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THE BONIFACIO STRAIT (SOB) Particularly Sensitive Area (PSSA) 

The Strait of Bonifacio is a natural international reserve (FR & IT).

The Strait is crossed every year by more than 3500 vessels 

exceeding 300 tons GT (VTS data)

Yearly, about 1 oil-spill event occurs
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THE BONIFACIO STRAIT (SOB) Particularly Sensitive Seas Area 

(PSSA) 

IAMC  - Institute for Marine Coastal Marine Environment, Oristano unit A. Cucco



•.. by preventing and/or limiting the damages.

•.. by facilitating the local authorities to plan and coordinate the 

response operations.

•.. by creating "scenarios and risk maps" used to quickly prepare

appropriate intervention strategies

SOS - Bocche di Bonifacio (2009-2010)
funded by the Italian Ministry of Environment

DEC/DPN 2291 del 19/12/2008

…..  IMPLEMENTATION OF INTEGRATED OPERATIONAL  SYSTEM FOR 

MANAGING  OIL-SPILL EMERGENCIES IN THE SOB …

SOS-Bocche di Bonifacio T H E   P R O J E C T   A I M …..
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• Implementation of an operational forecasting system: Bonifacio Oil spill 

Operational Model (BOOM)

• Measurements and analysis of the surface transport paths and 3D water 

currents fields in the SOB area

• Calibration and validation of BOOM system throughout comparison with 

measured data.

• Implementation of graphical user interface (GUI) to guarantee the 

accessibility, usability and the interaction with the BOOM

SOS-Bocche di Bonifacio T H E   F O L L O W E D    A P P R O A C H  …..
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BOOM THE OPERATIONAL SYSTEM OVERVIEW 
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a coupled 3D hydrodynamic and 

wave model (SHYFEM3D-WWM), 

a Lagrangian trajectory module 

and a weathering module 
(FEMOIL) based on finite 

elements method 

(www.seaforecast.cnr.it).

THE BOOM CORE

nested to a regional open ocean 

forecasting system based on a 

finite difference hydrodynamic 

model (WMED) 
(www.seaforecast.cnr.it).

surface boundary conditions 
provided by SKIRON

meteorological forecasting system 

(http://forecast.uoa.gr)

GUI to predict oil spill fate within

72 hours time lag both in the past 

(backward simulation) or in the 

future (forward simulation). 



THE BOOM CORE SHYFEM3D-WWM
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THE MODEL FRAMEWORK

[1] 3D HYDRODYNAMIC MODEL

[2] WIND WAVE MODEL – WWM 

[3] TURBULENCE CLOSURE MODEL– GOTM

[4] 3D EULERIAN TRANSPORT & DIFFUSION MODEL

[5] 3D LAGRANGIAN TRANSPORT & DIFFUSION MODEL

[6] 3D SEDIMENT TRANSPORT MODEL – SEDTRANS05

[7] 3D WATER QUALITY MODEL – BFM 
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PROCESS METHOD

Advection Eulerian velocity+ wind & wave 
Stokes Drift

Diffusion Fick Law

Dynamical Spreading Fay (1976)

Emulsification Mackay et al. (1982)

Evaporation Stiver and Mackay (1984)

Type of spilling Istantaneous or continuos spilling

Oil-land interaction Total Entrapment

OIL SPILL MODELLING  WITH  ….      F E M O I L



THE MODEL SET-UP
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THE HYDRODYNAMIC MODEL DOMAIN IS REPRODUCED BY MEANS OF 

UNSTRCTURED FE MESH  WITH SPAT. RES. VARYING BETWEEN 50 TO 500 m
OF THE SOB AND LA MADDALENA ARCHIPELAGO



THE MODEL SET-UP
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THE WAVE MODEL DOMAIN IS REPRODUCED BY MEANS OF UNSTRCTURED 
FE MESH  WITH SPAT. RES. VARYING BETWEEN 50 TO 15000 m OF THE 

WHOLE WESTERN & CENTRAL MED. INCLUDING THE HIGH RESOLUTION 

HYDRO MESH 
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NESTING WITH WMED OPERATIONAL SYSTEM

• 3D SHYFEM VERSION 

• NESTING WITH STRUCTURED GRID OPERATIONAL 
OCEANOGRAPHIC MODEL – MFSTEP OPERATIONAL SYSTEM

FROM

Free Surface
Finite differences
Arakawa C grid
Structured Grid

s layers

1 way nesting1 way nesting

TO
Free Surface

Finite Elements

Arakawa B grid

Unstructured Grid

Z layers

THE MODEL SET-UP



EXPERIMENTAL DATA
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CURRENT PROFILES
Two field campaigns (2008- 2009) 

ADCP measurements inside the 

Strait area and La Maddalena

Archipelago.

SURFACE TRANSPORT 
11 GSP and satellite Lagrangian

buoys released in different weather 

conditions and locations in the Strait 

area and in the La Maddalena

Archipelago (2009-2010)



COMPARISON WITH ADCP DATA
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MODEL RESULTS WERE 

COMPARED WITH CURRENT 

VELOCITIES MEASURED BY ADCP 

DATA WITHIN SURFACE LAYERS

Transects Mod. –

Obs.

Vect. Diff.

