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Methodology 

Oil slicks caused by oil tanker accidents compose a major source of hydrocarbon pollution for the marine and coastal environment and can jeopardize its functional integrity. However, the deliberate discharge of 

oil and oily residues associated with routine tanker operations (bilges residues, tank oil sediments) and from illegal activities, highlights a far-reaching source of pollution perhaps more important than the one 

caused by accidents (EEA, 2002). The Adriatic Sea with an annual oil transport of 70 MT (million tons) is probably highly affected by operational pollution. Estimates give about 15 000 mt (metric tons) of such 
residues deliberately discharged every year denoting a major hazard for the marine and coastal environment of Adriatic region  (Bilardo et al, 2004)). 

Risk mapping appears as the most appropriate way to approach the management of oil pollution in marine areas and in order to assess the ecosystem health state. Modern risk mapping should, tackle the 

intrinsic variability of the marine environment and the lack of knowledge regarding the cause-effects relationships on vulnerability of resources, in other words should consider the inherent uncertainty of the 

system. Thus risk management requires products that are time-dependent and that allow the continuous assessment of the system space and time variability. Modern operational oceanography gives the 

appropriate time and space resolution for the ocean hydrodynamics (Pinardi et al., 2003) so that time dependent risk mapping can be developed. 

Ocean Forecasting System 

We utilized the Mediterranean and Adriatic marine integrated information system based upon the real time functioning of  satellite and in situ monitoring systems and a number of numerical models that produce 

high resolution analyses and forecasts of marine environmental variables. Real time, satellite and in-situ data are assimilated into Mediterranean scale model (Mediterranean Forecasting System-MFS 
http://gnoo.bo.ingv.it/mfs  to provide optimal estimates of marine state variables (sea level, currents, temperature, salinity, etc.) for all levels of the environmental management of the marine resources. 

The Adriatic Sea Forecasting system (Oddo et al., 2005) (AFS http://gnoo.bo.ingv.it/afs) was used also to  provide daily simulations and forecasts of the Adriatic Sea currents at the nominal resolution of 5.5 km 

for the overall Adriatic Sea (Fig.1). 

Oil spill coupled model 

We have produced risk mapping using the information from the Mediterranean Sea and Adriatic Sea operational forecasting systems, and the coupled faith and transport oil spill model, so-called MEDSLIK 
(Lardner, 2004). MEDSLIK uses a Monte Carlo lagrangian numerical scheme to produce the dispersal and transformation of point-like oil sources. In this work we evaluate for the first time the operational 

pollution hazard and risk due to oil tanker operational discharges in the Tyrrhenian Sea, Sicily Strait Sea for the year 2005 and Adriatic Sea for the year 2003. In the Adriatic Sea the risk has been related to the 

fishery activities in the Central-Western part of the Basin and aquaculture resources in the Emilia Romagna coastal strip. 

Risk mapping 

Risk maps describes the probability of dispersion and arrival at coast of oil released at sea. A real risk map analysis should take into account the resources vulnerability. MEDSLIK has been forced with MFS and 
AFS currents and used to simulate the dispersion of operational oil spills in the Mediterranean Sea along some main tanker routes (databases of LMIU) towards the main harbours in the Mediterranean Sea. 

Adriatic Sea Experiment design 
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Adriatic Sea Experiment design Design of the Tyrrhenian Sea and Sicily Strait experiment. 
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Risk in the Adriatic Sea experiment has been calculated has Risk=Hazard*Value. In this formulation the calculation of the risk does not take into account the different levels of vulnerability that resources (mussels and fish in our experiment) have in 
respect to the different concentration of hydrocarbons.  Hazard is function of the probability of the different grid points to be treated by hydrocarbons. Hazard is then normalized. The spatial distribution of the standardized hazard after one week of the 
oil release for all the three tracks is shown in the figure below for the October and December 2003 months.  
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Oil Risk for the anchovy population 
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The anchovy catches (Engraulis encrasicolus, L.) were then used 

for the first evaluation of the risk. Catch and effort data for the 

Adraitic Sea (Falco et al., 2006) were used to estimate an 

abundance index (CPUE – Catch per Unit of Effort) expressed in kg/

h. A spatial and temporal average CPUE map was obtained 

together with a monthly mean time series in order to characterise 

the variability of anchovy abundance during the period. The 

reference unit of CPUE depiction was estimated according to the 

average length of haul trajectories and was estimated to 

approximately 20*20 km2. CPUE values where combined with the 

estimated hazard in order to assess the monthly variance of the risk 

entailed for the fish resources. The October and December 2003 

distribution of is presented in the figures on the right.  

