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OUTLINE

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II oil spill model:II oil spill model:II oil spill model:II oil spill model:

- Transport processes & weathering processes Transport processes & weathering processes Transport processes & weathering processes Transport processes & weathering processes 

- Coupling with Coupling with Coupling with Coupling with meteometeometeometeo----oceanographic oceanographic oceanographic oceanographic forcingsforcingsforcingsforcings and remote sensing dataand remote sensing dataand remote sensing dataand remote sensing data

� ValidationValidationValidationValidation

� ApplicationsApplicationsApplicationsApplications

� ConclusionsConclusionsConclusionsConclusions



� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II is based upon the existing MEDSLIK model, developed II is based upon the existing MEDSLIK model, developed II is based upon the existing MEDSLIK model, developed II is based upon the existing MEDSLIK model, developed bybybyby

Prof. R. Prof. R. Prof. R. Prof. R. LardnerLardnerLardnerLardner and G. and G. and G. and G. ZodiatisZodiatisZodiatisZodiatis at the at the at the at the OceanographyOceanographyOceanographyOceanography Center, Center, Center, Center, UniversityUniversityUniversityUniversity ofofofof

CyprusCyprusCyprusCyprus ((((LardnerLardnerLardnerLardner etetetet al. 2006).al. 2006).al. 2006).al. 2006).

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II predicts the II predicts the II predicts the II predicts the transport and diffusion and oil transformationtransport and diffusion and oil transformationtransport and diffusion and oil transformationtransport and diffusion and oil transformation

processes due to complex physical and chemical processes occurriprocesses due to complex physical and chemical processes occurriprocesses due to complex physical and chemical processes occurriprocesses due to complex physical and chemical processes occurring in the ng in the ng in the ng in the 

seaseaseasea----water at the surfacewater at the surfacewater at the surfacewater at the surface

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II uses a II uses a II uses a II uses a lagrangianlagrangianlagrangianlagrangian representation of the oil slick.representation of the oil slick.representation of the oil slick.representation of the oil slick.

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II includes a proper representation of high frequency currents, II includes a proper representation of high frequency currents, II includes a proper representation of high frequency currents, II includes a proper representation of high frequency currents, 

the wave induced currents and wind fields in the the wave induced currents and wind fields in the the wave induced currents and wind fields in the the wave induced currents and wind fields in the advectiveadvectiveadvectiveadvective components of components of components of components of 

the lagrangian trajectory model.the lagrangian trajectory model.the lagrangian trajectory model.the lagrangian trajectory model.

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II has been II has been II has been II has been coupled with the remotecoupled with the remotecoupled with the remotecoupled with the remote----sensing datasensing datasensing datasensing data....

FEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIKFEATURES of the MEDSLIK--------II MODELII MODELII MODELII MODELII MODELII MODELII MODELII MODEL



Forecast of oil transport,Forecast of oil transport,Forecast of oil transport,Forecast of oil transport,
dispersion and transformationdispersion and transformationdispersion and transformationdispersion and transformation

EULERIAN OCEANOGRAPHIC MODEL EULERIAN OCEANOGRAPHIC MODEL EULERIAN OCEANOGRAPHIC MODEL EULERIAN OCEANOGRAPHIC MODEL 

(current velocities and SST analyses and forecast)

MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II: LAGRANGIAN MODELII: LAGRANGIAN MODELII: LAGRANGIAN MODELII: LAGRANGIAN MODEL

DETERMINISTICDETERMINISTICDETERMINISTICDETERMINISTIC
COMPONENTCOMPONENTCOMPONENTCOMPONENT

((((advectionadvectionadvectionadvection))))
++++

STOCHASTICSTOCHASTICSTOCHASTICSTOCHASTIC
COMPONENTCOMPONENTCOMPONENTCOMPONENT

((((turbulentturbulentturbulentturbulent diffusiondiffusiondiffusiondiffusion))))
++++

TRASFORMATION TRASFORMATION TRASFORMATION TRASFORMATION 
PROCESSESPROCESSESPROCESSESPROCESSES

EULERIAN METEOROLOGICAL EULERIAN METEOROLOGICAL EULERIAN METEOROLOGICAL EULERIAN METEOROLOGICAL 

MODELMODELMODELMODEL

(wind velocity forecast)

SCHEMATIC OF THE OIL SPILL MODEL INPUTS AND OUTPUTSSCHEMATIC OF THE OIL SPILL MODEL INPUTS AND OUTPUTSSCHEMATIC OF THE OIL SPILL MODEL INPUTS AND OUTPUTSSCHEMATIC OF THE OIL SPILL MODEL INPUTS AND OUTPUTS



1) 1) 1) 1) MyOMyOMyOMyO----MedMedMedMed----MFCMFCMFCMFC ((((MediterraneanMediterraneanMediterraneanMediterranean SeaSeaSeaSea) ) ) ) (INGV)(INGV)(INGV)(INGV)

•1/161/161/161/16°°°°x1/16x1/16x1/16x1/16°°°° ~ 6Km~ 6Km~ 6Km~ 6Km

NESTED SYSTEMS in NESTED SYSTEMS in NESTED SYSTEMS in NESTED SYSTEMS in MyOMyOMyOMyO----MedMedMedMed----MFCMFCMFCMFC::::

