‐II	
  forecasted	
  posiTon	
  
 08.08.09	
  10:00	
  UTC	
  

In	
  situ	
  sampling	
  
08.08.09	
  09:30	
  UTC	
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MODEL	
  VALIDATION	
  USING	
  IN	
  SITU	
  DATA:	
  



MEDSLIK-­‐II	
  forecasted	
  posiTon	
  
18.08.09	
  15:00	
  UTC	
  	
  

In	
  situ	
  sampling	
  
18.08.09	
  15:00	
  UTC	
  

Satellite	
  ObservaTon	
  
18.08.09	
  09:03	
  UTC	
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MODEL	
  VALIDATION	
  USING	
  IN	
  SITU	
  DATA:	
  



FORECAST MODE OPERATIONAL 
OIL SLICK ID OS7 
SPILL DATE 2009-08-26 
OBSERVATION TIME 21:06 UTC 
SLICK CENTER COORDINATE 36° 47' 12.455" N 

13° 37' 14.488" E 
AREA 2452500.0 m2 
THICKNESS (HYPOTHESIS) 0.1 mm 
DENSITY 
(HYPOTHESIS) API=26 (MEDIUM) 

0.898 tons/m3  
POINT SOURCE OR AREAL SOURCE  POINT SOURCE  

CURRENT VELOCITIES MFS  1 HOURLY CURRENTS  
FORECAST (SURFACE CURRENTS) 
Forecast production Date: 26.08.09 

WIND FORCING ECMWF 6 HOURLY FORECAST 
WIND FACTOR  3% 1st Satellite	
  observa+on	
  	
  

2nd  Satellite observation (12 hrs)  

MEDSLIK-­‐II	
  forecasted	
  posi+on	
  
 (12 hrs)  

MEDSLIK-II forecasted position (15 hrs) 

In situ observation (15 hrs)  
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MODEL	
  VALIDATION	
  USING	
  IN	
  SITU	
  DATA:	
  



Emergency	
  case	
  examples:	
  	
  
the	
  Costa	
  Concordia.	
  

INGV,	
  CNR-­‐IAMC,	
  ENEA	
  



Meteo-Oceanographic data download 
The	
  ITCG	
  oil	
  spill	
  forecas+ng	
  system	
  downloads	
  every	
  day	
  the	
  

Mediterranean	
  Forecas+ng	
  System	
  and	
  the	
  Adria+c	
  Forecas+ng	
  System	
  
model	
  outputs	
  and	
  ECMWF	
  winds.	
   

MEDSLIK-II  
with Graphical User Interface 

 for the input and output visualization  
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Date	
  of	
  accident:	
  13/01/2012.	
  
The	
  boat	
  contained	
  2500	
  tons	
  of	
  oil	
  (API	
  17).	
  
Every	
  day	
  (since	
  16/01/2012)	
  a	
  bulle+n	
  has	
  been	
  
produced	
  	
  with	
  the	
  possible	
  scenario	
  of	
  pollu+on,	
  the	
  
following	
  week	
  the	
  produc+on	
  of	
  the	
  mul+-­‐model	
  
model	
  bulle+n	
  started.	
  
The	
  release	
  of	
  oil	
  has	
  been	
  assumed	
  constant	
  during	
  
the	
  72	
  hours	
  of	
  simula+on.	
  

Simula+ons	
  of	
  possible	
  
	
  oil	
  spill	
  scenarios	
  



GNOO	
  supported	
  the	
  Italian	
  Coast	
  Guard	
  in	
  the	
  produc+on	
  of	
  
their	
  Bulle+n	
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Drimers	
  release	
  experiment	
  

4	
  drimers	
  (SPHERE)	
  released	
  the	
  14	
  of	
  February	
  2012	
  
(ARGOMARINE	
  project)	
  

The	
  real	
  drimers	
  	
  trajectories	
  have	
  been	
  simulated	
  
using	
  the	
  MEDSLIK-­‐II	
  model	
  coupled	
  with	
  MFS,	
  TYRR,	
  
WMED	
  and	
  the	
  relocatable	
  model.	
  



23-­‐10-­‐2012	
  

MFS	
  

The	
  relocatable	
  model	
  produces	
  high	
  horizontal	
  resolu+on	
  currents	
  
and	
  can	
  be	
  nested	
  in	
  any	
  area	
  of	
  the	
  Mediterranean	
  Sea.	
  	
  

3	
  km	
  model	
  implementa+on,	
  	
  
nested	
  in	
  the	
  Mediterranean	
  Forecas+ng	
  System	
  (MFS)	
  

3km	
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EXP1:	
  No	
  Islands,	
  Start	
  =	
  14	
  Feb	
  	
  

EXP3:	
  Giglio+Giannutri	
  Islands,	
  Start	
  =	
  13	
  Feb	
  	
   EXP4:	
  Giglio+Giannutri	
  Islands,	
  	
  Start	
  =	
  12	
  Feb	
  	
  

EXP2:	
  Giglio+Giannutri	
  Islands,	
  Start	
  =	
  14	
  Feb	
  	
  

Relocatable	
  model	
  Nes(ng	
  

MFS	
  



Drimer	
  1	
  
MFS:	
  blue	
  
TYRR:	
  yellow	
  
WME:	
  green	
  
Relocatable:	
  pink	
  
Real	
  drfiters:	
  red	
  

CURRENTS	
  

CURRENTS	
  +	
  STOKES	
  DRIFT	
  	
  

CURRENTS	
  +	
  STOKES	
  DRIFT	
  +	
  WIND	
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 	
  	
   Improvement	
  of	
  par+cle	
  numerical	
  integra+on	
  scheme	
  	
  

 	
  	
   Development	
  of	
  3-­‐D	
  trajectories	
  	
  

 	
  	
   Deep	
  source	
  of	
  spill	
  	
  

 	
  	
   Back-­‐tracking	
  

 	
  	
   Coupling	
  with	
  high	
  resolu+on	
  wind	
  forcing	
  

 	
  	
   Coupling	
  with	
  finite	
  element	
  eulerian	
  models	
  

 	
  	
   Coupling	
  with	
  wave	
  models	
  

 	
  	
   Langrangian	
  turbulent	
  diffusion	
  parametriza+on	
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