We consider here the aquaculture activities of the Emilia-Romagna coast and the risk of their damage by oil pollution. Information was provided by the Regional Environmental Agency 

(ARPA-EMR, Daphne), specialized on the protection of the marine environment of the region. The data provided referred to the annual production rates (in kg) of mussels cultivations 

and of platforms in three coastal sub-regions of the North-West reference area for three sub-regions (Ferrara, Ravenna and Rimini coastal waters). An estimate of the productivity in 

these three sub-areas was made according to the number of platforms and cultivations for the three regions, and then the value of the average production was distributed evenly 

throughout the year. The Value are given by the productivity normalised by the standard deviation as we did for the Hazard. The risk was first computed supposing the Value to be 

uniformly distributed in each area and after averaged on the area itself. Results are summarized in the Table aside. 

Oil Risk for the mussels farm in the Emilia-Romagna coastal region, Italy 

In this experiment we have not considered any information on the value of the resources and we have improved, compared to the Adriatic Sea 

experiment, the methodology to assess the operational oil spill hazard. 

Hazard is presented as frequency of the occurrence of the event of overcoming of a reference threshold. The frequency of occurrence of this above 
mentioned overcoming is described as a percentage in which the oil, in a certain point over-passes the reference threshold.  

In the figures, to highlight the highest hazard we have associated a red mark to the points with a percentage higher or equal to 10.  

The monthly mean surface currents are visualized as background of the hazard maps, arrows show direction of currents and the length of arrows 

indicates currents intensity in m/sec respect to the reference arrow (0,4 m/sec in the bottom left part of each figure.  

Here aside we present the hazard maps for the Tyrrhenian Sea, Ligurian Sea. The hazard maps show a high spatial and temporal variability. The 
zone east-north of Corsica and the Ligurian Sea show, in July and September, the highest hazard. The month of Aprils results the one with the 

highest concentration distributed along the routes while December shows a large dispersion of the hazard. 

Here aside we present the hazard month for the Sicily Strait. 

The maps show a strong spatial and temporal variability with  
the maximum hazard along the western Sicily coasts in  

June 2005  and the maximum dispersion of the risk toward 

 the southern costs of Sicily in September 2005. 

Hazard maps for routes C, D and E (shown in blue) for the moth December, April, July and September 2005. The 

figures show the simulations with concentrations higher than the reference threshold Hazard maps for  point x1 (Sicily Strait)) for the moths April, June and September 2005.  

The figures show the simulations with concentrations higher than the reference threshold 

The risk/hazard mapping performed in these case studies is the first step toward the identification of the most vulnerable areas from operational oil tanker discharges in the Italian Seas. The assessment highlights the importance of realistic sea 

currents in order to deduce the high spatial and temporal variability of the hazard and the risk.  The methodology of risk mapping put forward here has still many drawbacks especially when it comes to the necessary assumptions made for this 

study. At first, simulating a number of timely controlled releases instead of a continuous one results by norm to bigger numbers of oil particles (oil discharged) simulated per point of release, and therefore a more broad and less accurate 

estimation of the final distribution and intensiveness of the hazard. However, this drawback can be minimized either by simulating a continuous oil release through the oil spill model or by increasing the number of points of release to the point of 

the expected accuracy. Furthermore, the algorithms used for the valuation of riskin the Adriatic Sea experiment were adapted to the specific study and it can be argued that not all parameters were taken into account as in the case of the value 

of the resource at stake and its vulnerability. Since there was no further information on both parameters the worst case scenarios were considered and therefore the final values of risk obtained do not depict realistic values. Although, it was not 

possible due to all the above drawbacks to finally create a risk index, all values estimated in the end are non-dimensional and they can still serve to draw comparative conclusions for the different areas of study. The study performed in the 

Adriatic Sea experiment, despite its drawbacks essayed for the first time a risk assessment of the main resources of the Adriatic ecosystem. Even if further study is required as to obtain better quality data and co-ordinating them accordingly, it 

 still highlights the importance and necessity of decision support systems that are build on real-time models. 

Conclusions 