2) AFS (2) AFS (2) AFS (2) AFS (AdriaticAdriaticAdriaticAdriatic ForecastingForecastingForecastingForecasting system) system) system) system) (INGV)(INGV)(INGV)(INGV)

•1/451/451/451/45°°°°x1/45x1/45x1/45x1/45°°°° ~~~~ 2.2Km2.2Km2.2Km2.2Km

3) SCRM (3) SCRM (3) SCRM (3) SCRM (Sicilian Channel Regional Model) Sicilian Channel Regional Model) Sicilian Channel Regional Model) Sicilian Channel Regional Model) (CNR(CNR(CNR(CNR----IAMC)IAMC)IAMC)IAMC)

1/321/321/321/32°°°°x1/32x1/32x1/32x1/32°°°°, ~3.5 Km, ~3.5 Km, ~3.5 Km, ~3.5 Km

4) Tyrrhenian Sea Model:4) Tyrrhenian Sea Model:4) Tyrrhenian Sea Model:4) Tyrrhenian Sea Model: (ENEA)(ENEA)(ENEA)(ENEA)

•1/481/481/481/48°°°°x1/48x1/48x1/48x1/48°°°°, ~2 Km, ~2 Km, ~2 Km, ~2 Km

5) 5) 5) 5) RelocatableRelocatableRelocatableRelocatable model:model:model:model: (INGV)(INGV)(INGV)(INGV)

• 1 1 1 1 ---- 3 Km3 Km3 Km3 Km

MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II can use II can use II can use II can use 

the currents fields provided by: the currents fields provided by: the currents fields provided by: the currents fields provided by: 

DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: 

CURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDS



•The The The The currentcurrentcurrentcurrent velocityvelocityvelocityvelocity fieldfieldfieldfield isisisis providedprovidedprovidedprovided bybybyby OPERATIONAL OPERATIONAL OPERATIONAL OPERATIONAL oceanographicoceanographicoceanographicoceanographic

modelsmodelsmodelsmodels thatthatthatthat usuallyusuallyusuallyusually resolveresolveresolveresolve the upper the upper the upper the upper oceanoceanoceanocean layerlayerlayerlayer dynamicsdynamicsdynamicsdynamics (1(1(1(1----3 m 3 m 3 m 3 m resolutionresolutionresolutionresolution

and and and and turbulenceturbulenceturbulenceturbulence closureclosureclosureclosure modelsmodelsmodelsmodels))))

•IfIfIfIf necessarynecessarynecessarynecessary aaaa first first first first correctioncorrectioncorrectioncorrection can can can can bebebebe appliedappliedappliedapplied totototo considerconsiderconsiderconsider a a a a ‘‘‘‘EkmanEkmanEkmanEkman windwindwindwind

driftdriftdriftdrift’’’’ notnotnotnot wellwellwellwell resolvedresolvedresolvedresolved bybybyby the the the the oceanographicoceanographicoceanographicoceanographic operationaloperationaloperationaloperational modelsmodelsmodelsmodels

[ ] )t('ddt)t,()t,()t,()t(d swc xxUxUxUx +++=

EULERIAN CURRENTS     WIND CORRECTION     WAVE CORRECTION    TURBULENCE

DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: 

CURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDSCURRENTS AND WINDS
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= Wx, Wy: wind velocity components; 

α: percentage of the wind to be added to the water 
currents velocity; 

β : deviation angle between currents and wind.

WIND CORRECTION



a: wave amplitudea: wave amplitudea: wave amplitudea: wave amplitude

k:  wave numberwave numberwave numberwave number

ωωωω: wave angular frequency wave angular frequency wave angular frequency wave angular frequency 

S(fS(fS(fS(f):   wave spectra (JONSWAP Spectrum)):   wave spectra (JONSWAP Spectrum)):   wave spectra (JONSWAP Spectrum)):   wave spectra (JONSWAP Spectrum)

Wikipedia

US (ω,z) ≈ a2ωke2kz

DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: DETERMINISTIC COMPONENT: 

WAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTSWAVE INDUCED CURRENTS

WAVE CORRECTION: STOKES drift

US (z) = 2S( f )ω( f )k( f )e2k( f )z df
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EULERIAN CURRENTS     WIND CORRECTION     WAVE CORRECTION



DIFFUSIVITYRANDOM
INCREMENT

STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: STOCHASTIC COMPONENT: 

TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  TURBULENT DIFFUSION  
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EULERIAN CURRENTS     WIND CORRECTION     WAVE CORRECTION    TURBULENCE

TURBULENCE: RANDOM WALK PROCESS 



WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  WEATHERING PROCESSES  

1.1.1.1. EvaporationEvaporationEvaporationEvaporation

2.2.2.2. DispersionDispersionDispersionDispersion

3.3.3.3. SpreadingSpreadingSpreadingSpreading

4.4.4.4. Emulsification Emulsification Emulsification Emulsification 

5.5.5.5. BeachingBeachingBeachingBeaching



INITIALIZATION: INITIALIZATION: INITIALIZATION: INITIALIZATION: INITIALIZATION: INITIALIZATION: INITIALIZATION: INITIALIZATION: 

SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  SHAPE OF THE SLICK FROM SATELLITE IMAGES  

MEDSLIKMEDSLIKMEDSLIKMEDSLIK----IIIIIIII reads reads reads reads the slick polygonal the slick polygonal the slick polygonal the slick polygonal 

coordinates from satellite data andcoordinates from satellite data andcoordinates from satellite data andcoordinates from satellite data and

distributes distributes distributes distributes the spill parcels randomly into the spill parcels randomly into the spill parcels randomly into the spill parcels randomly into 

the slick area.the slick area.the slick area.the slick area.