A-B 0.0202 0.1116

C -0.0078 0.0987

D -0.0217 0.0678

Tot. 0.0059 0.0935

Transects Avg. Obs. 

Vel.

Avg. Mod. 

Vel.

A-B 0.1771 0.1973

C 0.1401 0.1323

D 0.1059 0.0842

Tot. 0.1427 0.1486



CALIBRATION PROCEDURE:

• Releasing particles at each 
drifter position

• Computing the average distance 
between particles & drifter 

position

• Changing a, b and c values  
(Transport parameters)

• Trial & error method

COMPARIONS WITH DRIFTER DATA                   CALIBRATION & 

VALIDATION
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COMPARIONS WITH DRIFTER DATA                   
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F  O  R  W  A  R  D     M  O  D  E

OBSERVED  (GREEN LINES) AND SIMULATED 

TRAJECTORIES (RED LINES) IN FORWARD MODE. BLUE 

CIRCLES CORRESPOND TO THE OBSERVED DRIFTER 

POSITIONS. GREY DOTS REPRESENT THE FINAL POSITIONS 

OF ALL THE RELEASED PARTICLES. A AND B LABEL THE 

INITIAL AND FINAL POSITION.
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B  A  C  K  W  A  R  D       M  O  D  E

FROM FORWARD TO …..

COMPARIONS WITH DRIFTER DATA                   



MODEL ACCURACY 
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FORWARD MODEBACKWARD MODE

DISTANCE BETWEEN OBSERVED AND SIMULATED TRAJECTORIES AS A FUNCTION 

OF THE BACKWARD (LEFT) AND FORWARD (RIGHT) PREDICTION TIME. MEAN

VALUE (LINE) AND STANDARD DEVIATION (SHADED AREA) ARE REPORTED.
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OPERATIONAL PRODUCTS



WEB SERVISES 
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DAILY A 3 DAYS  
FORECAST OF ….

WAVE SWH & DIRECTION 

OF PROPAGATION IN THE 

SOB AND IN THE LA 
MADDALENA 

ARCHIPELAGOS 

SURFACE WATER 
CURRENT IN THE SOB AND 

IN THE LA MADDALENA 

ARCHIPELAGOS 

AT 

http://www.seaforecas
t.cnr.it

WEB SERVICES HYDRODYNAMICS & 
WAVES
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ON DESK SERVICES  
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OIL SPILL FORECASTING BY MEANS OF GRAPHICAL USER INTERFACE 



WEB SERVICES                SCENARIOS & RISK 

ANALYSIS 
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SCENARIOS & RISK ANALYSIS 
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SCENARIOS & RISK ANALYSIS 
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SUPPORT TO EMERGENCIES
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PORTO TORRES 

OIL SPILL EVENT 
10 - 01 - 11

High density oil spilled

during transfering

operation from oil tank 
to P.Torres harbour

bunker



SUPPORT TO EMERGENCIES

IAMC  - Institute for Marine Coastal Marine Environment, Oristano unit A. Cucco

RAPID RESPONSE TO THE EMERGENCY:

THE BOOM MODEL DOMAIN WAS EXTENDED TO COVER THE INTERESTED AREA AND 
OIL SPILL PREDICTIONS WERE MADE DURING ABOUT THE 10 DAYS OF EMERGENCIES 

PROVIDING SUPPORT TO THE COAST GUARD 



P.TORRES
OIL SPILL EVENT SIM. 

RESULTS

•Continuous release of

high density 
hydrocarbons.

•Started the 10-01-11  
at 10:18 PM 

•Ended 11-01-11  at 

4:06 PM.

•About 20 hours of

spilling.

•Total oil spilled

estimated about 40 m3



P.TORRES OIL SPILL EVENT SIM. RESULTS: COMPARISON WITH 
OBSERVATIONS  

Predicted



SCIENTIFIC PRODUCTS
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THANKS FOR 
YOUR 

ATTENTION
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3. MODELLISTICA CORRENTE BAROTROPICA BOCCHE DI BONIFACIO

MODELLO IDRODINAMICO BAROTROPICO 3D CON GRIGLIA DI CALCOLO 
ESTESA  A TUTTO IL SOTTOBACINOCON ELEVATA RISOLUZIONE PER L’AREA 

DI INDAGINE



Istituto per l’Ambiente Marino Costiero, U.O. di Oristano A.Cucco, CNR-IAMC, Oristano

3. MODELLISTICA …… INIZIAMO CON 2D BAROTROPICO 

OPERATIONAL SET-UP

HYDRODYNAMIC:

Time step: 300 s (adaptive)
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τb = bottom stress

τw = wind stress

ρ0 = water density

Η= ζ + h   (total level)

ζ =  surge

WHERE ………
FORCING:

• Meteorological data 

• Tide at Gibraltar Strait
• Body + earth + load tides

• 4 diurnal (K1, O1, P1, Q1)
• 4 semidiurnal (M2, S2, N2, K2)
• 3 long term (Mf, Mm, Ssa)
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3. MODELLISTICA CORRENTE BAROTROPICA STRETTO DI BONIFACIO
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3. MODELLISTICA CORRENTE BAROTROPICA BOCCHE DI BONIFACIO