INITIAL POSITION:
FROM SATELLITE

COMPARISON BETWEEN
SIMULATION AND

SATELLITE OBSERVATION



Observation time – Slick age Observation time

Inizialization of the spill fate 

parameters

WEATHERING PROCESSES  calculation

(evaporation, dispersion, emulsification)

considering the wind and SST

in the area where the spill is observed.

ADVECTION + WEATHERING PROCESSESWEATHERING PROCESSES

Simulation of the spill evolution

WEATHERING PROCESSES  calculation

(evaporation, dispersion, emulsification, spreading)

and ADVECTION calculation.

Observation time + Simulation length

INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING INITIALIZATION: WEATHERING PROCESSESPROCESSESPROCESSESPROCESSESPROCESSESPROCESSESPROCESSESPROCESSES



Input data

Spill Date 13/07/2006

Observation
Time

08:00

Latitude 35° 10’ E 

Longitude 33° 41’ N 

Volume 18770 tons 

Spill Duration 144 hrs

Current
velocities

MFS  1 hourly
Analysis

Wind forcing ECMWF 6 
hourly Analysis

The position of the oil slicks predicted by B) CYCOFOS-MEDSLIK C) MFS-
MEDSLIK, corresponding to July 23 8:00 GMT compared with A) the slick 
observed by MODIS ACQUA (green)

Lebanon AccidentLebanon Accident

MODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATAMODEL VALIDATION USING SATELLITE DATA



Sensitivity study to the temporal and horizontal spatial resolutSensitivity study to the temporal and horizontal spatial resolutSensitivity study to the temporal and horizontal spatial resolutSensitivity study to the temporal and horizontal spatial resolution of the current field. ion of the current field. ion of the current field. ion of the current field. 

Posizione di rilascioPosizione di rilascioPosizione di rilascioPosizione di rilascio

MODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERSMODEL VALIDATION USING DRIFTERS

TRAJECTORIESTRAJECTORIESTRAJECTORIESTRAJECTORIESTRAJECTORIESTRAJECTORIESTRAJECTORIESTRAJECTORIES



� An advanced oil spill transport and transformation model has beeAn advanced oil spill transport and transformation model has beeAn advanced oil spill transport and transformation model has beeAn advanced oil spill transport and transformation model has been n n n 

upgraded to contain different current corrections and initializaupgraded to contain different current corrections and initializaupgraded to contain different current corrections and initializaupgraded to contain different current corrections and initialization procedurestion procedurestion procedurestion procedures

� The oil spill forecast accuracy usually increases with high freqThe oil spill forecast accuracy usually increases with high freqThe oil spill forecast accuracy usually increases with high freqThe oil spill forecast accuracy usually increases with high frequency and uency and uency and uency and 

high resolution eulerian currents (hourly values are recommendedhigh resolution eulerian currents (hourly values are recommendedhigh resolution eulerian currents (hourly values are recommendedhigh resolution eulerian currents (hourly values are recommended).   ).   ).   ).   

� Oil spill model predictions are in good agreement with drifter tOil spill model predictions are in good agreement with drifter tOil spill model predictions are in good agreement with drifter tOil spill model predictions are in good agreement with drifter trajectories rajectories rajectories rajectories 

and with satellite data. and with satellite data. and with satellite data. and with satellite data. 

� MEDSLIKMEDSLIKMEDSLIKMEDSLIK----II has been used to provide timely information on the oil spill II has been used to provide timely information on the oil spill II has been used to provide timely information on the oil spill II has been used to provide timely information on the oil spill 

evolution forecasting during several emergency cases in the Medievolution forecasting during several emergency cases in the Medievolution forecasting during several emergency cases in the Medievolution forecasting during several emergency cases in the Mediterranean terranean terranean terranean 

SeaSeaSeaSea

� Future developments include: improvement of particle time integrFuture developments include: improvement of particle time integrFuture developments include: improvement of particle time integrFuture developments include: improvement of particle time integration ation ation ation 

algorithms, backtracking, different lagrangian turbulence paramealgorithms, backtracking, different lagrangian turbulence paramealgorithms, backtracking, different lagrangian turbulence paramealgorithms, backtracking, different lagrangian turbulence parameterizations, terizations, terizations, terizations, 

extension to a fully three dimensional lagrangian framework   extension to a fully three dimensional lagrangian framework   extension to a fully three dimensional lagrangian framework   extension to a fully three dimensional lagrangian framework   

CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS


